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Effects of deeply and concentratedly returned straw on soil main

properties and corn root system

WANG Sheng-nan, ZOU Hong-tao, ZHANG Yu-long, YU Na, ZHANG Yu-ling, FAN Qing-feng, HUANG Yi
( College of Land and Environment , Shenyang Agricultural University , Key Open Laboratory of Northeastern Soil

and Environment of Ministry of Agriculture, National Engineering Laboratory for Efficient Utilization
of Soil and Fertilizer Resources, Shenyang, Liaoning 110866, China)

Abstract: Straw was deeply and concentratedly returned to field after harvest in fall by a turnover plow to furrow

method. Based on this, the resulting effects over a two-year term on soil main physical and chemical properties and corn

root system were investigated. The results indicated that with the increment of straw returned, the bulk density in each

soil layer was reduced by 2.42% ~ 10.67% and the water content of soil became increased by 3.99% ~ 14.68% ,

compared with the control treatment. The contents of soil organic carbon and total nitrogen were significantly improved by

4.34% ~97.97% and 1.53% ~ 44.36% , respectively. The length, surface area, volume and average diameter of

corn root system were all greater than the control treatment, reaching the most significant level with 12 000 kg*hm ™2

treatment. In conclusion, straw deep returning had obvious effects on reducing soil bulk density, increasing water con-

tent, soil organic carbon and total nitrogen, and promoting corn root growth.

Keywords: straw deep returning; amount of straw returning; soil properties; soil water content; corn root system
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AR A AR AT PRI FH AR JS X 1 T B N R R AR 69

B, 6 ZR AU XD T 5448 4 X RS FFAE HH RE % 2 2
R AU B A L o, B A 1.9%
~19%.0.7% ~ 14.4% . FEFFBHAHA HALREHE &
A USRIk 36 T A MU T AT
EEXT M H R 2 AR R, B2 R A H A
KA PSRBT R, Sk AL GRS FT I 52 i 4%
(AP SRR SR R I T 3 A2 B AIK 1 4
R, O AL REFEAE TR URE R T - A AL
JEASEEX, iR S it P A 5 % - 38 b
Jo e FORARZR A R2 0, LA A 2 i 52 4 b 42
T e A T RRE AT B AR R R SR A
LA

L BRI

1.1 it

ARG AE T PHAOME 2 J5 IR S e A T 3K
0 4 T IV 2 T 2 R, AR R RN
574 ~ 684 mm, TIERTNERHE, T ARG+, G
AL T N A WL 13.83 g-kg™ !, 42 0.80 g-
kg™!, 4% 0.38 gkg™!, &8 20. 1 g- kg !, Bl AR A
105.5 mg-kg ™!, WAL 6.5 mg-kg ™!, HHALAH 97.9 mg
‘kg™',pH 6.5,
1.2 #REX

B T S b R KB BA 958, Ay Y Ml B Ah A
Filro
1.3 gt

2011 4 10 H FRWOGR G, & B 00080 09 “ %
TR -5 287 B AT BRI 40 em B ok
BEFEFF o AN RIRE AT 8 B UR A H, )5 B AL +
HZ8, 2011 4FRKE 2013 4AF RO TS+ )2 , BEFG #F
F—RPERAZ R, R et X X5
K H /N AT, ik 4 DNMAEF (N 1 FR), 3
WHEE /NXTEFL 32 n?, BEYLHES , 845 R K2
AT T RAEE G HEF B
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Table 1  Different treatments employed in this research

SEIARS Ab P55
Treatment codes Methods of the treatments
CK BT 5 RIS AT
A deep ditch without straw
51 HAEFF B A 6000 kg hm >
. Amount of straw returning is 6000 kg* hm >
9 HFAEFF AL 12000 kg hm ™2

Amount of straw returning is 12000 kg*hm =2

B FEFTIE A 18000 kg hm ™2

S3
Amount of straw returning is 18000 kg*hm™2

2013 AERKIUG , % STE 5 S, ARG PB4
BREA 2 AR EREFF)Z 1 B 3~ 10 em(U +2)
FRZM F L8R4 3 em(M +)2) FEFFZH T 3~ 10
em(D 1J2) =4 LR RE LM TE/NXAS)Z 3 IKHE
5, BT, 1 i H
1.4 WEMBRFZE

(1) 3R 3R T E

(2) HHEH VLT 2E : TR 53 HT L (Elementar
I, 74 ) 000

(3) KM Z : H WinRHIZO HE R 5T

K FH SPSS 18.0 F1 Excel 2010 ZbFHEHE .

2SR5

2.1 AEARFITHEMNLTERERSKENTMN

HE R IR N E AR AR, IR TN
BRI BALEMESALEN 2D, T a3
IR RAFRESE AL 2F - S0 A W i 3, T3 i+
HEFRATHOBERT AT R TR A K2 RS AT IR A H
A JE A IR R EK BRI AN 2 iR, E U
+ )2 FEFT IS 4540 BE 4 3 78 T A CK Ab B 4 51
WA T 6.67% .10.67% .8.7% , o S2 b3 45 %5
RO, SR E FH AR CK Ab B (8]
BIREN T 5% 1) 2 5 W& MWK, 75D REP,#
FHA H 2% A0 3 4 58 25 F A0 CK A 343 0 AR T
3.64% .6.06% .2.42% , HY5 CK b B Z [a] 35 5] T
5% W25 W E K. A ER B )2
TR EE RGN, AN [R) RS #1346 - e E 1Y
ARy N I E R T (A e E A i = P
B E SR E N

%2 FRLMELERERSKENIEHHRE

Table 2 Significance tests on soil bulk densities and

water content with different treatments

b K H Bulk density/ (g' em™3)  F/KE Water content/ %

Treatments

U2 D12 U+t D+
CK 1.50a 1.65a 22.96¢ 22.53¢
s1 1.40b 1.59b 24.33b 23.43b
2 1.34c¢ 1.55¢ 26.92a 25.60a
S3 1.37be 1.61b 24.91b 23.55b

VR IANG PR 2 5 535 (P <0.05). T,
Note: The small letters indicated P <0.05, and hereinafter.

KAy A A R B AR T — AR ] B )
B, K R A A A IR Y
W —o FEFFLH G RENS B 238 & RIS K=, 7E
U 2, FE AT H 4540 B+ 38 5 /K B4 CK Ab B
SYHRE T 5.97% 14.68% .8.49% , +3E& KB K
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INF R 2> 83> S1 > CKo D )2, FEFFE H 4%
AR - B K A CK AR B 3R T 3.99% |
13.63% \4.53% , T3 5 K5t K/NTF R S2 > S3 >
S1>CK, fE[— )2, £FH A HAR S CK 4
P2 AR T 5% 22 57 B 3 KT, B S2 4R
Rl XM THRAEPREHE, IG5
R UGE T RN AGEIK AR ) B RREKE £
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WD TR AR BB T E KK IVER  BBIE L =
ARG R AR, b R A K ST K 43 o
22 AEAHEHETHEXNTEFNR. £ K% /N
oAl

22.1 REARFZTEZSFELBEHEAGY A +
A LT A 3 T A R 4y, Re i AR
AR KERMT LB FRTR BRI T IENE
BRI — o MRIUE 1 A ML T E
GERANE 1R, HE 1 AT, A A FE A R ML
BN B BRI A s n, b A M )2 IR
BLBT & 38 in 5 A ) i, 45 % i A BR3¢ CK Ak
B HIEIN T 64.94% .97.97% . 74.33% , H 5 CK
PR [ BIE B T 5% 1) 25 5 B 2 HKOF  (H & 4b
MZEESFARE., ULZMD L2EH,S3 4055
CK AP Z B3R B T 5% 1) 22 5 o MoK, e &
AhFLE CK Z B2 A2

MK, CK AR FEAN[R) 4 )2 2 [1] - 384 HLJ
SRR, N 13.83~14.71 g kg™, HoE &AL
AR + 2 Z 0] S A LTS AR AR, ST Ak
h14.43 ~23.52 g-kg™';S2 Ab B K 16.58 ~28.23 g-
kg~ '5S3 AbFEN 17.24 ~24.86 grkg™'s fE U +JZ.D
TR L S3 B HEA PTG A, A A P
FHLURERHEIN 3> 2> 81> CK, ifif M 42 H ]
DL S2 Ab 3R AL i, A AL B A AL
SERFIHN 2>93>S1> CK,

F G AT D A AR IR A4 FH R A5 A 0 i - 1
AL E X TR S A REN AV,
T AT B it I RE A DL o S &5 P S T R B
T N AR RIEA LR S &, B M )R
rh, S2 b P A HLE S S s, T U B2 D
JEH,S3 Ab 3 - AR LT s, X AT RE A T
S2 AbFEFE FF 6 i i K T S3 ALBE, #E M )2, S3
ARFRATY A R o il PR i, DRIt 3 S3 AL BRAE M
TR RIEA YR S RLT S2 AbH
2.2.2 RREARBAEEZTHIELRGHw  FKIK
Je RAEA AL BEAS[R] 4 2 - 980 5, A B ) 7 G
EROE, GRNE 2, £ U )2, S3 45 K
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D+ 2, S3 AbHE CK B Z [AER T 5% 1255+
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Fig.1 Organic matters in soil
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Fig.2  Total nitrogen contents in soil

MEELR S &N EHERORE, 5 11
HHLR A AR, BR CK AL BRZ Ah, Hog 4% b 2
AR T BB 2 R 1 0 i S SR i e
T CK AL 38+ 18 4 0% U B+ )2 TR B A 3
IR ES A ULEMD L2 LA E
DL S3 AbFi g i, 45 A0 BE A A S R R S3 >
S2>S1 > CK, M )2 2L S2 4b FR A 38 4 R &
& A IR R S2> S3 > S1 > CK,
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R AL C/N, T REFFA B & A R A LR
FAEF, C/N B, H UL AR5 FF 38 M AL 3+ 48 C/N
BIRFEET CK A, HFREF A H & AR S CK 4
- 50 R LA Bt 2 R BT 2 SR ek >
AR 3 AR A B2 ST ALFE R 6.55 ~ 8.37,92
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TERE N 6.23~8.02, 76 U L2, AR AL FRER A
AR /MR S3>S2>S1 > CK,M )2 R 2> S3>S1
>CK,D +/Z4 S3>3%2>S1>CK,
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Fig.3  The distribution of C/N in soil profiles

X+ C/N FeifF 722 57 TR b, 4 R sk
3FR,U T EH,S3 A H S CK AAFREAF] T 5%
22 5 3 KO S A L 2 W] 22 RO 2, M
TE I H &AL S CK ARBEAI R3] T 5%
1) 22 S S 2 PR 7K T HE B A 3 HH A B 22 ] 22 S
ARFE,D LEP R R 2SR,

*x3 AREELECN
Table 3 Soil C/N with different treatments

——S2 —=—3§3

JbFE Treatments U+L)Z2 M+2 D+)Z
CK 6.24b 6.23b 6.13a
S1 6.55b 8.03a 6.33a
S2 6.77ab 8.50a 6.96a
S3 7.26a 8.43a 6.98a

2.3 AERBFEHENERKIRRZNZID

FRBGRSG , REA T FAR R, FIFH WinRHI-
70 MR FRACHEAT A 00, 250K 4 PR, #
FRRIE F A A0 BE AR 0 35 5 T CK AR B, B4
CK AL T3 34N T 40.39% .65.47% .52.13% 5 %%
AL BRSO R K T CK AL HR, Hod 2,83 Ab B
5 CK b #1435 840 107.37% .70.04% , #5355 T
5% 2% 5 . & VEKCE T S1 AR FREL CK AR FEIE I 1
37.36% , 2555 AN 2 s N ERARBURE , S1 AL FEAI
S3 Ab AR5 E CK AR HIIE TN T 34.03% H1 89.49% ,
R 5 R G 3%, 0 2 4bHBe OK Ab FLHY I T
132.13% ,iK 8 T 5% 2 5 B MK A4S AL A
TR H AR K E, 2 AL PR CK Ab BB T
46.05% , KE| T 5% %5 BEWKF-, S1 M S3 4b
B CK AR BRI 58I T 25% M1 22.37% , (A2 5%+
ENTE

R4 FELEBERRE

Table 4 Root data with different treatments

fb BARK BRSO SRR ER
Treatments Total root Total root Total root  Average root
reatments length/ecm  surface/cm®>  volume/cm’®  diameter/mm
CK 2296.92¢ 581.18¢ 15.22b 0.76b
S1 3224.54h 798.31bc 20.40ab 0.95ab
S2 3800.69a 1205.21a 35.33a l.11a
S3 3494 . 34ab 988.25ab 28.84ab 0.93ab

g b RATTRIE B, A5 RS AT b AR IR 2R ) 2
AR R IR B AR BB AR R BRI R
T CKARH, Hirfr L 82 Ab 322 S dp oy W3 . XS
TREAFL W, B 7 LA R T AL
BE KT T R AU AR E SR LR i, AR AR
08 ST A MMM TR o3 LA S ) 3 S A e BB, i
RS BB A E IR AR E R AT, A TAEY
FURAIAE S R

3 48

1) R BRI 1S, 18 B 35 AR 4
RS T EE KA. R RIEH LI
A5 CK AL FRFEARMEIE ] 2.32% ~ 10.67% , 75 /K B4
TNEE A 3.99% ~ 14.68% . H:H 12 000 kg hm~?
AP R, 5 CK AR BEIR S T 5% 1Y 22 5 W 1
KK

2) FEFFAE Hh IR IE BN 56 ML & = A R
HARIER. M £)ZLL 12 000 kg hm =240 P + 12
AL S RE, N 28.23 ¢ckg™ ', U 2 .D +JZL)
S3ALFR A DL & . T A A R IE B b
P A PLR A CK A BRAR iR N 4.36% ~
98.01%

3) REFFE IR B S, & A5 FEAR T URA b 2
ARG R ET CK AR, M )2 5
SRGERESEONEE . R URE H AL 145
R CK AL FRAR S IR N 3.65% ~ 98.07% o

4) FEFHEETIRIC HRRiE 4 & L8 /N, H A
M + 2 P & FEFFAE TP A AL+ 3 ¢/N 5 CK 4
HZEEAENT 5% M2 5 BEEKE, KR L2EA
AEFRZ [A] 25 AN 2 . ARG AT AR TR AL 3 I
C/N ¢ CK AbFREE =R A 3.26% ~ 36.44% o

5) FEFFAE A H S RE S i3t 1 498 T i, (2t
YEVIIR R AR, BRI A5 R A4 FH A FHAR R A AR
SRR EARARR DL IR R A KT CK
AbEE H 12 000 kge hm =24 FRR Bl B3

(T#% 78 R)
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