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hapS TERT R R K OB kR, ¥R hp# 4! ERE
B

(1 ISV PTHFEE & J [ 5 S 28 (P B RR 2 B pa 5 3R ST ), B 2100085 2 SN M ELA RIS A A, ST 5T 551700
3T IRIRYE KA BN 22 530k & M2 Be , TTIREM 221116)

T OE LIS R E A AT T4, a8 A S AN AR A R DA TR S S M IREPRIAR 41 0.5 ~ 2 mm(1T).
2 ~7mm2T)F1 7 ~ 10 mm(3T), WFFEFLBRRFAEDL R AR . AFFTRI: 5 CK ARLL, 7N 3 FRAR ke A B3 i T 1158
Wl SALER, BEERISFEI AT, BEEREPRAR MR, HHGESFLBREMREZ e, 1T, 2T 1 3T AFARE T CK Ab3 4351
HINT 4.68%. 7.39% Hl 14.5%; AEPRARMLIRE XA Y LR FLBSE MR, 1T, 2T A1 3T Ab#R4 5] W48 A T 2 4
FL#£ 200 ~ 500, 1000 ~2 000, >2 000 um FYFLER; RNRICEIGR LRI T HIRFLBEE B, EARGIEZ TR EER . 2T 4k
PRTER R AIERSLBR A T, 5 3T A —[FI e fuab s, 7Eek R @ S LBUEE T, 2T ARSI - 36 LB RS ik )4l
AP FEGEELIKA], AL 7RO B FALBRIC LT, 2T ARFURObAbER, iy, M 30ESALER . H3 LR £
RS EZMERE, 2 ~ 7 mm BARMEED ATVE A 3 B AR R

KR UKD, W, RARRUN; fLBRGH

RESES: S156.2 NERFRERD: A

Particle Size Effects of “Foam Sand” on Improving Pore Structure of Clayey Yellow Soil
SUN Yiquan'®, WANG Meiyan'", ZHANG Long?, CHEN Xue?, ZHANG Zhonggqi’, SHI Xuezheng', XU Shengxiang',
SUN Weixia', BAN Guojun?, XIA Zhongwen®

(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing
210008, China; 2 Bijie Branch Company, Guizhou Tobacco Company, Bijie, Guizhou 551700, China; 3 School of Geography,
Geomatics and Planning, Jiangsu Normal University, Xuzhou, Jiangsu 221116, China)

Abstract: Yellow soil in Bijie of Guizhou was taken as the research object, and simulation test in the greenhouse was carried out
to study the effect of foam sand on pore structure by incorporating equal amount of foam sands with different diameters, which
include 0.5-2 mm (1T treatment), 2-7 mm (2T treatment) and 7-10 mm (3T treatment). The results showed that soil aeration
porosity increased with the increase of diameter of the foam sand under the same ratio of addition, compared with CK (without
foam sand), 1T, 2T and 3T treatments increased soil aeration porosity by 4.68%, 7.39% and 14.5%, respectively. Foam sands with
different diameters had different effects on pores with different equivalent diameters, 1T, 2T, and 3T treatments increased
porosities with 200-500 pm, 1 000-2 000 pm and >2 000 pm in diameters, respectively. Foam sands improved pore connectivity
compared with CK, but no significant difference was found among 1T, 2T and 3T treatments. 2T and 3T treatments improved soil
bulk density and total porosity most, and 2T treatment improved the proportion of soil aeration porosity the second most.
Therefore, from the perspectives of aeration pores, soil porosity proportions and pore morphology, foam sand with 2-7 mm
diameter is best in improving clayey yellow soil.

Key words: Foam sand; Yellow soil; Particle size effect; Pore structure
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TCHE SR BN AR e o A de ) A e AT
H R, 2 hFE LR+, BA KR
BRSPS — i, Eh AR A R B
A AR, BRI, Z N BHLLB, AFTK
SPRHEI S BT, HAEIEAE . B AR A A
R ANNTER, S8 AL gt — A AE 221
TGS FLBR B, W A IS, [
R HUTA MR, ARTFAEwR AR, Wi,
PO A X LR 38 - BEFL B T S Hir g e
ErmEAEERE L,

MRTE AT R EALBRZE R 25 | FLBRAS R AR, [
WAHNCETT R TR Z 09 TAE, %S g fh ole 15502
oo IEAER | B ISR B R, AR
AR SRR ] 23 ol R AR B R AR T AT, 4R
R BT WA B BERA L K
L N T R G R LI BN BN |
IR A i L3150 I 7 48 O P 5t S SR A
TR R 1 B AR E] LB i, pFoR R
B, Btk ER LB A 20% WFE, HHEEE
T 0.15 g/em®, +HEESILBREEINT 9.60%.
Ghodrati 25" 5 [ K P4 V6 7 Rk A5 032 b 8
AN]SR S: , 25 SR, TN 30% H A
TRAbFH -3 B KN 12% HENE 25%., FASvEag]
FERR RS I TP AT T I INAS [F) 2 R PN I e e 155, T
SERRM, I8 A R VR e AT LA SRR R o
I R VG e W 2 BEASOK 4B 8, A LR
i, 7N LA P, i 0.2% AYR
LT 0 A KRR SRR DN 25% ZE A i 3
90% Lt

A Bt FH A 1 2+ e R AT A A - S8 L B
[ e = Y A ) e L B S PO N YIS
B, Nk RACRABR, 2 eeEREM. X T8
PRI TG e S8 A2 B0 R TR ol FH SR 2255 s g vl
R T A S I L AF1 ) - S 2544 B4 52 T 5 T X T AL T 4k
2 R, AT ZER T - e ek R Ee D IR AE R Y
M, R R R S SR LR A A AR
BL, MARCAE R R . BT, hERER R A 14
R ITE A T —Fh A NERFLIRGS 8 K3k A A
RN IR A - 85 e A A P 2 LA R —— R, IF
L5 M 85 AR DX B B 56 42, 38 S TS AN [Pk A
AR AD , BIF 5T A R A At 3at - 3L B 235 44 AT £L
PRS2 ), BRI IR DRSS LB S5 #a 2Z [B] 1)
AL, RN X B g ek R AR IS SRR AR R
S

1 #RERE

1.1 RIEM R

PN g e 3V E gl K S o S S A T e
eI Ry i A X TS 5 mm /R b AR
ML, HpHN 64, AHLRSHEN 195 gkg, A
Wil 42.0 mg/kg, BB SN 450 mg/kg, A
BB & i 83.6 mg/kg, EE TN 21.3 mg/kg,
4 FHRL(<0.002 mm) & N 475.6 g/kg, Kiki(0.05 ~
0.002 mm) &1~ 349.8 g/kg, WHRL(>0.05 mm) 7>
174.6 g/kg, TIEFHINE L.

TRLVRRD 238 1 REiR T 25 i ) — B B TE L
Yitbkl, Bk, BAfLBAkE . AEADN B
AE R AFAEA s . HopH oM 9.2, MMELAEQR ~ 7 mm)
} 0.26 g/em®,
1.2 Rt

HIRRDTEA F3E 5 AR AU, e — PP R+ 35
ZERIRCRARL, 284 Qu Al Zhao!'™ | ¥4 fE&EITTR
Angin ZEUS - HELE R R DRI AR RO BEE , R4S A
IKEP IR, A5 S T CK. 1T(0.5 ~ 2 mm),
2T(2 ~ 7 mm)Fl 3T(7 ~ 10 mm)L 4 b H(FE 1), F
ANGEER 3 RS IR 1 BETESR, B S A
[FPRLAR B IR MR G Y S e il g b, AR
M 95L, BHEREE 1.3 glem’ i, T ARRAL
WWAEEMEANK, WE—ITH, WIKDERERLHE
0.26 g/lem’ i, FEHLEHS, XHEAABIIAT LIRS
K, DURHS K b, ¢ R ARTCH R DOR e A
PR . HARRRE S RME/ NG SR, R 6 FE
SN SRWCE R, R R TRE, SRS R
RS /INE S, P U 58 —2EAH ] . AdkiAs
T 2016 4E 11 AJFEAZE 2017 4E 5 A 450, R0 M
KA 61MH.

#F1 TEURRAELE

Table 1 Treatments of soil amelioration experiment

AbEE P R (mm) T ERFR L (%) R AR AR LE A1) (%)

CK - 100 -
1T 05~2 90 10
2T 2~7 90 10
3T 7~10 90 10

1.3 HmXE

RIGZE RS, I PVC A (B A% 50 mm, 5 50 mm)
HURE, RAEREE R 3 ~8cm, 3£ 124 PVC &KL ]
T CTH#. 5, BEPEA TR (ERE 50.46 mm,
i EE 50 mm)2 >, SRAEEIREE R 3 ~ 8 em, Hk 24 4 FF
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JIRES 5 00 - 25 i Fn AL
1.4 #HmNE

1) 345 E RS SL BB I 5115 TS E
AL E TR =X () A=) i

D=M/V (1)

P(%)=(d~D)/dx100 )
A DNEIERTE; Mo T HIERE; vV RARTIE
PO LR s d O 13 R (BOT Y 3
2.65 g/em’),

2) HIEALBR S A 5 . AWFSEE T CT
PHEFE AN PVC R A, SREBURR 44
HEIE, T HE RGPS 531 345 AL

SEARCE . LIRS R R A 1R 0 B 25 pm x
CK 1T

SRS

25 pm x 25 um, ALY ESLAE>50 pm. $
i 5 B MG Tmaged B4 F7 A BEAN A3 HE0
TR0 SR FH 4 Jad B 325 X6 T PG A ) Ak B LA
AR o 1 4 ks L B = M8 o i) R 1 (B R
(K 1), EH 30 mmx30 mmX40 mm (%X, ¥
VIEIESAEER 8 11256 F)RIIKIEEIMG . K5FLBR Y4
HALE>50 pm AYFLER A EE R R H AN
WAL, IR S FLBR T Y B AL (E AR 7
Y%, S35 50 ~ 100, 100 ~ 200, 200 ~ 500, 500 ~ 1
000, 1000 ~2 000 F1 >2 000 um"™", 554k, i
Bonel i {41 5L B 4 138 B, 2 FLIR 1Y %
WM A AL A T g SOk FoRFLER ZE R 1 B

Ze AR,

2T 3T

1 EEGRZELLE

Fig.l Binaryzation processing of gray images

2 GRS

2.1 EFRERIEN TIEREMRTLEENR T

4 AR RE IR E NS E MR 2 BF
o 5 CK ARBEAH L, WSIMILARRD Y 3 ASAb B 4375
P YL R ARLAR 3 I I A A, 8 AL o o o 0
KPR A BE NG N, 1T, 2T A1 3T AbSH Y 1S
FOMTRET 1.51%. 6.48% H17.21%, +IEEFLER
FEA3 AN 0.70% . 3.01% Fl 3.35%., iR,
MRS N L E AR R R, RS 0.5 ~ 2 mm AL
TRAD R - 98 25 H RLE LI BE B 52 /0N s R Ry 2 ~
7 mm F1 7 ~ 10 mm A RAD W REAR 7 b ol 5 + 145
R ALEE, 2T A1 3T AL,
2.2 JEFREMRIEN TIEBSKILEA R

HR 7 5 A 4 T B T - g R s
3R T A LR R IR A Y st
PR YRR R IEThRR A SERT, B E A

BAKPERED, R ULl i e 45 4 i 45 + 3 45 10 T
FFUASEEE, SETTAR S Ve 0 = . SN B R kL
S, KDL Rt il AR S5 R, Gl <AL
B E AN, O 4 mF AR 07 i i
CT FHFREUR A [ A B A8 S LB, anf&l 3 iR o
PRI AR RD i b B S FLBRURE 35 B 3 e T CK b,
- HEE AL B B A YL R R A 3 i3 i, AN TR
Ab B 2 8] 2 53 8 3 (P<0.05), CK., 1T, 2T Al 3T 4b##
() - HEE LB 4300 8.2% . 12.8% . 15.5% Fi
22.7%, WSFLBRE ey 3T ARFRNEE 20%, #%
i CK ALFLESALBREA L 10%, 1T, 2T Hl 3T
WEFRAHALT CK AH3 53N 4.68% . 7.39% FiI
14.5%, FFIEE 2514 57.5% . 90.6% F1 178%,
VS 0 TR A Ak P4 ) - 49858 <AL B B XA R R 1Y
T

Lipiec il Hatano*™ 10% (1% 360 < FLERE &
SCAMTEYIAE R IGAE, /N T 10% W +-56E < A8 )
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Fig. 2 Soil bulk densities (A) and total porosities (B) under foam sands with different diameters

AN, VERERZIR, AR EYIE R A K, 358
SALBERERT 10%; # 5 B2 RE <AL
B fo B BRATE LR 15% ~ 20%; Bk &ER7 I oe 3
B, R0 X+ 68 AL S 15.9% ~
19.6%. A5, REIEIKEH CK b3, Hig
SALBRE AR, A 10%, 15 CK AL # e/ N
KA EBATIHAAL B IR, GRS
FLBRBEE IR R ARG s n, 22 L AR5
B, ARTEDRAG T, L8068 <FLEIFA
SRR AT, A ERAYE SALBREE(15% ~ 20%) AT A AL
BEInPED e i, AL RS N R TR
A, 2T AHGESILE SR 15.5%, fFE1EYERK
JT SR A S AL A A BRI L, OF H o e
J KR X %o+ 485 S LB 19 2R, HOb R ab #E

25

a
i b
- C
OJ
CK 1T 2T 3T
AbEE

3 FRNEAMKZAE TR TIRBESFLE
Fig. 3 Soil aeration porosity under foam sands with different
diameters

LB (%)
S o 8

W

2.3 EKESRIRNT LIS RILBEAIRM

T LR A R A T IEFLBR A bR, X
H T HEFLAR S A AR A K G R (B TR B
i KRR BIGEAEFE ) A HESE I . Pagliai A1
Nobili® WA Hy 245 FLAR(HA2)50 ~ 500 pm 1) T HEFLER

AL, AV E A KR K R4y, B+
HALBh O LB . S EFLAE >1 000 pum [
- HEFLBR A AR YL, 22k M ] S5 R AR A W TG sl BT AR
JEEO, Al DL AR s R KRRy, (HALAE
5 18 K AR 55

Hi & 2 TN, WS 030 UK AD X B Y i fL AR
>200 pm AFLBRRCR W, b 1T, 2T A1 3T Ab#
43 5% M4 = fLA%E 200 ~ 500, 1 000 ~ 2 000, >2 000 pm
MFLBREE TR B2 . B LA N, CK &b
BRI FLAR A FL BT B 2 S 1 TN PR IR A A A, T VR
TIEL A A S0 52 B0 - T g, P B A R
AR B I HE A0 o AN TR) A 27 (1) 45 R L AR A LR
ZHIARK, AUFE >2 000 um X —Z 2% 5 3, CK.,
1T, 2T Al 3T Ab#SEFLEE >2 000 pum (FLFR
SALBRA L 43  7.61% . 13.72% . 37.64% Fi
56.6%. THEALBRFLASIRA, FLBRRD R, W) A0
SRR 3 A e A 5, o AT - 31k,
T RAEY 0 KARE A B 755 SR, 24 L LB
FLERIE R, S KRB A, JCIRA & UK
GyPH, HAEM A K AZ R . CK MBS B LAE 50 ~
200 pm FFLERRS R FILAAR L, HARFLAR I FL BT
RF AL ; 3T AbBE M HALFE >2 000 pm FFLER
iR, @i 10%, AKABHA™H; 4 1T fil 2T Ak
HAGOE LA L A3, Ik, DiRmRifExt +
B RALBR kA, 1T Al 2T i iAb 3,
24 AEREINFLEESSEHNE M

N T T L b B AN [ Ak - 9L R 2 A A 12 S
PERIE 22, A SO | A8 B Ay B AE RO A~ S48
AT LAE— 2 i o HEFL B 0% 322 0 PR R &R ek, 2
7 e DU SR T M Ry, o B AR vy MR 3R A e e
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Table 2 Proportion of soil porosities under foam sands with different diameters

43 AT 24 FLAR AL B BE (%)
50 ~ 100 pm 100 ~ 200 um 200 ~ 500 um 500 ~ 1 000 um 1 000 ~ 2 000 um >2 000 um
CK 0.70 a 1.34a 2.15 ab 1.82b 1.34b 0.62 ¢
1T 0.53b 1.26 ab 2.70 a 3.16 ab 330a 1.76 ¢
2T 045b 0.99 be 2.06 ab 2.59 ab 350a 5.85b
3T 0.44b 092¢ 1.92b 3.60 a 2.85a 12.82a

T RPARRNG 5 7R A B0 22 578 P<0.05 K3 .

JER Y R 3 R, TR YRR Rl AR
HIPE 2B R2 90 0.999, BLIAA )7 it 0 4 gk
AAG A P CK AR B B/, AR
TRAD 0 A 3832638 B F I KT CK b3, JLrp 1T i
3T AL CK Z R ERBE, 2T A5 CK Z[H2%E
SRR XEW CK AR EE M2, IR
AR LR RS 24 AT LA 8% ek 3% e Ry el vk, b
FIF 3K o TR 38 o AR b B 2 8] 43 T2 5L
ZRBUN, HESARE, (1T F 2T LB 53E
HEROME AT 0.01 FF%; 3T 5 CK ALBRAMEAERCHATA]
L PR EE F I AR MR A e M A AR AL

T I AR A Ak B %) 2 30 P R T R AR I IR D 1
CK AbHE, AN IRAPAN L 2 (A 2 AN 3 . X
BUR R TUHARRD SO T LM, TR A e
TE KPR BRI LASE R, DA A5 - 43 rh 7 ) KL R
PRLAEE, FrAEEEIE, naRE s R
IKAY RS PR L 8 o B4 ) FL Bt 3 1k e A R 1
RAFATRIZER T L, BRbatR 2 135, R HEEYIR &
AR B = 2 RO B T AR A R AR A
Hi 8 2 A RO, 43 T8 2 B50E K 3 I ) AR 4 v e
S, HEAEAT 2 ~ 3059, 4 LB TE 48 %
A EES, 22080, RUTESHINE R IF AT 115
SRR B S AR B AR 7 A S

Fz3 ERWREMTLR S HAEKFIERE NI

Table 3  Pore fractal dimension and connectivity under foam sands
with different diameters

Ab B (x 10°) IR R

CK 144b 2.77a 0.999

1T 226a 276 a 0.999

2T 18.9 ab 276a 0.999

3T 21.0a 2.77a 0.999
3 4ig

LR AT BT T HER LI S AL

B EHEFLBR R, EI e s, AR R
Mk 30 H B o B IR R R AR B R ) + 1 K FL AR
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