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Abstract: [Objective] This study investigated the effects of long-term rice (Oryza sativa L.) straw incorporation on the
physical properties of albic soil and crop yield. [Method] The experiment included four treatments: (1) CK (no straw
incorporation); (2) S (single application of straw); (3) SNPK (straw and N, P, K fertilizer); and (4) NPK (N, P, K fertilizer). In
2005, 2010, and 2015, after the fall harvest, undisturbed soil from different layers was obtained, and soil bulk density, hardness,
porosity, three-phase composition and rice yield were analyzed. [Result] Rice average yield of ten years after SNPK treatment
was 275.70% and 133.23% higher than that after CK and S treatment, and was 14.17% higher than that after NPK treatment, rice
average yield of SNPK were higher in the 5-10 years than that of the same treatment in the 1-5 years. Long-term straw
incorporation improved soil physical properties. After 10 years of SNPK treatment, soil bulk density of the 0-20 cm and 20-30 cm
soil layers was reduced by 6.34% and 10.00% than CK, respectively, the trend was degressive than after 5 years; Soil hardness of
the 10, 20, and 30 cm soil layers was reduced by 26.87%, 5.68%, and 4.62% after SNPK treatment than before treatment,
respectively, the difference was significant between SNPK and CK in 20-30 cm layer, the trend of 10 year was degressive than
that of 5 year, but not obvious, other treatment were not obvious degressive trend than CK; and the solid phase ratio of the 0-20,
20-30, and 30-40 cm soil layers was reduced by 10.87%, 10.61%, and 4.67% than CK, respectively. These values were lower than
those noted after 5 years of straw incorporation. Furthermore, long-term straw incorporation increased the number of effective
pores in the soil, and the difference was greatly significant between treatments and between years. After 10 years of treatment, the
proportions of effective pores of the 0-20, 20-30, and 30-40 cm soil layers treated with SNPK were 28.86%, 63.85%, and 23.40%
higher, respectively, than those treated with CK. The proportions of effective pores in the 0-20 and 20-30 cm soil layers in the
SNPK treatment were 12.55% and 62.96% higher than those in the NPK treatment, the proportions of effective pores in the 0-20,
20-30, 30-40 cm soil layers in the SNPK treatment were 19.68%, 56.52% and 24.46% higher than those in the S treatment, the
trend was increased than that after 5 years. Each soil layer showed increasing numbers of effective pores over time with SNPK
treatment. Straw incorporation improved the quality of albic soil, however, its effects become apparent over the long term.

[ Conclusion] Long-term straw incorporation could improve soil physical properties, increased soil effective pore, decreased soil
bulk density, and increased rice yield. Good results were obtained from straw incorporation and chemical fertilizer application.
The effect of straw incorporation with fertilizer application on soil and rice was obvious than the treatment of single straw
incorporation and single fertilizer application.

Key words: straw incorporation, albic soil, soil properties, effective pore size, soil bulk density, rice yield
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Fig. 1 Profile of albic soil

Table 1 Basic characteristics of tested soil

Tz AR e R A Rl A A R R pH R
Soil layer Organic matter Total-N Total-P Total-K Alkalizing-N Avail-P Avail-K Bulk density
(cm) (kg (e'kg™h) (g'ke™) (g'ke™) (mg'kgh)  (mgkg)  (mgke’) (grem™)
0-20 39.35 6.99 2.90 25.20 186.05 2691 110.06 6.04 1.18
20-30 19.32 6.07 2.73 25.78 108.64 18.72 99.12 6.35 1.45
30-40 14.21 4.35 1.89 20.13 78.54 14.34 78.37 6.21 1.55

T IR 60% [F1EH IELFH - SE ARG s 53 4h S0%AIEAE A
TBAEA PRI, 28 1 IRAE/KRG oy BEIG AR, 26
2 IRAEKFEA R A — B, 7E /KR 2R
WS . KRR IN S AT BBk e
TR, SRE T HARLRIEI S 20 em A4 LR,
B AR K KR e 1—2 3.

1.3 MEMBSAHZ
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EM . 10 775 PR E, SNPK ALBUK A& 5
NPK AbFRAHEL, 977 14.17%, 5 S ACBIAHLL, B4~
133.23%, 5 CK ALk, M4~ 275.70%; L CK AHLL,
NPK AL =20 2 s T S AL, 10 4 P r=
229.0%, 1M S ALFEHEF= 61.09%

2.2 FEITHAWNLTIERSE. BEHEN

MW 3. B2 B, SiEeHT YRR U L,
CK T &EFEMHE TSR E, ., LR
HAT 2010 AF A, AbFR IR 2 e BURIA B B KR,
A8 —aAai.

BHE 5 4. 10 45 )5, XA ER () 135 T 5 b
HEHT (R 1D AHLGIEIN0E B4 5k 1.29%—4.14%F1
0.65%—6.21%, M 20—30 cm 12 1452 B N
FER, 30—40 cm )2 A EIGIMIREEEAIXN &N, &
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Table 2 Rice yield of different treatments

B AR R T e B A g 5 AR PRRTAR LE,
S AbPRAE 5 A HIEAERA G, 10 FFJEH R
&, S S A SEAHLE T FRREE A 0.85%—1.38%;
5 CK Mk, S 4B 5 F)f5 AR N 1.27%—
3.97%, 10 4EJ5 F % 0.64%—7.14%, LL20—30 cm 1
R BRIEE K. SARBEEETAR L, SNPK AbFE - 48%%
FAE S G R 1045538 5 R el s, BEE AR RIS I,
RN EIEEERIN, PL20—30 ecm 2 FREIEE K,
10 4EJ5 4 10.00%; 5 )5 SNPK AbHE L CK A LLFEAG
MEREA 1.91%—7.95%, 10 )5 GRS R 1.28%—
14.93%. SACHRFTAHLL, NPK ALFR-F-3A s, L
0—20. 20—30 cm L) A, 54 HIEEAENY
H110.85%H11 2.07%, 10 41 Ji5 T34 B IR 4 2.27%
F13.69%, AP 10 4FEJ55 5 4 JaAH LLA) S48 hn i #s
TEALFE 5 4EA0 10 4E )5, NPK AbBR 3820 8 56 A
A N (N

Lb SER7 8 Average value of yield (kg-hm™) =
Treatment 20062010 20112015 20062015 Increasing in yield (%)
CK 2012.5496.5¢E 1972.6+73.4dD 1992.55489.2dD —

S 3012.4+187.6dD 3407.1+£203.1cC 3209.75+£213.3¢C 61.09
SNPK 7273.5+436.5aA 7698.4+502.3aA 7485.954+526.4aA 275.70
NPK 6674.6+412.5bB 6438.7+442.6bB 6556.65+476.3bB 229.06

KETFEEA. By C. DERRTE0.01 KPFERES, PNETFEEas by oo dRRE0.05 K FEREE, TH

Uppercase letters represent significant difference at 0.01 level, lowercase letters represent significant difference at 0.05 level. The same as below

#3 FRAAELIERE
Table 3  Soil bulk density of different treatments

Ay b ¥ 47 Soil bulk density (g-cm™) A% 1§ 5 Change range (%)

Year Treatment 0-20 cm 20-30 em 30-40 cm 0-20 cm 20-30 em 30-40 cm

2010 CK 1.2140.03aA 1.5140.05aA 1.57£0.07aA 2.5440.12 4.14+0.08 1.29+0.04
S 1.1840.02aA 1.45+0.04aA 1.554£0.05aA 0.00+0 0.000 0.00+0
SNPK 1.162£0.02aA 1.3940.03aA 1.54+0.04aA 1.69+0.11 -4.14+0.34 -0.65+0.04
NPK 1.19+0.032A 1.48+0.042A 1.55+0.05aA 0.85+0.04 2.07+0.12 0.0020

2015 CK 1.23+0.032A 1.54+0.042A 1.56+0.04aA 4.24+0.14 6.21£0.33 0.65+0.03
S 1.1740.02bAB  1.43+0.04aA 1.55+0.03aA -0.85+0.04 -1.38+0.05 0.000
SNPK 1.11£0.01cB 1.3140.03aA 1.54+0.032A -6.34+0.35 -10.00+0.42 -0.420.02
NPK 121£0.02abA  1.50+0.04aA 1.55£0.02aA 2.2740.21 3.69+0.32 -0.2120.01

LEPR A FAE(Foosa60/Fooisss)  1.61 0.57 0.02

Annual interval F value
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PRIV S A= N I (R =Sy Y 7 E N =7 Nee b Table 4 Variance analysis of soil hardness
L HERE AR L, SNPK AbBEAEIA I 5 4ER1 10 45 1 0 LA = Soil layer
Y Treatment
ROREH R R (8 2) . BW s 45, Sy 0 10em 20 em 30 em
AHEL SNPK AL FEFEAS 10 204 30 em 4 g 52 4y CK 10.8£2.50aA  19.4£1.80aA  25.3=1.5aA
R 7.46%. 3.41%F02.94% (B 3) ; i&H 10 E)G 2010 S 10.2£1.90aA  18.3+0.70aA  26.24+2.40aA
FEAR, - 3 5 43 5 Ry 26.87% 5.68%FH 4.62%; S 4b SNPK 78£0.50aA  17:0.60aA  23.120.70aA
PEANAEIL 10 7F f5 6 B 2030 cm + Z 10 A% NPK 7.9:090aA  18.4=0.80aA  24.2+0.40aA
R, NPK ACERUME -3 i hn. W& 4 FH, S CK 1120.20aA  21:1.60aA  25:0.30aA
A NPK AR FEAE T IRAESE 7 AN 3, X AREE T 2015 S 10.30.1aAB  16+2.30bA  25+1.20aA
KNS fe m,  SNPK RS T SEREREAE 5 AR 10 4R )5 SNPK 6+1.80aAB  16£1.00bA  22+1.10bA
HETEAT, — i
%q%%) “B”iﬁ%" 110 AR 2030 om LR CK NPK 10+0.8bB 19£0.60abA  25.120.90aA
75 IR B B E K J. A
s L o IR A F AR 0.07 0.26 0.87
0.05,4.60/470.01,8.86
MK 4 H3E=FH MR TE, SNPK ALPE L %) HEAH Annual interval F value
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O5a Ed10a
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Fig. 3 Change range of soil hardness
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b, RS Lu 9] FEARIE L KT S T NPK 5550) AH
ELBAE IR, SNPK. S Al NPK AbH 4 A A<,
AH LG 56 AR LE S8 s I8 5 45 )5, SNPK AbFE -
et 0—20. 20—30. 30—40 cm )2 135 [H A L) 5
CK 735l N P& 8.82%-+ 8.36%K13.65%, &M 10 4E ),
TEERE AT LA CK 200 B % 10.87%. 10.61%
4.67%, L CK AL, EH 10 )52 5 4F)5 iR
JER: S AbPEHIEFEIAHLLG Y CK AHLL, 5 4F)57E 0—
20, 20—30. 30—40 cm + /2530 F % 1.15%- 2.96%-
3.07%, 10 5503 R 2.91%. 5.52%- 5.80%, F
Reets SR A 5 47 55 0] HEORH LU B IR MR s NPK 4b
H AR LB 5 CK AL, 5 4E 5 7E 0—20.20—30.
30—40 cm )25 PR 6.25% 4.97%. 2.04%, 10
G0 N 6.44%. 1.53%- 3.59%. 3 AMALEE 5%}
SEAF LG 3 7 45 3 AR Lg%, {H U SNPK Ab B
Xof BEAL - S8 [ A LU R R e e, AN [ 2 18] e
JEAEAEZE ST, L SRIE A Lu B BE A 1 2R B 3 0 B
& FE W, 0—20 ecm, 20—30 cm /2 FfifEFR Y
I, TR REIE RGO
2.4 FEFFEEI L IEFLFRLE LAY E2 G

SR FLIR 7 P A S AR 3K SRR i 2 B 4
VA . FLBR 2 Bk Bt U %, FLBRIN Y
HEA>0.05 mm FIFLBRFR A T KFLER,
NANRER I AR K S, T AR A 2 438 Py HEK
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8.44%F1 5.67%, 43 LLXTI I 13.9%. 50.44% 1
20.63%; 5 NPK ZbHEAH L, 71 20—30 cm 1 30—40 cm
+ 2 AT LGN 16.89%1 32.47%; L S AbFE
ML, 7 0—20. 20—30. 30—40 cm /273548 hn
13.01%-. 48.07%F1 22.99%. BEFSFFIA HHAEBR ) LE K,

SNPK Ab 3 % 1 )z T 1A R LB 35 2 DL ) &
#, BH 10 )5, 0—20. 20—30. 30—40 cm /2
ALY 98 10.58% 9.11%F1 5.80%, Lk CK 1
T 28.86%. 63.85%F1 23.40%; f£ 20—30 cm Fl
30—40 cm 17t NPK AL FIE AN 12.55%F1 62.96%:;
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Fig. 4 Soil three phases of different treatments
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Table 5 Soil pore distribution of different treatments

A POSE] Tz LB Pore classification(%)

Year Treatment Soil layer (cm) >0.05 mm 0.005-0.05mm  0.0005-0.005 mm  0.0002-0.0005mm  <<0.0002 mm

2010 CK 0-20 3214022 2.13+0.14 2.97+0.24 3.36+0.33 31.35£2.23

20-30 1.23+0.06 1.310.04 22140.15 2.09+0.17 27.42+1.98

30-40 0.43+0.03 0.56+0.02 1.69+0.12 2.4540.15 27.39+1.68

S 0-20 3.02£0.21 2.14£0.11 2.9840.25 3.41£0.24 31.2242.02

20-30 1.0120.03 1.28+0.12 22340.18 2.1940.13 29.24+2.14

30-40 0.81£0.03 0.6240.03 1.7320.13 2.26+0.16 28.11=1.96

SNPK 0-20 3.56+0.25 2.1840.11 3.77+031 3.69+0.32 32.3542.47

20-30 2.79+0.18 2210.12 3.7740.28 2.46£021 32.69+2.35

30-40 0.93+0.05 0.96+0.09 2.08+0.16 2634021 30.66+2.75

NPK 0-20 3.49£0.23 2.74+0.16 3.73+0.28 3.61£027 34.17+2.68

20-30 1.4320.11 1.020.04 2.8740.22 3.33+0.24 31.2242.22

30-40 0.85+0.04 0.46£0.01 1.68+0.15 2.14+0.18 29.2342.11

2015 CK 0-20 3.1140.15 2.0240.11 2.95:0.21 3.24+0.23 31.21£2.36

20-30 1.2140.05 1.2940.07 2244017 2.03£0.13 27.231.97

30-40 0.45+0.03 0.53+0.03 1.7620.11 2.4140.16 27.29+1.68

S 0-20 3.3240.14 23940.13 3.02+0.22 343032 31.88+2.34

20-30 1.26+0.06 1.3520.08 2.26+0.19 22140.12 30.2442.19

30-40 0.98+0.04 0.64+0.02 1.77+0.14 2.25+0.16 28.07+1.56

SNPK 0-20 3.2940.23 2734021 4.08+0.29 3.7740.35 33.8842.57

20-30 2.73+0.17 2.46+0.18 3.93+027 2734022 34.862.43

30-40 1.1320.10 0.82+0.04 2.43+0.18 2.55+0.17 30.58+2.06

NPK 0-20 2.93+0.19 1.89+0.11 3.9940.32 3.5240.31 34.1742.64

20-30 1.29+0.12 0.32+0.02 1.8120.11 3.46+0.28 32.092.01

30-40 0.89::0.04 0.31£0.01 1.640.12 2294011 28.83+1.58

*6 TIRIABRAESN

Table 6 Variance analysis of soil pore

Fly LbFE RFLBREE Total pore (%) HALER Effective pore (%)

Year Treatment 0-20 cm 20-30 cm 30-40 cm 0-20 cm 20-30 cm 30-40 cm

2010 CK 43.0243.32¢C 34.26+2.68dD 32.5242.64dD 8.46+0.33bB 5.61+0.34bB 4.70+0.42bB
S 42.77+3.48¢C 35.9543.03¢C 33.5342.59¢C 8.53+0.27bB 5.70+0.22bB 4.61+0.24bB
SNPK 45.55+3.67bB 43.9243.452A 37.26+2.88aA 9.64+0.32aAB 8.44+0.24aA 5.6740.21aA
NPK 47.74+3.76aA 39.87+2.34bB 34.36+2.45bB 10.08+0.42aA 7.2240.24¢cC 4.28+0.26¢C

2015 CK 42.5343.22dD 34.00+2.78dD 32.4442.86¢C 8.2140.31cB 5.56+0.17bB 4.70+0.15bB
S 44.04+3.02¢B 37.3242.97¢C 33.7142.25bB 8.84+0.33bcB 5.82+0.18bB 4.66+0.12bB
SNPK 47.75+3.79aA 46.40+3.67aA 37.5142.77aA 10.58+0.46aA 9.11£0.43aA 5.80+0.23aA
NPK 46.50+3.34bA 38.97+3.13bB 33.97+2.44bB 9.40+0.34bAB 5.59+0.27bB 4.25+0.24¢C

SEBRIA) F A 15.06%* 15.12%* 0.01 10.05%* 213.02%* 3.08

Annual interval F value
(F0.05.4.60/F0.01.8.86)
*FRINAE 0.05 KT L3, **FRIRAE 0.01 /KF LEZE  * means significant at 0.05 level, ** means significant at 0.01 level
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R LEA SRS 5 R N R, 75 0—20.
20—30. 30—40 cm 1273 B 6.75% 22.58%
0.70%, A 24 FLBR L] # AR T SNPK b2, {H T
S AbFE. FEFE AT LA N A AL, R ek
Bk oy MM 2, Hrp RS AL B i A A Ak %) 1 158
SALBREE A RALRR s de K, RS A AR AN B
B, FEX S LIRS, FEAIE B0 Z R
B JZ W R W

3 itig

FEATIE H— A B2 S In) i, AHOGHT
FURW], FEATIE Ao LR A, S LRy,
BRI AR SO ARSI IE F A7 A2 A )
B MR, R TCR, AR R R A
TEYIF LIS, SBCUFAEY & R, Dk, 7
Frid H i — ity ZEA IR 5 T AT N . HRT
FEE HT RS AT IR BT S, AE/K T RRS R 3A H B
FULE D, JUH M AR AT AR M BOR T G 5, B
ERSAT I RN R, AE/K b, RSATIE N 4
NI IR A T R S S NI VAT (DN A T
¢, RFTEH A DG EA LR, ARG R, e
L KSR BEE RE DU, 2 B g R R I A
R, HAE LS PNERTT AT SR D o AWFFUN L3
PIBEYE T REWEST, WIS RS AT Fm] ARG - 4%
L M, PRI PR R AL b
A, et HOE . EAKYE, S KRR K
WAL ST PGS B2 R A J2 3 S R W
PG RNy, FERJZBAE . T, AR TR
oK Bz, ESEIXRA A, ALK T
B AR MR, PR, ErA
RIZWERE . U JRor & Ak, AR AERK KRG+
JZ%, BHIEKFER AR ML, SEBUKREIR AR EAF LA,
B AR AR AR S O 3P IR (IR, AR
KRB AR BEL FREFFE G, T LMERSFHR
BE 0—30 em L JZ A, REFT I AR LA A T DL 1
A RAEFT, KIS ARG LR A A i, Ih
AR IR R LR, N LB AR R AR
FLEUECR AT LR, B0 AT, XA TS
PAFEESER, [, AR A UL, KRS
Fri& W OF 5 LR G, TR s R &
HIE I TR, ORI P20, s Frae i

H R P PG T T A0 BEAH LE 2 A A A = i B AP, I
N RERHAE S iR R ol A0 i 3 ifs ZE TR 23 IR 1N
ats L YO PSR S Bl N PVA (7 JE SN M ' €A ok 7/ R
MK, 2 PEUED M LR IR 2 kb, 3
BOKREF= AR KRR, BAR AT BURAE K
RERE™, EONS T B AR T, Ty Ho2s £ AR
iy AR OB AR SO K A AT
WA T RS AT L5 A AT T Tt X 53 AN R A oAy
HEER]. DIt SRR AT RR SRR, N
PESCHEARS AT IR, VEFE A AT IE H AU

4 i

4.1 AF A KIARS RS AR T KR =, 10
SRR, KRG P B S AR AT 34 A it 14 S Ak 3
> A0 JIE A B > FEFFFL > %, RS A I Ot A E B
HoA 3 ASKEFRS> B 14.17% 133.23%H1 275.70%.
4.2 PSR ARKIIREFE AL B AT DA A T R,
M 10 4F Ji5 , R FFI H A Ak A Ak 2 - 33 2% FAR 1L
JE Bt R R S AR ER, 0—30 em 2 R
50 A LE A 6.34%—10.00%; -390 5 2 8
G, W 10 G, FEFRE HEC RIS AL BEAE
20—30 cm b2 50 A L 22 Sk B W 2K, T
R 530 H 5 S A LA T RR& s

4.3 KIHFSFFIE Ha] LLRRAS T S [ AH Le ], 3B 5
SEG,  REAT I FH G e £ A Ak B LS BN B 3.65%—
8.82%, IELHI 10 4EJ5 FP% 4.67%—10.87%.

4.4 K IYIREFT A T AT DA - 38 R AL B R A AL
BRIGECE, B 10 4E)5, 0—40 cm + 2 F5FFiE H
ic i A U Ack 3 - 98 R0 FL B LU S BB - 23.40%—
63.85%, 55 WAL FTAH LGN 19.68%—56.52%, 5
FERE Pt AL BEA B, £E 20—40 em 1 2 A7 3 AL R 1
T 12.55%—62.96%; {£ 0—30 cm -2, T3S
it J5 R AT 200 FL R 5 A T I 22 e A 5, A PR R 22
SRR, SR S R, I R E R R
RIS
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