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Abstract ; This study aimed to assess underground root biomass and carbon storage of forests of different ages and provide a
basis for the management of forest operations and carbon sinks of Quercus acutissima forests. [ Method ] Quercus acutissima
forests of different ages ( young forests, half-mature forests, near-mature forests, and mature forests) were selected in
Jurong, Jiangsu Province. The root excavation method was used to obtain the root systems of Quercus acutissima and shrub-

grass layer roots were used to determine the biomass and carbon content to establish a regression model of the root biomass
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and to estimate carbon storage of the underground root and the community. [ Results ] On comparing 11 types of
mathematical regression models, the root biomass regression model of Quercus acutissima was constructed, and the root
biomass of young forests, half-mature forests, near-mature forests, and mature forests were determined to be 14.81t/hm*,
41.15t/hm’*, 50.36t/hm*, and 53.75t/hm’, respectively, with the following order of root biomass at each level; root pile>
thick root> large root> fine root; shrub and herb root biomass were 0.48—1.71t/hm” and 0.13—0.60t/hm” | respectively;
the root biomass of different stand age of Quercus acutissima community was 15.42—56.06t/hm’, which increased with an
increase in forest age. The order of carbon content in the roots of Quercus acutissima was root pile>thick root>large root>fine
root, and carbon content was significantly different; the carbon contents of roots of shrubs and herbaceous plants were
41.84%—43.79% and 34.03%—38.48% , respectively, with no significant change in root carbon content of shrub-grass
plants with age. Root carbon storage in the tree layer increased with an increase in age, and the root carbon storage of young
forests, half-mature forests, near-mature forests, and mature forests was 6.01t/hm’, 17.41t/hm>, 21.79t/hm’, and
21.99t/hm’, respectively; the root carbon storage of shrubs and herbaceous plants increased with an increase in forest age;
the communities of young forests, half-mature forests, near-mature forests, and mature forests were 6.26t/hm’, 17.74t/
hm®, 22.37t/hm’, and 22.941/hm”, respectively, in the order of tree layer > shrub layer > herb layer. [ Conclusion ]
Carbon storage and root biomass in the underground biomass of Quercus acutissima forests increased with an increase in
forest age. Carbon storage and root biomass in the young forest to the near-mature forest increased rapidly with an increase in
forest age, carbon and root biomass accumulation increased gradually after the near-mature forest stage, similar to that in

mature forests.

Key Words: Quercus acutisstima ; root; biomass; carbon storage
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Table 1  General conditions of experimental forest stands

o A

. Mo . . . o LA .
Bl T ewpnm vewe i mEE o Y Y i
. il Forest M e

Sampling . Mean Mean Forest Shrub . Slope Slope

. Age density/ . Herb Slope/ (°) .

point ) height/m  DBH/cm canopy canopy aspect position
(N/hm*) . . coverage/ %
density  density/%

1 FANETN 1525 6.78 6.52 0.75 10 5 45 S [ 3%

2 Young Forest 1225 7.05 6.99 0.52 25 30 30 FNE] TP
3 2125 6.04 5.26 0.58 40 10 45 PN T
4 Rtz 1025 9.38 11.77 0.80 40 8 45 R ¥
5 Half-mature forest 1125 10.52 14.5 0.77 45 15 60 N b
6 1000 11.15 16.13 0.75 40 30 30 IR T
7 TR 1025 11.25 16.40 0.89 60 80 3 ¥ 3%
8 Near-mature forest 1175 11.46 16.97 0.90 50 42 8 * 385773

9 1325 11.69 17.59 0.92 55 35 7 % T
10 AR ¢ 800 13.68 23.44 0.65 78 45 18 PN Ly
11 Mature fores 675 13.85 23.98 0.50 65 45 20 7R HR
12 625 14.39 25.70 0.75 70 50 15 7 T
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Tab 2  Basic physical and chemical properties of the soil in Quercus acutissima forest

e . - .
phif ii*‘% s Soil j}fﬁiiuy/ pH Avﬁjff P/ Hydfiiiﬁe N/ ﬁ(iii
Aee Soil depth/em (/cm) (me/kg) (mg/kg) content/%
FAINEZN 0—20 1.20 5.91 7.14 76.80 2.09
Young forest 20—40 1.24 5.59 2.87 65.70 1.32
40—60 1.4 5.36 2.03 39.00 1.00
Hl Ak 0—20 1.14 6.10 8.20 93.30 2.89
Half-mature forest 20—40 1.22 5.58 5.00 56.00 1.78
40—60 1.44 5.38 3.00 43.00 1.02
B YN 0—20 1.19 8.09 8.60 130.90 3.37
Near-mature forest 20—40 1.26 7.97 5.50 75.60 2.14
40—60 1.34 7.64 3.50 56.70 1.91
IR 0—20 1.37 5.58 10.26 210.80 4.64
Mature forest 20—40 1.42 5.11 5.73 156.38 2.35
40—60 1.56 5.03 4.06 122.25 1.76
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FHOFEIIRF] T 0.996, RS RIR A THEREER N, HEW=a (D’H) " EERSHR W =D’ (R,
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Table 3  Regression equations for individual root biomass at different root levels

o LIPS X1 ZHETHE Parameter estimate
itk it . -
R . Correlation coefficient F
Regression equation Root system R
R? a b

W=aD" HEAE Root pile 0.991 0.434 1.507 453.965
HHAR Thick root 0.996 0.247 1.515 960.515
KAR Large root 0.988 0.352 0.735 332.896
AR Fine roots 0.750 0.726 0.187 11.977
SR Total 0.993 1.086 1.381 591.290

W=a(D*H)" HRHE Root pile 0.994 0.263 0.589 697.572
AHAR Thick root 0.996 0.150 0.591 893.632
KAR Large root 0.989 0.276 0.287 345.669
ZMHR Fine roots 0.723 0.690 0.072 10.462
SR Total 0.994 0.688 0.539 718.337

M3 H, T W=a(D’H) "5 W=aD" LA G5 FARRL, B AN 5 PR 3538 B T IR SRR AR AR 2 2E
Yy AG T AR SGERPETFE W = aD" | DA AR [F] — JSRAR A3 72 4 A AL A I oE — 3, Aok, T i
MRRARAR R AP W S5 Kot (D) By lE 72 B
W =0.434D""7 + 0.247D"" + 0.352D""* + 0.726D"'" (2)
3.1.2  FRERMAR R A9 B i
MG SRR A i R (X 2) B kL, 27 T MR AR A A 3005 (5K 3) |, Wl A5 I RRAR AR
FEYEEA(KX 4), AT .

k
W= n -ab,’ (3)
1

k

W = 2 n,(0.434D" + 0.247D"5 + 0.352D° + 0.726D"¥) 4

K (3) K()H, woh A E A Y E (Vhm®) b AR AL, D, on, 0 R IR S @ AR B AL S 4 M 4%
(em) FIRREL  a b NSHL,

12 FHIRRERARAR 28 A2 Wy A (58 4) MR AR B 0k, T A A 2R Rl AR PRARAR 2B Wi (R 4) , & 4
L 2B AR I AR T R | BCAARBRARAR 2R A 43 S 14.811/hm® (41.15¢/hm* 50.36t/hm’ | 53.75t/hm’,
IR A AR 72 A5 0 i S T — e A, LR/ NG R AR A > KR > RAR >0 AR AR B A= 9 8 5 9 T F2 R Hb Ao
PRI HA ML AR BT IRl B A R AR R A KR &, AR AR W i B Wi/ )N, AR 3R A ) e A AR IS 1 i
B AR AR 5 4R A 4 i A 28 B30T R T 4R 19, LT UM PR AR 22 A W i AT, X 0T B R 4
4 MR ) 3 B B A R T R R AN AR IR SR T DA AR IR B AR R R AR i 4y LR S AR
H AR BRI 3.63 ,1.31,1.07 4%, B BH G Mo 1K 2135 SR 22 A ek AR SRRV | 177 30 MR 38 SR A K
AR R RS

NS AR ZRAE Y L R TR, BARER 1 O ARAE HHAR A= et 5 AR 2R 0% LBt ZE 385 O AR B AR i
FLIITE 509% LA b IR AE Wit o5 FUAE 309% DA b 5 1 AR 55 AR AR AR Fz , 33 J2 PR ok JRRAS 76 40 i AR 28] 30 28 bk 1A
b AR P AR R 7 K AR AR WS SR B 4R A K TR I U B i i b A KR gl T
T, HLANHR Y 56 5B 5 AE 0.5—1.2 k/al ™| DRI KR 5 4R AR W i 7 L BE AR I 38 R el /)N, il 55 b % 34
K RBEA Y 7 LU 51.87 %3G INE) 59.43% FAARA ) 5 Fu K 29.98 %38 %] 34.68% , KA A= 5 o L AL
10. 11% /N2 4.29% , AR A=W 5 LK 8.04% /& 1.60%
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Table 4 Biomass of different root levels of Quercus acutissima for different stand ages

i MRHE Root pile AR Thick root KAR Large root ZHAR Fine roots Bt
A < Total/
g¢ /(vhm?) /% /(vhm?) /% /(v/hm®) /% /(v/hm®) /% (/hm?)
L8 HR Young forest 7.85 51.87 4.54 29.98 1.38 10.11 1.03 8.04 14.81
Hiid K Half-mature forest 23.82 55.60 13.86 32.27 2.34 7.37 1.13 475 41.15
JE K Near-mature forest 29.58 58.74 17.24 34,23 2.49 4.94 1.05 2.09 50.36
K Mature forest 31.95 59.43 18.64 34.68 2.30 4.29 0.86 1.60 53.75

3.1.3 WERBEEAR RAEY EE5H

M5 T LAE AR R A Wi SR AR 1Y 0,48/ hm? 8840 3 AR HY 1710/ hm?® ; FEAA AR R A9
HEA 0.131/hm® B N E] SRR 0.60t/hm? o FRERFEVE AR 2R A= ) i BRI 388 TG, AN [RI AR IR AR A 5 A
FAYEN 15.42—56.06t/ hm” | PR 2 APy ik 53 R LI AR i Ak G B0bki) 3.64 4% 1.34 1% .1.08 1,
IFRBR LI PRI TE AR R A K PG, BT AR E AR R AR KR AR T ARSI BRBEVE AR R AR il
Vb BH PR AR A 25 PO 5 BEVE AR R A R R B E

[ Y S PRER R AR R K NBT R Te R 2> HEARZ > BA R HLYBEARES 036 w8 ok, R
B RMRIEA AR R AW B TR AR)Z 5K, Mo T AR R AR 8 1 H 3k 31 95% LA 5 o Hfse /NI 2 AR AR
Y1, TE 11% LR BEARM R AEY & S 1.37—3.14% . 4 Akab T4 Ko 9, ARATAI A BE /N, R AR 2 K
PRALT RAFA S, TR LI MROE AR 22 A 1y e 247 LU L AR JIT o 1) LU 91 K 5 B AR AR ) AR 3R 26 W it T P I
RN

K5 TRAKRKRIEKBFERRZENE

Table 5 Root biomass of Quercus acutissima community

it TeARJZ Tree layer/ HEAKJZ Shrub layer/ HARJZ Herb layer/ Bt
A ¢ Total/
8¢ (Vhm?) % (Vhm?) % (vhm?) % (/hm?)
LB AR Young forest 14.81 96.04 0.48 3.14 0.13 0.82 15.42
F Ak Half-mature forest 41.15 98.11 0.57 1.37 0.22 0.52 41.94
JEFAHK Near-mature forest 50.36 97.12 0.87 1.67 0.56 1.08 51.79
JREAMK Mature forest 53.75 95.88 1.71 3.05 0.60 1.07 56.06

3.2 JIRERBFIEAR Rk

6 1AL, NI AKRZRT , FRARAS PR Z2 00k 2 i K/ NI A7 ARAE S AR > KR S AIAR . HR A A5 KBk 75
R 45.12% , e/ N AITIE AR 41.26% 5 KRR B R & 18 THIR AR 42.44% , e/ N R LRI 40.26% 5 KA
B R & B TR AR 42.36% , B/ R Y 40.01% 5 40 AR f KRR 2 1 o IR VBRI 40.02% |, Bt /N R I
PRI 38.81% , 1] LR HRRIR A AR R0k & A7 AE — 8 28 5%, (HERIR TRV 78 v i SR FH 1 50% 5 MRS 38 K
AR W IR BEZ I T 5 SE e I I N LA, R RIARIS Z [RRRERIR Rk & S AR E P
Pt &t 37.42%—42.43% , R BRMROBE R AR R ik & 1 41.84%—43.79% , FAM Y M Rk & &N
34.03%—38.48% , AN [FI MRS IRATRARTE A2 AN FLAC AR Z 8 % 12 0] 0 A8 AR
3.3 JIRBREFIE AR R kit
331 FRERMAR R kfig

FH 3R 7 AR BRARARAL 2 Bk fiff 1t BRI S MG R, AR | H bR | 3 280bR | LB AR ZR B it i 2 S0l
6.01t/hm’ | 17.41t/hm” .21.79t/hm* .21.99t/hm* , H. AR 28 B Ak 40 0] 4l 8 bR b i A L ST SR £ 3,66
£ .1.26 £ . 1.01 15, 5 bR BCBVBR I B fifs 2 230, 3¢ BH IRRARAR 2R B30 2O J5 ik 2 R 2802 | LI BUMAR
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PHBER , A2 =S /N BREFAR R AR KOBIT 22108 miis R AR RGN . T, BEARIE ARG K FRARAMAR R AE A
W, Fetefid B L Bl

R6 TRHKBHEHERERRARSE %

Table 6 Carbon content of different root levels of Quercus acutissima at different stand ages

TR
i HEAZ FAZ
’ o MR PN IR THH - -
Age ) . . Shurb layer Herb layer
Root pile Thick root Large root Fine roots Average

FUNEZ S

41.26+0.25aA  40.37+0.10bA  38.51+0.53cB  39.20+0.12dA 37.42 41.84+0.25A 38.48+0.31A
Young forest
Hi bk

42.42+1.65aB  42.44+2.70aA  42.36+0.42aB  38.89+1.58bA 40.41 43.79+0.19B 34.03+0.54B
Half-mature forest
VTR

45.12+0.15aB 40.70+0.32bA  40.19+0.12cB  40.02+0.04cA 42.43 42.00£0.16A 35.64+0.09B
Near-mature forest
S

41.27+0.52aB  40.26+0.46abA  40.01+2.10abA 38.81+0.64bA 40.21 42.11+0.13A 38.41+0.17A

Mature forest
FPRAE A BE AR DR R E AR F/NE T8 (a b o) B — MR R ELMR R AFKRS FEE(A B) Rl —F R R AR LA
0.05 7K1 22 57 10 38 AR RIRR 2 7 A B35 (P>0.05) , AR R R 25 57 .35 (P<0.05)

B DR Rt/ IR S RS AR S AR S AR - AR HR Bl A e P oy BE 91 e /0, AR o5 MR AR 0 i ) e
KAEH 6.72%  RBERT i 19 L Bl R, e RAB A 61.27% , & WA RS2 BRAR AR AR AR ke o 1) 24K, AR AE S
REAR Bt ot UMK U 484 DRRE A B3 TR AR 38, T DR 5 AR B o o LU PR 38 il s, S5 AR R AR i
A AL — B

KT FRAKBEHEHERERRABREE

Table 7 Carbon storage of different root levels of Quercus acutissima at different stand ages

Wit HRHE Root pile/ HIAR Thick root/ KHR Large root/ 4R Fine roots/ RBARAR
\ 54 Total root
8¢ (/hm?) % (/hm?) % (V/hm?) % (/hm?) % system/ (t/hm?)
éf}ﬁ'{z\ﬁf . 3.24 53.92 1.83 30.51 0.53 8.85 0.40 6.72 6.01
oung fores
v 10.10 58.01 5.88 33.77 0.99 5.69 0.44 2.52 17.41
Half-mature forest
S TN
13.35 61.27 7.02 32.21 1.00 4.59 0.42 1.93 21.79
Near-mature forest
JEASR

13.19 59.97 7.50 34.13 0.96 4.39 0.33 1.52 21.99

Mature forest

3.3.2  JRREREIEAR R bxhf

FH 2R 8 1, RRARAE 7 A 2R ik et R MR IS 119 385 RT3 K, HL A5 RIS e i 12 340 R IR 7 AR > TE R S B 4%
AR AR TR BB RE TS AR R BRAE 2 R 6.261/hm? (17.74t/hm? 22.37¢/hm? 22.94t/hm? , J§ 2 bk
TR R it et 53 R LI AR AR G BORRY 3.82 £%11.29 1% . 1.03 %, 3 ZAAK 5 BUBPRRE Vi MR 2R e it k22
T, RARAREE V5 U 2RI 5 Bk i s 1 N 288 ) 5 4= Wyt B AL A — 3

MR IR KT, TR AR Z B it Tt Bl AR 3 DR T3 O, JHE o a3 b 5 23 AR R SV £ 1 L B3 34 7
95% LA I, 54 Wy AR AL RERAR L, PRI T A2 AR 2RI BRARATE Vi M R 0 0 AR R 1 E il 3 e, KRR R ik
i F A BRI 18 T3 A, W8 AR, rh S AR | I O B BMR TR R AR &R B i £ 43 1A 0.20t/hm® L 0.25t/hm? |
0.36t/hm* ,0.72¢/hm* , FL R 4l bRBR A 1t BT o7 LU BB K, Oy 3.24% , S AE Wi AR AR — 30, FEARAE AR Rk
i et [ BE MR 18 DT 38 K, 4 A | rP i bR 3 8K | PR RE AR JZ2 AR R i 2 43 531 R 0.05¢/hm” | 0.07t/
hm?® ,0.22t/hm* ,0.23t/hm” ; F AR K YIHR Ze mchids & |5 Hedilie /N, 76 1.01% LAF
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Table 8 Root carbon storage of Quercus acutissima community at different stand ages

PN FEAK Tree layer/ A Shrub layer/ A Herb layer/ St Total/
Age (/hm?) % (/hm?) % (/hm?) % (/hm?)
k) 6.01 95.99 0.20 3.24 0.05 0.78 6.26
Young forest
A 17.41 98.16 0.25 1.42 0.07 0.42 17.74
Half-mature forest
Sk
JERAM 21.79 97.38 0.36 1.63 0.22 1.00 22.37
Near-mature forest

L
HABR 21.99 95.86 0.72 3.13 0.23 1.01 22.94

Mature forest

4 itig

FRMRA W0 SR A AT AV BRI 2 5 A ARk (AU 5 | A AT A 1 X AR IR ™ T L A2 R
1713 A ) e SR PR EL O BRARIR SR R MR/, T8 LABOAR (D) AR~ (D H) Sy B 78 B A AL SR
SIS R WML A AR A A K 5 AR — Tl e o TRT SR AR 2, LA v i TEEOUORE B2 . 7R SC L
Ao A Ml 7255 s DA PR 1 7R i SR DA K O AR 12 i 11 A Ly R LA AR W=aD" 5 W =
a (D*H) " WASREIA 7 Rt 5 R et ELAOC R B8 S AN, 0 SRR [l — JRRAR AR b 3507 A ) A A
RFSE 2 — B0 A SCERE W = aD” VR RBRAR R A P RERERY  SRAN 1 LAAE X A AR AR e A B 107 5 2 K 4 i)
R LA AR AR A P S SRt T A

JRASR A G AR ZR AR W R/ NI o < ARE S AR S AR S AL AR W ik o 4 32 307, S5 7R S 0] E R AR
WRAREYIE LR B BRERGIIRAR Pl bk T ZbR  CBPRRE T AR 22 AR 4y dak B AR (9 1 AT 1 K, 5
M A= 49y 4 DR R AT AR P B PR3- 48 BE  S7 M ZR RS bl T IRRAR A MBI P B2 /N A s 1)K DT A2, A
TICEAE IR ALY, I 2l AR UM 28 A o 1 U T R P B2 R OB IR 2 IR R AR
Yy 228 B R

IFRARAS AR ZR 0 2 2 K/ A o AR S AR > JAR S AR, 22 57 0 3 (RS T PR 1% A9 0.5 19 & ik
FHCT T PR B R BURAN SRR S S 2 B A A v B 2R SO IR 2E 21, I A
I ABCRZ AR 0.5, AP S iR B2 8 T 0.5 R AFAE S b 2 1 UM AR 1R LA B i 22
Stk B IASIEFE RRIR A5 SRR 2Bk & AR T 50% . PRI, 5 R FH LB 1 35 1 28 80 S R AR bRtk i o, o5 7 2
BRI RG22 XL R I B 5 B R B0 — 2 B R BRIE SAEE 1k . BRIV AR AR IR 2
Bk 1 IO AR A R

JRARAIEE AR PP PR | CEBMR R i MR 2 B Ak e BB ) 8 DRI 8 A, 07l R e A i i 0
PR LA | i T3 E T4 ik nl R ep [ 2R AR BRI D e — 2D 5 0 A RIS V& B A
EIRIATAZESHEARZS AR | HIRARZ R R0 R T 300 M AR B e fiff 1 19y EL Bl 7E 95% LA I
T AREMRE ISR T AR RO 00 237 i | HL BRI 38 R M08 O, 6 I BRI 8 I PR AR ZR B K
TEBHIFR B 5N RIS BRAT AR 138 5B fih it A8 A A — 22

JPRATAR v L 8 70 AR 38 A Wy 5 e 24 BRI 039 DRI K, Al e AR B b A R A PR R AR i
Sttt BRGNP , ARSI R ARV X BUR NS B S G DRI AE R AR A B A B DL R T4
BRI D RAR AR 28 A= ek 5 e 5 ) B 10 O [R) N5 P A 28 R B Ak i, AN Db S8 42 o A i /0 2R AR
o, SERF A, B 2R A 5 3 A ) AT AR R b g3 A e R i PR S T o K i R R
PEFERRARM AL, SRR 45K ) IR DT 588 BRAR A BRI I BE , (2 E AR AR T R KR
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