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Utilization of Saline-Alkali Land, Dongying, Shandong 257347, China)

Abstract: This study aimed to clarify the effects of organic-inorganic regulating material mulching on the pore structure of
saline-alkali topsoil and select suitable mulching materials for crop seed germination. [ Method ] Four experimental treatments
were set up, namely CK(native soil), JX1(composted cow dung +(a mixture of HA, CaO, MgO, SiO,, and Na,Se0s)), JX2 (spent
substrate +(a mixture of HA, CaO, MgO, SiO,, and Na,Se03)), and JX3(composted straw +(a mixture of HA, CaO, MgO, SiO,,
and Na,Se03)). A field operation involving digging V-shaped ditches—sowing—applying amendments—rolling was adopted.
Soil structure and its pore characteristics were analyzed using micro-computed tomography (micro-CT) scanning, combined with
field experiments and mathematical statistical analysis. [ Result ] The results showed that all treatments reduced soil bulk density
and improved soil water capability and saturated hydraulic conductivity. Specifically, the saturated hydraulic conductivity of JX2
and JX3 was 2.4 times that of CK, and their soil water capability increased by 17.8%—19.5%. In terms of pore structure, different
mulching material significantly affected the quantity and distribution characteristics of soil pores: The JX2 and JX3 showed
significantly increased total porosity and connected porosity, while JX1 had lower total porosity; JX3 was dominated by
macropores with fewer micropores, whereas JX2 had a more balanced pore size distribution. Comparison of pore structure
parameters revealed that JX2 and JX3 had similar values of fractal dimension, anisotropy, and circularity ratio, but the Euler
number of JX2 was significantly lower than that of JX3. This indicated that both treatments enhanced the complexity and stability
of the pore structure, and JX2 had better pore connectivity. These pore structure optimizations significantly improved the
microenvironment for seed germination, thereby increasing the emergence rate and improving the seedling growth traits of foxtail
millet, with JX2 showing particularly notable effects. [ Conclusion ] In conclusion, Organic-inorganic amendment mulching can
enhance soil structural performance by optimizing the pore characteristics of saline-alkali soil and create a suitable soil
microenvironment for crop seed germination. Among the tested materials, the spent mushroom substrate residue-based (JX2) and
straw-based (JX3) regulating materials showed showed the most significant effects.effects, These combinations are effective
technical approaches for efficiently regulating the microenvironment of coastal saline-alkali soil and breaking surface soil
compaction.

Key words: Coastal saline-alkali soil; Organic-inorganic amendment; Soil pore structure; Spent mushroom substrate; Micro-CT
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Fig. 1 Schematic diagram of field operation integrating the coverage of organic-inorganic amendment and the*“V”-shaped ditch
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Table 1 Effect of different Organic-inorganic amendment on the biological characteristics of the millet seedling stage

pusiil RITHES 3 ii§ N el I L
Treatment Germination rate/% Plant height/cm root length/cm Thick stem/mm Root crown ratio
CK 54.60+5.20c 25.35+0.78b 8.45+3.40a 2.36+0.31a 0.054+0.002b
JX1 58.50+1.30c 32.05+2.56a 9.45+1.72a 2.41+0.45a 0.072+0.001a
X2 90.08+5.70a 32.35+2.50a 10.45+1.91a 2.56+0.47a 0.075+0.005a
JX3 78.00+5.20b 27.85+0.79b 9.65+2.00a 2.40+0.41a 0.054+0.004b

e FAIAFE/NGFZR R RAFR AP 2Z % E8E (P<005) . IX1 (4 2 +HA/CaO/MgO/Si0x/Na,Se0; ) . IX2 ( B it +
HA/CaO/MgO/SiO/N;,Se0; ) . X3 (F5FF+ HA/CaO/MgO/SiO,/Na,SeOs ) . F[il, Note: Different lowercase letters in the same column indicate
cow dung + ( HA/CaO/MgO/SiO,/Na,SeO; ) ; JX2 :
( HA/CaO/MgO/Si02/Na,Se0; ) ; JX3: corn straw + ( HA/CaO/MgO/SiO»/Na;SeOs ) . The same abbreviations apply to the following figures/tables.

significant differences among treatments ( P<0.05 ) . JXI : microbial residue +

®2 TEBN-THEEYRE SN TIRMIBIEROZ R

Table 2 Effect of different organic-inorganic amendment coverage on soil physical properties

Qb3 -y T HE gk 3 ()47 K B
Treatment Soil bulk density/ ( g:em™)  Saturated hydraulic conductivity/ ( cm'min™") Field capacity of soil/%
CK 1.33+0.03a 0.07+£0.01b 30.42+1.12¢
JX1 1.16+£0.02b 0.09+0.01b 31.28+0.75¢
JX2 1.03+0.02d 0.17£0.01a 36.35+1.04a
JX3 1.09+0.03¢ 0.17+£0.01a 35.834+0.89ab

1 RS E/ING R 7R AN [F) Ab 3 ) 22 5 48 2 ( P<0.05 ). Note: Different lowercase letters in the same column denote statistically

significant differences between treatments ( P<0.05) .
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a) Two-dimensional pore structure of soil
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white represents pores, black represents other solid particles. Actual planar dimensions: 2 cm X2 cm.

b) HHE= YRR LIRS

b) Three-dimensional overall pore structure of soil

CK JX1

X2 JX3

e LREE 0~3 om; HEFRILEE, A ESCRIR LT BIAPER, LhRAEFURSE 2 cmx2 cmx2 cm., Note: soil layer thickness

0~3 cm; blue represents pores, white dot-like represents other solid particles. Actual volume dimensions: 2 cm X 2cm x 2 cm.

http://pedologica.issas.ac.cn



53] WA ALY R S R4 Eh i R - FLBR B B CT b 5 23800 1563

¢) HHEEEAEE LR

¢) Three-dimensional disconnected pore structure of soil

CK X1 IX2 JX3
I RREE=0~3 em; EEAFRRILET, H &SRB E BRI . LERIAFR ST 2 emx2 ecmx2 cm. Note: Soil layer thickness

= 0~3 cm; blue represents pores, white dots represents other solid particles. Actual volume dimensions: 2 cm x 2 cm x 2 cm.

K2 RFEADL-THUA YR s f e — g =2 IR AL R A A

Fig. 2 Effect of different organic-inorganic amendment coverage on the two-dimensional and three-dimensional soil pore structure
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Fig. 3 Effect of different Organic-inorganic amendment coverage on the soil porosity of the 0-3 cm soil layer
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Fig. 4 Effect of different organic-inorganic amendment coverage on the soil porosity of the 0-3 cm soil layer

FRANE 0.58, ULHAFLEUE B MR, X5 R FLEES oA 27 R E AN . RRIE S8
T A RO s R R B B R E AT G . Sl e [ OCHEME /AT o, IR R 5 4% ) M R A O
[ Ab A4 38 | X, IX2 F1IX3 ARBRAY A bl (1=0.9629%* ), W] fiE5 - HEURLRE 1) HE S 42 2 X R
SR I CK R 4.55% . 10.61%F1 9.09%, PEIE A OG5 418 dEECS P E 52 1 S 35 f0RH ¢

http://pedologica.issas.ac.cn



1564 + b1

¥R 63 &

(r=0.9856** ), KU+ fLIRA5H 0 2tk 5
P B T Ao A L T3 3 T 4 ) A 3 5 X6 AN [ b
B, JX2., JX3 AbHA A LB S S CK.
IX1 AEITFAE B2 5, “H YRR & Sk

R R 280420, A X2 BRPECD 8T IX3, i
T 7 4cb 24 12 e 1 - S LB R4 28 v 52 2 M AL B )
2 WM O, FREARARST FLBR ™ A AR, Horp
IX2 X A= L Bt 3 1 AR AR SSCRAR T UX3 b

£3 TEABN-ZHEEYHESN HIRFLREHSHME M

Table 3 Effect of different organic-inorganic amendment coverage on soil pore structure parameters

pose| Vin| 2 244 TGRS 1) Sk WAL
Treatment Fractal dimension Formation rate Anisotropy Euler number
CK 2.62+0.05b 0.74+0.02b 0.66+0.05b 0.83+0.03a
X1 2.65+0.03b 0.83+0.05a 0.69+0.05b 0.72+0.01b
IX2 2.7340.02a 0.87+0.02a 0.73+0.00a 0.58+0.05¢
IX3 2.71+0.04a 0.87£0.01a 0.7240.01a 0.61+0.06b

s RFIASRNG 0 3 7R AN [R] A B ) 22 57 8 3% ( P<0.05 ) . Note: Different lowercase letters in the same column denote statistically

significant differences between treatments ( P<0.05) .
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