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Effects of Different Straw Returning Forms on Shrinkage Characteristics of Typical Lime

Concretion Black Soil

MU Qing?, XIA Shuyuan?, LI Qingyang®, WANG Qingyun*, WANG Xiangxiang?, QI Yongbo?!, MA Donghao?, CHAI Rushan?,
PENG Xinhua?

(1 Key Laboratory of Agricultural Conservation and Pollution Prevention and Control in Anhui Province, Anhui Agricultural
University, Hefei 230036, China; 2 Key Laboratory of Soil and Sustainable Agriculture, Chinese Academy of Sciences, Nanjing
211135, China; 3 Department of Environment and Energy Engineering, Anhui Jianzhu University, Hefei 230601, China)

Abstract: Based on long-term (2017—2022) positioning experiments, five experimental treatments were set up which included nitrogen
phosphorus potassium balanced application as control (CK), straw direct return under nitrogen phosphorus potassium balanced
application (SR), wheat straw + corn straw biochar returning to field (WMsc), corn straw + wheat straw biochar returning to field
(WscM), and wheat and corn straw biochar returning to field (Sec), and the effects of long-term different straw return forms were
explored on physicochemical properties and shrinkage characteristics of typical lime concretion black soil. The results showed that SR
was beneficial for increasing the contents of soil alkali hydrolyzed nitrogen and available phosphorus, while straw and biochar
application were more beneficial for increasing soil available potassium and total nutrients, and WscM had a more significant effect;
Returning straw to the field promoted the fragmentation of large aggregates with a diameter of >5 mm (excluding Sgc), and the
fragmentation of WMac large aggregates formed a more evenly distributed soil structure; Long term straw and biochar returning to the
field significantly reduced soil bulk density and increased soil porosity, with WscM being superior to WMsc; The field water capacity of
SR was the highest, followed by WescM. In conclusion, returning straw and biochar to the field is not only beneficial for improving the
nutrients of lime concretion black soil, but also significantly reducing its bulk density and increasing its porosity. And long term straw
returning can alleviate soil shrinkage, with WMagc having the best effect, followed by WecM.

Key words: Lime concretion black soil; Returning straw to the field; Biochar; Moisture characteristics; Soil shrinkage
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3 HERG o F I, AR SR SR b B A O B S 42
K W1 (2017—2022 ) E ML %, A van
Genuchten Jr FERF 5T D 22 28 4 WO AEHRAE , 3BT AT
FEAF A 7 200 483745 . KAy . S5 A RN R AE 1)
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AKFEFF A= ¢ 38 HH (See), DA Ko Bt S0 i 44 A 1) X6) 1
(CK). FAACPHIRE 3WRER, REBENLX A HEF .
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Shrinkage = Vo ~Vios 10096 (3)
105

. Shrinkage 7 IR s Vo i LIERFIS K
RETIEF; Vies I TIRES T BARE
1.3 BUEREBE 5SS 44

AR SCRE R ] Office 2019 #EA 743, i ] SPSS

22 MBI HATS I, Origin2022 #4724 .
2 ZR5451

2.1 AEFEFEEAI T IERLERA D
2.1.1 ARSI B 7 206 4 5857 53 i 52 ) ZN
[FIAS AT 7 3 aede m B3 B . B (R 1)
AL PROR AR A . AT RO S AR A — B, R
A SR>Spc>WecM>WMpc>CK ., 38 3 200 I 4240
TR A —E, WacM. Spc b B R5CHH K 45
TEYEEST CK A, HELEASWHMA S
A FEAR R AR, WecM 4B + 125 5 2
F5ET CK AbHE, A5 FF S H AR il T A £ 38
HHURMFLE, WecM, Spc AbHE I 4 M T 1A
MLBT & 4t

#1 FEABFERARTREQ ~20 cm) B MR

Table 1  Basic chemical properties of surface (0—20 cm) soils under different straw return forms

Ak R pH A LR £ £ S BRA AR R
(9/kg) (9/kg) (9/kg) (9/kg) (mg/kg) (mg/kg) (mg/kg)
CK 8.07 ¢ 1853 ¢ 1.28b 0.71b 14.85b 84.35b 16.27 b 191.88 b
SR 8.38 a 19.86 ¢ 1.38 ab 0.82 ab 16.25b 105.35 a 35.43a 21350 ab
WMec 8.09 ¢ 19.36 ¢ 1.46 a 0.87a 19.74 a 91.79 ab 21.90 ab 243.94 ab
WecM 8.19b 2396 b 1.53a 0.79 ab 2024 a 94.72 ab 23.76 ab 262.82 a
Sec 8.15 bc 27.83a 1.41ab 0.75 ab 20.16 a 97.00 ab 32.88a 256.99 a

T FISIARRNG TR A BEIW] 22 57 .25 (P<0.05); Rl

2.1.2  AR[EIREFFE H 7 200k LR R | 25 5 M H [
FE7K S50 SRR, R ENA
FITREAR o AT+ A 40 o i 30 T X - 18 25 7 BRI B
., AT RNEMREHR : WacM<WMpce<
Sec<SR<CK(I#l 1). WecM. WMgc 4 F R 55 T
A SEALBREE , SRl Ab P A L B B RNV AL AR | 5
AR, RS RS T BRI AR K,
SR AbH H [ 45K i A fF, WeeM AMERIR Z .

2.1.3  R[AIAS AT H 5 X0 498 A SR AA 53 A 1 52
Kl 2 25 R R, 3 RIARLL >2 mm iy 3£, <0.25 mm
B AR AR (K. AEFFE RS T -8 >5 mm
AT IR AR % 1 (Sec ALBEFRAP), SR, WMac AbHERLCR
B . XRS5 ~ 2 mm () HIEFRIR, Ka0HE
1 K/ IMEICN : SR> WMec>WecM>Sec>CK, 5 >5 mm
) P R A o S A S P AR AR o ] 2 25 SR [
FEIR, WMec ZLRE 3 <5 mm (1% 5453 A1 ¢
FoEL, LIRS R

22 AEFEFEHARITTERSEIT AR
Tl AT 5 3 6 Rt 1) e kA e SR B0 A
FITRRAR (35 2), Sec AbFH -+ HEL i) £ 1 A Jie 22 50m v T

40 HdekE 22 Ly lEE INE
- a a b a be
35 £ 1.50
f’;\; or a 1.25
2 25 7 2
= / 100 5
5 2 / i
H / H0.75 1
= 1sH / &
e
= / 10.50
7
5k ; H0.25
N2 i 4 , ZZ 0.00
CK SR WMue  WeeM Spe
b

1 FRBHTEEFRATREO~20 cem)TIRFLRE, &
EXRMHEFKE
Fig. 1 Porosities, bulk densities, and field capacities of surface
(0-20 cm) soils under different straw returning forms
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x
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DIIER

Fig. 2 Distributions of aggregate structures in surface (0—20 cm)
soils under different straw returning forms

*2 AREBFHFTHARTHERGEEREXSH
Table 2 Soil shrinkage rates and related parameters under different
straw returning forms

g LB LIRS AR R R R R
1) Hra
CK 37.48a 0.13a 0.08a
SR 36.90a 0.12a 0.08a
WMec 26.37h 0.09b 0.07a
WgcM 34.51ab 0.1la 0.08a
Sec 30.80 be 0.10b 0.09a

CK AbFE, (HACFRR] 25 R, FEFF+4 95 kid
FHFEAE T 304 %, WMsc 20 BR300 % Kk
Y 1 R A e R B IRAR, X IR A 2 B
YEH .

FIRA (L) BIE 50l th 2 rs S 8003 3.
g5 WoR, FIA vanGenuchten J5 FEULG A [FIALE R
WA leE ik, LA B, S S 40
B8 Z Y PeE R85 0.95 DI E

TR anE 3 fs., mIE 3R, BEE
3K 5 e (0) L FLBR L () B T RA, 3k ih £k
TEARKECRI “S” I, WSInA:W s ab B 32k
47 1 22 B I8 w3 T AR I A A T Ak B B R LB L
TN : WecM>WMpgc>Sgc>CK>SR; + 5% 4 FLIRE
FeAs b e Ok - S5 fLBR b —%, {5 SR AbHizk
AALBHK T CK AREE (3 3).
2.3 AREFEFE B AR T 50 SE M B B R0

WAHEAU A T FE AR gl th 24l 43 R S el
a4n . MEgE . FRAIAE AR 4 BB 4.
#5). SRR, HHIREEEL, CK b3+ 18K 53

FeRT o5 e )N, A 0.28%, HATAEFEK 73 LR &
Fe ) A5 4k #a #5h WecM>WMec>Sec>SR, KK K
23.11%. 18.13%. 3.27% F1 1.70%; A=)k ik M
Ao B 45 RE WA B B - AL PR LL 5K 43 LU AR fb
P BEE KRR G R ) - AR TR CK b3
K, WecM AbHif /N, LRrIiBBe, CK. SR,

WMgc., WecM., Sgc ZbHEA7K 53 b 4340 R 30.63%

34.38%. 39.66%, 36.26%. 66.87%, LB LMK K
59.14%. 60.42% . 64.22% . 63.90%. 39.38%; CK 4k
PRTE LB B A= FE7K 434 2k i b 1 A A AR A Al e K

Sgc AbFRE/IN, WMec AbFRHIK . SRR B, 45
b P A HEK A3 LG BT 5 L AR A B S SR>CK>
Sec>WMec>WacM, X L i FLBR L4351 8 33.23%

29.71% . 38.85%. 20.60%. 17.75%; IR Bt 1
TR A3 45 % T 51 R Y A B R B AR Ak 5 B
Sec>CK>WgcM>SR>WMec, FULAEREL, 118K 57
It SecAbFEA%/IN1.43%), CK 4b¥i#% A (38.03%), {H
A AL I 5345 5% BT I AR R 2B AL WeeM AbFR f /)N
Sec Kb PR K.

e (cm’/em’)
=
oo
T

e e sty
,,,,,,,,,,,,,,,,
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0.0 0.2 0.4 0.6 0.8 1.0

¥ (em’/em’)

B3 AEFZFEEGR TR

Fig. 3 Soil shrinkage curves under different straw return forms

&3 TEBFFEHAGR TR AR R IFE
Table 3 Characteristics of soil shrinkage curves under different
straw returning forms

R BB woE AR RIEALBIL
R? (cm3/cm®)

X p q es er

CK 1490 18832 0.174 0.98 0.645 0.295

SR 1468 34548 0.070 0.98 0.640 0.309

WMegc 1.333 8108  0.306 0.99 1171 0.719
WecM  1.447 6388 0.495 0.95 1.272  0.765
Sec 1182 29.781 0.075 0.99 1.099 0.610
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Table 4 Inflection points corresponding to soil shrinkage curves under different straw returning forms

RIS AL B (8,8) (S » Eshw) (S » €20) (S + Eh1) (%, e)
CcK (0.702, 0.645) (0.700, 0.623) (0.485, 0.416) (0.267, 0.312) (0, 0.295)
SR (0.704, 0.640) (0.692, 0.630) (0.450, 0.430) (0.164, 0.320) (0, 0.309)

WMec (0.983, 1.171) (0.805, 1.113) (0.415, 0.823) (0.165, 0.730) (0,0.719)
WacM (1029, 1.272) (0.791, 1.191) (0.418, 0.867) (0.213,0.777) (0, 0.765)
Sec (0.942, 1.099) (0.863, 1.083) (0.492, 0.756) (0.126, 0.617) (0, 0.610)

b e (’95 ) es)ﬂ‘j/f@ﬂ])ﬁ; (‘9s,hw , €shw) SR A (Lgae , €ae) RHESAE A (’-9shl  €shi) IR AERR A (30 , &) RS

x5 TEBFFEHER T HIRELEMN R EEFI(%)
Table 5 Proportions of soil shrinkage stages under different straw
return forms

WAL e €ps  Ers €5 O O Ok O

CK 6.29 59.14 29.71 4.86 0.28 30.63 31.05 38.03
SR 3.02 6042 33.23 3.32 1.70 34.38 40.63 23.30
WMge 1276 64.22 20.60 2.42 18.13 39.66 25.43 16.78
WgcM  16.00 63.90 17.75 2.35 23.11 36.26 19.93 20.70
Sec 8.39 39.38 38.85 13.38 3.27 66.87 28.43 1.43
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