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Effects of Combined Application of Polymer Materials and Wood Vinegar on Aggregates and

Enzyme Activities in Coastal Saline Soil

YANG Caiyi'?, WANG Fan®, CAO Weiwei®, LIU Guangming®*, CHEN Jinlin'", YAO Rongjiang?, WANG Xiuping*
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Institute of Soil Science, Chinese Academy of Sciences, Nanjing 211135, China; 3 Jiangsu Coastal Ecological Technology
Development Co., Ltd., Nanjing 210000, China; 4 Institutes of Coastal Agriculture, Hebei Academy of Agriculture and Forestry
Sciences, Tangshan, Hebei 063299, China)

Abstract: In order to develop a new method for improving the aggregate structure of sandy soil, an indoor cultivation experiment
was conducted to study the improvement effects of two polymer materials (PM) of poly y-glutamic acid (PGA) and chitosan
oligosaccharide (CO) combined with wood vinegar (WV) on the soil aggregates and enzyme activities of coastal saline soil. The
results showed that, 1) The application of PM combined with WV significantly reduced soil pH and EC, and had varying degrees
of promotion on soil organic matter. 2) The combination of 0.2% or 0.4% (soil mass percentage, the same below) CO and WV
significantly increased the content of >0.25 mm macroaggregates and promoted the increase of mean weight diameter (MWD),
while the combination of 0.4% PGA and WYV significantly increased the content of 0.053—-0.25 mm microaggregates and reduced
the content of <0.053 mm clay particles. 3) The activities of soil catalase, urease, phosphatase, and sucrase increased by
4.07%-25.80%, 68.24%—189.76%, 0.46%47.56% and 84.86%-350.16%, respectively, compared to the control under the
condition of PM combined with WV. In conclusion, the combination of PM and WV could promote the formation of saline soil
aggregates, improve soil aggregate structure, enhance soil aggregate stability and soil enzyme activity. This study has important
theoretical and practical application values for the improvement of saline soil structure and the enhancement of soil fertility.

Key words: Polymer material (PM); Wood vinegar (WV); Aggregate; Soil enzyme activity; Saline soil
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A T KRR AT SR AR 1) 50k B 43 A1 WU g % o ke - 3¢
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BLZE R B A 2200 - SR A A AR, 7E
I A A AR R LA R E VR, TR
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SERB S DI R ER 5T IS R | 38 A 2R R A SRAE A
IR A R AL, $5R S R IRRR E Y, FRAR LI
FEIARTE HHERA KT B o T bR A AT R
RER I A T R4y, 5 A g W A T e
TS E RO O AT R IR 295 R LB NG
XF Na', CI'. SOF A3 Bt i 49y 55 0% b 60 FhL B2
EAERS, TFERBE(CTS) . ZIELTHER (HEC) AN
HORSRRAR K o 2 K, B e IR BOK HERE T I ] +
BEER T ey R RAELY Ehi A P AN A o -
WEAE AU, BV R B BB, ma T
Rk B4t P i 6% A A 0 9 P R ol 5 T
Fho A y-RAERAENS B F TR $h 5 - e P ik
it A R R A MUY R R TN s R R 2
(PAAS) S 27 4 RIS (HEC) e+ & £h 5t HIERUE W BE
TRLEF | R GCE PR FHBRIRBE 1, AT A - e
A=y A g

R, RESHAE IR LR, RRUEFE(R
bt 4 pH Kby, [IRHEAY HHER S IE . s
R IO RS 5 H A A Ak T T B A%
HE— AR FE X R e RAOR, B A
AR AT - S B B L A 39 T 3 B B TR, [
b, IR AR e A Rk
L BIF 5T AR [ 28 12 401 b4 Rk 14 B — 7 FH B A il V5
A ARG | Yo AR [ 3 43 A 5 A Tl R Tt 114
5% - 19 PR 45 F) i3 A - 98 I P T RN B 5
EAT V5 K o AT AR 5T B X 42, 1T

TESENE . y- R RRAUARBRRAE AR, i %
PN SRR AR T i 20 R A P9 Y00 6 35 - 1
IR 11 588 A G A P SO KN, LA Ry v 43
2 R A e B8OM TR AL BIE MRS %

1 #RERE

1.1 A

M HEHC A VR R B T S BB T & IX
ZTIRE X (32°38'42.01"N, 120°54'8.04"E), 1ZHbIX
(VAR R 2 1 T e Sy KR W PR 3 S
W, BoKBEAWRENREIME, 6—9 AMkEKER]
INBAEREK R 70%, FHFEKEHN 1058.4 mm,
KRN 929.9 mm, EXRIRHK 14.6 C, TFEW
213 do LK EHEREWRE R 0~ 20 om, HHELENRT
i 2 mm 545 . 3T DL Rif£>0.25 mm .,
0.053 ~ 0.25 mm H1<0.053 mm FRKAY &350
92.9, 341.0 F1566.1 g/kg, +IEZHE N 1.45 g/em’,
pH iy 8.50, &% 5.05 g/kg, Na', K', Ca™",
Mg>*. CI". SO; . HCOs & 435k 6.22., 0.30. 0.70.
0.68. 6.16, 0.80. 0.48 cmol/kg, MLIRMEMUHE A B
W2 P o T RE: y-RAER(PYRIFEENE(C).
R BEAT ORI 5 99% , FHITIL &R )1 5 16 ok AT PR
SERML; -RAER T E=25%, HEEFIAY
PHE B A FRA A2 SeBRA RS 1 =85%, K
r<10%, KIr<2%, HREPRHEIE A YR
A BR A F AL
1.2 IGAbIE

WA T 2023 4F 4 AJFRE, 2023 4F 9 A4
RIGIE 7 d14b s, RS 3 WK, SALPIFE R
JEAEN 225 kg/hm?, P,0s 120 kg/hm®, K,O 80 kg/hm?)
FAF T HATH R 4% 150 g Bk RIS &40 TRk (y-
RAAMR ., seBEHRER 1| B HEHRA S
JaZe ANPEREL£1(8.7 cmx8.7 cmx6.7 cm) o B AT T K
Fi2 12 500 ELBIRR RS 7E RN A 22.5 mL AR
PR, o 398 5 7K TR 31 A 1 FH (B Rk Y 70%
FESEBUARB S 3R G15) , % BRAT I 55 5 K
F7K(22.5 mL). i35 R A R G50, & TN
25 °C MANTAMBEFE IR . JFREEFEaT, Il
A PHIE RS SRR RIS IR 7 d, SO Y, W
PRAKG B2 . R T PRIERAE Y, B 7d &
BT K VR BT A A 3 A K 4y & )RR K R Y
70%. MHIFEREFRES 40, 80, 120, 160 KiFf TR
PEIURE
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Table 1 Experimental treatments

b B WL R T
CcK -
Pl 0.1% y-T A E % +0.3 mL/kg AW
P2 0.2% y-BA A FR+0.3 mL/kg KBS
P3 0.4% y-B A &% +0.3 mL/kg A B
C1 0.1% 7 5EH+0.3 mL/kg ARSI
2 0.2% 3¢5 HE+0.3 mL/kg ARSI
C3 0.4% FEEME+0.3 mL/kg ARBS W

T y-SRA RN FE ENT A AR e 2 R L e e 1 0 L

1.3 MEEHRSFHZE

FHEHEAE T E S (LA ) 1,
T4 pH. B FHEC)ORABAIEME, HHA LT
PR R IR A MR I e . I
K e P SR AR F I O i AT s 1T AR kAR
N, HIERIRARIL NN 3 9. >0.25 mm KFIRAK
0.053 ~ 0.25 mm A R & F1<0.053 mm Zh#ki . -4
PH 3 (RS- 24 1 i B A2 (MWD) & 2 1F - 458 A B i e e
PERFRIESE bR, THREARWT .

MWD:iXM}

i=l

K X, K i R RAR Y B (mm), W, i
B P B B R AR B o B (%), n=3.

RIS 160 K, RAE LI HET 150G
TR E , BN kS (R S LT
gk ) U, MG A ARG . RS L B
A TR T e R R T 0% 2 2 ) R 58 A0 o o B
ORI R SR BN L 7 . BT R gl EL ik 3,5-
TAHFK IR AR E , 43P 20 min 5 1 g LI
I3 HyO, FUZETERR . 24 h )5 1 g 138+ NH;-N (1)
e dk. 24 h 5 1 g HIEPRON By BT BOR 24 h
Ja 1 g A4 R A B 0 S B R BT
14 HELESSH

FIFH Excel 2016 #RAF#EA T AL, FIH
SPSS 25 Geitak AT R et o3 A, fdiH Origin
2022 HEATHHIE

2 HBR5HH

2.1 BHFHMBEHEARERRX TIEERMERZ MW

R 2 NESTFABHBCIE A B R SRR ) e
APERT ., 7 FALBRAY 3 pH AL S 3 i KB/ NI
¥ h: CK>P1>P2>C1>C2>P3>C3, YkHili 5 HfE
B35 (P<0.05)F% M1k 138 pH, # CK W% 1.17% ~

1.75%, {4 & 25 R, YEME G
IRl 0 (P<0.05) PR+ 3 S5, £ CK B FRAIL
16.49% ~ 49.65%. Bl 5 AR BCE 1) 7E SE R v-
RAEAMR RGBSR S, 725
W5 A BE BT L SR PR IRCR LT v-RAE
iR 55 A B VRO G . 7 oAk B ) AT HILI KB/ N
%A C3>C2>P3>C1>P2>P1>CK, Ab¥EC3. C2.
P3 A ML & 5 CK 43051 1 3 (P<0.05)4& T} 15.44% .
8.88%. 8.30%, HAfthabH A MRS R CK £
4.63% ~ 7.53%, {HMARIEHN B EZR
T2 BOFMBERABEREHTHLIEERER

Table 2 Basic soil properties under the condition of polymer
materials mixed with wood vinegar

Qb FR pH FL 5 (uS/cm) HHLF (g/kg)
CK 8.55+0.05a 2044.00+9.85a 5.18+0.15¢
Pl 8.45+0.04b 1707.00 = 26.06 b 5.42 +0.23 be
P2 8.45+0.03b 1386.67+73.28 ¢ 5.51+£0.31 be
P3 8.41+£0.06b 1121.33+3536¢ 5.61 £0.16 ab
Cl1 8.45+0.05b 1306.67+68.16 cd 5.57+0.17 bc
C2 8.45+0.35b 1265.33+75.65d 5.64£0.11 ab
C3 8.40+0.05b 1029.10+63.49 ¢ 598+0.33a

T 50/ NE RN R 3 b B E] 22 57 3 (P<0.05).

2.2 B9 FHREHEAES il T 5 B B AR
2.2.1 RifE>0.25 mm KFARE  E 1 AEsTH
R AR BERAR A R ) R R RS, A 1
AL, A SRR C3 AL BRAY R A RIK S B i
L5 A A b B 22 5 1 2, 7R 45 B AL CK 43l
i (P<0.05)#2 7 91.20% . 148.81% . 137.88% Fl
206.01%. C2 AbFH R AT RIR & #AUK T C3 Ab3 A
TEA IS CK 25 W3, £ 40, 80, 120 1160 d
B OCK 439 8 3 (P<0.05) 2 46.75% . 54.39% .
37.88% Fl 106.49%. RGN HER, C3 Fil C2
A FHL 1R SR AT SR Rt 2470 T 4 R o LAt A B 45 5 1Y)
BRI RS B CK A — e R R4 s, 40,
80, 120 1 160 d A% CK 43327+ 4.10% ~ 23.49% .
2.73% ~ 17.93% . 0.94% ~ 19.83% #l 6.60% ~
31.25%. HIULAT DL, SESEEELEA B0 + 8K AT R
A B A W A 4 AR LB 2 e S P A i
T3 5

2.2.2 K% 0.053 ~0.25 mm AR E 2 MEs
T PRI A B A AE T 1 IR A R AR it DABS
7% 80 d FFUf, P3 AbFR) IR RIS B TEAAL
PR, 5595 80, 120, 160 d B M A B A& i
J35h 510.10, 458.23 Fil 434.90 g/kg, 434 CK 2
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Fig. 1 Soil macroaggregate contents under condition of polymer
materials combined with wood vinegar
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Fig. 2 Soil microaggregate contents under condition of polymer
materials combined with wood vinegar
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A5 CK 225 3 (P<0.05), 1 40 d i}, C2 ZbHfy
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HIEFERTH C3 AbE AR R S R ILT CK, 4
Wik 455.87 . 448.17. 385.93 Hl335.00 g/kg, # CK
Iy HIFEAR 1.64%., 3.15%. 8.27% HI 9.68%, H:H7E
Higt 120 d BP 5 CK 225 .3 (P<0.05). HULATH,
0.4% 1 v-ZR A S R O it A B VRONT 198 P SR AR 75 Jt
SR B E R THE .

2.2.3  Aif£<0.053 mm Fikphr & 3 A m AR
BCREA BB A T 0 R E R o i, & 3 AT,

BIEFR C3 AR Rk RS B BEILT CK,
43R 385.40, 342.30, 387.40 Fil 405.47 g/kg, %
CK 7371 1 3 (P<0.05)F%AI% 15.02% . 24.44%. 19.96%
1 25.51%, #SHHE C2 AbFRAFMIRL & E BT
CK, %Mk 322.83, 426.87. 450.27 £ 434.80 g/kg,
B CK 3 F#A 28.82% ., 5.76%. 6.96% #i120.13%,
JFHAE 40 d F1 160 d A 5 CK 253 8% (P<0.05). 4%
W9 P3 AbFREFEORL S AWML T CK, 51h
440.33, 402.40, 427.53 Fll 474.73 g/kg, % CK 434
A% 2.91%. 11.17%. 11.67% F112.80%, 7E 120 d
1160 d B} 5 CK 225 53 (P<0.05). 16HH3E B &
(R 15 53— A RE55 A I VR TGt B 6% Wb 5 AR I - g
LVAR AT O 17 i we = LA kAT b T

00— ck P
NP2 BRI P3
L JC1 EEc2
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Fig. 3 Soil clay particle contents under condition of polymer
materials combined with wood vinegar
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AT C3 4B MWD 34 k55 K, 43010 0.51.,0.64
0.67 Ml 0.75 mm, # CK 455 % (P<0.05)% &
64.52%. 100.00%. 97.06% F 141.94%. £ C2
AEFREG MWD 215 TR C3 Ay HABAR R, 43N
0.42.0.43.0.43 11 0.54 mm, % CK 43| i # (P<0.05)
P 35.48%. 34.38%. 26.47% Fl 74.19%. %501
HoAh AL B ) 43 MWD %8 CK A —EFERF IR,
1E 40, 80, 120 F1 160 d A% CK 43 4215 6.45% ~
16.13%. 3.12% ~ 12.50%. 0.58% ~ 14.71% F1 6.45% ~
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FRACEE C2 1 C3 4b, HAh ALY + 1 S Ak Sl T
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Wi y- RGN, oA S Z
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Fig. 5 Soil catalase activities under condition of polymer materials
combined with wood vinegar
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Fig. 6 Soil urease activities under condition of polymer materials
combined with wood vinegar
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Fig. 7 Soil phosphatase activities under condition of polymer
alkaline materials combined with wood vinegar
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P2>P1>CK. AN A 072 S -5 AT VR O it 3 g
125 (P<0.05) P& FH G W R M 5 P, LB W R
PERE R 7E TN F 093G KB gss, 52 4011,
44.64 1 50.82 pg/g, ¥ CK 23T} 16.46% . 29.62%
Fl 47.56%.

234 JEHEERSTE B 8 NE A FARIBCHAEE R
b Ll N w3 e G R B S T e e e 3o
BTG, 7 b3 b EREERES R B BN
M P3>P2>C3>C2>P1>CI1>CK., B 5 AR Lt Y
V-SRI, RS s R, 5
CK .3 (P<0.05)# 51 109.46%. 216.09% F1350.16%;
(AR C SR I, FERERES PSR, 34 CK
2 (P<0.05)42 15 84.86% . 186.12% i1 200.00%.
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Fig. 8 Soil sucrase activities under condition of polymer materials
combined with wood vinegar
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