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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 (WMgc), corn straw + wheat straw biochar returning to field
(WpcM), and wheat and corn straw biochar returning to field (Sgc), 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 WgcM 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 WMp( 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 WcM being superior to WMgc; The field water capacity of
SR was the highest, followed by WpcM. 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 WMpc having the best effect, followed by WM.

Key words: Lime concretion black soil; Returning straw to the field; Biochar; Moisture characteristics; Soil shrinkage
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Table 1 Basic chemical properties of surface (0-20 cm) soils under different straw return forms

A pH LT B B0 Bl e 4 AR A
(g/kg) (g/kg) (g/kg) (g/kg) (mg/kg) (mg/kg) (mg/kg)
CK 8.07 ¢ 18.53 ¢ 1.28b 0.71b 14.85b 84.35b 1627 b 191.88 b
SR 8.38a 19.86 ¢ 1.38 ab 0.82 ab 16.25b 105.35a 3543 a 213.50 ab
WMac 8.09 ¢ 19.36 ¢ 1.46 a 0.87a 19.74 a 91.79 ab 21.90 ab 243.94 ab
WscM 8.19b 23.96 b 1.53a 0.79 ab 20.24 a 94.72 ab 23.76 ab 262.82 a
Shc 8.15 be 27.83 a 1.41 ab 0.75 ab 20.16 a 97.00 ab 32.88a 256.99 a

T [FBIR F/NG 5 B3 A B A 22 5 1835 (P<0.05); T 1A
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Fig. 1 Porosities, bulk densities, and field capacities of surface
(0-20 cm) soils under different straw returning forms
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Fig. 2 Distributions of aggregate structures in surface (0—20 cm)
soils under different straw returning forms
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Table 2 Soil shrinkage rates and related parameters under different
straw returning forms

oz ez Wi 5 ot 55 Su R FS 4
) 2L
CK 37482 0.13a 0.08a
SR 36.90 a 0.12a 0.08a
WMpc 26.37b 0.09b 0.07 a
WacM 34.51 ab 0.11a 0.08a
Skc 30.80 be 0.10b 0.09a
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Table 3  Characteristics of soil shrinkage curves under different
straw returning forms

R Ab T WESE v AR REALBRIE
R? (cm’/cm?)
X p q s er
CK 1.490 18.832 0.174 0.98 0.645 0.295
SR 1.468 34.548 0.070 0.98 0.640 0.309
WMpe  1.333  8.108  0.306 0.99 1.171 0.719
WscM 1447  6.388  0.495 0.95 1.272  0.765
Sec 1.182 29.781 0.075 0.99 1.099 0.610
1.4 -
- CK ---- SR Spe = WMe — WM
1.2+ :
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Fig. 3 Soil shrinkage curves under different straw return forms
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Table 4 Inflection points corresponding to soil shrinkage curves under different straw returning forms

TR0 A B (4, es) (R » €shw) (8 » €ac) (G > €sni) (% ,e)
CK (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)

WMye (0.983, 1.171) (0.805, 1.113) (0.415, 0.823) (0.165, 0.730) (0,0.719)
WpcM (1.029, 1.272) (0.791, 1.191) (0.418, 0.867) (0.213, 0.777) (0, 0.765)
Sic (0.942, 1.099) (0.863, 1.083) (0.492, 0.756) (0.126, 0.617) (0, 0.610)

HE: (4, e QN (S » ) FBIHBEL (G, 5 €ae) FIETMER (G ean) AR (9, @) AT

x5 AEBEFEAA T LRIELEM B ELBFI(%)
Table 5 Proportions of soil shrinkage stages under different straw
return forms

IR FE ey €ps e e 9 8 9. 9
CK 6.29 59.14 29.71 4.86 0.28 30.63 31.05 38.03
SR 3.02 60.42 33.23 3.32 1.70 34.38 40.63 23.30

WMpc 12.76  64.22 20.60 2.42 18.13 39.66 25.43 16.78
WscM 16.00 63.90 17.75 2.35 23.11 36.26 19.93 20.70
Spc 8.39 39.38 38.85 13.38 3.27 66.87 28.43 1.43
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