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Effects of straw returning on soil water characteristics and
physical properties of black soil in Northeast China
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Abstract; To determine the effects of straw returning on water characteristics and physical properties of black
soil in Northeast China, three treatments were set up: straw mulching and returning (FG) , straw overturning and
returning (FM) and straw non-returning ( FD). Soil water content, water characteristic curve, bulk density, hard-
ness, soil three-phase ratio and structural stability were measured. The results showed as follows: (1) Straw mulc-
hing and returning treatment significantly increased the soil moisture content of 0 ~30 ¢m in spring by 11.17% ~
150.84% campared with straw no-returning treatment. The change curve of soil water content in the middle suction
section was smooth, and the straw mulching and returning treatment had higher soil water retention. (2) Straw re-

turning to field can significantly improve soil water availability. Compared with straw non-returning treatment, the
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field water capacity of 0~ 10 cm soil layer in straw mulching and returning treatment increased by 4.85% ~11.03%,
and the soil wilting coefficient increased by 10.85% ~ 18.00%. Gravity water in 0~ 10 cm soil layer of straw overtur-
ning and returning treatment increased by 9.65% to 80.73%. The soil water supply capacity of straw overturning
and returning treatment was increased, and specific water capacity was increased by 4.8% ~10.0% compared with
the straw non-returning treatment. (3) Compared with straw non-returning treatment, straw returning reduced soil
compaction after harvest by 0.18 ~0.31 MPa. Straw mulching and returning treatment increased surface soil bulk
density and decreased soil porosity. It promotes the rationality of three-phase structure and significantly increases
the stability of soil structure. (4) Pearson correlation analysis showed that the R value of the three ratios was signif-
icantly correlated with structural distance (r=0.73" ), and soil bulk density (r=0.70" ). Within a certain range,
the increase of R value of the three ratios was conducive to improving and promoting the stability of soil structure. In
conclusion, the implementation of straw returning in the northeastern black soil farmland was an effective measure
to improve soil water content in spring, enhance soil water retention, enhance soil water supply capacity, adjust soil
compaction, regulate soil, and improve soil structure and productivity ability.

Keywords: straw returning to field; black soil; soil water characteristic; soil structure ;three phase R value
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1.1 HREXHR

IR T 2016—2018 47 7 A 2 F 04 T 3 Ak
BANBF2FBE BE IR X (43°45'N, 125°01'E) i
17, X @ T b il Ay oK il e 2 XU, A 3RO
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TR G it A 33 45 /NX N P,05.K,0 2ili it FH Fig.1 Daily average air temperature and daily
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R1 0~40 cm T ETITEBALMER
Table 1  Soil physical properties in 0~40 cm soil depth in study site

R A £ R0 Exil R A W BRE AT

g .TX Bulk Total Total Total Available Available Available Organic H

de t(})ll/(‘m density nitrogen phosphorus potassium nitrogen phosphorus potassium matter P

PV sgeem™) S(geke) J(gokg) (geke) A(mgekg) /(mgeke) J(mgeke!) /(gokgh)
0~20 1.2 1.16 1.16 0.41 102.49 11.00 179.32 21.73 6.02
20~40 1.3 0.93 0.93 0.39 88.12 9.00 165.00 21.90 6.18
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T ARG FREFRIR R — B AR FAABFE P<0.05 K 12257 B3, HIR/NG FH R R7E P<0.05 K LR AR EE,
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Note: Different lowercase letters indicate significant difference among different treatments in the same soil depth (P<0.05) and the

same lowercase letters are not significant difference among different treatments ( P<0.05). The same below.
B3 AEALEX 0~50 cm TETIESKEH N

Fig.3 Effects of different treatments on soil water content in 0~50 cm soil depth
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40

(A)0~10 cm

35

30

25

20

I 4 & /K HE Soil water content/%

10 4
0123456 7 8 91011121314151617
+ 38 /K W2 77 Soil water suction/10°Pa

H FD ® FG A FM

BERT FM(P<0.05) , HAtb KW F7 T &b B ] 22 5
AR ;10~20 em T JZTEFTA KW ST, AbBRTE] 4
BEKERERYARE,
222 REEKRASH  LHEAEKE MRS
FRK R M i B EE KRR s ik, MK
SA ATLIA H L FD AT FM AREE 0~ 10 em +)2 1M
FIEKE R &S T FG ALH, 20 38 hn 37.519% F1
46.26%;10~20 em T2 KA FE ZEH AR E, N
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223 B3Ry AE HHEMAFIKE(SFC) &
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+ 2 3 H A K R FG>FD>FM, Hirp FG Ak
FRAE FD A1 FM AP 2351 5 35 38 0 4.85% F111.03%
FALEE 10~20 em +ZHEIRKEM 25 AR E,
THEEE K (SCWC) B 2h i R B, S A 3
Al LIAR G- b A R R K 4. 3R 3 WL
H,FG ¥ 0~10 em -2 HIEEE /KT EK & T
FD F1 FM AbFE FM ALFE 10~20 em )2 BE K S =
W& =T FD ORI FG ALY, {0 Ab 8RR 22 S5 35 R i 3

40

(B) 10~20 cm

35

30

25

20

+ 184 K & Soil water content/%

10
0123456 7 8 91011121314151617
+ 45 /K W% 73 Soil water suction/10°Pa

----FM FD

B4 AEFBEFEBHTRT LEKIHHE 2k
Fig.4 Change of soil moisture characteristic curve under different straw returning treatments

®2 FAEKBRATLEEKETNK %

Table 2 The change of soil water content under different soil water suction

gi)?:]%&; b +3E7K 1 F7 Soil water suction/kPa
km/izpt Treatment 1) 20 33 60 80 100 200 400 600 800 1000 1200 1500
FD 37.22a  2636a 24.67a 22982  22.05b 2141b  20.74a  19.78a  19.72a  1846a  18.32a  17.66a  14.33ab
0~10 FG 3420a  26.83a 25.73a  2440a 23582  23.05a 22.25a 21.23a  20.66a  19.77a  19.51a  18.77a  15.35a
FM 36.3la  26.09a  24.80a 2347a  22.62ab 21.97ab 21.0la  19.96a 1945a  1849a 18.14a 17.44a 13.99b
FD 36.73a  26.23a  25.19a  23.72a  22.96a 2243a  21.6da  20.55a  20.44a 19.45a  19.00a  1825a  14.82a
10~20 FG 3476a  26.65a  25.62a 24.42a  2378a  23.29a  2249a  21.67a 2l.1la  20.06a 19.67a 19.04a  14.89a
FM 3745a  2790a  26.09a 24.67a  23.96a 233la 22.6da  21.34a  20.80a 19.66a  19.26a  18.56a  15.04a

T ARG TR 3R AR B AE P<0.05 K B2 2, T,

Note : Different lowercase letters in the same column indicate significant difference among different treatments ( P<0.05). The same below.
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2.3 AREAERXT L5 IR M R A R0

23,1 RIRBE A REFET(E 6A) FIER S (K
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1.12 MPa;FM b3 0~ 45 em + )28 08 K 0~2.34
MPa, {8 4 1.26 MPa;FD &3 0~45 cm 1 225 1§
9 0~2.04 MPa, ¥J{E ) 1.04 MPa, Y35 FG 4bH
0~45 em )7 IS E AR E R 0.03~2.30 MPa,
PIE A 0.97 MPa; FM 4b 3 0~ 45 em + )2 + 3550
BEARNR N 0.15~2.46 MPa, ¥J{H 7 1.28 MPa; FD 4b
FO~45 em 12 )2 T 5 RK SRR MRy 0.05 ~ 2.61
MPa, ¥J{EN 1.15 MPa, J7 2250 Hr B RS FFi4 H b
PR A JR TR HA) I8 25 4 A R AN OIR S 4 S
B JCHOR 15 em DU )2, 1 ELE P A BHORTR
A& HORE - 58 B SR Y e d 3 T ICIR IS A A H
AP N T

w
o

(A) =z (B)
:.—3 60 a é 25+
£% sof 2 s 2
2 b =5 20t
% & % e
Yz 40 N .=
oz s sk
23 -
=g 30r &3
B2 =g 10
HE%20f ®E
= =
2 1ok 2 51
=
0 0
0~10 0
[ JZ2 R % Soil depth/cm [ 4R Soil depth/cm
— D FG C—IFM
B 5 ARLEXTEEKENNRM
Fig.5 Effects of different treatments on soil water storage capacity
3 ARSEX TS BRI %
Table 3  Effects of different treatments on soil water availability
TR s K A TIEEEK T Sk TR TIABOK
Soil depth/cm Treatment SFC SCwC SGWC SWwc SAWC
FD 30.54+0.48b 10.82+0.80a 37.54+1.90ab 17.74+0.35b 12.80+0.52a
0~10 FG 33.16+1.10a 12.50+0.70a 22.83+0.29b 19.79+0.25a 13.37+0.90a
FM 29.72+0.76b 10.26+0.76a 41.18+3.39a 16.77+£0.62b 12.95+0.24a
FD 30.25+0.22a 9.81+0.06a 42.70£1.17a 17.79+0.44a 12.46+0.26a
10~20 FG 31.11+0.74a 9.99+0.56a 38.57+3.56a 18.08+0.36a 13.03+0.39a
FM 30.88+1.53a 10.08+1.47a 40.84+3.23a 17.81+0.76a 13.07+0.77a
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x4 AELEXNTEUKEEHNEIE/ (WL - g - kPa™)

Table 4 Effects of different treatments on specific water capacity

+ 3K S Soil water suction/kPa

100 200 400 600 800 1000 1200 1500

0.0264 0.0122 0.0056 0.0036 0.0026 0.0020 0.0016 0.0013
0.0262 0.0121 0.0056 0.0036 0.0026 0.0020 0.0017 0.0013
0.0302 0.0138 0.0063 0.0040 0.0029 0.0022 0.0018 0.0014

AR s 5
Soil depth/cm Treatment 10 20 33 60

FD 0.3475 0.1600 0.0914 0.0468 0.0339

0~10 FG 0.3376 0.1564 0.0897 0.0462 0.0336
FM 0.4057 0.1855 0.1054 0.0537 0.0388

FD 0.3435 0.1592 0.0914 0.0471 0.0342

10~20 FG 0.3406 0.1576 0.0904 0.0465 0.0338
FM 0.3971 0.1820 0.1036 0.0529 0.0382

0.0267 0.0124 0.0057 0.0037 0.0027 0.0021 0.0017 0.0013
0.0264 0.0122 0.0056 0.0036 0.0026 0.0020 0.0017 0.0013
0.0297 0.0136 0.0062 0.0040 0.0029 0.0022 0.0018 0.0014
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Note; #* , * * indicate that the difference is significant up P<0.05,P<0.01, respectively. ns indicates no significant differ-

ence. The same below.
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Fig.6  Effects of different treatments on soil compaction
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(B8 TN TR A, FM AR EE 0~ 10 em 12 £ 48 5
FLBRERE FG A FD &b PR35 $2 55 3.32% 117.88% ,
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(STPSD) J2& ) W 4 HE 45 40 (%) ZE 48 b, A5 A 28
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+J2 GSSI WEE T FM R FD b3 At 7R i b B
)22 AR 2 &AL T8 STPSD Fifi 1 2 1% B8 16 i i
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F FG, Hofth + )2 IR BEAL B 22 57 R 3 (£ 5) .
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Fig.7 Effects of different treatments on soil bulk density and soil total porosity
x5 AREAEX LE=MALLREHIRE LRI
Table 5  Effects of different treatments on soil three phrase ratio and structure stability
TR Jb 3 [éi #H WA M RS R I S S o ) R L)
Soil depth/em  Treatment — Solid/%  Liquid/%  Gas/% Solid : Liquid : Gas GSSI STPSD
FG 44.50 27.79 27.71 1.00 : 0.62 : 0.62 7.92+0.88a 97.98+0.61a 4.87+0.69b
0~10 FM 41.98 23.67 34.35 1.00 : 0.56 : 0.82 7.78+1.49a 94.23+0.67b 8.77+£0.56a
FD 42.95 22.38 34.66 1.00 : 0.52 : 0.81 7.43+1.82a 94.64+0.64h 8.66+0.54a
FG 50.56 28.81 20.63 1.00 : 0.57 = 0.42 7.15+2.29a 96.80+2.09a 5.46+1.88a
10~20 FM 47.11 25.50 27.39 1.00 : 0.54 : 0.59 8.83+5.87a 98.04+1.56a 4.43+2.09a
FD 57.32 28.81 13.86 1.00 : 0.51 : 0.26 6.62+1.41a 82.97+14.46a 10.30+5.02a
FG 58.09 29.83 12.08 1.00 : 0.51 : 0.22 10.34+1.31a 79.18+16.58a 11.33+6.55a
20~30 M 55.55 28.04 16.41 1.00 : 0.50 : 0.30 7.86+2.06a 92.24+3.86a 7.76+4.86a
FD 54.58 27.71 17.71 1.00 : 0.51 : 0.33 9.59+6.06a 95.88+2.04a 6.52+1.07a
FG 62.91 31.04 6.05 1.00 : 0.50 : 0.10 19.27+1.48a 67.00+7.38a 16.89+1.42a
30~40 FM 63.20 29.51 7.29 1.00 : 0.47 : 0.12 15.69+1.49a 72.80+4.74a 15.95+1.07a
FD 58.04 35.56 6.40 1.00 : 0.62 : 0.11 18.65+2.14a 65.53+12.71a 16.46+2.35a
FG 62.64 31.72 5.64 1.00 : 0.51 : 0.09 18.64+2.32a 64.15+£9.22a 17.07+1.93a
40~50 FM 63.19 30.77 6.04 1.00 : 0.49 : 0.10 18.60+1.30a 66.95+7.18a 16.84+1.43a
FD 59.49 33.73 6.78 1.00 : 0.57 : 0.12 16.60+2.05a 67.18+13.88a 15.78+2.25a
FG 62.64 29.68 7.68 1.00 : 0.47 - 0.13 19.49+4.29a 71.80+9.40a 15.53+2.61a
50~60 FM 62.09 35.45 2.46 1.00 : 0.58 : 0.04 19.19+1.43a 46.32+4.34a 19.94+0.47a
FD 61.41 32.73 5.86 1.00 : 0.53 : 0.10 18.09+1.39a 62.92+14.34a 16.70+2.01a
3w i S5 A1 BR300 6 40 1 7 1
T
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Fig.2 The field operation of different treatments
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