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Fractal Features of Soil Aggregate Structure under Mixed
Plantations of Phyllostachys edulis and Cunninghamia lanceolata
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Abstract: Fractal characteristics of soil aggregate structure under Cunninghamia lanceolata
and Phyllostachys edulis mixed plantations in Fujian were studied by using fractal theory. Six
plots with different Cunninghamia lanceolata and Phyllostachys edulis densities in mixed
plantations, and two plots of pure stands of the two species were chosen. All the plants in
plots were 19-year-old. Regression models for fractal dimension (D) of aggregated structure
and water stable aggregate (>0.25 mm) content, and for D and destroyed structure percentage,
were established. The effect of fractal dimension of aggregates on soil properties were evaluated
by elasticity and limit analyses. The results showed that the higher the content of water stable
aggregates (>0.25 mm or >5.0 mm) in soil, the smaller the fractal dimension of aggregates, and
thus the better structure and stability the soil. The regression relationships of all the models
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were remarkable. Fractal dimension variation of aggregate structure had a great effect on soil

properties, which will provide a scientific basis for the culture of such mixed forest.

Key words: Phyllostachys edulis; Cunninghamia lanceolata; Mixed forest; Fractal dimension;
Elastic analysis; Limited analysis

HFMR L BAEFEEMRL T RELESKERERBENEEYREM, 5B BR A F
FPHREZAK T EERUESMBAE™ D —EERE B TEEXFENEIY, X
(Cunninghamia lanceolata) R E R H EEEMK M, R, EAXANTIHKEEN R DIFRIR.
MHLAE = FREERE DS IBAMINT ZERC, ROEHE EEARKNERERKBERHK
WEBLEEX,UEBEAANTIHKROFR SR I, £ (Phyllostachys edulis) BH
ERR RS MEXEF S, EXREMERHBLRESR KRS —, XNk EH T, H
BRI XEKREMBRZHMA RIS, ZHAE GBS BRI ETEZ AR
AAEEEN L HMEAN SR#HTHE, UBHAEMERBEANSEEEHN . 118
AE MO B2 TR R SR BS AR 1B S1F I 4R
1 0 Rt A R Ol &

i I8 1b R REHSEEREEAELER= LTI LE, dt4 25°48'-26°24", &
2 117°48'-118°36', FEXPE TN E 1 460-1 780 mm, FEHX B EF 83% L4, FEHSE 18.9C,
THEOO M. PRAEHEEGHEIR 700 m A4, SEIGEEEE 25°, M odei . A EEE KT 1 m,
TR L VP MTEE VA IEH# (Eurya nitida) . AT (Miscanthus  floridulus )
018 (b 8% £ BX (Dryopteris dehuaedsis ) #3175 8 M B Bk (Arachniodes rhomboidea) . %) H B&
(Woodwardia japonica)Z& WA,

FEEAieR REEH U AT EGIEEIRAE, KABILX HEIEERTRE
W, EETERBEZHG (K 19 FE)BEAEEILE : A(300 # hm?) .B(600 # hm?) |
C (900 # hm?) .D(1 350 # hm?) .E(1 800 #k hm=2) \F(2 100 # hm?)UL} G (19 sE4fY
AR 2 040 £k hm?) H(19 FEAEFFEITAIM 1 650 # hm?)% 8§ NMbE, SM4BEE
RINEE,HH 24 MrEH, BT AR 25.8 mx25.8 m . v GBEEKRILEF
R7CRER ESBENRFEHERENM, REEFTENK, A3 FEEERBT 2R, F4.5F
BEE 1 X, ANIERARFEREEER,

EMTETE 600 ¥ hm?, EXRUBAGEKRE XS ELEEHRGY . S4HIFEE
YrE¥ @ e 43 B2 : A(1 755 # hm2) B(1 665 # hm?2) .C(1 605 # hm?) .D(1 545 £ hm?) .
E(1 245 # hm?) \F(915 #k hm?),

TIMEE | ORIES I IENERN AL A (G SR MEIE, B 0-40 cm
RELHES, DRI EHRAUERIRF S &, ELEEX T M 0-40cm RE T
HIRGCEETHLARNE 1.
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71 EMABFHTEEAREKAR
Table 1 Soil aggregate in different plots

B R - SRtk B % Diameter of aggregates (mm) EK XA SHEN
Hb Plot BiER#E  Correlation  Fractal
patterns <0.25 0.25-0.5 0.5-1 1-3 3-5 ?5 >0.25 (%)* coefficient dimension
A B % Wetsieving 8.87 3.85 848 7.95 890 1195 41.13 9.21 0.9924 2.4762
F % Dry sieving  4.07 5.40 8.05 9.60 695 15.70 4530 0.9975 2.2650
B 0% Wetsieving 1045 3.79 654 7.55 11.47 10.20 39.55 11.52 0.9865 2.5258
F % Dry sieving 530 434 690 1061 773 15.12 44.70 0.9976 2.3287
C 8 % Wet sieving 12.28 4.76 723 7.65 796 10.12 37.72 13.89 0.9945 2.5792
Fi% Dry sieving  6.20 5.35 837 10.17 569 1428 4380 0.9979 2.3806
D B % Wetsieving 13.56 3.65 854 7.00 8.51 10,04 36.44 15.65 0.9885 2.6005
Fi% Dry sieving  6.80 2.59 8.10 1047 6.71 1533 43.20 09873 2.3823
E 0% Wet sieving  14.67 441 579 622 9.05 986 3533 16.67 0.9882 2.6391
F % Dry sieving 7.60 7.76 538 7.56 7.19 14.62 42.40 0.9976 2.4673
F B % Wetsieving 15.80 345 6.87 7.56 6.68 9.64 34.20 18.37 0.9880 2.6510
F % Dry sieving 8.10 414 7.18 9.04 7.76 13.78 41.90 0.9951 2.4549
G &% Wetsieving 17.58 3.37 3.87 8.12 8.54 852 3242 21.32 09739 2.6843
F % Dry sieving  8.80 3.79 766 1191 960 1205 41.20 0.9879 2.4554
H B 5% Wetsieving 12.70 2.82 9.00 6.87 8.51 10.10 37.30 14.46 0.9845 2.5789
Fii% Dry sieving  6.40 7.12 10.51 6.23 524 1450 43.60 09918 2.4090

* EHEHTE = [THK (>0.25 mm HAXE)-BF (>0.25 mm HXMEK)]/ T/ (>0.25 mm HR & )x100%.,
Percentage of destroyed structure =(D-W)/Dx100%, D and W represent aggregates >0.25 mm by dry and wet sieving,
respectively.
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2.1 ENMAE

Gy T JLAar 2 B DABR IR JLAel TERE 9 RO R HNI A B 3 X BB ME A R R
JLEI%, ERE MEB UR AR & i B, IX R B ARVE 53 T2 4k (fractal ) £
B ALl (self-similarity )4F AEUS ', BriE HHELIEEEOERBEDERBRK SEEBLUY
WIE BT ERTHRERUE WK, nREETFANSRHEREES ka2 81
B, ZHERSERELXMEADEILAZESEHREREKJLAEHNEZRX ), #EREDE
& B & FAFAE o XX — R EH TR EE T R Z 5 7 4 B (fractal dimension) , — ik
¥, RN RERREKLO®E Y T 0.1.2.3 FBMAEN DA, EEBOIEE
B, BOFRS> B 4E BE (fractal dimension ) . 4y FEARKBI BB — AR P TE LB, T 4B
XX B YERE R RRIE. KRESFEEBEE RBEIT AR FHTEIT, B
MEEHLKHOME(BEERER) A HEHBE.
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R SR/AERARR A TR AR IR, E R E KB — R NIE L
Ak, AT RERRNA, TREAEFIEHEHRED, s Ao EEIEE 7 A
NP EERIEDT:
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BHERUEHRBZILMR— LB AR THE -NR d(d>da,i=1,2, ) )B LR
FRESERR V (8>d,) v] | 25Ul Katz By AR
V(3>d,)=A-[1-(d/k)*"] (1)
AP S BEBR,AkEHBER RENER,D RO EAER.
BERNESTENZ2E — TR ZERABRE RS RRE ., LU, R 2R &
di 5 di FIRLIZEOSEE , ZRE BN REI LR ELE p (9ER Bl p=p (i=1,2,---),M:

W(3>d))=p-V(3>d )=p-A-[1-(d,/k)*"] (2)
XP W)W KT IHERINER, UW, X+ EBINAEEN2RN . GFEXE
limd; =0, Mg (2)X18:  W,=lim W(3>d, )=pA (3)

w>d,)) . d 3-p
1) 4)

1R oo HBKKR TR EFIHE R, W(E>dn)=0, A () RH kedp,, LT H T
R FIRL B E B 5 1 5P IR 12 2 [RIEY 9 ok AR

H(2). (3L T -

wd>d,) ., d, o

W, _1_(Em) (5)
@

4 o W(d<d)

G, (6)

53 BULL 1g(W/ W), 1g(d, /dma) 9K HE 2 FR, ) 3-D 2 1g(d, /dma) ¥ 1g(W/ W) I SL K
HEAWALE T ABE o F 8% D #HTRIE .
23 THMEAREHSEHEBN T MERBEFZHII I E

ZREF B RN s TS, IR — TR R E S T AR & > AR
e (b K 2 (AR EC (E SR R 3 1 1 ] TR 1k 43 T2 4 TR W 1% 33 R FE PR i R s e

EP = (AY/Y)/(AD/D)=(AY/AD)/(Y/D)=B (7)
R, EP 24 1 138 U] 5 1 43 2 4 B0 - 33 BB o5t R . X4 EP>1 B, 3Rz &b T8
/T B s 24 EP<O B, 3 40 T R BT BR 5 24 O<EP<1 B, 3 57 &b T 18 BT B o

BRI ESITESENE — BT EARKSEABNWE, ISR HEN
B M TR R I IS O

MPP=Y/D=B(Y/D)=B(X.Y./ YD) (8)

3 SRR

31 +REAREGEHRSEHEHNITH
LA 1g(Wi/ W), 18(d, /dmax) 99 E AL BR , IR HE (6) N A B A 47 5 21t I8 FIR AR
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B AN SR E RN AR ERPIT R 1. MK 1 FTLIEH,8 FifrE
AR R+ IEE N E B R R o 4 BAE 2.2650-2.6843 (8], HHPERFHRET,
T IEEA N E AR R DA T ERE 2.4762-2.6843 Z[B]; TE TR &F T, TR 4
HIRLIR B D T 4EBUAE 2.2650-2.4554 2 5], IEERINH >0.25 mm FIH AL & B8
K, HEHHNZOTHORERES. TESBPERERKTHERLARROS
OEAR ERDEASESEME JRBEA . OB EREE. DIEANSHREs /N
SEREMET tHKREEARKSEN TEERM SRhEEnEZmEas AN ER
NEADHHOBERD/N T HESEERFNEHEREE™, mEERX AEXK
300 #k hm2 47 1 755 ¥k hm?) A9 + 84 12 >0.25 mm & B/ K, 20 45.30% , o B 4E %
/N, 24 2.2650; AR AR IR G (19 F A #IAZ AR ARk 2 040 £k bm?) By + 34 2 >0.25 mm
SEEI/IN,H 32.42%, S RERBEK, 4 2.6843 H it , & AR A bR o, DU
A TSR SREERT, MEAREHREE,

32 THRARNSHSRERSINARECSIRHXR

T RARKMAREARGORARZWLIRELO— M ERRER . ERXEE L
W E T EBSER, o, AR T HIREAN SRS R4S >0.25 mm, >5 mm +
K REHERESEZANXAGR2).

X2 HREMSIAARGCSBREAXH
Table 2 Regression relationship between fractal dimension (D) of aggregated structure and aggregate content

[y R xR FRERE [Ri=]
Regression models Correlation coefficient F test value a value
>0.25 "
wm KR & & (1) D=3.6913-0.02997x, -0.9748 266.9642 <0.01
Content of water stable aggregates >0.25 mm
>5 : "
mm KR EEXER & 2k () D=3.0632-0.04664x, ~0.9408 107.8378  <0.01

Content of water stable aggregates >5 mm

S FRR, e N EIESE FEHZKTIRFE Fo(l,15)=8.68, RS
W5 >0.25 mm KRBREBRAREKEE )UK E >S5 mm KRERFARKESE(x,)Z
BIFEERTEERXR, TURSEERIEORIE L IREBBEE D ihE & R 8

— M BT

33 I HEARNSHORERN I RERBE EHPBES TSRS HF
SRR R O T B B — D EEEA T AN EH SRR HIREN E ST
A S EREBIARAOENIER (K 3) , L ERM Ft— PRt iTHE ST 5L
RIXW, T BARKD AN EEHMERAEXEREFERXRA, STEENS,
H et pg A ok, o] DIF A R IR AR R 2 e HIREMERIA R, R4
TRt — 5 R T RO EAERNEAT SRS ERBIRET(LEE R HELE, 35 A
SR AT R SBFRENUER, HEERIIR I R, WKIERTLIED:
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ERMEFEGT, TRAREKS B ERN EREBEAENBEEAB(EP) KT 1, H
RN AL T B, R BT R&AGE T, LB HEBESEM 1%, S REETRE D
B3 10.13%M 14.75%, AFRFHTERIGHA, R FAOTHAMD H&EGT, THER
Ky FEAEMEFHM 1, HHEGFERET /KRR 0.7888 F10.9330, o] LERZ KENTE
Mk, T IBFIRE S AR TN SREEITAERNZMEERK.

23 HELBEO)SIMNEHEBERY)RHRD

Table 3 Regression relationship between fractal dimension (D) of
aggregated structure and percentage of destroyed structure (Y)

[EID=E: gisl R AR FRRE of M A B b8
Regression models Correlation coefficient F test value a value Elasticity coefficient Limit value
&4 Sieved inwet  ¥Y=0.00112D°9% 0.9941 501.38 <0.01 10.13 0.7888
T fFétt Sieved indry  ¥Y=0.00957D%*'* 0.9398 45.39 <0.01 14.75 0.9330
AN
4 Eip

AP 5 R RBALIAZ A 300(Bk hm2)xE T 1 755 (B hm?) e iR S EAE,
HAR SR SEREBIIRS R, M2 ARG NRE,

TN A EAEKS >0.25 mm >S5 mm T AR ERARECS B EIEER
ERAEX, MEEWEBRTRREEEENEMRRE, THEARES HEROTLT &R
AR R B IR R K. ,

2 3 7E B S BT 4 4y T AR R 0 43 T2 A B SR BB SO BR[| 9, (B i
FhR E R IER MR SRRV R B ER S MR, BB RBEINEK
RO43 T4 o TR MGk s B R RN, BN T ESBERMS IR —T £
BN, Hit, BIXE# T HRAN S RSB ERITERNRBE TR EEER
DRER ST B, R RS R Nt aa S X —ERE HIREFRIT
BHLY T AEREBRE .
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