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A Quantitative Analysis on the Root System Structure
of Pinus massoniana Plantation
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ERM (Pinus massoniana Lamb.: ¥4 7 > 7 # <) dhEOIt#E 23° ~32° OHUERIT/L <
AELTWVWS (MEMAREESZES, 1981, REMORLEFHIE L [TRIL] EXS
1960 Ffth SIE» o h, BRI SNz, £0% MEREOHRL I LRSI
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OEEbEE -0 T, BRBBROFENLIVEEDLNTED, KIELL EORRRE
OmE» 5 bEFEHIN TV S,

ERMMOH FEAE MR & LRI S 205 (B, 1982; B, 1992; 2, 1999), %R, *
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Table 1. Studied stand conditions.

il HEAH  EEORSER  TEE PHLEARE LTS

7N ) /400md  (em) (m) (m) m R
1 10 124 8.3 A 8.3 1.9 0.63
2 20 92 12.3 14.9 16.2 7.4 0.89
3 30 63 16.0 19.3 20.7 11.8 0.90
4 38 48 18.8 21.5 229 15.2 0.87
#-2 EARDOET
Table 2. Sizes of the sample tree.
Wi FhES KosER =) ENTE AR TESER HIPRE R
(€3] (cm) (m) (m) (cm) (cm)
1 5.4 5.6 2.0 3.0 6.5
2 6.8 6.4 1.9 45 8.2
3 7.6 6.5 1.8 4.2 9.2
10 4 8.3 7.0 19 6.2 10.0
5 104 7.9 1.8 5.5 125
6 12.2 8.3 1.9 8.3 14.2
7 13.7 8.3 1.8 10.0 16.5
8 8.5 13.2 7.7 4.0 11.2
9 10.2 13.6 7.7 3.9 12.6
10 11.3 13.7 7.7 5.0 142
20 11 12.2 14.8 76 8.5 14.3
12 14.7 159 7.1 8.5 18.9
13 17.2 16.5 7.1 9.8 19.0
14 18.7 16.3 6.8 12.2 20.6
15 11.2 16.2 124 5.2 14.3
16 12.5 17.9 12.3 4.2 15.2
17 13.7 184 125 4.1 16.2
30 18 16.2 19.1 119 9.0 194
19 18.7 20.9 11.3 10.6 22.3
20 21.3 20.8 11.3 10.7 249
21 242 21.5 11.0 16.4 26.5
22 13.2 18.3 15.7 5.2 16.8
23 14.9 20.8 15.7 5.1 17.2
24 16.4 20.6 15.6 5.9 19.3
38 25 18.9 21.7 15.7 104 22.7
26 22.3 22.0 14.5 13.6 25.0
27 26.3 23.5 14.6 11.7 29.5
28 28.1 23.6 14.4 19.9 315

# 16~20 km BN 2B EHRMERT TORRERIC L i, ELEKE 194°C, CHERRE
1800 mm, SFEMEXHEE 80% TH Y, MHUKIEAHEOSUERE BT 3,

WEMSHZENZ N 1991, 1981, 1971, 1963 Fictaka h, MHREEHS VTN S 33334 /ha
(15mX20m) Th-rte, BHEE THRIKBITOO TV, 20004 11 Bic2hZhoMST
20mX20m O7 vy b Z&S, 7oy FPRNTRXTOMEBAROREER (D1s) &S H) %3506
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Fig. 1. Diagram of Pinus massoniana root system.

Ltz 20004E 11 AKETo, 10, 20, 30, 38 EADOMAEHMEERIIZh TN 83, 12.3,
16.0, 18.8 cm, TS Iz FhFh 7.1, 14.9, 19.3, 21.6m Td - = (F-1), 10, 20, 30, 38 F4
O ABEE L, ZhZFh 3100, 2300, 15675, 12004 /ha T, EEEHOERMATHOEEEEN
(B, 2000) itk hid, IREHEIZZNZEFH 063, 0.89, 0.90, 0.87 TH -7z, 10 FEDOKS IIH
L O TH 555, 20, 30, 38 FEOHKDYRVTNLBELEILOME VWL B,

B (1974) D FEICHE - TEH Lo LBARS i 10, 20, 30, 38FAET, £hZh 83,
16.2,20.7,229m Tk - 1z, BEE O ERBMATHRORAIIEE (B, 2000) < khud, AFFEM
OHAIERIIWINS 16 TH 5,

2. BEARE

2000 £ 11 S HER, ME0BARELZTHE-L0ob, HEEROAHIIELTET T Y
b7 AOERER KB L (B-2), REILEEROKS, HIRY, £ H), £ TS
B (Dp), HIBRER (Do) X E %58 LB, BRNEWE (Monst 5, 1953) ickb, EX 1.0
m ORET L DB, K, EBOHEEZE L 72, HiioWVWTI3, HEE, 184N, 2F4EKUE
KRS LTRAE L 2o ABWIEHO BB O I3 MFTE L —ELE L SBRENTEBY, ZhT
NIEABI L TEHERARIE Ui, 12, BICHOWTRBIRBITEICX > THEEZRD 12,

B L EEAROBTEREROBRREZRE ) LPROBEREZHE Lo, MEREREL D AH
TVBERKDRS & - 108, BAROKTESEET 2EEFORELEL TV ARBPAL 20T
H2EDS, ABARKTTVRRBEA->TVLABELFELUTH S LEKEL, BHE Ficdh 21RH
TRCEAROEE L THERBZBEH U, Y LB LTE, TE3RIBEVISLVELD
KEEL, UNhBRENCEY - T2E0BEEERT 2 X 58D,

i SEX 10cm TEOBBIXSL, TUFNoRBIcE T hAREMNE (1979) OERE
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Fig. 2. Allometry of stem biomass.
®: 1054, O: 20444, M 3054, (03854
Dy £ THER, Dis MSER Do HBER H #5

SEREICHED, B (5 L RRIC XS T & 2 WHRIRERSY), ABIR (E& d=20 mm), R
B (20 mm >d=2 mm), R (d<2 mm) K53, ENENOHRERERFEL 12, 58, AETiE
ER dz2mm D% F LB TABELIET,

BEMROBEZRIETRGHEFETH 5 K1), BROPTHHB—FFEL, EEN—BROIEE
BY, TORMgIiRROEN MR S —AORE [FR] LM Licd 3, FHE 10
cm JEIUIL, FNEFHOEELRIFE L 72,

K70y b SKDEERIIOVWTE, $RTORERES 10 cm OEMICUIN L, SEHOHR
B (D) ZRE L 1o BMEEE 10mm JEORBIXS L, SKEOEMAR FE F.)
Rtz (F-6),

HIE L7288, & E RoZHS» 5B %E2—BK 85°C TR, AELEEEO AR
Y, HEMICHRICRIBSELREEICHE L/, B8, KXHXTR, EBF— 42T XTHREET
N I
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Fig. 3. Allometry of branch biomass.
®: 10 FH:, O: 20 F4, W30 F4E, 0 38F4E
D £ TEER, D WEER Ho #ER H &S

Im. # R & ER

1. BENREROHEIRRER

HBBRMEORE 3 ERMMOBERNHEEOHEMKERFREX-2~K-5 £ &K-3 IZRT,

BB (w,) ESEROF (D3, & OBHRRMS T LI T 545, MERDE S Hh5y T ik
DNEEOEHEHE SN, DisDhb 0 IKHESERO " RICHEER UL b0 DIL:H) V5 &,
WADEESRE S N, CORBRIIITAES L ERAGETEED (1966), KirA ef al. (1967) 258
& 72 2 & (Cryptomeria japonica D. Don) Off[a) & —F L TV %, BEMHKOBRE (w,) OHEE
i3, MSERO -F D) L0 bHESERO_RICHEEELL LD DI H) OFBELTY
5EWVWZ B,

BB (wp) & Dis & OBRIIMS T & ITHKILT B8, MaDBEEIARE, Disohbbic DI:H
ERVWT OGS NIV, Db ICER TESERO ZE DF) idRk H.=H—-Hp) R L
b0 (DEH) #FW5 &, wp & D3H, & OBHRIIER I —RDOBERTRT I EMNTE, NO5H
1B LW, DEEAWT & 3ITE UEEHE S N7, SHINOZAKI ef al. (1964a, b) DR/ 1 7€ 7
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Fig. 4. Allometry of leaf biomass.
®: 10 4, O: 20 44, W 30 4, [ 38 F4
Dp A TEER, Diz WEER H. #EE, H #5

W ENIE, wp i3 DFOME & FHEEERAE > TV 5,

TR (wr) 3, Diss OMMLREBIRSHDIIREL 7205, DEEHV B EHDDEMNE 1T
D, —AKDOEMMTRT IENTES, COFBRIFR(1965) s E L1y 514 & » /N (Betula
maximowicziana Regel) DHEE & —B L T\ 5, SHINOZAKI et al. (1964a, b) ORI/ 4 7€ F
WiZEhiE, HIBOEEFZ B30T, ThICHAILAERESOBRBNRETH B, ThoDER
BOFhoRERICE WV THERMOM EEIZ 1 7EF MY TR 2HELF-TVWAI L%
RELTW3,

RE (wr) i3, Dis& ORICERERBOAE VHIREBROSEK O LE, LhdZ OMKER
BhH1IcEmdTEY, CORBRILES (1968) 053t L2 R ¥ /R E—BL TV 3, 1,
C DBARIIRBES (1967) ® KirA et al. (1968) DTV 3, DisDfth, HIBEERDO "3 (D)) b
DisH & 0 BEERBOR E OHERERBIRAS R & vz, (L S (1968) I IREERHKORRIZ >V
TEHMSHFRETY, BEE DLH ORI, 27150 BVEHHENRERBRIEK O (LD &R TW»
5, BAROKE, TR, AETEEREVIARD F % TEBICHIEST 30R3KRETH 24, B
BROEE, BARECL > THIETEZ 2WEERD 2 L IIHIEEE, SIRROBEFERCKE:
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Fig. 5. Allometry of root biomass.
®: 10 F4, O: 2044, M 30F4, (1 38 &4
Dy £ TEER, Dix WEER, Do HERER, H: #5

BEICHETE BT EMREINT, F7, Dis® D3 OMEMRERE A M LIEVWI &I, B
O SRR E A5, (T HPIBIMRICH B T EEBEKRL TV 5,

Z OFER 3 IR o kEE I > WTIRIB X h - Bifli 1 7€ 7V (SHINOZAKI ef al., 1964a)
BERMOIBRICOVTHHETIRELILERLTW S,

2. RRER

HEaD R 2 EEMKROBEGER%Z K4 1ITRT, 10, 20, 30, 38 FA M HH L HTHOREE
27z hZEh, 47,114, 160, 179t/ha & 12, 29, 39, 42 t/ha T, HiEIB, HTHL MEREIK
BAIPE > THEIM L T oo M EER & I EROBE R (T/R M) 13 3.85~4.25 T, HtAi@\\ i3
CREL B AERNS LN, < DOfEi: Karizomr (1974) B8E L e 7 A<y (P. densifiora
Sieb. et Zucc) ® T/R H.3.9~4.4 OfE &L ZiF—FH L TV 5,

BEERY A XBIOBBRERIT, 10 FEEOWS THREE > hERE > KER>HBOIET S 545, 20,
30, 38 FEA DIASY THRBE > KBAR > thiRIR > HIROIET & - 7o MBSV 2 E, KIBHERD
KEL, HRBEERII/NSD -1, 10 EEOHRSMIRBAER I 1.30t/ha T, £hEh 20 F4E
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Table 3. Allometry of biomass of Pinus massoniana.

% ;
wE NS =50 RERE
A h
W,=A(Dg) 2.6676 0.7650 0.5268
Wo=A(D?3) 0.0978 1.2063 0.9111
# Wo=A (D3 0.0787 1.1763 0.8978
Ws=A(D3H, )" 1.0755 0.6754 0.5656
Wo=A(D}H) 0.0737 0.8350 0.9738
Wa=A (D) 0.0221 1.3288 0.9582
We=A(D}s) 0.0024 1.4244 0.7659
o Wa=A(D)" 0.0015 1.4300 0.7999
Wa=A(DH )" 0.0118 0.8882 0.9408
Wa=A(D}:HP 0.0042 0.8702 0.6377
W.=A(D}) 0.0321 1.0548 0.9632
Wo=AD?3) 0.0095 1.0254 0.6331
= W.=AD}) 0.0063 1.0392 0.6738
WL=A(D2H. ) 0.0055 1.1390 0.9700
W =A (D3 H) 0.0172 0.6037 0.4895
Wr=A(D3)" 0.9401 0.7277 0.7204
Wr=A(D}3) 0.0840 1.0081 0.9617
18 Wr=A(D3) 0.0662 0.9932 0.9673
Wr=A(DH.)" 0.4148 0.6346 0.7546
Wr=A(D:HY' 0.0846 0.6670 0.9390

E: Dp A TRER Dix MEER Do MEERE H. #idk H 85

#F-4 MinBlOBEMHKORER

Table 4. Biomass of Pinus massoniana stands with various stand ages.

B3 (t/ha) HUFER (t/ha)
RES AR EXLN

SO S B g 4k (t/ha)
ik KRR hEE

10 36.74 6.06 433 47.13 3.97 337 359 1.30 1223 59.36 385
(61.89) (10.21) (7.29) (79.39) (6.69) (5.68) (6.04) (2.19) (20.60) (100) '

9640 12.02 525 113.67 11.79 1005 6.22 0.88 2894 14261
(67.60) ( 843) (3.68) (79.71) (8.27) (7.05) (4.36) (0.62) (20.30) (100)
139.92 1498 510 160.00 16.78 1544  6.33 069 3924 199.24

30 (70.23) ( 7.52) (2.56) (80.31) (8.42) (7.75) (3.18) (0.35) (19.70) (100) 4.07

38 15848 1588 503 179.39 1891 17.79  4.88 061  42.19 221.58 495
(71.62) ( 7.17) (2.27) (80.96) (8.53) (8.03) (2.20) (0.28) (19.04) (100) ’

& fELAOBE R 2EICH T 2 HHER

T/R M.

20 3.93

0.88t/ha @ 1.5 %, 3044 0.69t/ha @ 1.91%, 384FEH 061t/ha D21 {ETH -1 TS
DEFRAE (1974) FRE L/ 7 7 = OHIRE (d<2 mm) 0.4~0.9 t/ha, # 5 < (Larix lep-
tolepis Gordon) @ 0.2~0.6 t/ha DfEX HPPKEL, XFD 0.8~1.7t/ha, &/ F (Chamae-
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Fig. 6. Vertical distribution of root system.
O Rk, B K2R, B 58 B ER
cyparis obtusa Endl) @ 0.6~1.5t/ha OEL D PR/NE 0,

BRBRICH 2EEY 1 XBIOREFRES b, 10 FA DS THRER > IR > KEHR >
MIRODNETH 355, 20, 30, 38 EH DS TZ N F NiBKK > KRR > HRERE >HROIFETS -
foo MEADSEWVIZE, hERIR, AR UIRKE, REBIROZIEHSHEML T/, BIHROFIS
i3 10 A ORSH 10.63% T, 204E4E 3.04% O 3.54%, 3044 1.76% @ 6.0 5, 38 FA4
1.45% D 73 & TH - 12,

3. BROFESF

DR 2 EEMMOBRREEEE OFENEEN-6 I<RT, BOBERY 1 X5lics b
&, 10, 20, 30, 38 FELEDHS THRHMB E N E N 40, 50, 50, 50 cm £ T, KBRMSZHZH 80,
90, 100, 100 cm ¥ <, DRBEIMESENFN 130, 160, 170, 170 cm FTHHL TV 1z, Fj
¥ (1975) DRFEOHEIc LN, EEMKIFEREREL VA5, WTFhoKEics\»T
LIBBEEROEHIED 75% VI FIZES 0~40cm OHEBICEEL TED, RIRERO KIS H
FEHEOBWE I AICEET LI EBELHICH o1, TOFRERBNIE (1974) BHMELLEL D
HAMEE —HKLTWVW5E, BEYA XGIcABE, BE 0~40cm OTERBICHFET 2188, K
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Fig. 7. Vertical distribution of root density.

B iR, O KEE, e ik, O 4R

F5 BRERS A XBIBEAHOEH R LU q

Table 5. Constant Ry and g for vertical distribution of root of each diameter class.

Min (£F) TER Rk RER R HHAR
10 Ro 5.92 3.03 1.58 118
q —8.76 —6.01 —-3.71 —6.45
20 Ro 7.92 5.48 2.81 0.46
q —4.68 —4.19 —3.34 ~4.38
30 Ry 9.18 7.00 2.57 0.32
q —3.99 —3.57 —3.11 —3.99
18 Ro 8.87 7.81 171 0.28
q —3.40 —341 —2.82 —3.96

B, PRE, MR0E&E, 10 EE0MaEZEnEh 100%, 88%, 78%, 93%, 20 4FE4AD
MomEnZTh 96%, 81%, 67%, 85%, 30 FEADMABENZTH 88%, 75%, 66%, 84%,
38 FEHDOMDMWENZT N 84%, 69%, 64%, 84% Th - 12, VTHOMENIC BT &4 HIE

B, FOERVIEBICEET S LRSS M,

VTN ONET IR L RO BEREESRAMEERTEIZ 10~20 cm 1dH 25, KEIBR
EHERBOHAGFERFENSRAMEERTEIZ 10 FEEOHS T 0~10 cm, 20, 30, 38 FLEOHS T
10~20cm iZdh » oo S LIBHERFE & OIS S 7 () XTEIN 3 EEE

g ont &-7,
R(x)ZRoeq"

1)

T I Tx IMRED S DES, Ry IRBREEREE, Ro & q TTEHTH 3,



Table 6. Constant Fy and b for frequency distribution of root diameter of the sample tree.
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Fig. 8. Histogram of root diameter.

2054
i EEES 1
0.1 1 10 100
HHMDERE (cm)

#£6 BRI LORRERBESTOEH Fo 8LV b
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im0 EFES MISE# (cm) Bl (m) EH Fo EH b
2 6.8 6.4 956.55 —2.09

10 4 8.3 7.0 164.29 —2.21
6 12.2 8.3 237.07 —2.08

9 10.2 13.6 170.62 —2.11

20 11 12.2 14.8 264.86 —2.04
13 17.2 16.5 382.89 —2.02

16 12.5 17.9 190.82 —1.97

30 18 16.2 19.1 566.66 —2.09
20 213 20.8 696.36 —1.86

23 14.9 20.6 276.02 —2.07

38 25 18.9 21.7 617.45 —2.09
27 26.3 235 929.68 —1.99

B/NZFEICL » TEHRo & g 2RO (5o WTHOERY A XITBVTHEH g 134K
BAEVEENS ol TOTERBFVKRGOIRREME IR ->THHL TV B3, Ml

AEWIEZEZORO PO UEL ETIRREFKEI R TVEIEERLTWS,

4. BREFOEESH
10 cm E iU L 7B 0 G OEER & & OHEENH 2 K-8 1KHI/RT b, EHE D & T DM
B Fy & ORICIE (3) RTRE N 5 MITBHRAERD I - 726

Fay=FoDy’
%7203,

lnF(,,)“: blnD(,,) +1nFy

3)

(4)
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Fig. 9. Relation between cumulative total root biomass and tap root biomass.

IIT, FoBLUb IZTHTH 3,

BN_SRIEC & > TEBFo & b 2R 1 (F6) THO I3, WTFhoEARKcsWTHIZIT
—2 &1 51z, T OFERIZ SHINOZAKI et al. (1964b) RAKH & (1977) A5\ S OE T -
FRRFBEERE BT 5, Q)R b=—2%2RAT 5 &,

Fu=FoDy* {5)

FuDp?=Fo=—%E (6)
Dg)?

S(n):F(n)%”: ‘Z_Fo (7)

T LT S BEAWERETH 5, R (7) 13, BAUFTERE S BERE Dy DA/NMNED S F—FITh
BILEEHKRL TV, $bE, WTFhoEREICHBV TS 10 cm &M OXRKIERE S AN
BSm &E—HTAIEERLTWVWS,

ZD¥ER D SHINOZAKI ef al. (1964D) i K, BEMHEIC >\ TD/ Y 7€ 7)1 (SHINOZAKI
et al., 1964a) PIRRBEICOHELTEE I LE2ZHLTVL S,

5. REROEEHE
ROKRT WL 5 OEFIRE LS 10em JEDHBOMRBICH T 2 FHE L OBIRIIR-9
RENB LI, R TRINIFARZBEIERCTELTE
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Rce(z)= S:[Rs(z) +Rm(z)+RI(z)+Rst(z)1d(z) (8)

Rc(z)=kR(2) 9
T, z BIBRE TS OBREEM (GBS), Rsk) GMRREE, Rme) 3HEREFE,
Rlz) RABARBTE, Rsi(e) RABKEREE, Rel) IHEERER, Re) REREFTE, k 3HAIE
kb, BN TEIC K-> CHBIER R 235K 72, 10, 20, 30, 38 FAEDHPIEHK £k 3TN T
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Summary

In four planted Pinus massoniana stands with various stand ages in Fujian Province,
China, aboveground biomass, root biomass and root system structure were investigated.
The root biomass of 10, 20, 30 and 38 year-old stands was estimated at 12,29,39and 42 t/ha,
respectively. The ratio of aboveground biomass to root biomass ranged from 3.85 in the 10
year-old stand to 4.25 in the 38 year-old stand. The biomass of fine root (diameter<2 mm)
was 1.33, 0.88, 0.69 and 0.61 t/ha in the 10, 20, 30 and 38 year-old stands, respectively, and
the proportion of fine root was less in the older stand. More than three quarters of total root
biomass were distributed in the soil 0-40 cm deep and the finer roots developed in surface
soil. The root in every diameter class exponentially decreased in spatial density with soil
depth. The total root biomass, regardless of stand age, was proportional to the square of the
stem diameter at breast height or at ground, meaning that the pipe model theory of tree
form is applicable to the root structure of P. massoniana tree.

Key words: biomass, pipe model, Pinus Massoniana root system



A Quantitative Analysis on the Root System Structure
of Pinus massoniana Plantation

Xuequn CHEN, Yukihiro CHIBA, Masaya MASUMORI,
Shobu SAKURAI and Hisayoshi YAGI

In four planted Pinus massoniana stands with various stand ages in Fujian Province,
China, aboveground biomass, root biomass and root system structure were investigated.
The results of allometric analysis implied that the pipe model theory of tree form is
applicable to the root structure of P. massoniana trees.

A Method for Aseptic Germination of
Fraxinus mandshurica L.

Zhaobin XING, Hailong SHEN and Yuji IDE

An effective method for in vitro germination of Fraxinus mandshurica was developed.
After surface sterilization, one-third of cotyledonal side of the seed was cut and discarded.
Cut seeds were laid on a solid MS medium or 1/2MS medium, containing sucrose and BAP
in combination. BAP of any concentrations markedly promoted the germination for cut
seeds. Sucrose concentrations and basal media did not significantly affect germination.
However, the growth of germinated seedling was promoted by sucrose. Cotyledonal nodes
of germinated seedlings were cultured on the same medium for germination test. Some
nodes rooted and regenerated into plantlets.



