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Abstract: The multiple generations of fast-growing plantation forests have led to decrease in the water holding capacity of
the forest land. Soil macropores replenish groundwater in the form of preferential flow and are an important factor in the
quantitative study of soil water movement. A water breakthrough experiment was conducted on the soil taking successive

planted 1—4 generations of Eucalyptus plantations as the research object, and the water breakthrough curve was drawn. The
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number of macropores, radius and saturated hydraulic conductivity were calculated with the combination of Poiseulle
equation. The characteristics of soil macropore and the effect on the saturated hydraulic conductivity were investigated. The
results show the following: (1) the effluent rate of Eucalyptus plantation soils in general showed a uniform increase and then
stabilized. The steady effluent rate showed I>II>III>IV and decreasing with the increase of soil depth. (2) The macropore
radius ranged from 0.3 to 1.5 mm, mainly concentrated in 0.4—0.6 mm, which significantly decreased with the deepening
of the soil layer (p<0.05). The macropore amount ranged from 3.56x10" to 4.81x10°/m*. With the increase of successive
planting generations, the macropore pore size range became smaller and the amount of macropores in the same pore size
range decreased. This was the result of the combined effect of soil physical and chemical properties. Soil bulk density ranged
from 1.15 to 1.45 g/cm’ and presented a highly significant negative correlation with macropore characteristics. Saturated
water content and total porosity were all significantly and positively correlated with macropore characteristics. The organic
matter content ranged from 5.43 to 32.33 g/kg and showed a highly significant positive correlation with the macropore
characteristics. (3) The saturated hydraulic conductivity of soil in Eucalyptus plantations ranged from 0.41 to 4.50 mm/
min, which decreased with increasing successive planting generations. This showed significant correlation with the basic
characteristics of macropore. The total amount and mean volume of macropores showed a significantly positive correlation
with the saturated hydraulic conductivity of the soil. The fitting equation was y=ax+b, (R*> 0.66) , accounting for 66%
and 79% of the variability in the saturated hydraulic conductivity, respectively. As a conclusion, with the increase of
successive planting generations of Fucalypius plantations, the pore size of soil macropores decreased, the amount of
macropores of the same radius decreased, and the saturation hydraulic conductivity decreased. The infiltration and water

conductivity of the soil under the Eucalyptus plantations are weakened, which is prone to soil erosion.

Key Words: FEucalyptus plantation; soil macropores; the water breakthrough curve; equivalent radii; saturated

hydraulic conductivity
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Fig.2 Basic properties of Eucalyptus plantation soil
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Fig.3 The water breakthrough curve of successive Eucalyptus plantation
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Table 1 The characteristic of soil macropores of successive Eucalyptus plantation

R i = SRR §5856 s AL SRR M ATk R
Sample plot Soil layers Mean Total quantity Area Mean volume Saturated hydraulic
number /cm radius/mm /(10°4~/m?) ratio/ % /(em®/cm?) conductivity/ ( mm/min)

I 0—20 0.64Aa 2.91+0.01Da 38.50+0.06Ba 0.12+0.00Aa 4.50+0.11Aa
20—40 0.62Ab 2.16+0.01Db 27.31+0.11Cb 0.09+0.00Bb 3.55+0.03Ab
40—60 0.52Ac 3.4410.00Ac 29.75+0.04Ab 0.10+0.00Bab 2.87+0.07Ac
60—80 0.48Ad 1.69+0.16Bd 12.52+1.01Bc 0.07+0.01Ac 1.77+0.18Ad
80—100 0.47Ae 0.70+0.09Ae 4.97+0.62Ad 0.03+0.00ABd 0.82+0.00Ae

I 0—20 0.53Ba 4.81+0.14Aa 45.20+1.42Aa 0.13+0.00Aa 4.09+£0.07ABa
20—40 0.52Bb 4.04+0.02Ab 36.23+0.12Ab 0.11+0.00Ab 3.28+0.03Bb
40—60 0.49Cc 3.67+0.18Ac 28.02+1.61Ac 0.13+0.00Aa 2.87+0.04Ac

60—80 0.48Bd 1.51+0.05BCd 10.98+0.31BCd 0.06+0.00ABc 1.50+0.04ABd

80—100 0.45Be 0.48+0.07BCe 3.08+0.42BCe 0.03+0.00ABd 0.55+0.00ABe

I 0—20 0.53Ca 4.15+0.08Ba 37.64+£0.91Ba 0.11+0.00Aa 3.55+0.02BCa
20—40 0.53Ba 3.36+0.18Bb 30.33+1.61Bb 0.09+0.01Bb 2.87+0.00Ch
40—60 0.49Bb 2.69+0.09Bc 20.89+0.82Bc¢ 0.09+0.00Bb 2.18+0.04Bc
60—80 0.48ABc 1.20+0.08Cd 8.84+0.57Cd 0.05+0.00B¢ 1.23+0.03Bd
80—100 0.45Bd 0.36+0.00Ce 2.26+0.00Be 0.02+0.00Bd 0.41+0.00Be
v 0—20 0.53BCa 3.63+0.14Ca 33.47+1.34Ba 0.10+0.00Ba 3.14+0.00Ca
20—40 0.50Ch 3.01+0.06Cb 23.91+0.46Db 0.10+0.00Ba 2.59+0.00Db
40—60 0.48Dc 2.3120.02Cc 16.75+0.15Cc 0.09+0.00Ba 2.18+0.03Bc

60—80 0.39Cd 3.35+0.28Aa 15.92+1.21Ac 0.08+0.01Ab 1.36+0.07ABd
80—100 0.45Be 0.64+0.06ABd 4.08+0.38ABd 0.04+0.00Ac 0.68+0.00Ae

RALBTA A2 5 S R FRA AL BB A 4 A 4 2R

F2 TREHAREMIEXIRYSIZRYE

Table 2 Equivalent radii and quantity of soil macropores of successive Eucalyptus plantation

FEHbSR 5 FALBR YA Bl (mm ) S (A4~/m?)

Sample +)2/cem Macropore radius range( mm)and amounts per m*
plot Soil layers 12 $edt/103 e /10t e Heat/10* Ptz /100
number Radius Amounts Radius Amounts Radius Amounts Radius Amounts
I 0—20 1.5—1.1 3.30+0.16 1.1—0.8 2.75+0.11 0.8—0.6 9.63+0.23 0.6—0.5 1.64+0.04
20—40 1.2—1.0 4.64+0.28 1.0—0.8 1.07+0.03 0.8—0.6 7.66+0.31 0.6—0.5 1.24+0.03
40—60 0.8—0.6 5.70+0.4 0.6—0.4 2.87+0.04
60—80 0.6—0.4 1.69+0.16
80—100 0.6—0.4 0.70+0.09
Il 0—20 1.2—0.9 5.74+0.16 0.9—0.8 1.29+0.05 0.8—0.6 8.31+0.20 0.6—0.4 3.800.11
20—40 1.0—0.8 0.77£0.01 0.8—0.6 6.56+0.08 0.6—0.4 3.31+0.03
40—60 0.7—0.6 2.97+0.21 0.6—0.4 3.37£0.16
60—80 0.6—0.4 1.51+0.05
80—100 0.5—0.4 0.48+0.07
| 0—20 0.9—0.8 1.06+0.01 0.8—0.6 7.34+0.12 0.6—0.4 3.31£0.07
20—40 0.9—0.8 1.02+0.01 0.8—0.6 5.19+0.33 0.6—0.4 2.74£0.15
40—60 0.7—0.6 2.32+0.18 0.6—0.4 2.45£0.07
60—80 0.6—0.4 1.20+0.08
80—100 0.5—0.4 0.36+0.00
\4 0—20 0.9—0.8 1.10+0.06 0.8—0.6 6.27+0.39 0.6—0.4 2.89+0.10
20—40 0.7—0.6 3.07£0.14 0.6—0.4 2.70+0.04
40—60 0.6—0.4 2.31£0.02
60—80 0.5—0.3 3.35£0.28
80—100 0.5—0.4 0.64+0.06
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2.3.2  RALBRER L5 A

FHERALBE A S R BUR SR A S - K 2 Sh R BB AR (1) 7 BRES 118 20—60 cm
HIREFE VAL 40—60 cm 240, HAkish 2 [0 44 3% 22 5 (P<0.05) . KALBRm AL 7RSS TR 0—20 em
FIREK, N 45.2% ; E5E AR 80—100 em +JZ /N, 8 2.26% , RALBRE AR + 2 34w, 0—20
em + 2 RFLBREFIAE A 38.7% ,80—100 em H 2B 5%, BREE VARSI, £ HEHL 40—80 em )2
R FL B T AR A8 AT I R, AL T R L 4 (A B A B 25 1 A A v A 388 o i ik /L, A i AR L R/ N R B
I>1>M>IvV,

BA R R S ) R AL B ANA - BHAR FE FE 0.02—0.13 em®, 45 148 0—20 em + 25K, 45 AL 80—
100 em + 25/, SRFLBHE A L AT 45 R —3 . FFEH 0—60 cm 2 KRFLBEARL S 60—80 cm +ZFH Ik
FFF(P<0.05) , BAKTE % R RILBE IR FRE # + J2 U BE R 2N 3, Bl % 2 AR A i
Jn,0—60 cm - JZRFLBF-BIRFUE SR G N a3, 504 A IR AR R LB
HY R R BN Sy > 1 > >IV 5 R AL R AR L i HEF — 3,
2.3.3 - BEEEACHE X R AL B AE Y 5

X RS A HE R FLBRAFAE 5 AV Bt AT A OG0 (3R 3) o AR B R A 5 AL 248 L B8
A PR R B U OE R 5 LB 5 R AL BRI S AR P I A O O6 R s M N K S KL
BRUREICE 2 0 IE A OCOC 2R S A R FL AR A B 35 IE AR DG OC R ik 146 I - R 45 #5503l S /K g
FIFBE AR FRILBRTE AL, e A2 4 A T 3R FLBARRAE 3 i B 5 5 m . HHEE PL & 2 5 K ALBR
FRAF AR 3 B AR DG OE 2R, U B AILT K ALBR T B R HEAE . Motk | - 25 F g i in , A AL
P BN, LR AN BRI

F3 TEEAERSATLBEEREMES

Table 3 Correlation analysis between basic properties of soil and macropore characteristics

# gy Ak LR
1Ehn Soil bulk ‘DT tai - Saturated ki ki Wbk 0 Organic matter
Intems density/ 0 wate Clay/% Silt/ % Sand/ % P content/

3 porosity/ %
(g/cm”) r content/ % (g/kg)
F-H)242 Mean radius/mm -0.933 ** 0.929 ** 0.950 ** 0.247 -0.431 0.212 -0.524* 0.831 "
SR Total quantity/ (1034/m?) -0.566 ** 0.573*" 0.503 " -0.350 -0.193 0.399 -0.196 0.721 "
TR Area ratio/% -0.818 ** 0.822" 0.769 ** -0.20 -0.299 0.393 -0.396 0.902 "
T Mean volume/ (em®/cm®) -0.701 ** 0.708 " 0.658 ** -0.196 -0.327 0415 -0.250 0.775"*

# 7E 0.05 7T ORI b RERE; o+ 7E0.01 K (U T 2 AHE

2.4 KALBRERAE X 1 A1 7K SR ) R )

IR K AR 1 RE SRR R I RMEH A4S 5 I SRR A R AR Y Kt
BERALBR A SRR SR S KOR T MRS (B 4) T LA RALBR B A AR 5 10 S K R
Z AR BEMIEMEER, UA YN y=ax+b, Hi y FHWAIFKZE (mm/min) ;0 KL ECR (107
A/m?) FAFAEF (em®/em?®) ,R*>0.66, 24£>0.03 mm R FLEREE e @ TR S K K 66% Y78 5 KL
BRAARFR b ARIRFRAY 29%—13% , 8 T A K R 79% 728 5 3136 W R LB (0 85 5 I B0 398K 3 Y
BRSO B BRI, KALBR RSO i RBUE , HIE AR AN SRR, A A B P R
KA FRARAEAL, HRPEZR 2 n] 0, [R]—FCAR A 12 v AH R LA R AL B BT 35 AR B A 2 AR A R 1 34
P AR SACREARR IR 1> T>M>IV 48 TS MR R .35 25 55, AN [F] 42 R R Gk 24
BE2EF(P<0.05),

3 iTFig
gy IR BT WA R T e SN BELLY, o N ZXr= S ) 0 i 1 o Lo 0 o B B Y (AN BV B ) W
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y=0.732x+0.471 y=32.277x - 0.389
5| R*=0.661 © 5t R2=0.794 ©

TR

Saturated water conductivity/(mm/min)

0 X X X X X 0 L L L L L L L
0 1 2 3 4 5 0 0.02 0.04 006 0.08 0.10 0.12 0.14
RALBR B RALBE PR
Macropore amounts/ (X 10>4~/m?) Macropore mean volume/(cm?/cm?)

B4 TEXIBHE FHERSBMSKENEIXER

Fig.4 Correlation analysis between the number and mean volume of soil macropores and saturated hydraulic conductivity

HEFRGP LR T, WIAERW] SERRT 4.5 ARG 5553 BURRIE IR AT W] 00 5380 7 D AR AR
AR Ty R R IR AL, R BE A SR m M A TR AL, sk Rk, MR iR s A R
AP SRR, B IVAUR LI ., Banfield 55" H6 8 R A N AR AR BRIEAT UL, 2 B LU IR AR
PRESTERIIN T 22% AU it T RE T 20% , 3 00 i 1) 139042 Dl XURS: AR SCHE b 5 4 0 4502 S A2 AR
MR LRI EE M N T LS & A PR, - EREANE O LB AR AR B AR AN KR A 355
Wi, 7 E e ) SR B S R LB AR Bk AR /D M S B EAL K 0 M 57 73 HOSE S A8 /D TR K B
Fe AR AEAAHRERREAR O fh T s v B AR TS B A 0 43 it 7 W AP AE 8 BILITE T A SR A LR 4 0 1 3
M - S AT SR AR R S R, VAR R 22 T Py 2 R PP L T ol R M IR B BB K R RE ™ . BRI Z A A L
5 ) ) 03 T 1) 25 () 3 A, S A3 AR AR S T R R LB s TR s R Y DR, M 2 ARk
FLBM R 2 FLBR RO B R PR i 2 A RR i T AR A 26 A 1 A R AL B AR 4 /) |
By Bk VAL 22

HEAR e G R P S I e ST U NS TARE IR BIARE IR, X 2 EE TS R —
FOW Y E AR XL PG i D T R AR AR LK A S IR HR R, B RIS RO A 2 ok &
TRIFARB TR, A ] TSR U B RObR I 5 MR R AT, SR AS AR XA E , AT/, AL 5 s 7 1)
JERR TR i 2 SRS S B AT LTS AR AR 5 S T Sl A ) T AL R AT
PR X 8 224> 2 B R R AE 70 s WICAEfE . ASBETE P ARG 1 0d R B AR 1> T > TSIV,
225 R AR IR b A R AL T LA e oA, FR B R LB A~ A Bt i 2 2 R AR U Ay 38 i A - 3 )
RIZ I IRIZMUCEB IR, AN [ R A QR A N TR RN 0 T >TSSV 55 TGRS E I e e
ATREH T 40—80 em LJZARI S AL S HH TR L 450 R, IRK o AB IR A B i

E IR AL B 1272 0 R RIS T LS R L B e 25 2 RS i A3 A i 00 %, AR BT b R AL B AR
£ 0.3 —1.5 mm, Fe/NMLAE S bk RE A i B8 sl i FL AR /M — 2L, U R FL B Hr oK 23z 3 DLEE F7 K
N JERER SR PO B 5 R R R I B EGEE T R S E R DY A e BT g Rk
L1, W/ Vermeul 557 BRIERAE ) 22 3 0 KALBE AR 0 S, X U R I e 1 - ML AL AR
Fl 4 /N S i b o B 2 AN LR LA B P A B s a3, S IV AUAK 60—80 em 12
L T 2E4E0 0.3 mm BYRALE 2 i T 2ACERR = SRR 3R S A shidib AR, AL
SR AR (18] 2) o AWFTER AL RA R FLBEHE D, FL42>0.8 mm (YR AL BUECE (G B R ALBR & )
2% Fe AT BFFELE RGN H AT B, ABAHEIE P RAL B AR /N T AR OGH T, X1 H 2% 55 PR A L Atk 7 v
e P PR e T R R SR BRI AR TR T AR ST, M AL & iy, DAL ORALBR AR B 2 %%

http ; //www.ecologica.cn



7698 A E = 41 4

RE M FLAR T K [ FLAR A R AL BRI 1 > TS >IV | 33k 523 B 2508 gRipse 20050 b de b 143 L
BB R e R R AR ST 45 SR AL, SRR K AL AL LA 2.26%—45.2% , FLX H 24557 X =g g [X.
RALBRIGIF TS5 RS K, X SRS LA OC , ORI 5T S B I AR o AL 8 2 b, R 0 5 o /0 1 Rl bk, AS )
FA VUYL ; S8R A2 A s A, KALBR R KR KL A b S B R R = B 1T
>T>M>IV, Hss T DA E 2550 R EUZ i T2 T AU A RALBR B A2 R fh AN B
55 IARKER A T Ak 0—40 em 2 RALBIG /N T4 1AM, B A Rk T4 T AUk,

AHIGE B FAS N TAR R A AR R RN T > T > >V, AT oK 350 515 KL 1 S5
PR R B EIEADCCR . RALBRA S e TR AT ZK R 66% 9748 5 5 KAL B A - AR B e
THIFIFIKE 79% HAESF , X 5 2024 E P as - — 20, X H 2SR EE> 1 mm A K FLBR R thoe
T BRI FIK 3 85% 17AE 5t 5 B WIS 235 AR 9E 45 S 22 W K ALBR Y- 242 A2 DL g T 509% 1 1 57K R A AR
S, MR A A RALBR R SR /KR R RO R, e TR K 84% H AR S, 3K vT REJ& R R K
FLBR BB RF I 3 — o R BE I, P GOk 0 2 RO K LS SORFLB S, T3 R FLBREL
HZ SPIRROR W R FL B R R 2 TS, - S AR ) A8 5, N [R] P B 2 (K 43 AT 8
7 B R DS T R AR TR I el VeV I B AR AR AR S, 3R LA
FIRFLBRECE: P ARFREED . A RFLBRRAE 25 G2 i T AR N TR = 8000 RN 7K R0/ ), Ul B 11
TR AE—E R Lsgm T R ALIR A RRAE , T2 T 580 # B8 B K Rk K Be T, 8 5 s K +
kK,

4 it

1—4 ACHER N TAR - S F IS B AE 1.15—1.45 g/cem’, 2 A A QR A 14 Jnnid 38 5 A HLBT & &y /e
5.43—32.33 o/kg, BEZEARRAR R IG IR D, 450 MR /K 20 2 355 it 28 B R L S ) s in e b T Aa e, BoE
TR AR R T >T>M>V, EHRFLBEEE FIFE 0.3—1.5 mm, FY24 4 0.39—0.64 mm, 24270
FEI7E 0.4—0.6 mm Ay RFLBRELZE > 1 mm D BEEZERARRBIIG I, KALBE- 42 Rl —FLAE FE Y K
FLBREE AR AR SRR R B AL B A BRI | I S AL B A
B HOAHICOE R AT K LB A AL & i 5 KL IE S B IE A GG R, R Sk %
B 0.41—4.50 mm/min, RFLBREC PR BRI S KR 2 B2 B OCR 4 ildeE T Fif A
FIKR 66% F1 19% AT, Fb N TMGEAR I , +HERALBRRRAE & ARk, WA T KRB E AR 2B IV
£, RFLBAFAERfL B 2, 1 AN Sk R B3 R R, K i ™ o
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