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Abstract In order to/éplore the effect of combining straw_and desulph‘urlzea' gypsuﬂi on improving coastal saline-alkali soil, taking the alkaline saline soil in the Yellow River
Delta 4s the tesearch objecty, six treatments including the control (CK), desulphurlzed gypsum (DG ), medium straw amount (MS), desulphurized gypsum + low straw
amount (DGLS) desulphurized gypsum + medium straw amount (DGMS), and desulphurized gypsum + high straw amount (DGHS) were set up through a field location
experiment. Combined with the aggregate classification method, the changes in bulk density, total porosity, pH, soluble salt content, microbial biomass carbon, dissolved
organic carbon, new carbon, and aggregate organic carbon of coastal saline alkali soil under different treatments were compared. The results showed that the MS and DGHS
treatments significantly reduced soil bulk density and increased soil total porosity, water content, and average weight diameter. The pH and exchange sodium percentage
decreased significantly under all treatments, and there was no significant difference. DG treatment significantly reduced the soil sodium adsorption ratio. Compared with that in
the MS treatment, the soil sodium adsorption ratio of DGLS, DGMS, and DGHS showed a further decreasing trend, with a decrease range of 57% -66% . Compared with MS,
soil soluble Na* decreased by 27.92%, 32.23%, and 20. 15% under the DGLS, DGMS, and DGHS treatments, whereas the soil soluble Ca”* and SO~ contents increased
significantly. Compared with that in CK, all treatments could significantly reduce Cl~ content, and there was no significant difference among all treatments. Compared with
that in MS, microbial biomass carbon and dissolved organic carbon were significantly increased by 113% and 147% by DGMS and 22.81% and 28.24% by DGHS,
respectively. The new carbon formation of DGLS, DGMS, and DGHS was 67%, 114%, and 175% higher than that of MS, respectively. The average size proportion of fine
aggregates treated by DGLS, DGMS, and DGHS was 29. 12% higher than that treated by MS. Straw returning and application of desulfurized gypsum increased the organic
carbon content of coarse aggregates and fine aggregates in salinized soil. The average value of new carbon formation in coarse aggregates and fine aggregates treated by DGMS
and DGHS was 233% and 142% higher than that treated by MS, respectively. Desulphurized gypsum applied to soil did not lead to soil heavy metal pollution, and the soil
heavy metal content of different treatments was lower than the secondary standard of the soil environmental quality standard. These results can provide scientific basis for the
improvement and utilization of coastal saline-alkali soil and the comprehensive utilization of industrial and agricultural wastes in the Yellow River Delta.

Key words: saline-alkali soil improvement; desulphurized gypsum; straw; Yellow River Delta; physical and chemical properties of soil
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Table 2 Soil bulk density and total porosity under combined application of straw and desulfurization gypsum

QbR HHE/g-cm™? FIKRES % + 4B ALBREE % MWD
CK 1.48 +0.02a 24.25 +0.00b 44.07 £0.67b 0.30 £0.0lc
DG 1.46 £0.00 ab 25.82 £0.0lab 44.60 £0.09ab 0.29 0.0lc
MS 1.44 £0.01b 26.77 £0.01a 45.59 £0.39a 0.35 =0.03b
DGLS 1.45 £0.02ab 25.86 +£0.0lab 45.24 +0.87ab 0.42 £0.02a
DGMS 1.45 £0.02ab 26.52 0.0la 45.05 +0.88ab 0.43 £0.02a
DGHS 1.44 +0.02b 26.95 £0.0la 45.66 =0.70a 0.41 £0.0la

1) BUE AP ME = PRifER ARG PR R AR BEZ (A A 5 22 5% (P <0.05) , 1)
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Tdble 3 Soil EC and content qf soil soluble/salt under combined dppthllOn of straw and desulfurized gypsum

#hm-ﬂ-ﬂ: : l‘._.,r ‘

v

/ | BT S dit Aémol - kg ™! EC
Na¥ s g+ P Y S03- - HCO; /mS-em”!
CK ¥ 12.19£1.07a 0.100.01b 1.08+0.25b T1.4220.48a 1.88%0.1lc 0.44%0.02a 0.2320.02a  3.24£0.22b
DG £10.22£0.78ab 0.15+0.01ab 2.93£033ab  1.79%0.05a  5.08+0.37h  0.270.01b  0.17%0.07b  3.73 £0.21ab
MS ' 10.37£0.88ab 0.16+0.0la  0.98 +0.15b 1.20£0.24a  2.290.3lc  0.280.10b  0.23 +0.02ab  3.05 0.30b
DGLS  7.47 +0.26be 0.13£0.02ab 4.84+0.87a 1.8440.39a 7.70 £0.79a  0.24£0.04b  0.20 +0.0lab  4.27 £0.66a
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DGHS ~ 8.29+1.78hc 0.14+0.0lab 3.99 +1.47a  1.87+0.49a 7.78+0.63a  0.28 +0.02b  0.20 £0.02ab  3.77 +0.61ab

2.2.2  FEFFS BT A T BT 3R AR R 1 R
W 1 FR RS I AR RO 1Y 1458 pH
BN RRAL A 2 T I, PR IRAE 2.45% ~3.87% Z
][ 1 (a) ], 3 156 BH A A 5 BE R AICER 0% 1 pH
(B, (HANE 2 () %A i PE 22 5% ESP A B B4 I

e T R A ZE SR, CK AR PR TR A 3 149% [ 1
(b) T, A EE Rk 4200 | 4% 4b BEAY fiE L AR+
12 ESP, FEARIEELE 18. 26% ~ 34. 87% Z A, 3£k
DAL R B H b B R A A S R B AR B 1. SAR B
IR Sz e e AL A AR B, SR TN IR NS E Y

8.0 @

a
7.9 ] 16 |
78 14

pH
ESP/%
3

. EEEEEf 5BEgg'j 3 _pge

(b) (c)

=

SAR

7.5
T4k " " " . .
CK DG MS DGLS DGMS DGHS CK
4hBR
1
Fig. 1

DG MS DGLS DGMS DGHS CK DG

MS DGLS DGMS DGHS
AbE

R SRMAFEE T 15 pH {E. ESP 71 SAR B&
Soil pH, ESP, and SAR under combined application of straw and desulfurized gypsum
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Fig. 2 Soil nutrients under combined application of straw and desulfurized gypsum
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Fig. 3 Soil organic carbon fraction under combined application of straw and desulfurized gypsum
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