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Effect of Pretreated Wheat Straw on Soil Aggregate and Water-holding
Capacity within Low Suctions in Loess Soil
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Abstract

A contrast study on effect of powdered, aminated straw with or without inorganic soil conditioner
( calcium sulfate ) on soil structure and water-holding capacity in low suction section was made through soil
column incubation test. The results showed that the pretreated straw significantly improved soil structure
stability, decreased soil structure fractal dimension. Therein the soil with comminuted and aminated straw
had a slow acting to improve soil stability. Different pretreatment of straw mixed with soil could make soil
porosity connectivity poor in the early stages, and then better with the straw decomposition later. Therein
the soil with long straw always kept worse soil porosity than soils with the powdered straw. Furthermore
there was a significantly linear correlation between soil aggregate fractal dimension and soil porosity fractal
dimension in low suction section. That quantitively explained the effect of the pretreated straw on soil
structure and water-holding capacity in low suction section of soil.
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Tab.1 Treatments of the incubation

AR AEFRNEE

CK At

L Bt 20 mm KASHF

P Hjiti 1 mm By RS AT
P+la MR + BRARES

PA FEFFRRE 1k

PA +1a FEFTRYRE AL + BRERES
Ia B R

HAr L P P +1a PA PA +Ia ZFEHNA AR5 FT
A R R 0. 5% (FH24F 7 500 kg/hm?) , Ta
AbFRARITEAHL A e R AN AR SR E Y 0. 1% .
HAFE A SFEFFIR G35 R IR 25 ¢/em’
AR SYZ(BES em H—)2) EEERNAE 10 em &
12 em W) PVC &, & B RS st FHZD A0 35 1A, A4 o i
A 10 em, AP 6 IRFEEE
1.3 MEMBS5AE

e+ 45005 , AR KRR E R ARE,
JCE 12 h G AN T EAR S 7 R s 5% 2 i
JEH 35°C , MXHRE R 70% , T4 A KR T BRI
Sh FH B 57K SR A 80% (LA CK A 4 FH [a] 45 7K R gk A7
W) AT I S KR, ST AR BS O
NTAMEFaR SRR, 1597 8 A Ja , B Ab 3 3 4>
HE AT RFE, SR FH B 03 0 R ) B
IKATHFEAE AR, [R] A LA 0 200 o - 498 P 2R Al
B, TG AR TE N TAEFE AT 3%, 16 JH G
Xop A A B HE AT R AR, W2 ik E B, S B
BR[ 18 ~ 191154 P & & AR (MWD) JLf -4y
B (GMD) | 38 R A5 T8 2 45 AR Ty B 18
FLBR I 4Rk
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2.1 AEFMLEFXTHEEHSHF
2.1.1  KEEMEA R RS A

B35 8 JH 16 JH 5 &b K Ra M A B AR & 1 4
W2 ~3, MFE2 M, 40t 8 JHH %, &£ 4b 8
(la BRAM) PB4 & L3RI A2 KT 0. 25 mm KEE
FBRA S, o PP + Ta 20 FK A2 KT 0. 25 mm
KRS M AR AR B i 4 i B CK B 57.55% A
56.06% ,5 CK 225 % . PA +1a PA RbFRRIAR K
T0.25 mm JKF2PE B R AK & & 0tk CK &
15.43% F18.83% , 5 CK K& W EFME2 5%, Hh
P.P+laAbFEH 0.5 ~ 1 mm RS 4 B4R & 540 )
It CK 34 60. 56% F1 25. 19% , 5 CK M) 55 £
WS, mILnr, BRI S R R
F(EHE)RAEMAERERER LERERT
0. 25 mm/KASVE A SR AR & & By i AL RS AF DL S 5
0 R () TR A T A B AT B R RLAR KT
0. 25 mm7KFR M AT R AR B it (A0 R 24 Ah Ak 24
R JEEAEG, xoF - S92 A f%y B s o3 AR I 4 R AR RS T
%, B FH A8 %o - S A OV FH S A

Fede i 3 1 8 JH . 16 J8 4 4b Bk 42 KT
0. 25 mmZKFR M SRR & s ml 0, Bl 4 0F — 20 i 8
77,16 JE G A AL FERIAE KT 0. 25 mm /K EEE H R A
T RIS (L A FEERAL) | LIRS AT L
KASFHE e fe e o 3R g5 4, v L b2
Ki7% 8 JH 16 JE A HHERIAR KT 0. 25 mm /KA A
RIREG TR 12.95% 112, 59% , PR F7= 1 B 1N
FIAERK T 0.25 mm FIRIRS GEHEARE R ) GE
R FE AT S | 20855 5 o ) o o3 i 45 R

Jo  MES R AR YRR R T FR R - A R i e RAE
N8, Ki3E 16 )5 P +1a P PA + Ia PA b PR £2
KT 0.25 mm KR R AK 5 2200 b CK 3 i
240.50% ,217.76% ,146.00% F1 124.87% , 5 CK
WS B2 5. A, PA PA + la 0383
S 8 JEINE 4% Ak X N (LI 0 23. 75% K1 27. 65%
FH AT 0, R AR RS T A A B A X 4 v 3R AR R
T 0. 25 mm KER A RAK G i A — 7 BB AE
*2 SRAEKEMARGREN N

Tab.2 Fraction of water stable aggregate

after 8 weeks of incubation %
Hif2/mm
QbR

>2 2~1 1~0.5 0.5~0.25 <0.25

CK 0. 44" 0.91* 3.93¢ 4.12% 90. 60
L 1.50%  1.42¢ 3.74¢ 6.29* 87. 05b<

P 1.98%  0.86" 6.31° 5.66"  85.19¢
P+la 3.35° 1.10° 4.92" 5.30®  85.33<
PA 0.24¢ 0. 49° 3.60° 5.90% 89.77%
PA +1a 2.99 0.52° 3.70° 3.64  89.15%°

Ia 0. 47" 0.42° 3.06° 3.23" 92. 82¢

I A=A R PR 2R B3, TR,
x3 16 BRKRIEARERES &

Tab.3 Fraction of water stable aggregate

after 16 weeks of incubation %0
Fife/mm
Qb

>2 2~1 1~0.5 0.5~0.25 <0.25
CK 0.28" 1.62° 2.13¢ 1. 60° 94.37*
L 4.55° 2.59> 3,07« 2,37 87.41°
P 4.97° 6.57*  3.98" 2 38 82.11°
P+la 5.59¢ 3.84" 5 82¢ 3.91* 80. 83°
PA 2.49% 3.39" 4. 69" 2.09 87. 34"
PA +1a 4.31° 2.81" 371" 3,01 86. 15"
Ia 0.16" 2.64> 3,76 1. 60° 91. 84*

2.1.2  BAREIFNFEIR ARSI

3R KT 0. 25 mm Y 7 BB 4 BT
Ry s BN R X - e B o K8 35 45 F B AT
YRR, B e A - g R, 8 1l 13454 1
W Fatrz —, BRI E & HAR(MWD) JLfT
S E A% (GMD) 25U fE HE ff Sz e 398 P SR AR 1R
A ARG FNRS E PERRAE , MWD (5 BE KR 2% A1 38
AR B 0 186 T 1 A, DU B A SR AR e R A A
GMD 3R T 2RI 434, HAE MK, ARk 5
EAERBR L2 FLBR By, &b 2+
HOTMistn i 4,
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Tab.4 Evaluation indexes of the water stable aggregate

8 )5 16 )5

b Ry»s MWD GMD Ry,s MWD  GMD
/% /mm  /mm /% /mm  /mm

CK 9.40% 0.183> 0.146™ 5.63° 0.174° 0.139°
L 12.95%  0.219™ 0.156* 12.59" 0.340" 0.167"
p 14.81%  0.238* 0.162*" 17.89* 0.414* 0.190*
P+la  14.67* 0.264° 0.165° 19.17* 0.413* 0.190*
PA 10.23% 0.175™ 0.145° 12.66" 0.290" 0. 164"
PA+la  9.29"™ 0.236™ 0.149" 13.85" 0.340" 0.171"
la 7.18°  0.169° 0.141°  8.16° 0.194° 0.146°

4 a8 B, L.P.P+1a b R, .
MWD .GMD PR IRFE AR5 CK &, Ui AN [F] 4b
5 RS FF A 585 T (2 i T i AT RS
¥, Hrp P +1a 403 R, MWD GMD fH% CK 43
G 56. 06% .44.26% F113.01% , H 5 CK 257
BB EM KT, P A FEEER N+ R, 5. MWD,
GMD,H R, ,s 5 CK 2 535 B & WK, P L 43
MWD # CK 43 54 /i1 30.05% .19.67% , 5 CK #f
FbE3 R E ., PA PA + 1a ZbHXT R, ;. MWD,
GMD HI/EHIAIA &

Hi 16 J& 45 4b BRI f 48 45 0] 1, 16 J )5 45 Ak 3
(CK 4N R, .5 MWD GMD F& 45 27%¢ 8 J& i Y 4%
b B (B K, ARG FiLAb B XX MWD GMD $5
FRIE] 50 25 S B A, 3 bt A7 BL . JEHLE R
FIBIREA R = LS A e, A P P +1a
AEFR MWD 53 1) 48 8 J&] s 4% X6 g B 34 hn 73. 95%
56.44% ,PA PA +Ta Kb R .o FIl MWD 4351 45 [7] 1]
CK 34011 124. 87% 146.00% F1 66. 67% .95.40% ,
{HECIE IR E RS P P + Ta ZbFE{K, PA PA +Ta AbBH
MWD Z351%5 8 R 65. 71% 53. 85% , Vi W ¥
PRFEFT LA RS A4k 38 5 ) 41 1 + 5000 il AR 2544
e RIS R ETE, XTR R, s MWD GMD 4548
PRl 345 8 JABI X RAE /N, SRR AT e 1 A B A
MU TH AL S 80T R A R R & R BRI, +
geaktteoe AR 22 vl A, X HIESEAT A HLY
BN FE it TOAIL A 1 e R TR it f 2 A R 2l
HoK R R AR R e

I g5 R R, KFEFAEZ) o 90 51 o0 fif 45 TR
Jo , B R I EE R VE S R AP R SR A 1 3R
R it - A A, 1 o - M AR e Pk | Ot
iR 55 1] o — AR 4= 8T8 B AR S5 4, SRR o] g S
KRS FFAE SR 7= A i KA AL i 1 R &2
IUFRPE , 7R R PE A BE rh 22 4t Ca* Y BE R 1B J1 3

SR AR T SR BE SR RIS R A, TR
ARG A A T A RS FE AR B R, s O R R
BREMAE T, 5P a] B8 e R 45 1 AR
RS AR M & RS AT L SRE R R AR

TIEPIRAR I FELELL F ), BERE 1 S e AT SRAR 5
A AT AR E PR A — ROy, HAE
N TR A AR e, fe =, s 4%
AbEE 8 JH (16 JlJm L IRESH S AEROILIE 1,

2981 sk @16/ a

L p b
KPR
Bl 1 8 J& .16 EHEF= WAL+ 4 F ) EX] L

Fig.1 F,, of straw of different periods under different

SR B kid
PA  PA+la Ia

straw utilization treatments

HE 1 A, K5 5F 8 JE A, 45 Ab B (Ta Ab HE SR
A1) ISR I B CK G, Sl AN ] T 4k B
RS FFA 35 35 mT 42 iF + 08 il IR 25 4, 32
E R E e, H PP + Ta Zb3E -5 R IK M
AR CK 4> BIREAR 1. 40% F11.22% , 5 CK M It
KB EVE2E R, 16 A5 ,P.P +1a,PA PA +1a L
b P A S JRAR T TR 4B CK 43 Bl BEAIR 1. 82%
1.63% .0.68% .0.68% .0.99% , 5 CK A I3 ik 5]
BEMEES . Hrh P P+ la ZAFIE 00 IS5 H
B HA b PRFE E PE D, PA PA + Ta A0 FHIE 11 + 35
SEMFREYER PP + la AR FRAK, AT A A e S £
R C N S AA ¢, R 30 Ty A 22 1
BUT, VA 3 C/N X E 3 45 44 1 S B
B, PG TCHL e R A AL B (Ta) X FRAIK 145
TR E AR 5 CK M L T B 3 22 5
JE PR T B - 498 el R Rt A R A AR, At Ca®t 4K
WA G R B BE R K

LIEVERIRIENFE B R, 5 MWD GMD [ [4] 5
R TE AL F YR A R LSt 4, B4
FEVR Z I FEAE— 28 WA DG G &, KAk A SR A 48
FHRKRWFES,

%5 Al R, 55 MWD GMD #H .5 [ AH &
K F AKX RE MM 0.86.0. 95, MWD .GMD [
T8 R, L K FRE AT IR AR i (3 KRG K, g
I RIEPIEHEELF, 5 R, s MWD (GMD 224 1 2
FHE(p <0.01) , AHRREIT 5N -0.95, -0.89,
-0.95, iR HIER RIK DI 45 F 5 T ER
RARE RPEO 8 b EAT B A AR G | R B AT Al
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Tab.5 Correlation of evaluation indexes

of the soil aggregate

Ry.s/%  MWD/mm  GMD/mm F
Ry, 25/ % ;
MWD/ mm 086 1
GMD/mm 0.05%*  0.97°° 1
Fy ~0.95°  -0.89°° -0.95"° 1

o+ o PR EMIE(p<0.01),

R AL
2.2 Tk IHMER S B L R K R0

IR KA UK B A8 A )5 7K 5 (FC)
FIPAZERRE (PWP) . BF5E R W 1 3 9 A oK Ik

)55 AR, RIETEARI ST (/NT 0.1 MPa) BGE FIN
K iz s AN, J& T 5 BOKER 73, X A A B e
(A 5P A ROK T Tl ARG A AR B A
AR BEIRARBIAE (BCM) A5, B4 1+ 530K
TR R K KT~ 78 kPa ) FC—BCM Bt Hi
Gardner $2 H U256 7 7 0 = AS P XHK 50 A [|] 15 33
9185 b PRAEAR I g B 3K o3 R AE i R AT 105
TP HSE A Yo T 2 REKaE T, A HER,
FRKBE IR ; 280 B Y i 4 ny sk 1), AR 11
B 7K ABE T AR S AT s D DL . HLE R
ANFW T SR LR TR 4E L 3R 6
7. HF 6.7 oA, Gardner A5 0] 458 4 #4815 AR
B34 AbF Y B R IR B 2R e 25 5 . A0 PR ]
IH 4k 2R/ R UL, PR 485 0. 98 DL L,

F 6 153 8 R A BEFK M &MEINR R 5 HY4EH
Tab.6 Soil water characteristics curve and pore fractal dimensions after 8 weeks of incubation
K/ kPa TR fLBLIME
Ab ¥ W 41/kPa -
10 -20 -30 ~50 ~60 -80 TR R YE8D,
CK 41.73 26. 44 20.98 18.32 15.45 14.54 13.21  §=59.055 § 3487 0.990 4 2.652%
L 42.00 26.90  21.26  18.53 15.58 14. 65 13.29  9=58.737 %32 0.9928 2.661°
P 41. 48 26.37 20. 57 17.79 14. 82 13. 88 12.52  9=60.146 S *381 0.9827 2. 645
P+1a 41.17 27.04 20. 85 17.91 14.79 13. 81 12.40 9 =64.147 §~ 31 0.9802 2. 625"
PA 42.15 26.75  20.80 17.96 14.92 13.97 12.59  9=61.627 %325 0.9866 2.638
PA +1a 42.77 26.71 20. 65 17.76 14. 69 13.73 12.33  9=62.850 § 03716 0.9827 2. 626"
la 42. 89 26. 81 20. 55 17.59 14. 46 13.48 12.07  6=64.873 § 0387 0.9859 2.617¢
F7 1E3F 16 BERR AR & MIER R BUR 55 4
Tab.7 Soil water characteristics curve and pore fractal dimensions after 16 weeks of incubation
. % H IK#/kPa I e AT fLBIE
o /kPa -10 -20 -30 -50 ~60 -80 PR R 4D,
CK 41.21 26. 06 20. 80 18.23 15.43 14.55 13.25 §=55.122 §~ 034 0.9767 2.657¢
L 42.47 25.71 20. 38 17.79 14.99 14. 10 12.80 6§ =55.647 §0333 0.9823 2.665°¢
P 43.17 25.89 20.99 18. 56 15.90 15. 05 13.79  #=52.010 § %302 0.9793 2.697*
P+1a 42.43 26.28 21.12 18. 58 15.82 14.93 13.64  §=54.345 § 03155 0.9855 2. 685"
PA 43.09 26.47 21.35 18. 83 16. 07 15. 19 13.90  §=54.030 §~*3%° 0.9832 2.691%
PA +1a 42.65 26. 19 20. 95 18.39 15. 60 14.71 13.41  §=54.990 § %3221 0.989 8 2.678%
la 42.80 26.22  20.31 17.49 14. 49 13.55 12.18  9=61.272 $7%386  0.9855 2. 632¢

H R 6 AT, Ry iR s AL RS A | Bt - e R )
DLW 2 TR A Bt 1 i 22 ] 4 v 3 A AR
PR, SRS RS AE ek R34 HoA R
KM, 8 JEIRT £ A B 4 K - FRAE i 305 S5
A MKEMEK K Ta P +1a PA +1a PA P CK.L,
FH AT R RS AT B A RS AT T B g = R g
7, K TS A 55 B I 5 B it 7T — A R T L REK

REJT, P AT IR . Fr 3R 7 WA, 13t A0k
PERZAK AR JESVERG 16 J8 i 45 4b B 4 38K 43
SHENLR &AL, - HEK 4R AE i RS S8 A
B8 JEI A 25 Xof I A S AR E B 3, AR B/ IMERIRA T
L.CK.PA +Ta P +1a ,PA P, Hrf L ZbBH BLE K
Wl 3% n] RS AE F 7E 498 v A 43 At o R o o [ A
oA G, LAt A 38 - 8K SRR 2R LA S50 A IR
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JPREAARAS . Aol RS AT 5 3 R R A Bt
7 16 JA B B feoE 1) R 1R K g

3T 8 il 16 JEAIAS[R] - HEK W I 454 F 3
AREA S, LA K CK FEASTR] 5K e 1 &40 F
AT B A P = A REK B T, 3K SRR AE il
LG SECA H R KN IE AR AE O Bl £ 40 3 1
BERKRE T il A (B2 B & AL BRRR K 8 1 9 K/
FEE—E R R, P LR 2, 4% Ak 2+ 5K g
NEFBEESGIASE B oM, HFE 6.7 WAL %
Ab PR K A FEAE i 2L & S50 B {5534 F0.3 ~
0.4 ZIu),#EZE B HBER: 7= W I K 2R
e 1A AL B A3 K A3 R I 22 ek B i 1 4%
I AR AR 1% 328 DR B AT e Ta AR BK 43 4R
LA S5 B (HAE 8 Ji 16 JE BT 4 i K fH, Uit
AP B e - 498 e 0] - 43K 0 R it ke pR AR (L P 8
TR SRR AR P 328 ol R A P, TR IR AT RS A Y
Ca®" B FHEm T 3K /3 i, A5E K BEORG 45 1
FH A= SR A B B 7 P 3R IR 1 114 1A 3 MK AR Pk 4%
25 EERRNR K 5 Tl S Wi K, X i e T
la AbBAE ELAT 35 S R EK g 0 0 TR s, K AR P A1 2R
PR BRI R Ui B B JE ML - 48 ek R 7 ek
R LA

H13¢ 6 Rl A Ab HEAE 35 55 8 JHIAT, - FLBR 4
YD) % CK AR (L AL BHERSM) , 55 CK 257
AN FRAFEFFGA L3, o As T+ fLBR Y
S ARG, BELT 398 S L Bt Ay e e, 0 B
FLBRZE B RRAG, L AP EA 5 CK & i LB
SYTC YRS SRR AT e A A2 R A 3 A B AL
ARGER TR R R K 4338 8 |, BA e I KALBR, 3R
TEA - A LR A T A5 bl 2 5 LA 3 Bl
E— LBy 5 16 JART, 1 A5 kAR Ak it
A e RS FE R 2E G W7 2, L B Y 3%
PEAS R 38 45 A0 B (Ta AR FEBRAD ) AL CK &1
LB 4%, Hodh ) P PA P +1a PA + Ta AbBE +
LR 4y B 4 505 CK 43 38 m 1.5% (1. 28%
1.05% #1 0.79% , H 5 CK 25 544 5 i & 1K,
L 4b316 JE i) - LB R 445 8 JE I JC ] i
Ak, B S5 CK 29 R 8%, 456 2. 1.1 1M
BN L AL R, 8PS AR, 6 WIHRS A b b |
ZHE G RIS I R AR 2R R R
X AL B W A E AN R, Ta A FRTE A
BRI PO b L B A 5 5 1 A 2 )5 T A £
{8, B4 5 R R R 2R 5T
2.3 F, 5D %%

A3 45 A BEAE IR o B LR A TR 4R +
HEAT R AR AT TE AE R JC R 0T, W 22 () AR

MR AR REHN -0.80, M2 A1, F, D,
Z [ B R AR ePE (R =0. 628 7) , [H1H 43
BrXh

F,=-0.5552D, +4.429 1
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