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Effect of rice straw returning on paddy soil water-stable aggregate distribution
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Abstract ; In order to clarify the response of the soil water-stable aggregate distribution and stability to the straw returning in the early and late paddy field,
the paddy field of Fuzhou plain was chosen as the study object, and the soil water-stable aggregate distribution and stability, including the percentage of
aggregates particle size bigger than 0.25 mm R ,5, mean weight diameter (MWD ) , geometric mean diameter(GMD) and fractal dimension(D) were
determined and analyzed in the early and late paddy field after straw retuning. The results showed : DMicro-aggregate ( <0.25 mm aggregate) was the main
composition of water-stable aggregate for the 0~40 c¢m soil in the early and late paddy field, and the aggregate concentration decreased as the grain size
increment. (@ Water-stable macro-aggregate and micro-aggregate concentration were not significantly influenced by straw returning in the early paddy field.
However, water-stable macro-aggregate concentration significantly increased ( p<0.05) and micro-aggregate concentration significantly decreased (p<0.05)
for the 0~40 cm soils in the late paddy field after straw returning. MWD, GMD and D did not significantly change in early paddy field after straw
returning. However, MWD and GMD significantly increased ( p<0.05) and D significantly decreased(p<0.05) for the soils in the late paddy field after
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straw returning. @Straw retuning did not significantly influence soil water-stable aggregate stability in the early paddy, but significantly promoted soil

water-stable aggregate stability(p<0.05) in the late paddy.

Keywords: straw returning; soil water-stable aggregates; aggregate stability; paddy filed; Fuzhou plain

1 5| & (Introduction)

- HE P SRR - R 25 Y Y A BT, X 4 Y
PRAL I ST AT 25 B KA (Tisdall er al.,1982) . —F80Kf
RiZ>0.25 mm (1 A RARFR A KA R A4 ik 2%
<0.25 mm¥) AR AR FR g 1 A1 R A (X 41055, 2011 ).
A RE NI R Z D B R BT
e I £ 15 130 NN ek i e N 1 @y RS DK (A S R4 5
FEARRME R PR AR Ik RS B 4 A W B R
S5ERM EEIE bR 2 —, & L HEE Iy B S RE AIE M
3 1 SR A5 ( Rattan,2000) .

- A SR ARG B EE ) 2 A K A AR R e ME T
Rt e - R AR b 1 32 B SR B, ARl Ay P e
FE A B (E AN, 2014) 9K M8 45 (2012) 5@
X AR > 0.25 mm K RAREE 2T & B, A
FFIE HA ) 42 1 - LA e M A K B [ 2R
TREER KT, 3 3R e M 0l 325 AR L.
A HH A HEVE 32 N5 i R B B A R
— , E AN ST H - 58 P R AR 5 iy T P AF 9 4
ok bl 2| (R 3 B 22 3 2 MBEIE 7 20 () 1R 4%,
2007 ; BIAE, 2015) iR AR B (R SCFI A, 2014) |
TP 2 (CERRSE,2014) (R O Hi45,2014) 1
A (RIS AE ,2014) £A B & RS FFIE HZ AR
R E AN K e B — R OB R E R i, A A
FMFFT R RS FFAA H 0] A0 4 38 %) &5 4 Fn B Ak 1
[T, B e R A ML A (B LR A 2003 ; Bk 4 it
85,2011, {HHGA 5 6 A 358 B AR IR B0 52 W F 5T
B P AR 5 (SRS AF, 20125 T EE AR,
2012) /N2 R FF (5 5% B 4§, 2003 5 5 BT B 55
2012) FE K FEFF (B MLEF, 2011 ; 55758, 2012) 45
J7 L6 TR A RR R X B TR AR 4 2R KA
- X KRG FA8 F (7 g 7 ARSEALE 1) i DL R 385

KRR EE AR EAEY, 7 s I A4
FEFZ TR Z . AEE R 25 i) 5C T 7 FF i 1 X A 4 39 A1
BRI A L | A SO AR S i e A K+
S8 P SR AR o A B LA R G R AT A FE A i g
W, XX RAPEA R FF A FH 7 R S FH b 9 T 47
PERA RS IS5 SR A B sL By B &2

2 MREXE#FEFE(Study area and methods)

2.1 HRXHER

TIF 9 XAV 48 4 4 M T 3R e 38, 2 J vt
i 1 X AR T T 2 UM, AR BRI R 19.6
CAEY KR 1392.5 mm, 2E & f l 1413.7 mm, AH
XFHRRE N 77.6% . XN b 55 288 Y 5= 52k v it BOF it
I AR 3~5 m, F B4 A il Fr B A ( PR
2% ,2009) SRAE S T8 T 1L DX 55 LA
BIKFERETEIT % REr A S 9 H 1l (26.1°N, 119.3°F)
P, IZS I R G R I 7 hm? | K R AR 55 S Rl oA T
POE KRB & I FE 10 5, KR A KN N
3ANA, X SEAT RS- AR5 S (5 5% ) I FE A il
JE SRR B B AT N T DR+
SRR —PE KRR A K K 345 B SR T A% S0 ) T 0k
I3, BRI KRS Hi5 301 52 AT K 48 L, /KR 4 BE 0 I 5
AT 7K -0 FH -3 1 TG A 45 A, S5 00 X R 3 F o
3.3 t-hm ARSI X A+ HES A R B ALK AE £
HHERFE R 1.1 g-em™ ,pH K 6.5, HHEHHEIZ AL
e EHN18.1 g-kg , BREGEN 1.2 g-kg ™', 228
H 1.1 gekg (HhaKERAE,2012).
22 ZHEtERLXE

ASL T 2012 AFAS HALBERTE AL, 76 5050
DX EEBEARXT P-4 H O TP 0 i 7 B e 10
PEBE I (Z]) FOX AL (ZD) |, W e Bt 309 [) R 35
B (W) AR (WD) PRZH, Hop | B4 1%
B3 AN AR S0 4 B A FH R DS XK A
FEFFP AR (290 3.3 t-hm ™) WARE ¥ BR800
T FTE/N B 23 %k RS AT A4 1K ARGl
WG AR A FE ML, R £ 248 50 0 R S AN 5
B/NIX 0~40 em +AE JF 4% BIKEE 73 0~ 10 cm,
10~20 ¢m .20 ~30 em 1 30~40 cm 4 %,%/\Ei’f
L IS = PR S Y BR AR R R AAYUE &
TR KA F AR T 2 5 248 PR A7
2.3 LEAREERENE
23.1 AKBMERENE & K EEEETER
TS (ER ALK R 2.1.0.5.0.25 mm ( Kemper
et al.,1986) , IEERREA K &) FH4E T[54, i IR
KA 538, Z S5 K B 0 AR T, AR b
FEAK (KT B B 0 T2 3 em, 27K H i BIR
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10 min, B0 R 9 A S0 il 2 A =530,
R G T 2 &, LA 30 U min™' Y HHAE
K B RY 2 minGRSFRAISE,2013) , B NFEEhAY
T FER BN IS 3 em R SOk 1Y AR5 TR A
B TR FR L 12 M.
232 WHEAKX ARELBSHFER O
IR T 43 & W, RiA2>0.25 mm 7K bk A B A
BYH IS Ry, S BYEEL D ¥ i H AR MWD
FPE-2 U LA GWD. o M A SR A & i 1153 7 vk
S 2% B o ST g ) ) - SRR A B ik (o R
B at RIS 1978) , AT .

W, =M/(M, + M, + M, + M,) x 100% (1)

Rops =Wy + Wy + W, (2)

A, W (i=1.2.3.4, F)RKKFER 1~2 mm,
0.5~1 mm.0.25~0.5 mm Fl1<0.25 mm 72 F R A
HIA o i, MRS | R RIR T (g) , Ry 0518
Hif2>0.25 mm FIRIRAE 5 &

MWD ( mm ) # GWD ( mm) % I B 0l ¥ 25
(2006) F1ENR%E(2014) =5 A A

MWD = i(i%iwi)/i W, (3)

GWD =exp[ Y, M,InR./ > M,] (4)
< <

SRR BT FH B B 4 (1993 ) 4 S 1 4 Rk
P
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VAl
w20 —
41
£ 59
&

B
? A2 By Aa

i Aa
Jisi
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+H Ab
0
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T 2HEE /em
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Eﬂ 60% Aa Ab
A
£ 4505 L 2
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N
2 30% | Ba Ca BCa A,
+H
15% H
0
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+ 2 /em

(5)

M(r<i?i) ~ R‘ 3-D
M, _&WJ
A [R) s B4, AT A5

M(r < R)) R,
lg{M}z(?) —D)lg(R ] (6)

o, R, A 53 H R 18 5 — 2003 AT 3R AR 1) -2 B A%
(mm) , M SRR A RIRW S (g) , R,
HERIRI I R (mm) , M(r < R,) RARHNT
R, WA RIRR i (g).
2.4 BAFEAE

HTF Excel2007 BH T HE B LS (LA
SR W, o RAER D P R AR MWD
JUMEAE GWD Fl R, ,s (N IE S5FR1EZE) , i SPSS
19.0X% 5 Ha 1758 7F 20 Hr , H One-way ANOVA J5 2
A3BEAI AT S 2 0 R ZEL A R IR 2 ek A28 A AT
IR EH MWD GMD (R ,s JHELEEL D Z [A] i 2 57
P ; H Person #HC &5 MWD GMD | R, ,s Fl 53 1E
AR D Z R AHDCOEFR ] Origing.0 AL

3 ZERE59#(Result and analysis)
3.1 RAFZEAEEARERREEENZ W
TR K, XTI (ZD) (SR8 (7)) TRk ks

PR AR LU R A (<0.25 mm KL TR IK) 2y
&, HERRL GO, & 8 (I 1) FSAFE I

25%~ 0.5~1 mm

Aa
e 20% Aa ABa
& Aa
§ 15% Aa
Ba
i)
= 10%
+H
5%
0~10 10~20 20~30 30~40
+ 2% E /em
75% - <0.25 mm Aa
Ba Ab
s 60%- Ba o
pad Ab a
ﬁ% 45% 1 Ba
is|
2 30%| Bb
+H
15%
0
0~10 10~20 20~30 30~40
+ B2 /em

E1 BERELEkRERAREEENM(BPAR/NG TR A AL BZH 192 ) 22 57 .35 (p<0.05) , AR KRS S8 3£ 24 4 22 57 b

#(p<0.05) , FIH)

Fig.1 Distribution of soil water-stable aggregates in early paddy field
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FAE KA K A R AR (R 5 ) #E 0~30 ecm 12
psib AE 30 ~40 em )2 ETF(p<0.05) , L HE
0~10 em TJEH 1~2 mm /KFaMH: A [ BEAR B & A%
B3 (p<0.05) ,30~40 em )21 0.25~0.5 mm K
Gk Rtk A R ARBCR E T3 (p<0.05) KR
IR AE 0~30 em )2 B 3F T, 78 30 ~ 40
em 1 J2 B E W (p<0.05) . & Mﬁﬁ%ﬁiﬂﬂ FH Xt

TR K AR R T 3R A AR 1T SRS 55t 1) 52 i 34
NTES
Hﬁ*ﬁﬁiﬁﬁyﬁ XTHRZH (WD) S U6 2H (W) NG
25% = 1~2mm I o
w
i 20% |-
4
2 1%
Jisk
"
0 10%}
Ab
Ab
5%
Aa Aa Aa Ba Aa Ba
0 i d B | e
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T EHE /em
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4
§ Aa
B 40%| 5, ABa ABa Al
% Aa Ba Aa
20% ¢
0

0~10 10~20 20~30 30~40
+EEE /em

+JE KR A SR A RS AR AR [R], 28 DA 1A 3R
AR | TR IRORL G 8 B B/ (181 2) A5 ie
J5,0~40 em 1 JEHKERME KR BIRIARR T 0.25~0.5
mm K7 2% A BIKTE 20~30 em +JZFA FREAN, 3
PRI S A > 0.5 mm R K Fa M R
ECRAE 0~20 em )2 B FW I (p<0.05) FEFik
H 5, KA PR T A SR AR fe i/, HAE 0~20 em
JZ08 /0 83 (p<0.05) BT 7, FE AT H 5 25 44 in
T RS KRR M R A R A i BRAIR T K AR
AT R AR 1 (p<0.05).

25%~ 0.5~1 mm

i 20% -
b
® 15%F
jis|
®
- 10%}|-
Aa Ba
5% -_Y_‘
0
10~20 20~30 30~40
T+ EEE /om
30% <0.25 mm
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ABa
0 60%}
4
Fos
BN
E 40%
®
+H
20%-
0
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+EEE /cm

B2 MELEAREARCSENSH
Fig.2 Distribution of soil water-stable aggregates in late paddy field

32 RATHEHMEEARERREREENEH
3.2.1  FEFFEE A 43 KK E R K GMD Fr
MWD By % FEFFE 5, B KRR AR
) GMD F1 MWD 4R BRNTE 0~30 cm )2 8%
TFE(p<0.05) , Hidr MWD B+ 235 1R R i i
IR A 28.92% 18.63% ,19.82% , GMD T [ i i 4K
PN 10.51% 9.71% 9.44% ;30 ~40 cm + 2 HF +
HeK Ba ok Ak GMD Al MWD 43 5 & & E Tt
22.66%F1 15.23% (p<0.05) . BaBHFE #1348 FHAE 0 ~ 30
em 1 JZFRAR T AR H KRR M AT SRR p R e
7 30~40 em + 245 T KRR PEA R IR e PE

BZEA 8 0~ 40 em FFE - HOKFabE A R Kk 1
GMD 1 MWD 7254k F5FFik AT 0~40 em FLAG T
KR PEA R GMD F1 MWD (R M4 2%
FEAFIA I 2 ), A6 0~40 em +J2 KR
IR IKAY MWD Fl GMD i #314 K (p<0.05). Hidr,
0~20 cm +JZ MWD HI GMD 3 hn# B i, MWD
TR BN 22.72% 30.89% (p<0.05) ,GMD |
I K 9.23% F1 13.36% (p<0.05) L5 % & 0~
40 cm HEAE 18K FR M AR AR Y GMD Fl MWD f4 748
b, FE P HR E 3N T 0~40 em WEAG 3K Rt
IR GMD Fl MWD (p<0.05) , X —75 b #a 5
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e R KRG DR AT 3R A 4 5 i 28 A — B, S5 K ARt

P SRR ) R A AR S A

*1 ER.BBELIEXEEAREEHREER(MWD) FH/LAER(GMD) R, NS H4EH (D)

Table 1 Mean mass diameter (MWD) , geometric mean diameter( GMD) , R, ,5 and fractal dimension( D) of soil water-stable aggregates in early and late
paddy field
- R em HARVRE (A AARBRAME (KA
7D VAl WD wJ

MWD/ mm 0~10 0.465+0.042° 0.361£0.025" 0.278+0.020° 0.360+0.003"

10~20 0.360+0.042° 0.303£0.025" 0.259+0.049* 0.374£0.052"

20~30 0.398+0.058" 0.332+0.034" 0.264+0.036" 0.316+0.040°

30~40 0.329+0.066° 0.425+0.027" 0.238+0.017° 0.275+0.022°

0~40 0.388+0.068" 0.355+0.053" 0.260+0.032° 0.325+0.058"

GMD/mm 0~10 0.613+0.024° 0.555+0.011" 0.506+0.018" 0.557+0.002"

10~20 0.566+0.043* 0.51620.009" 0.49120.033" 0.567+0.028"

20~30 0.584+0.046" 0.533+0.016" 0.499+0.029* 0.545£0.026"

30~40 0.528+0.043" 0.623+0.016" 0.483+0.013" 0.512£0.024*

0~40 0.573+0.045° 0.557+0.045" 0.495+0.023* 0.537+0.036"

Ro.s 0~10 0.625+0.038" 0.500+0.020" 0.383+0.070* 0.519+0.019"

10~20 0.563+0.162° 0.395+0.012" 0.324+0.108" 0.539+0.049"

20~30 0.587+0.130° 0.439+0.033" 0.3630.101* 0.344+0.077°

30~40 0.410+0.112° 0.738+0.028" 0.316+0.052° 0.423+0.105°

0~40 0.546+0.126" 0.518+0.143" 0.346+0.079* 0.466+0.100"

D 0~10 2.37320.062° 2.53320.012° 2.667+0.085" 2.505+0.025"

10~20 2.405+0.271° 2.664+0.002" 2.727+0.111° 2.481+0.079"

20~30 2.389+0.220° 2.615£0.027" 2.681+0.117 2.705+0.085"

30~40 2.647+0.130" 2.069+0.068" 2.733£0.056" 2.608+0.138"

0~40 2.45320.186" 2.47020.254" 2.702+0.087° 2.563%0.119"

T R NE TR Al — 2R AR R )2 X BRI AR BR2E 9 2 5 {25 (p<0.05) .

3.22 FEFTHE X ARSI RE A 450
B REAFIS S, RS E K RS R AR 4
HEETE 0~30 em +J2TH,30~40 cm 2 FEAL, H
H,0~30 em TR AERURIIE K 6.35% 9.71% |
8.63%,30~40 cm 1 JZ[EAK 27.91% 255 7% 1& 0~ 40
em RS - HEK R PE A IR AR 73 B AR R AR Ak RS FF
WX 0~40 em FFAE £ HE KRR A 3R 1R 43 L 4 5K
HIs AN E (£ 1).

FEAFA S, M A F 3K e e (AT 2R 4 oy 10 4
Bk 20~30 em )2 0.9% 224 ,0~10 ¢cm 10~
20 cm F130~40 em +J2KIKEFEAR 6.46% .9.91% F
4.81%. 255 % 18 0~ 40 om WS T 390K Fa b A S8 A
o3 FU AR AR AL RS AR 38 H B E FEAK T 0~40 em
I = SR R A SR AR ) o0 A B (36 1,p<0.05)
X AR AL S AT 0 ~40 em T2 K FaME A B 1A%k
AL — B, 15 A KRR M R A SRR A e

FHIZ.
3.3 KRN E RIKA KRR R AT AR A

x %

+HOK R BIR SRR S B RS EES
BB KRR (£ 2) , MWD .GMD Hl R, ,s Z [H]
IR EMIR (p<0.01) - H=FH 545 D
FHAAR (p<0.01) ;R ,s 57515 MWD F1 GMD & i
FIEME, S D BB E U E (p<0.01) 5
<0.25 mmP B RAK G 5 MWD [ GMD F R, 5
PR B F AR (p<0.01) , 5B 4EE D B 35 TEAH
K (p<0.05) , P24+ R, T, KAk
MK R I R MWD F1 GMD 34k, 23 T 4%k D 8
b MR 45 <0.25 mm AKERME AT RAR A E S T
iF, KR P A AR B MWD A1 GMD 738/, 43
TEHERL D 1K
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%2 MWD.GMD.R,.D 5&HEZKGEFARGEEHEEXME(n=156)
Table 2 Correlation among MWD, GMD, R ,s, D, and different fraction water-stable aggregates concentration
MWD oMb Ry » KRR R
1~2 mm 0.5~1 mm 0.25~0.5 mm < 0.25 mm
MWD 1 0.980*"  0.924™ -0.864"*  0.879°" 0.883 %" 0.649 ** -0.924**
GMD 1 0.979**  -0.945**  0.787"" 0.839** 0.779** -0.979**
Ro.s 1 -0.980**  0.670*" 0.758 ** 0.884** ~1.000 **
D 1 -0.590**  -0.684"*  -0.916"" 0.980**
K RL A 1~2 mm 1 0.697** 0.343" -0.670 **
Rk = 0.5~1 mm 1 0.390* -0.758 **
0.25~0.5mm 1 ~0.884**
<0.25 mm 1
. " p<0.01, * p<0.05.

4 1118 ( Discussion)

4.1 RAZXHEMNBEIERELDSAREKN TN

CA T 3 B, A6 WU A s FF A 30, oK
FETRG A 3 FE AT AR /55 7K 4 B - 1 RRHE H50RN b
R T T A R 3 I K e A T R R RN g A
SORLERL (M SCHE, 2008 ) | TR T I B I A )
HATCE AR s, BT ALY PR R 5 7 a4
153 oy — 7 T, RS AR A H AT DL i R SR
S PgRIEYE G0 A e b S AR A B R AN
ZREPE (R BESE 2007 ), HRS FF 0 S 38 FLBR
BN, 25 EEAR SR  USCAR SRR R 2R B a0 , i 1 3
AT I (TR ,2002)  BEBAREFFAA T+
e o e A5 YA A RS X W IE HZ )5
IKAEHE = 1 o) — B A
42 HHAHEHNBEEHLIEAREAREKHEN

A0

ARLgerh AR Z G, BR0~40 cm + 2
IRES MR A SR A AR B i AR AR B 3 X R
TR RS FE A4 H A9 o3 i R AT, 33X — 2o TR0 el A
VA AT SR AR o8 1) = 3B A BB %) Jo R B2 0 1Y
Kok 5 IhRE (WREE 4, 2011) AR A KA,
b TAREE G 25 | K LA B T AT BE AR AL T A
FH s K P v i L 5 A A 0 ) 3l B A1, 3
W ARG FF o3 A R A X 9502, L3 R 1) 4 48
Rk 22 DU PR A 32 B A B0 5 5T A R
PEFFARAE PSP 0 A K B 3 K RS R A1 2R
WY R I A 1 7= A R, R A K, RS AR H
IFA B OB E KR RIR AR, f e nT
DA WT 8 AS [ 3% B g 1 98 K A 1 K T 3R R 3
VAT SRAAC 5 12 1Y) 722 A = 2 TR 3 04 AH B 5% b 3 Y.

FE0~30 em )2, FAFT KRR R P 3 M4 7 i B AR,
A SRR S T, EE R 0~30 em £)2 K3
W, KA Ik VS i RN AL 1A SR AR I i 5 ) R A
JBE 45 30) R DR A A IS IR A | A LA A e )
(FRAEAE 2014 , 5 BOUKFRE M K A R R b 8 8
BORIAR /I AT R AK s 5 Z A0, 30 ~40 em 1 )257
HPFARZNFNIK 53 Wk BE 55 25 A 52 e /N Ak AT SRR
TERUEDIVE T T 45 I8 iR AT 3R 1.

iR A K I) RS FF IR S ,0~40 em )2 K5
PERAIR IR 2 X — 458 /F & T Six 55(1998)
1) - R I 3R R A % K+ A HILITE (SOM) AR AL 1)
W Jia e B AR HAE R Ry B AR ) AR A, A
ST A K RERE FE IS, ] i 2F A 58 4k v S8R A
HLBE (POM) FOTE i, POM 9 2 11 Jo R A= 10
AR VR B 2, T2 1R S A SR AR 1 %0 7 LA
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