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O E: aneREL R Y H R4 E(0.10.20.30.40 g-kg™ ") W Yk (] #R ATP) 34T 3% K 4 4R AE
LZRB T EFLRER I EARBRE, HXFEATP BN IEAREMR LB RS RN Y m, ER %
A (<0.002 mm) A 9.28% /N E 7.06% , # AL (0.002 ~ 0.02 mm) A 50.21% /N E 26.8% , 7 Hr
(0.02~2 mm) th ] N 40.52% 3 fm & 41.49%; HE & ATP & &3 K, LIB K HEAE b & o 0 4 2 A 2.859 3 in &
2.876, LR AP TGLEB N 2.645 BN E 2.628, 7 ATP & E N 30 grkeg ' M AHF A MAEH I HAG A KRB E XK
EANTEN LZEAFRAEY M, >0.25 mm 8y LIE AR E ATP & 3w 0 W iw E 2; F A 1B K 2 AE
AR LA K FHATHEDE , LRI H G S22 07 1R1% 2 RMSE & 10% DL ; | 3k 1 £
WK Nt T EA AR AR & E ATP A mA KA S EHATTN, LT EME ATP & 8 5 i B 2 B/ #
B, BARQW T, MmN ATP G Wy LIEF KA E, AR LIENER, EY ATP A E N 30 o kg BB R
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Effect of attapulgite to soil aggregate structure and hydraulic parameters

YANG Ting, WU Jun-hu
( State Key Laboratory Base of Eco-hydraulic Engineering in Arid Area, Xi’ an University of Technology , Xi’ an 710048, China)

Abstract: Through adding different amounts (0,10,20,30.40 g-kg™') of attapulgite (ATP) into the silty loam,
carried out the soil moisture characteristic curve test, soil grain size test and soil aggregate structure test, to study the ef-
fects of different amounts of ATP to soil aggregate structure and soil hydraulic parameters. The results showed that: The
clay particles ( <0.002 mm) decreased from 9.28% to 7.06% , silt particle (0.002 ~ 0.02 mm) decreased from
50.21% to 26.8% , and the sand particle (0.02 ~2 mm) increased from 40.52% to 41.49% . With increasing ATP
content, the fractal dimension of soil water characteristic curve increased from 2.859 to 2.876, the fractal dimension of

I the two fractal dimensions

soil particle size decreased from 2.645 to 2.628, and when the ATP content was 30 g- kg~
total appeared the inflection point. When the test over and after the soil natural dry, the big soil particle content was in-
creased. With increasing ATP content, the soil aggregate >0.25 mm was increased from O to 2. After using the fractal
model of soil moisture characteristic curve to simulate the soil moisture content, the root-mean-square error RMSE be-
tween calculated values and measured values was within 10% . Using the unsaturated soil hydraulic conductivity fractal
model to predict the unsaturated hydraulic conductivity by different ATP content, its predictive value assumed decrease
trend with increasing ATP content. Through comprehensive analysis can be known that: After adding the ATP, the soil
water holding capacity was enhanced, has possessed the function to ameliorate the soil, and when the ATP content was 30
g-kg™!, the ameliorated effect will be optimum.

Keywords: attapulgite; fractal dimension; soil aggregate structure; hydraulic parameters; water stable aggregates;

soil moisture characteristic curve
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M1 A% 4 & AR M £ (attapulgite, ATP) , SR FR
T2 (palygors—kite) , & —Fh LA 5 K & BE A IR R
R HER AT W S FRG T, TORE L TERR TG
PR AR AR — B 2 B B AT IR AR R, LN
EHATHfLIEM G, F B A AR Z
SEATHIBRIE 2SR, R ATP P 48 BRARFR 2 |5 SRR
1) 30% , #04 E R LR TE R . REIRAT ATP L5k
TN, T, WK AR, PN 3R T AR R 2
600 m*- g~ ANRIHFLZI N 300 m - g~ H T IZ AN
FAUA K E R AV AE 1 T (i L AE RS E 2% )
b~ ARVRLE R TR R R R EZ R
g -5,

FRAE ATP H558 (1) W [ 68 77, 7 ARG 45 4 DL S A
9 R S TR A P T DA R 2 sk 0
A ATP BR 2576 T3 TP B 18, 250K ; 2R
ALFREY) ATP BEA R 1 NH,NOs , (NH,),S05  JR % %6
RIErhzny s, BA B AVER , 42 m AR
o ATP LF ek AT 25 B LA 45 44 ol HAE i 1 4%
SR JEANSE PO A AR R, A - S i P B A A
—E R 5 ATP 388K 1) Eb 22 180 A BH B8 7 28 ¥ B
i LAE R B AR e - Gl ARG Y 1
SRR BHUEE S AE T, A mT AR A Ay B D L T R
PEHERIAR A K R B8 BT ATP I BFSE, £
HBLTE £ 5 20 F L DL Bk Ak B e o H i 7
F FRYBIFSE LD A 20 3 O A LU N TR N T
AN ATP S S5k & 1A HLICHLE A DR K, o H
BTN R AP 975 T e 3R 6 OROK FE X L, 35 K
i pH (H  HL 53 ADRLZE A | 325 I LB
35 55 1A A AR B A LR KR A B 5 e 1)
SRR TR A Y ATP BE A 1 5 1 3 A £
KARRERE ST, BULRA T ATP 75 4 28 AR} 4 B ikt 25
T FEEAR R BT E W FH AN AL, A2 1 38K A A%k
B (A5 ABFSETT & 5 Thabo Falayi 2511 ATP
T2 E A g K AEER R TS 4 h, 2
S RN T I Ry R e R Y 1
25 LTI, ATP H B 10 BRI A AR 55 2 Gl AR
A BN, HAT A RORF ST 4 B ATP 73 K+ 358
J5 AT FEBE K Ry F (LA 2 ) o 38k K R i 1
FHAEAL MY J5 T s vh I ™ B A JGE 4, BT LA
ik AR AT B L el R g by B SIS T e
2 L IELROKORIEYE PEm &7 i, ATP i 3%
R R B B 1 s, TR I, AR SCOBE X ATP
e - SRR 25 S Ak Ty T SR RO

1 MRS T
1.1 ikt

R ECE R RO AR AR,
RIS TR KR EL Y 12 km BYREH 73 FEAL,
HiFRARAR K 107°41'E,35°14' N, S BLR) 4 35 - 25 )57
BUMST, R 1 215 ~ 1 225 m, H BRIEL 2 226 h, 4F
PSR 9.1°C, 1 A PR - 7°C,7 A6
T 22.1°C, & W Tl 1 Y 0 K i 2k 2 UM, 24
SEHRE K B 578.5 mm, FEKAERRAS AR, H K
BN KR AE 7—9 H, 4R K
R 55% D b, WA vk R IR 2 g L T2
PG R S AL . ARG T N R 2
W, HAEEN1.38 g-em™ L, AHLE N 2.24
g'kgfl,,é‘ff\y\] 0.22 g'kgfl,pH N 8.3, fR % E PRl
T S AR UE, RORL S O 8.56% , Ky kL
M 81.31% Wbk &M 10.13% , J& THRD g+
RIS AT AL 2 mm 55 2 H
1.2 RIWHAE
1.2.1 EERpHFEBEXE RERHHEHA
Kokusan 23 )42 7= () H — 1400pF - 38 /K 73 F5AE i £&
M R e, # ATP &% 585 0.10.20,30,40 ¢-
ke VAL ERE) L RESEAE S em, NAE S em B TTIN,
FRIECFTR I 0 R . I A 2818 K iR I 48 h
fFLARR AR ARURD 5 19 T i IR e S . A A i A
Jei W RO BB B BN [ A 5 3, B B0
90 min J5 FRILIR TJ PN A 1 B, B ) e N [ 5
A K
1.2.2 REFEoMiXE BN EEA K S8
IR+ FEZ A AT IR TS T 2 mm o 53
SIHERE 0.5 ¢ T 100 mL BEEHR 1, A 10 mL ¥
JE R 10% B RUEEIK , LE AR 1A LA 2 B 1 e
AL, FF L 58 20 RN 22 5 B 10 mL R B oy
10% P ERTR , InFACE ok L 25 Bk 13 b i i R 45, o 3L
FE4Y LG AERERR I 788K, 8 12 h 5 P
el FUE AR, A 10 mL ¥ A 0.05 mol -
L 47 i B35 2 0 4 R, L R S o 381 R R A
e TR PR I 438 10 min, J5eJe FH 9 [ 5 K 3C Mas-
tersizer 2000 WOEHLFE 3BT AN 1 (IRFRS350) o
1.2.3 B3 ARAGEE RAKKSE R0k iy 22
Eijkelkamp /A 7] A= 7 [#] Wet Sieving Apparatus (3 i 43+
BEED) PTG o K0 52 IRt /K ) S50+ IF 4 2
mm i J5 F A [R) A B AR RE A 8 NI, Pl X
LU HE TN KBS NEE N I CTF 2 3 min
AbJG sh ik, T A2 5 3 min, ARRE B9 A AR
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G, Zoasd i I A P ZE O ST K RE v o R O
YRR T8 43U G RS S N SRE , F R R
AN 2 g L™ S IR RR SR T 09 AN A
I ETFFE continue Kb I 2l B3k, FiflE T iz g) 8
min G5 ko BRI, SRR . BT RS
5 FARER O 5 0 2 AN B R L ) 3 T D
SRR I ST

1.3 HHEAZE

1.3.1 EEEZSHBEA IS e -5k
B R & i M Katz BETRLH HERE S 145+
HER AR AR 2]

Vd>dL | ( d; )3_01
V(l>0 B - dmax

A, di AR RHERAR , Vs o FR K TR
o d; IR R IEAARTR A Lk AR TE AR RUEE (0
D, A THERAR T AEEL

1.3.2 BEARGAFIMEB XS HAER R Tyler F
Wheatcraft 5.7 5 DeGennes 7t W4 1 £L Bt 2 181 3 T2 W0
i DR i 1 R S RO N (T 1 S 0

Ryl

6’763 _ (}%)02_3
A, 0 MIRFE K& ; 0, M &K h o 3R
M5 hg IG5 Dy Ry H KRR 247
TE4E%s
1.3.3 2 FuEFESBERE AICRH
Mualem 37 () BLIS A 2B R 3 S KR £+
TR ARMANE T 255 B R = - SRR AN %
SRR
6 % h 503/2—7

k=) =)
A, KK 3 AR AR % 5 R B K )
TR RH 0 AT S K 0, MR E KA h ot
HEW 7 5 hy R 3 S T 5 Dy S 3K RE 2
4%

2 PRS0

2.1 ETHRYERN ATP Xf + 15 B 454 5 521

2.1.1 ATP A LB F g Hh 4058 5
IKNIBEA R ATP & 2 L AR, 2 2 mm
7% 5 FF 22 [ 5 /K 3T Mastersizer 2000 38064 B 43 B4
WUE KR AR AR 19 53 AR R 23 LA R LA 2%
5. <0.001.0.001 ~0.002.0.002 ~0.011.0.011 ~
0.02.0.02~1.01,>1.01 mm, MELERIFE 1, N

T HERIURE 5 500 0 A vT LA TR R [ R AR 3 [
ATP F 84 30 g kg™ B3 H B3 05 5 290hE 9 43 A
<0.001.0.001 ~0.002,0.002 ~ 0.011 mm i B B,
T IOR E RAEA R GON R ATP & & (13 m
SSRGS R i AR 0. 011 ~
0.02.0.02 ~1.01, > 1.01 mm G F}, + Bk
FEARRIGN IR ATP & f8 (1) 385 0 &2 56 38 K e s
N e R R RERL (< 0,002 mm) | K KL
(=0.002 ~0.02 mm) LA LR8N, BB ( =0.02 ~
2 mm) LIRS K. ATP &k 10 g- kg™ B, Bhob0 &
HIB/N T 0.87% , kL & w1 2.58% , iR
IO T 3.44% ; ATP &5k 20 g- kg™ "B, kL &
HI/N T 0.89% Bkl & s/ T 14.74% , RS
I T 8.69% ; ATP & 4y 30 g+ kg™ "B, Rk &
HI/N T 2.22% Bk E s /N T 23.41% 0K
T 0.97% ; ATP &0 40 g- kg™ "B, ki
HI/NT 1.32% , By ki & 5/ T 14.8% , Wb ki 7%
T 8.91% , LW LA H ATP Jiti Jin £ 138 v
Sl 3 A A INUR B8 SR A i RO, DI i R
RLGY 3 RURL B m 1 0, /NG A 3 RURL B /)N, 2
ATP 58 30 g kg™ "B i FA0RL & AR B A e K,
P, BT DAUEEAKS ATP it fin 1) 4 498 opon] DL kg2 44
HRLAR 254
R1 AEATP =X HIEFH S HRE/ %
Table 1 Influence of different ATP content to soil

particle distribution

Higk ATP %4t ATP content/(g-kg™")
Particle degree
/mm 0 10 20 30 40
<0.001 3.50 3.27 3.21 2.70 2.97

0.001 ~0.002 5.78 5.14 5.18 4.36 4.99
0.002~0.011  32.08 29.07 30.29 22.44 30.42
0.011~0.020  18.13 18.56 18.92 19.05 19.01
0.020~1.010  40.52 43.96 42.40 51.39 42.61
>1.01 0 0 0 0.06 0

2.1.2 ATP* XA KM Fra T IERIRZS
HA ELAE RO AT OO, 3 T LR ERR DL 3B
KPEWA — M, B 1S A ] 40 B A AR A2
>0.25 mm PKFNERRIBAZ AT 2 o 38 AR
2> 0.25 mm 1R A0S L HEAE ) BAT B 2520,
>0.25 mm PFADRL S, AL, IR
/N, B EEE R, S IEAEAT S AR AR R T K
SrHRE ST N AT LA B ATP
RSN, KRS AT SR AR AE ATP it im0 ~ 30 g+
kg RIS, 2 ATP & EKTF 30 g kg BT,
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KFRMEA RAIE LT AN, 456 2. 1.1 XA
ATP ) T 30RL 53 9 10 0 B v R0, 21 4R 19 ATP il
AL BOR T AR B A AR 1 1
oy, S ATP 1 S BEFRE IV, (4 F T 0 48/ +
SgeR T 20 A R U -, HATP SR, H
IR , ORI > 0.25 mm A UKL & 2
% X FFRETE ATP i > 30 g- kg™ "B H BUAH S
ML

2840

2820

5] 5] [
- - [
(= o f=4
S S [}

KRR A R AR5 %
Water stable aggregates content

10 20 30 40 50
ATP /(g + kg™)
ATP content

(=}

B 1 ATP & Ext gk i F B i 2
Fig.1 Influence of ATP content to soil water stable aggregate

2.1.3 ATP st E3E RO IEvh & LI B RS T %
egHre  TIREUHL S R 4ERUR VIR G, 1 i
Hi AR AN T (4 0 4B 1O P 2 S ATP B x
KRR 2R 50 T2 450, - ORI 4 TE 450
S, I AT LA, 387K 2 RRAE il 28 50 T2 4 5k
M\ 2.859 3N A 2.876, 5 ATP Jiti il i 52 1E AH DG 5&
A, HIERAR DL LERON 2. 645 W/NE 2.628, 5
ATP i fil it S AAHICOC R, U] 2 ATP & & A
30 g-kg™ 'AFFEE ATP & AY3E N, 158 5 A K ST B
A A, FRL B AR R, FEK R R R, S
IKAYZE I ATP [ 3 KOk & it Fb b 5
BN, e PR

HRHE ATP PR BT A IR A, AT fg 2 2 b
T 7K BB, ATP 1) R B LA B A A (o - 498 5 3
IKGAE R s L e BB RS 45 7E— 2, o L3 iy
KRG, BR LA YERIY ATP 2846 7 13

3R A RFL BRI B0 B i RN,
GRS, AT 0 ATP HoAA o B 3 E . N R
WA LAE AR ATP 75 24 40 g- kg™ "I A 18
IKATFRIE 2R 3 T 4E B0/ )N, 1 ki A 3 T8 4 80
K, GRAREAM SR, FIG, T LGRS ATP
FrHEN 30 go kg INROR B EE

Fo 2880 265 2
He = [ =
2E22875 264 % 2

5 & 35
§§ 22.870 26382

V= —
=55 0865 260088
geg g s
# 2 22860 261 %5
§g 22855 2.60H §
®E 3 =
= 2.850 259 3
H< 0 10 20 30 40 @

ATPY; /(g * kg)

ATP content
—o— LB K A A I 2k 43 T 4
Soil moisture characteristic curve fractal dimension
= ORI AR 4 JF 4 4

Soil particle fractal dimension
B2 ATP &EX TIRKSHEME.
TS HERR M
Fig.2  Influence of ATP content to soil moisture characteristic

curve and the fractal dimension of soil particle size

2.2 EFoREHR ATP Xt L1EK HSE MR

2.2.1 EATHHMEHAREASE ATP L3R5 4F
AR EAER A RIEE 1 SER A K

i 2k 3 TEABE R IR S R ik 1 2 AN [R1 0 3 %oF 1z 1
ISR IEATIRUE, [ 3 AR ATP F1) A £
HEK AT RRAE i 28 A TR R B R TR T A -
BRI R S 39K A3 R AE Bh 245 W ) R Y
B KR GRS T 1) 3SR A H
BRI 7 2T 0 Bk R 5 0% ARk AL,
2 ATP 5 T AN [R] W %6 1 1 5 7K SRR 4DL T (A
PR F S AE, B A RMSE = 11/0 2 (05 —
Ope) | AR A 18 22, 25 LR W] ATP 5 = 7
0.10,20.,30.40 g- kg™ "B} ) RMSE 43 %1°4 0.043,
0.049.0.050.0.051.0.045, 347 0.1 LA, KA
O3 T AEECTN K 43 FRAE p RO BT

®2 TEEMSHE

Table 2 Soil basal parameters

ATP 4 kit MR KR HA Sk R
RO MIE 48 Viwi 2 %18 Saturated moisture Saturated hydraulic A
ATP content . R . . ..
. Dimension D, Dimension D; content 0, conductivity K, Intake value H,
/(gkg™") 3 -3 .
/(em’+em™?) (em*min~1)
0 2.8590 1.8590 0.4267 0.010 0.0054
10 2.8663 1.8663 0.4353 0.008 0.0056
20 2.8695 1.8695 0.4412 0.007 0.0058
30 2.8759 1.8759 0.4359 0.005 0.0056
40 2.8746 1.8746 0.4357 0.003 0.0057




50 T2 X AR AT 5535 4%

10000 . (a) 0g - kg’ ATP%
0g+kg' ATP content

< £ 8000}
Y=
= o
R Z 6000
=5
X E 4000
@ =
3 2000

0 .

00 01 02 03 04 05 06

L H K ZE (em® + em™)
Soil moisture
10000 - (¢) 20 g - kg ATP
. -1

<~ £ 8000} 20 g * kg" ATP content
£3 .
R Z 6000 .
=z .
%8
™~ "
& 5 4000 ]
2 2000}

0 &

0.0 0.1 0.2 0.3 0.4 0.5 0.6

L5 K E/(em® » em™)
Soil moisture

10000 (b) 10 g * kg" ATPF &
-1
< § 8000} 10 g » kg" ATP content
£3
Rz L
= g 6000
X =
& § 4000
HE 2000}
0 -~
00 01 02 03 04 05 0.6

L H K ZE (em® » em™)
Soil moisture

. (d) 30 g * kg ATPH &
30 g « kg ATP content

L 3K J1/Pa
Soil water suction
N =~ (=) (<]
(=) (=] (=] (=)
[=) (=] (=] (=)
[=) (=] (=) (=)

0.0 0.1 0.2 0.3 0.4 0.5 0.6

L EEE UK/ (em’ « em™)
Soil moisture

(e) 40 g« kg ATPH &
40 g « kg ATP content

10000 .
< £ 8000
=]
=2
=3
=7 6000
M =
& £ 4000
& 2000
0

0.0 0.1 0.2

0.3 0.4 0.5 0.6

LR K HE/(em® » em”)
Soil moisture

= 1574l Calculated value —SE3ll 4 527K 43 K¢ 1 il & Measure soil water characteristics curve

B3 AE ATP @8RS ETNES IHEE

Fig.3 The measured values and calculated values of the soil moisture characteristic curve with different ATP content

2.2.2 REAE ATP xH & T4 W g raf K A
B ETRMAL G % vm RIS SC I A £ R RS K
I AR AR K I 4% S BE 43 T AR AL AN ) % i
ATP K I 4% S BE AT T, 25 R an &l 4. B ] LA
B S5 ATP K )% 5 B i 3G KA\,
ATP &5 10.20.30.40 g+ kg™ 'YK 3 4% 5 i 5 in
AR 0 g kg™ "9 1.90.1.75.2.71.5.04 15, AT L)
F AR ATP B 157K 73 A B RS KR
<0.21 cm®* em 2B A 7K 745 S B WA IA i AR 1k #A
F>0.21 en’ - em P FE ATP i (R 38 i 538 K8
P, H OATP i 8y, 7K )% 5 B2 B3 FETBOK
[l — &K N WK I R BERES ATP & &t i35 i
M8 AR ATP 947 PE 2 B v] 124 + 5 5T 7K
BF, ATP X6 7K f W B4 - AT 550K, 45 , 3 76 + 3%
HR LB, i -3 i/ NFLBR I 22, k28 T /K I
Bl N T R KRR

60

ATP{ 5t ATP content/(g = kg™)
——0 —=—10 —4—20 ——30 —%—40

501

-~
(=}
T

e}
(=}
T

conductivity
(98]
(=)

AR R K A% S 107
Unsaturated soil hydraulic
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B4 AE ATP SEXN T EIFAIKSESERNUENRE
Fig.4 Effects of different ATP content to the predicted

values of unsaturated soil hydraulic conductivity

3 shieiie

(1) S5 HRAHEG, ATP B9 Al + S35k 83
W BPRL LB R B ATP 7 35, Zhkr be il
M 9.28% I /NE T.06% , K3k Hb 451 AL 50. 21 % Y /)
% 26.8% , WKL LB 40.52% BN & 41.49% , &
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BLOBPRLLLE 5 ATP 5 & i 2 RO R, b
RiELB S ATP & 2 IEM X C R, BEE ATP & &
FIREAN, > 0.25 mm [ FTRE S EHR, HHOK R
TERMR AT TE4E RS ATP 3 i 52 1B A 56, ek 1%
SHEYEEL S ATP BN 5 A O, P Z T A2 4k
AL o

(2) FIHZK SRR 253 T ABE R X AN [] Wi g %o
N7 A A K B A T AL, AU 45 SR 5 S A N I
JIF 0 S K AR AR R, W3 2 [A] 1)+ 3
EIK R E(EFEATE 0.020 ~ 0.035 cm® - em 3 Z ], H
K75 iR 2% RMSE Y76 0.1 LLPY , BUSOR: B 5 )
FAK 1455 B 4y FE AR RS R[] &5 E ATP K J1 % S
FESEA T, AN ATP Y 387K 71 15 3 B As Ay
FlicK, > 0.21 em®« em = AR5 K F56F R 19 7K J)
RS ATP &5 2 AL,

(3) HHERIARTE ATP 5 58 30 g- kg™ IR
MRS i He Bl /N @RS i el Bk, > 0.25 mm
B RARTE ATP 54 30 g- kg™ 'S U lE R,
h28.25% , - S IK A3 FRAE £ 50 T2 4EBUFE ATP 55
BN 30 g- kg IR, M 2.8759, R AR T8 4
BAE ATP &80 30 g- kg™ "B/, N 2.6096, [H I,
ATP B A 4 3 ek B 7Rt Jin & 4 30 g - kg™ '3k 3]
AR RACR

AR K% 3 - AR 254 KoK 1 S350, R
VB3 - 3 7 43 T T I 5T 5 AR S AR UG 1 2 e
ATP Xl B H5EA WEROR, il ATP T8
iR 5 e F K A I 2 B A R AR A 1 M T
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