55 38 4 2 ] K B ARFRE R Vol.38 No.4
2024 £ 4 F Journal of Soil and Water Conservation Apr.,2024

DOI1:10.13870/j.cnki.sthexb.2024.02.021

AR, R, WIE 6L A5, 2 A HUI TG B JBE 0L A 7 08 S YT = A ) B 0 P A ML B B R AR M B B e [ 1K B PR R A I 2024, 38 (2)
387-397.

LI Chuanfu, XU Jialin, MING Yufei, et al. Effects of mushroom residue organic fertilizer combined with desulfurized gypsum on active organic

carbon and its sensitivity in saline-alkali soil of the Yellow River Delta[ J]. Journal of Soil and Water Conservation,2024,38(2) :387-397.

HEBHIEERERGAS X E =AM+
iE B Lk A E AR R 22

?’f‘% %19 ’f‘f 5‘7}*2 H)E] i/&ly g] /§§J9 \g ﬁkl, *Z]?ff%l» Z’}'Eﬂkg%l, ffi\*ﬂ'j‘él
QL ARAO K206 5 P45 22 B E IR S AR H B R TR PG, ILAR % 271018;
2.8 T e AR SR AR R 55 o0, ILAR A8 4N 2530000

 E: [BH] AHETEEE A YRS B A B X808 1 5 P 41 5 Bork 224 BAR B sg . (735 DL#
‘?ﬁIEﬁl‘Z‘J'I‘lﬁ%iﬁd\%*i*?ﬁ?ﬁi&ﬁﬁﬁ%ﬁ%»%Fﬁl‘ﬁmIiéﬂiﬁ%jﬁ?i,ﬁEKTﬁHB(LK) A B it T
(CN) ZEBE A HLIE (MCOF) 2 75 A HLAE + B 6 A B (MCOG) 4 ASAb B L3 5 3 4F I (A] i AE b 3, (45 R ]
7 A HLIE 5 BB A B T M B 3 IR 0—20 om R HEERORE £ L AR AR IR 0 O M P T A B i
(p=<<0.05) ;%4 H 020 cm + 2 HAHLIK (TOC) . 5 BALA VLR (EOC) L L ¥ B B (MBO) & & 5
20—40 cm )2 MK B PEH HLIK (WSOC) & & W AH 5 5 CN & #AH e, MCOG AR 2 0—20 cm + )2
TOC,EOC,WSOC ,MBC 43 %Il {8 F $# 5 15.48%.23.50%,18.98 % ,51.40 % , EOC Hl MBC £ %% % /3 Bl 4% &
13.94%,30.49% , H. MCOG 4b 52 CN Al CK 4b B #4396 5 22 & B35 5 (CPMD & 2 42 7 15.38% Ml
20.00 % ; MBC 14 508 PE 48 5034 5 T A A Lk 20 43, MCOG &b 38 MBC {f f 55 . AH 2G40 47 72 19, 4 45
TOC & s BT HAF PR 43, 17 52 Wi 46 B 1 A3 AT B 1 M 2 20 % o B 308 IR IE B s U EE R R R
pH.CEC 1 EC. [£5it] & it VUL 5 W ai A 8 B0 ite B 5 35 B IS - S 3R il & 1, 42 0 - I g O 18 3 [ ke
B W5 25 5 g 0 R R 0 b+ AT ML Ry vk B AL B AR e RN S

SR AR #EEE AT s WEORACE s WA LR s kA R A

FE %S :5156.4 Xk HRIRAD A XEHS:1009-2242-(2024)02-0387-11
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Abstract; [ Objective | In order to investigate the effects of mushroom residue organic fertilizer and
desulfurized gypsum on organic carbon components and carbon pool management index (CPMI) of saline-
alkali soil. [ Methods ] The newly reclaimed wheat-maize rotation land in the Yellow River Delta was used as
the research subject, and the randomized block experiment method was conducted to set up four treatments:
no fertilization (CK), conventional farming fertilization (CN), mushroom residue organic fertilizer
(MCOF), mushroom residue organic fertilizer and desulfurized gypsum (MCOG), which were treated by

field fertilization for 3 years. [ Results] The combined application of mushroom residue organic fertilizer and
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desulfurized gypsum significantly reduced the salinity of 0—20 cm soil layer, and increased the soil nitrogen,
phosphorus and potassium nutrition content and cation exchange capacity (p<C0.05). The contents of total
organic carbon (TOC), easily oxidized organic carbon (EOC) and microbial biomass carbon (MBC) in 0—20
cm soil layer were higher than those in 20—40 cm soil layer, while the water — soluble organic carbon
(WSOC) was lower than that in 2040 cm soil layer. In the 0—20 cm soil layer, compared with the CN
treatment, the MCOG treatment significantly increased soil TOC, EOC, WSOC, and MBC by 15.48%,
23.50%, 18.98%, and 51.40% , respectively. The effective rates of EOC and MBC increased by 13.94% and
30.49%, respectively. There was no significant effect on the effective rate of WSOC. The combined application of
organic fertilizer and desulfurized gypsum significantly increased the soil CPMI, which increased by 15.38%
and 20.00% compared with the CN and the CK treatments, respectively. The sensitivity index of MBC was
higher than that of other organic carbon components, and the MBC value of MCOG treatment was the
highest. Correlation analysis showed that soil TOC content depended on its active components, while the
main factors affecting the content and effective efficiency of organic carbon active components, as well as the
CPMI, are pH, CEC, and EC. [ Conclusion] Therefore, the combined application of mushroom residue
organic fertilizer and desulfurized gypsum can significantly decrease soil alkalinity, improve soil fertility and
enhance carbon sequestration efficiency of saline-alkali soil. This research provides a theoretical basis and data
support for expanding organic improvement methods in saline-alkali soil of the Yellow River Delta.

Keywords: saline-alkali land; mushroom residue organic fertilizer; desulfurization gypsum; activated organic

carbon; carbon pool management index
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Table 2  Soil nutrients under different fertilization treatments

T 2B/ cm Ak B pH %EF${ xﬁﬁ%mj Kﬂ&%?fiﬁ:&/ BACEE/ %
(mS+cm™) (cmol « kg™") (cmol « kg™")
CK 8.22+0.02a 6.41+0.12a 1.82+0.32a 6.834+0.11c 26.66+4.47a
CN 8.07+0.03b 5.17+0.46b 1.08+0.05b 6.7840.21c 15.8840.42b
0—20 MCOF 7.80+0.06¢ 3.84+0.24c 1.2940.15b 7.11£0.04b 18.11£2.23b
MCOG 7.76+0.09¢ 3.99+0.47¢ 1.1740.05b 7.4340.14a 15.72+0.93b
CK 8.32£0.06a 4,5940.23a 1.08£0.05a 6.21+£0.08¢ 17.35£0.75a
CN 8.31+0.11a 4,34740.04a 0.75+0.15b 6.14+0.26bc 12.15+1.96b
2040 MCOF 8.3340.07a  2.89-0.16b 0.904+0.14ab  6.530.14ab  13.73-1.80b
MCOG 8.21£0.05a 3.32+£0.72b 0.7240.05b 6.81+£0.16a 10.57£0.68¢
T« 8O O 2 A 22 5 R 90 AS [l /NG 7 B 3R A ) )2 4% b BT 26 53 W 35 (p<<0.05) »n =3, Tl
x®3 AEAHEELEMIESRS
Table 3  Soil nutrients in different fertilization treatments
R /om . LA/ AR/ B/ HHLF/
(g kg ") (mg - kg ") (mg -+ kg ") (g kg ")

CK 0.56+0.03a 10.30£2.93d 87.94+8.10c 8.34+0.55b

CN 0.6040.08a 14.91£0.99¢ 135.14+£11.60b 8.68+0.74b

020 MCOF 0.660.05a 27.2340.65a 146.9441.86ab 9.4240.56ab

MCOG 0.66+0.05a 19.96+2.58b 167.32420.10a 10.04+0.66a

CK 0.27+0.06b 5.62+2.83b 47.18410.34c 5.04+0.02b

CN 0.41£0.05a 11.8143.62ab 83.65+11.15b 5.11£0.10b

2040 MCOF 0.40£0.06a 14.26 £5.80a 98.67413.01ab 5.32+0.45b

MCOG 0.437+0.08a 9.94+2.190ab 115.834+3.22a 5.81+0a

2.2 AYIESEMmASXEHE LT 2 FVREER
Ho IR
0—20 cm LB+ TOC & & & F 2040 em +

Z(E 1), 5 CNL.CK # It , MCOF . MCOG Ab 3 35 14
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(p<<0.05)3;0—20 cm 2 TOC & & MCOG Ab P 5
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Contents of soil total organic carbon and active carbon pool under different fertilization treatments
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Fig. 2 Carbon efficiency of soil active carbon fractions under different fertilization treatments
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0.05),20—40 cm )20 R 22 5 A 25 (& 2) . K
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+ 3 TOC,WSOC,ROC,MBC f4 #8458 $7l
B4 9l S 1.50% ~ 20.29%, 5.69% ~ 55.68%,
0.43%~19.50%,9.42% ~77.83% (£ 4), 0—20,
20—40 cm )R AL TOC F i HA PR 4
¥ LA MCOG Kb 3 8 75, 35 WA HILIE e e 6t . A 8

Re s EHOE A MR A A REME, 020 em £
2 MCOF,MCOG 4t 3 MBC B U8 5 & T
A A8 A, 2 B A B R B 41 4> MBC X i AT 48 it S5
7 B A R 7R % M X AT MBC /B8 £ R 2 R
A LR R AE A 4R R

x4 TEEELELESFNREERESASSBERY

Table 4 Sensitivity index of active carbon pool component of soil total organic carbon under different fertilization treatments

KA BB T M Bk 128 25 41 o0 SO 8 B/ V6

TREE /em b3 = = N =
TOC WSOC ROC MBC
CN 4.07+t2.21c 25.8747.59b 0.4340.29¢ 17.45+4.30b
0—20 MCOF 12.9441.69b 52.06£12.50ab 11.45+0.08b 69.57£10.07a
MCOG 20.29£1.99a 55.68£19.01a 19.50£0.80a 77.831£7.95a
CN 1.5040.48¢ 5.69+4.75a 10.76 £0.62b 9.42+7.86a
20— 40 MCOF 5.65+2.25b 28.19+24.90ab 16.99+1.76a 19.5146.75a
MCOG 15.36+0.02a 51.37£11.84b 17.28+1.69a 22.76£14.59a

25 AYVERERTmASHERETHRESEIERZ

- S P B HR AR O R AE A Rk AR AL Ak
bR, 5 CN.CK AbBEH L . A DL S5 B A 7 0 %
P2 0—20,20—40 cm - J2 4 HE0R S B 5 £ L

x5 TEIMERLELER

MCOG kb3 % 2 w5 T MCOF(p<<0.05) 5 3 Fli it IE 4k
# MCOF .MCOG.,CN # kb CK, 43 51 i & $& / 0—
20 em + )2 1 MRk PR A B R $L 27.46 %, 33.70% ,
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Table 5 Soil carbon pool management index under different fertilization treatments

+ZRE /cm b 7 Tk o2 i i Ttk 2 305 B 45 40 Tk 2 458 % Tl o245 B AR B/ %
CK 0.9840.08a 1.00+0d 1.00+0a 100.00+0b
CN 1.0540.02a 1.044-0.01c 1.0740.08a 111.1549.22h
020 MCOF 1.1140.13a 1.1340b 1.1340.17a 127.46+19.37a
MCOG 1.0940.11a 1.204-0.03a 1.1140.11a 133.70410.23a
CK 0.8940.19a 1.0040c 1.0040a 100.00=0a
CN 0.904-0.10a 1.010c 1.05-40.25a 106.30424.72a
2040 MCOF 0.88--0.11a 1.0640.02b 1.0140.18a 106.56420.91a
MCOG 1.06--0.39a 1.15%0a 1.160.21a 134.22+23.94a
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fia) & F 43 #7 BB R 61.54%0, 5 2 Winy Rt BAs BN

iz U AT O v s AR 2 25 4 HE P BEE O K
P Ao RS N T 5 R RE RS AR N TR R .
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AK.CEC X5 7 g B A8 & , + 45 TOC.EOC,
WSOC, MBC, EOCE, WSOCE, MBCE, CPMI 4 1
NiAS f, AT TUAR AT . TUAR A3 BT 4 R (RDA) £ W,
0—20 cm 25 1.5 2 FHhxd 5 28 HLak f H 4
g3 AL 43 ik 2 A RO L CPMI F - 38 36 855 P
2SR BB B 92.73% .55 1 Bl A0 T A5 il
) p 4> 9 R 0.016 F1 0.002, ¥ /N T 0.05, i3 B
RDA HEFE45 R0l % (| 3), pH,CEC.EC X i )i 78
HABE B 81.8% (p=10.002),4.4% (p =
0.007),4.3% (p =0.032) , ¥J 3k 3| i 3 K, J& 5%
0—20 cm + )2 4 8 B HLIK S H 4145y Bk e 4 B4R

15.40% . AK Xt A MLk B 2455 A PLK 41 53 ik
RARE K CPMI B BEFE R 49.8% (p =0.002) j&
M 20—40 cm 4 2 00 N AR B Y E BRI T,
4R HURK B LA Ay B EE A R0OR i A B
T H 5 P BT TR 4 AH 56 1k 3R 8 (B ) 4y BT R, 0—
20 em + 2, TOC, EOC, WSOC, MBC, EOCE,
MBCE Z [ ¥ £7 76 % i 25 8 1 3 AH OGO &, B AL
fe A 53530 5 TNLAPLAK L CEC H A7 ) i 3 5
WEME LR MBS pH.EC W 1ETE M 3 7 M0 66
%, AP.AK.SOM.CEC 5 MBCE ) i 2% & i %
HH2C A0 56 M = T EOCE 1 WSOCE., B % A 5 % 1y
5 pH.EC.ESP & & % 5 . F ¢, CPMI 5 &
A HURR & H 47y \MBCE 4 84 B F IEA K &, 0]
WHE +H BA WLk & A R%EY . 2040
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Fig. 3

3 it g
3.1 BAHEERBAEXMRE L EAERAOZMm

WAl 3 AE A LIS L 2 ALk e i o e B it A
HLIE FUBE AR A 8 )5 - A 308E = 0—20 ecm + )2 1157
SR AL F L, oAU T E S AR YT
MR B VB E S A AL, DL SR e T B A
2 LR WE AR REAHUE TR A S
ol - 98 5 4345 BUAS [ B2 B Y ok B R RN T TE
IR A A RS i A bl )R A AL A B
5 - SFETRCA iE E L DNTT E R ) A K BRSO
YE A=Yt . BF 58 b A HUIE 5 B A% A0 7 IO e s 2
B 020 em LRI GRS H SN 1R S
W — B0 AE I 0 e B2 A TR] 2 2 BT DR A A A
e m i NE AR AR R e s, AR R,
A HUIE FT98/0 +- A B BR 55 2 Bk R, Xl e R SR
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TR AL AT DL ek 46 6 09 3R 6k BT, A AILIE mT DL
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R R TR A E R Pl R A Al A L 7
b Az R P R ) 4 R O 8% BR R ok i+ 8 pHL B
iKY, ARG S CK AL BEAR H L A HLAIE 5 8% A1 7
Fic it Ak B 3 3 B AIG 0—40 em R )23 HME Na ' & = Al
Bl AL 3% 5 7 VL B8 A5 I BIF 5 5 SR AR AL, 2 R
T A H Ty Ca W hol L Ag etk Na® B4 iR, &
L RTEAE o A S S = WA, DA AR - S Ak

Redundancy analysis of soil physicochemical properties and carbon pool index

JE 03t R AR S B T A A PR PRER B E AR A
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- S HILAR AR Ay it b 2 285 2R G e P 11%) 5 4 Il
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2 43 e T At IE A 2R PR R il AE B A 2 e AE B
i, IS INVE AR 2 U338 19 L ], k028 3 bk B8 4
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ARG - i B S B R L Ca” " S S h
APLTHLE GBI B e i Ca—SOC Z&1
(R 1 o 10 ELJBE B A 8 38 R B4R 3 - S A AL 45 & .
HE TR ER 08 - ) 254 , 38 58 X SOC 4 #ROR B, g i
B BRI RS . PR A 5T R LR R AT A it
8 P R R S B B LA oy i

+3E EOC.WSOC #il MBC 5 TOC € 5 % W H,
S e e KB TR, £ EOC & 3 HLak
iR Se g Ak R i 4l 4y . WSOC & - 88
BIURS v o T KL AT 335 A 1k EL 76 B o R PR I L R
- AR T B R R R A LA TR . + 18 MIBC AT LA
S - R i B 22 /0 A A S 2R G P R A B
W 2 R iR M LR B AR KRR
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