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Promoting Effect of Exogenous Organic Material on Formation of Soil Macroaggregates in

Coastal Saline-alkali Soil
CAI Jian', SHEN Chao', YU Jie?, LI Yunlong', ZUO Wengang', SHAN Yuhua', BAI Yanchao'"

(1 College of Environmental Science and Engineering, Yangzhou University, Yangzhou, Jiangsu 225127, China; 2 Jiangsu

Cultivated Land Qualitative and Agro-Environmental Protection Station, Nanjing 210000, China)

Abstract: In this study, the characteristics of soil macroaggregate formation mediated by exogenous organic matter application
(vermicompost and vinegar residue) in coastal saline-alkali soil were investigated through a field experiment. The results showed
that adding exogenous organic matter promoted the formation of soil macroaggregates, increased fertility indicators (carbon,
nitrogen and phosphorus) and decreased barrier factors (pH, electrical conductivity (EC) and salinity) of soil macroaggregates.
Under the highest application rate, salinity of soil macroaggregates decreased by an average of 34.0% in vermicompost-treated
soils and 46.5% in vinegar residue-treated soil. Exogenous organic matter application increased enzyme activities and
significantly changed the bacterial and fungal community compositions and structures of soil macroaggregates. With the same
application rate, vermicompost was more favorable for the formation of soil macroaggregates and the increase of soil fertility,
while vinegar residue was more favorable for the reduction of soil salinity. Structural equation modeling showed that soil organic
carbon and EC or salinity were main factors affecting macroaggregate formation, but the changes in soil fertility, enzyme activity
and microbial community structure could have differential effects on macroaggregate formation.

Key words: Problematic soil; Vermicompost; Vinegar residue; Stability of soil macroaggregates; Driving factors
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Table 1 Basic properties of saline-alkali soil and exogenous organic
materials tested

PRARME BT iR /GE=N hfr 5] 2% it

pH 8.95 6.34 4.94

EC (mS/cm) 434 8.92 0.65
SOC (g/kg) 2.32 240.68 541.40
TN (g/kg) 0.22 24.38 15.40

TP (g/kg) 0.60 15.87 4.02

. EC ML T, SOC NAEHM; TN NEXE; TP N&Hi.
T,

1.2 Rt

TRIRRFHRENLIX 4B, B/ NX AU R 16 m?
(4.0 mx4.0 m), JaXI6Fi e 5] 2 R s A0 T 3 it FH
Ay HIE S ASKbEE, 43518 0, 25, 50, 100, 200 t/hm?,
AP 3 YR, 2019 4F 10 H 45 e 15 3 Rt 7 42 A
[f] e — YR MRS /N DX, IR PR H LA i 45 28
fitii& 5 0 ~ 20 cm #F)2 13RS A X A 2019 44K
WHHATREZ . ToKEeAE, IFT 2021 4F 10 H T ARIGK
J5RAEFZ(0 ~ 20 cm) T3 FI HRAKEE
1.3 TERAREKSERRRBEES T

F2 A IEPRARRE ST A SRESHTERIAL 10 ~ 12 mm
HARM/N B, 552 AR AT WL HLY 5% i Ak %
e, IFHCE TS5 A TR 0 TR S h e T 2
10% SKEAL . BHERPBIRKRA PR R+
T, LAs % 1 SR AR 55 AR AV 43T R B[]
JEA R IR o FLARERAE R . WU TR AR
(10% 5 7K 20 )il 78 A SRR 07 9 (Octagon 200),
Pt KIRIEYRS) 2 min, 43 H>2 mm 1 0.25 ~ 2 mm
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i=1

A X, NG RREGTE ERZ, mm,
1.4 WEIERREFZE

K2 (>2 mm F1 0.25 ~ 2 mm) 3K RIARE
Wk 34, — I AERITIEEE 5 430l 1 mm Al
0.149 mm i, HFHIEHFHREC), pH. AlHEHEER
S AHLR(SOC) . 2 Z(TN) A (TP) & S ;
— BB CE 4 °C VKR T AR - 45 P R Ak e i
TR s — % B CE T 80 'C HAKIR VKA H
TR A IR R AR TP AR MR AR T 2

T HEAIRIK EC I pH R 1 2 512K i iR
B, SrPI e SRR pH HE s AT PEER R
R EEE ;3 SOC R E B8 TR B A I A7 0 7
TN Fl TP 435SR FH 2o L G R B R — s 4
iR A 1 R AT I B 2O TR T 2R TR K fiR 1
(FDA) . FEFERF(SUC) IR (URE) I B FR i (ALP)
TG BRI LR 9O CF K AR L 3,5- 5K
P L (a3 | ORIV R A EL (o o RN R A B £ )
£ i ] FastDNA® SPIN Kit i 7] & (MP
Biomedicals, OH, USA)HEHSHLGL + 3 R AR h i
AW E DNA, % LR 2R A RA A
lumina *F-& Miseq REEMF AR 1 16S rDNA V3,
V4 XEUFIETE ) ITS X4l W02 50 T3 b A 2R
ARE S B PR TR A A2
1.5 HELEBEESZITHH

IO HHE R ] Excel 2019 Fil SPSS 19.0 88314k
TG0, LSD ki 25 5 B &0k, FIH
QIME i 14 11 55 40 v Al B B B 7% 41 i 2 A
(Shannon, Evenness f5%1), FARA[AALHEL 2 [A] 40
WA E RS 225 . 35T Bray-Curtis MR,
1T EABR I HT(PCoA), LAKEAR BT A REAS 1 4544 Z 4%

PEB 2R . FIH AMOS 22 il 2546 Jr AR, 43Hr
PR PE R | B A L R E AR AR X
VSR AR TE B 50

2 HBREHSN

2.1 EiEHhmEth Tt EAARKHNES> A RIEESE

e 51 24 RTS8 e P O T v R b, B R
VR BTE B, ELAR 2 4 BRI R A B R B AN
BLY it 2t 0 3G hn S 3G g 5 (& 1) SJemii T
(200 t/hm?), i 45 2 F0 it i kb BE 43 0.25 ~ 2 mm .
>2 mm KE R & o5 48.1% ., 51.0% F145.1%.
49.3%, BXFIE R 8.3%. 5.5% M14.1%. 4.5%.
ANIEATHLI A R e T SR - e K A R AR E
T W51 AR 44 A B MWD 1l GMD [ fe K8 R 43 3k
5.8%. 18.6% F1 4.1%. 11.5%, AHFENEHET, s
FEACH A SR A R AR RS R RS e TS A B
2.2 EigEHhEH T IEXARELFER

Jiti FH AN IR B b 2 B e A5 R 9+ 1 K 1A SR Ak
SOC. TN il TP ¥, JFR&R pH. EC FlEh/Ei (R
2). Horh, St PR T, M2 45 b P 4398 0.25 ~ 2 mm
KRR SOC., TN F1 TP & B0 F A Bl 321.3% .
262.7% F1456.7%,pH EC FIEES33 AR 6.7% .65.4%
H132.9%; B4 AbFE 13 0.25 ~ 2 mm KH R SOC,
TN Fl TP B e 126.5% . 100.3% Fil
4.33%, pH. EC 1535 A% 3.9% . 57.8% Fi1 47.7%.
AR R, MisAb P 4392 0.25 ~ 2 mm F1>2 mm
KRR SOC TN FI TP &5 E i it A F-F-45 151 59.0%
43.1%. 458.2% Fil 59.6%. 43.7%. 463.5%, MHiEabEf
139 0.25 ~ 2 mm Fl >2 mm KFIRAK EC FIEh /i)
FEAL T 48.1% ., 24.6% F148.0%. 17.5%.
2.3 RiGHhTEM KA R A

Tt Y Sk ] 288 R S e 47 S 2 B v ke - K 1A
RARBEE T (] 2) o e 5] 285 5 v it FH e A0 38 1238 0.25 ~
2 mm Al >2 mm KHI /K FDA | SUE. URE il ALP
Fif 15 P43 ) 35 119.08 pg/(h-g). 8.48 mg/(24h-g).
1.03 mg/(24h-g). 1.31 mg/(24h-g) 1 81.28 ug/(h-g).
8.11 mg/(24h'g). 0.69 mg/(24h-g). 0.95 mg/(24h-g),
BN R AR 257.6% . 134.0% . 189.9% ., 57.1% Fi
80.5%. 172.7%. 319.6%. 49.0%. [t fc =y it FH 4t
AbFR A3 025 ~ 2 mm Fl >2 mm KHFBIK FDA |
SUE. URE Fll ALP B P06 B4 12 5 31.65%
36.0%. 94.6%. 32.5% #l58.32%. 46.6%. 106.8%.
23.8%. HARIGF AT, i) 2 Ak 2 4 598 K P 3 (R il
TEPEY = TR A3
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Fig.l1 Effects of exogenous organic materials application on formation and stability of macroaggregates in coastal saline-alkali soil
F 2 HERASNEBNIIES R T IE KX E B AR E R0
Table 2 Effects of exogenous organic materials application on chemical properties of soil macroaggregates
SR (A== eIy p K ES HMEA HLP i A (¢/hm?)
L) (mm) 0 25 50 100 200
iy | 2 SOC(g/kg) 0.25~2 3.62+0.38d 6.96 +0.37 ¢ 7.15+1.64¢ 9.04+0.56 b 15.25+0.76 a
>2 3.54+021d 6.48 £0.63 ¢ 6.65+0.92 ¢ 8.56+0.46b 14.84+0.34a
TN(g/kg) 0.25~2 0.43+0.03d 0.61+0.08 ¢ 0.68 £ 0.06 ¢ 1.05+£0.05b 1.56 £0.05 a
>2 0.45+0.07d 0.55+0.07 cd 0.65+0.07 ¢ 1.03+£0.12b 1.48 £0.06 a
TP(g/kg) 025~2 0.55+£0.02d 0.94+0.04 c 1.10+0.08 ¢ 1.86+0.18b 3.07£0.50a
>2 0.51+0.04d 0.85+0.05¢ 1.04£0.08 ¢ 1.79+0.33 b 293+0.09a
pH 0.25~2 8.90+0.05a 8.68£0.16 b 8.53 £ 0.09 be 8.49+0.10c 8.31+0.03d
>2 892+0.10a 8.72+0.09b 8.55+0.06 ¢ 8.52+0.07 ¢ 8.36+0.06d
EC(mS/cm) 0.25~2 0.77+0.11a 0.61 £0.16 ab 0.51+0.11b 0.47+£0.08 b 0.27+0.01 ¢
>2 0.74+0.11 a 0.58+£0.10b 0.49 £ 0.04 be 0.38 £0.08 cd 0.25+0.04d
57 (g/kg) 0.25~2 3.70£023a 3.47+0.26 ab 3.30£0.40 ab 2.90£0.15 be 248+ 044 c
>2 326+021a 2.90+£0.41 ab 2.68 £0.16 ab 223+£0.29¢ 2.12+0.36 ¢
it s SOC(g/kg) 025~2  423+0.57c 6.17+0.57b 6.26+0.35b 6.84+0.69b 9.59+0.48a
>2 3.99+036d 5.93+0.52¢ 5.89+0.12 ¢ 7.74+0.19b 9.30+1.30a
TN(g/kg) 0.25~2 0.54+0.14 ¢ 0.63 £ 0.08 be 0.69 £ 0.06 be 0.80 £0.05b 1.09 £0.09 a
>2 0.44+£0.07 ¢ 0.61 £ 0.06 be 0.62 £ 0.08 be 0.71£0.04 b 1.03+0.24 a
TP(g/kg) 025~2 0.52+0.06a 0.54+0.05a 0.51+0.02a 0.52+0.03a 0.55+0.03 a
>2 0.50+0.04 a 0.54+0.02a 0.52+0.01 a 0.51+0.04a 0.52+0.03a
pH 0.25~2 8.89+0.04a 8.80+0.11a 8.77+0.16 a 8.76+0.13 a 8.54+0.05b
>2 9.05+0.12a 8.98+0.19a 8.88 £0.20 ab 8.81+0.14 ab 8.60 +0.09b
EC(mS/cm) 0.25~2 0.62+0.07a 0.25+£0.10b 0.24+£0.03b 0.17+0.07b 0.14+£0.03 b
>2 0.58+£0.08 a 0.24+£0.09b 0.22+£0.04b 0.17+0.05b 0.13+£0.03b
53 (g/kg) 0.25~2 3.57+0.14a 2.88+£1.10 ab 2.70 £0.18 ab 2.00£0.13b 1.87+0.31b
>2 3.20+£0.18a 2.78 £0.58 ab 2.32+£0.29 bc 1.90+0.09 ¢ 1.75+0.18 ¢

T R AT EE NG TR R R A BEE 22 5335 P<0.05 .3 K.
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Fig.2 Effects of exogenous organic materials application on activities of fluorescein diacetate hydrolase (FDA), sucrase (SUC), urease (URE)
and alkaline phosphatase (ALP) in soil macroaggregates
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Fig.3 Principal component analysis (PCoA) of community structures of bacteria (A and C) and fungi (B and D) in macroaggregates of coastal
saline-alkali soil induced by vermicompost and vinegar residue application
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Fig.4 Effects of vermicompost and vinegar residue application on dominant bacteria (A and C) and fungi (B and D) families of macroaggregates
in coastal saline-alkali soil
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