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Effects of Vermicompost Application on Organic Carbon Pool and Its Stability in Coastal

Saline-alkaline Soil
LU Yun', QIN Tianyang', CHEN Weifeng', CAI Jian', XU Yiwei', LI Yunlong', ZUO Wengang', CHEN Shuotong', SHAN Yuhua'?,
BAI Yanchao'?"

(1 College of Environmental Science and Engineering, Yangzhou University, Yangzhou, Jiangsu 225127, China; 2 Jiangsu
Organic Solid Waste Resource Collaborative Innovation Center, Nanjing 210018, China)

Abstract: To investigate the effects of vermicompost application on organic carbon pool and its stability in coastal saline-alkaline
soil, a field experiment was conducted in such soil under barley-maize rotation in Fangling Reclamation Area, Bencha Town of
Rudong County, Jiangsu Province, and the vermicompost was one-time applied to the field with the rates of 0, 25, 50, 100,
200 t/hm* in October 2019, soil samples were collected in October 2022 from the topsoil layer (0-20 cm) to determine the
contents of dissolved organic carbon, calcium associated organic carbon, labile organic carbon, particulate organic carbon and
mineral-associated organic carbon. The carbon pool management index was calculated, and the functional group structure of soil
organic carbon was analyzed by solid-state nuclear magnetic resonance spectroscopy. The results showed that compared with no
application of vermicompost, soil organic carbon pool changed significantly after application of more than 50 t/hm’
vermicompost, soil organic carbon content increased by 35%-97%, dissolved organic carbon content increased by 27%—104%,
calcium associated organic carbon content increased by 19%-26%, and labile organic carbon content increased by 6%—94%,
prticulate organic carbon and mineral-associated organic carbon increased by 14%—124% and 37%-85% respectively, and soil
carbon pool management index increased by 6%—92%; The ratio of Aliphatic C to Aromatic C decreased, and the values of Alkyl
C/0O-alkyl C and Hydrophobic C/Hydrophilic C all increased, indicating the improvement in the structural stability of soil organic
carbon. In conclusion, the application of vermicompost has a significant effect on the improvement of soil organic carbon pool

and its stability in coastal saline-alkaline soil, and the effect is the best under the application amount of 50 and 100 t/hm?.
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Table 1 Basic physiochemical properties of coastal saline-alkaline
soil and vermicompost

A I SR e+ I 5] 2%
pH 8.95 6.34
EC (mS/cm) 434 8.92
SOC (g/kg) 2.32 240.68
TN (g/kg) 0.22 24.38
TP (g/kg) 0.60 15.87
AP (mg/kg) 13.26 869

1.2 Rt 5SHEERER

AR 5 M 2t bR . 0. 25, 50,
100, 200 t/hm*, 435 VCO, VC25, VC50, VC100,
VC200 Frn, FAAHEEE 3 ANES, PMXED
16 m*(4.0 mx4.0 m), RHERHEHLX 4 BT, 2019
E10 A, R 2R T /NX RZ I e
BRI 0~ 20 em IREERY R L2 MRS . Wl IX
KR EMEKRIEAE, EWREF G A T 426 1 ) 2
B ERAEY AR A AR, AR
BRANR K HE IR -
1.3 TEHEMNRESNE

1.3.1  FESCRAE S FEAR BRI M o < T 2022 4F
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FHER 2 AT, B b | 2t FH e py g , -4
pH TG LS, BC 26 LG TR,
SOC. TN, TP. AP &5t b hash . it FH i | 2%
J&, AL HE T AP S RO BRI 79% . 173% . 198%
280%. 7E 50, 100, 200 t/hm?jifi/ & F, SOC &

BT IREEIN T 35%. 38%. 97%; TP & Hfxfiahs
T 53%. 61%. 137%. £ 100, 200 t/hm’ Jifi & T,
TN B0 I T 62%. 102%.
2.2 A[EHEHAETEZEX L1 DOC 1 Ca-OC B
A
s g 2E fs , SXTREAHEE, +3E DOC & &
BAEFEE EFH#EHE, 78 100, 200 t/hm? jifi FHE R,
T3 DOC B0 AN T 27% . 104%(Fl 1A).

%2 FEBI%HEME TR HEN L R LA LR

Table 2 Basic physiochemical properties of coastal saline-alkaline soil under different application amounts of vermicompost

Qb3 pH EC(mS/cm) SOC(g/kg) TN(g/kg) TP(g/kg) AP(mg/kg)
VCo 8.98+0.34a 0.388 £0.01 ¢ 513+0.10¢ 0.44 £0.08 ¢ 0.81+£0.04 ¢ 18.68 + 1.55d
VC25 8.69+£0.43 a 3.350 £0.06 a 5.24£0.06 ¢ 0.48 £0.00 ¢ 1.03£0.17 be 33.44£0.37c¢
VC50 8.82+0.23 a 1.937+0.04 b 6.95+0.10b 0.58 +0.08 be 1.24+0.25b 51.03+8.95b
VC100 8.93+0.49a 0.234+0.01 ¢ 7.10+ 0410 0.71£0.14b 1.30+0.10 b 55.66 +2.58b
VC200 9.08+0.07 a 0.309 £0.02 ¢ 10.09+0.22a 0.89+0.01a 1.92+0.24a 7097 £0.93 a
e R FESVEAR /NG PR R 2R AN R 551 2t P Ak B ) 22 e . 35 (P<0.05), 3Rl
1.0 @) a 275 (B) a
] % a ab
0.8+ 220 b ab +
o C )
g 0.6 b %D 1.65 |- +
& | e : &
§ 0.4 d § 1.10
O
0.2+ 0.55 -
0.0 VCo VC25 VCs50  VCI00  VC200 0.00 VCo VC25  VC50  VC100  VC200
b3 b3
(P PN R (7] 43 AR ] 51 266 P b BV 22 5 % (P<0.05), FEIIR])
1 FEHZEEMET 1] DOC(A)F Ca-OCB)E E
Fig. 1 Soil DOC (A) and Ca-OC (B) contents under different application amounts of vermicompost
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B FTHE RS 78 50, 100 t/hm? & T,
ExtMEA L, Ca-OC SEIEINT 26%. 19%(& 1B).
2.3 AEEIZEHEAE T 1E POM 1 MAOM #1254k

2 KW, RIS, SXTHEAHE, HiE
o POM Ay i A AU B0 T I TRy a3 45 4k
A rh POM B U T FE T 16%. 20%.
15%. 10%.

53 EAIH, +3E0 MAOM (1 &/ B Bl
TR FREREaSY, 40P+ MAOM Jifi &35
BXEEFT 61%. 73%. 55%. 37%.

& 3 /5 T POM 1 MAOM 4143 SOC. TN,
TP i 7AE Ak Bl e 451 2 5t FH A 389 i, POML I
MAOM #4143 SOC, TN, TP &HI5E FIH#Ea#H.
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a
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=
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0
POM MAOM
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Fig. 2 Proportions of soil POM and MAOM under different
application amounts of vermicompost
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Fig.3 Contents of SOC, TN and TP in soil POM and MAOM under different amounts of vermicompost
AL POM Al MAOM 4153+ SOC S ibBO I JEI AN, 1A -+ AT HLAR A B B SRR, fHLA5 e
BETHT 14%. 25%. 80%. 124% Fl 46%. 54%. HREA R SR AR
37%. 85%(&l 3A). 7 100, 200 t/hm’ #5| 3% )it F 2 T,

C C
POM 414311 TN i B BN T 32% ., 145%; TP & &g ©
TR T 23% . 99%, 454bFF MAOM 41531 TN S ¥R ¥

F A TP S B IR BN T 54% . 48%. 45%. J\N N/\N\" /\
92% 1 79%. 109%. 89%. 158%(F 3B, 3C). o e ~ V200
24 FABAETHEN LHENBREDSE FRAA

MJ\— /\”f\w VC100

AT
th3e 3 WA, AR EE, SXREMEL, + WWJ\/\»—/’W\VJ\,’\"/M\\W VC50

Hith LOC fil ROC A5t B Fhis. 72 50, 100, NN A NN
200 vhm’ i T, +3EP LOC & = Asx kg in N, AR N A S NN

T 6%. 9%. 94%; +3Erh ROC & S8 Mg in T , , , , ,
200 150 100 50 0

43%. 46% . 102%, .
° ° ’ AL 0075 (ppm)
#*3 FEEZEREMAETRESRFETIELOC. ROCE (e 0 ~ 44 ppm N-KEdift : 44 ~ 68 ppm; O-KEdkf:: 68 ~ 113
70 CPI. CMI By%E{L ppm; AW 113 ~ 162 ppm; BILH: 162 ~ 220 ppm)

Table 3 LOC, ROC, CPI and CMI of coastal saline-alkaline soil
under different application amounts of vermicompost

Qb PR LOC ROC CPI CMI
(mg/g) (mg/g)
VCO 0.56+0.01c 444+0.04c 1.00+0.02¢c 98.26+3.02¢

VC25 0.57+0.01c 4.68+0.07c 1.05+0.0l1c 97.76+2.18¢ P o e .
VC50 0.60+0.01b 6.35+0.09b 1.39+0.02b 100.65+1.23 bc H iﬁgﬂ@m 68 ~ 113 ppm ) O-J R SRR

VC100 0.62+0.01b 6.48+0.41b 1.42£0.08b 10432+ 1.13 b 9 31.27% ~36.11%; R 0~ 44 ppm AYkesERR, I
VC200 1.09+0.02a 8.99+0.20a 2.01+0.04a 189.03+3.37a T ILBITE 18.12% ~ 36.19%; HEFESS =112 44 ~
68 ppm Y N-Bdbmi, HIXF& & LHI7E 10.55% ~
B 2t FH RS i, 3 CPI R L FHask, 1 18.12% ; HEFE S PUAT FRE 113 ~ 162 ppm Y5 7 s,
50, 100, 200 t/hm* B2 T, SXTREM L, CPI  AXIEH EHITE 8.03% ~ 19.47%; S HRAKATE 162 ~
BINT 39%. 42%. 101%., CMI TG At 220 ppm AYFRIERK, AR & B 7E 7.05% ~ 12.28%
¥, 7F 100, 200 thm’ fi & T, CMIAXHE BT (R 4).
6% . 92%,

4 FEBIZEKHAET LIE UC % iR
Fig. 4 Soil >C NMR spectra under different application amounts of
vermicompost
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Table 4 Relative contents of organic carbon functional groups in coastal saline-alkaline soils under different application amounts of
vermicompost

Ab 3R ot KLk N-hE He B O-%t H:Rik 05 Bt B Jot HE e/ B i e/ B K B/
(0~44 ppm) (44 ~68 ppm) (68 ~113 ppm) (113 ~162 ppm) (162~ 220 ppm) O-h Skt I B R FRIK B
VCo 26.29 14.82 31.27 8.03 11.61 0.84 7.16 0.80
V(25 25.10 14.34 34.04 19.47 7.05 0.74 3.04 1.08
VC50 18.12 18.12 35.21 16.27 12.28 0.51 3.28 0.72
VC100 27.89 12.84 36.11 13.47 9.68 0.77 475 0.90
VC200 36.19 10.55 32.68 11.04 9.54 1.11 6.24 1.12

33 55 X8 g A5 0TV VA e Y % - it ) e 5] 2 B
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PRV FIAR 2 i s AP, ROC & SOC ik
MEREME AL 5y, WHINN SOC 5 LOC Z %52
ROCPY, R, YLK R HLER IR A A
fiE i F L5 LOC I ROC & R0 AR 45 R 5
I — 350, 33X AT RS2 PR Ay i 51 35 i P 3% T L3R
U, [FIRFIRIRME T N, P SR04, M
IMiHE R T 45X LOC B9 EA76E J1 L i i LOC L PY
S IRIEE, e 5] 2 o A AR R U E AR A T O R
Bl LRI S0 G SR, A LB A R A 0t
AT RZ, FHit ROC FREBEZIEL

o
g
3
<
)
a4
~
| .
-12 RDAI (91.32%) 12
Bs REEEGERETEE0Ee L RENBAS 57

BEFIURSH
Fig. 5 Redundancy analysis of soil organic carbon components and

environmental factors in coastal saline-alkaline soils under different
application amounts of vermicompost
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