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Bim, FE, g F MEVEBSMRIHERR

ool b gL A R I5A:
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, FRTARREHE R ESEEE TR RB LS EHH 0,

[# X ] 404 F SES &,
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COIN R Y AR o s> 9 25 ) B B i
gt (8 da b R 2 N ERRIE L, AN AT R s i B 2R
2 fge T SRR B ) 2 A5 T L 2R3 B T 7™ A M5 1)
Al AR, TEMIRSAT TR A it R 2 m Y LA
SCL IR ORI ORI, TEHE N IR, A HIRREY)
HIE T o AL A LR 73, AN N3R5 fadH.,
(B ML B A7 s P 22, e SIS %2
RGNS, S LA R R R . ThREBE
PREETS R I A VUR TN REIR I BOEAT AR, 22
() BEE LR R A DY A WL it PR A1), B
Pz TR DA AR R, Lt vk
) 5 1) U] UL P B B 22 OB VR ERAE I KA
FEEEP o i e PR L e v R B A, IR T LB 7 — B
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i, DA DR s A A e B A BRI D) ST AT 1Y
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1 MR5REE

1.1 R XA

RIS X AL T VL5348 SR TT 2R & i1 2% T Ve vk
BIX (32°4723"N, 120°55'15"E) , 4K
B A5 5, JE I Ay OB IR I R X, B S )
ZERSARNFIE, ZEETHNE 3.3 mis, HXHEE
80%. HAEPHRUR 15.0 'C, AN 220d, H RS
] 2130.5 h. ZXZEFH)FKE 1061.2 mm, £
R R 5 882.8 mm, 457K R o A R A1 83% /7 4T
RIGHN 2014 FHIRMER, HRERREN LA
B BXANHEN R EEE A+, 3 pH N 7.5~11,
Al PR E N 3~20 g/kg, AHLIE N 1~8 g/kg. Hi R
KA HRIRTR, SPI3R/NT 1.5 m.
1.2 WEMEBEMR

I8 F AR ) B2 78 55 M kL (Microbiological
Covering Materials, MCMs) &M & KEE (Mucor
mucedo) 2820 AILLAEFF 3 B E R PR . 1y
KEFFH K 2820 7055 HIL /iR b L%, EHA
KRR T R T8 22, [ 45 26 0 b R T il <
RIFERE SR, B3k NS, b g
RS, A IR 2D, SeId R A R E R,
MCMs % i J5, 375 K k> & AT A 8%, P& /K FIH
R T7%.
1.3 RIEEIT

R HE 4 M. OF G E R MR LG
(Reclaimed Coastal Soil, RCS) , [ 5¢m)a Ak
T N RAREE) B ARMEYR . @ #ALEE (Conventional
Treatment, CVT) , XF[E [l ¢ BE MR IR TIR
K AL, K ETREE 20 om, 33296 24 h JE KK HEH,

FH IR (6 Bh 4 i B 52 3 9K, d5Jim it FH 2 S HE R A RHC R
EBHE 1) 4500 kg/hm?, FF 1GQN-220 Y it
FURAEELS 0~25 cm + 2 R38R G, AFEHEY); G
FH 75 4b 7 (Sesbania cannabina Treatment, SES) 4b 2,
7E CVT AbFRELAE ERIE H# (S, cannabina) ; @7
A W) BB &% M R AL #E (Microbiological Covering
Materials Treatment, MCT) , 7E SES 4b¥FLnt 7
# MCMs. H & FEFT &40 21 0~30 cm 2 (1) 155
AR IR 2.
& 1 4 £RZHR
Table 1 Physical and chemical features of cow dung

ol JS¥ s

PHIE  pribavkooe DV . pe
(9kg") (9kg") (9kg")

7.69 66.75 729.65 12.68 4.06

&2 BRI

Table 2 Physical and chemical features of soil

ps TZIS?FH)ESEI EHE FH /1) . AR R AT PR G
(9em”)  FLBRE%  FKEY% (g%g™) (g %g™)
RCS 1.48 325 21.7 8.82 16.12 1.49
CVT 1.46 32.7 22.6 8.76 4.26 3.72
SES 1.46 32.7 22.6 8.71 3.73 4.07
MCT 1.43 32.6 22.6 8.72 3.71 4.13

PEGE A ¥ i 1 5 %, 2018 426 H 10 H#E
i, 3EFE 18 kg/hm?. FEAN/NX AR 40 m? (Kox<iE
HN8mxdm) , FMAHEE 3NESE ., Wik
EEASE S, A3 1A
J5 (2018 412 H 6 HD We#l, HJFWRHIET 1 KRE
TR

MCMs 78 # 77 1\ IR Z 35078 i AU
HLCEIKRE G P A RS FE, 706 & 7 500 kg/hm?,
B s R B E R E S (AR R
JRLZ 3) , {#FE4 7 500 kg/hm?, S HA3T 4
AT T =

23 BREERAN LA BAHBAR A I MR
Table 3 Components of the raw material and

features of M. mucedo mixture

) GKE BONEE MR

R b pHgy o PIURES B SER

% (9kg7) (gkg’) (9%g")

SRR 555 6.8 76.25 655.78 6.88 2.59
EAEERER 120 76 1562 69236 16.87 6.53
kR 200 69 2635  703.76 5.07 7.39
T 125 71 2357  759.80 3.81 1.07

M5E 0~30 cm )2 1 -3 HAL M5 AT 0~100 cm
AR S S, R A RIER T4 0~10.10~20
A1 20~30 cm 2 R RAE HIEAE S, 100 em PR 3
FIH 854 10 om R . SR BRI R 2 H
AR, R R RO AR, KRS AR AR
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o KA TNENE LR E G KR, HIAFKE,
PRAR R DL B LR, S IR A Ak e 14
AR, KM eI e LI sk &, K
JE6 BT 2 S &, BRI T
P Eh g,
1.4 Fitoth

K H SPSS 18.0 Guit- Bt T 5k o4, mEME
53 MK H Duncan’s $ & 212, & # 47K~V 0.05,
2 1 i Excel #4%:.

2 BERESH

2.1 FEEXNBEEEF RS

ANFE AR R AR 4. SR 4 ATLLE
t, 5 SES 4bFEAHLL, MCT Ab3 H#E A& bR
R R AR F AR 4 BN T 75.83%. 27.38%-
30.90%7!1 21.65% (P<0.05) . MCMs 7 i % 1 # 4= K
HHEWEREEER, BE%E T HERNED*
IR

% 4 TRAE®EF AR

Table4 The various indicators of sesbania under different treatments

i ARt hm?) Fkia/em ZiibiE FARH/mm ZiARA/mm
SES 21.9343.16b 84.0040.82b 52.0445.73b 12.3341.70a 2.3040.50b
MCT 38.5645.28a 107.0040.91a 68.1242.33a 15.00+1.01a 5.00+1.01a

EF R E AR NG TREOR AR AL B RIE R R ER (P<0.05) , R

FEW NP S ER: $: 2 XV
Table5 Physical and chemical features of soil

under different treatments

L 2R Elem
E=La Ab 3
0~10 10~20 20~30
RCS  21.800.83c
] CVT  23.2040.45hc
FEKEI% SES  25.00-.42b
MCT  27.3020.37a
RCS  23.35#0.44c  22.4240.65c  22.32+40.39c
e CVT  24.3640.31c  23.4440.30c  22.00+0.44c
HIKFEI% SES  27.414051b  25.7040.43b  24.6540.66b
MCT  32.07#40.73a  30.53#0.80a  26.7140.50a
RCS  1.47#0.01a 1.4849.01a 1.5040.02a
RRUR A CVT  1.44#0.01b 1.469.00a 1.4840.01a
(gem?) SES 1.3740.01c 1.3940.02b 1.4240.01b
MCT  1.3340.02d 1.3429.01c 1.3740.02¢
RCS  32.30.28d 31.540.40¢ 31.340.51c¢
Er CVT  33.540.34c 32.340.52c  31.940.36bc
FLBREE% SES  34.940.21b 33.940.24b 33.140.63b
MCT  37.040.86a 35.740.46a 34.640.7%
RCS  51.98+251d  23.12#4.90c  16.91+1.88d
R CVT  71.06#2.74c  36.0044.12bc  28.4545.99c
(mg g™ SES  113.6747.24b  46.2147.61b  40.433.14b
MCT 1354247132  91.924816a  64.404558a
RCS  80.00+1.41d 117.67+.25c 127.6743.40a
TR CVT 117.00H.41c  123.0042.94c  126.33+.70a
(mg kg™) SES  156.00+1.63b 185.07#1.63b  132.0045.35a
MCT 229.0045.35a 223.6747.72a 135.33#4.03a
RCS  1.3640.45d 1.08+0.09d 0.98:40.03c
GRS CVT  3.6740.23c 2.7440.90¢ 2.4340.42b
(gkg™ SES  6.3640.46b 5.4640.40b 3.6740.47a
MCT  8.2440.58a 7.5040.36a 4.6340.6%
RCS  17.72#091a  16.97#0.45a  13.46+0.86a
M E,  CVT 120840820  11.180.76b  8.77+40.65b
(9 %g™) SES  4.4140.43c 4.64+40.58¢ 5.060.61c
MCT  2.2640.20d 2.47+0.35d 3.080.15d
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2.2 FEIEIT HIRIBL M FRAISNT

ANFE AR I FR A SR R 5. MR S AT LLE
H, 1 ANHEA KA Y, RCS 40 F 3% 2 (0~10
cm) 4% H [ FrK R FIME R 21.8%, 52 #H L, CVT.
SES AbFEAN MCT AbFE 1338 H ] 3 7K 28 43 )38 hn 1
6.42%- 14.68%7#l 25.23%; MCT AbHEH: CVT AbEEFN
SES Kb T 17.67%F1 9.20% (P<0.05) . AW,
TV FETE s AR 78 350 T 3R T 35 | A Rk R
HEITE

RCS 4bHEAN CVT AbHEF) 0~30 cm 2K 3 &
EKFEMXFaE, 1E 22.70%H 23.27%4 47, MCT 4b
HHAN SES AbEE IS KR EL RCS ARHAT CVT LB
ZHhn. AT RCS Ab#, MCT 4bFE 0~30 cm %+
E SRR RN T 37.34%. 36.17%F1 19.67%

(P<0.05) .

RCS Ab#E L3RR &0 241k, 0~30 m &
R AR R A 1.47~150 glem®, CVT. MCT k&b
FHFN SES AbPE - e AARFR T B RCS AbBE P 3 R
T RCS. CVT AbF AN SES b3, MCT 4b¥E 0~10
cm T3 AARFR I 23 A PR T 9.52% 7.64%F1 2.92%;
10~20 cm AR5 E 3 I FEAIK T 9.46%. 8.22%FH
3.60%; 20~30 cm T IEARFT 7 il FEAR T 8.67%-
7.43%71 3.52% (P<0.05) .

RCS Ab# 0~10 cm 3% B LKA 32.3%, #H
% RCS 4b#, CVT. SES 4bHEAT MCT 4b#E 0~10 cm
A FLE 4 N 3.72%. 8.05%7A1 14.55%.
A% T RCS. CVT AL SES Ab#, MCT 4b¥E 0~10
cm TIEEEFLBE 2 HIEE S T 14.55%. 10.45%7F
6.02%; 10~20 cm L3 ldEm 7 13.33%. 10.53%
A15.31%; 20~30 cm 353745 T 10.54%. 8.46%
A1 4.53%(P<0.05) . MCT Ab#i$2 & 7 H3EREKEE ST,



LI

TR AT o6 MORE X BT B £ FRAL R J5T A E

WD 7 BT A A KA, R MELR IR B S5
R TR ENCEE .

FH USSR IS RCS AbFH 0~10 om 3845 &k
9 51.98 mg/kg, CVT. MCT 4LFEAI SES ALFH 0~10
cm A B RCS AbPR R # R TF. 5 RCS. CVT
AEFRAT SES ALEEAHLL, MCT AL3H 0~10 cm A2
T2 N T 160.52%. 90.57%7F1 19.13%; 10~20 cm
+ 3 HI N T 297.58%. 155.33% 41 98.92 %; 20~30
cm HIE AN T 280.84%. 126.14%A1 59.29%
(P<0.05) .

RCS 4b# 0~10 cm - 34 28 & 5 80.00 mg/kg,
FH# RCS.CVT 4bFE AN SES 403, MCT 4LFH 0~10 cm
SRR S B 0 186.25%.  95.73%F1 46.79%,
10~20 cm 345 51811 90.08%. 81.85%F!1 20.86%,
20~30 cm 343 38 0 6.00%. 7.12%7F1 2.52%, MCT
b B R 8 A R E U [E B I B 5
(P<0.05) .

RCS 4b3 3R )2 FHEAHLT &N 1.36 glkg, BHRK:
I A4k . MIXFF RCS 4bFH, CVT. SES 4bFH
M MCT &b¥ 0~10 cm + 2 A FURE 2 B0 T
169.85%. 367.65%7H1 505.88%. 5 RCS 4bHiAALL,
MCT 4b¥H 0~10. 10~20. 20~30 cm + 2 H3EH W5
Ay 3N T 505.88%.594.44%71 372.45%(P<0.05).
55 SES 4bFEAAEL, MCT 4bEE 0~30 cm &%+ 2 H3EH
HUT 2> 50340 7 29.56%. 37.36% 411 26.16%(P<0.05)

RCS AbH R 2 3 n[ i 8 17.72 glkg, FHER
T RCS 4b¥E, CVT. SES 4bFEAT MCT Ab# 3 n] %
PEE B R ERFL (P<0.05) . 5 RCS. CVT ALFEAN
SES 4bFEAHEL, MCT 4bFE 0~10 cm 3R A PESL &
Iy A T 87.25%. 81.29%71 48.75%, 10~20 cm *+
19 BIFEAK T 85.44%. 77.91%71 46.77%, 20~30 cm
+ I HIRAR T 77.12%. 64.88%7F1 39.13%(P<0.05) .
AR W) 7 S AR 7 15 0T DU ALK 0~30 ecm + 2
TIERTE R, MR R
2.3 TEIEXT LI 5B NT

AEAEFE 0~100 cm -+ )2 3 AT AL E 1.

M 1A LAE T, RCS ALFE 0~100 cm + 2 I A] %
P EARECR, BTG 7.08~17.72 g/kg, CVT
Gt # AR AL Y B N 5.40~12.08 g/kg, SES 4b BNy
4.43~6.44 glkg, MCT 4b#EN 2.56~6.35 g/kg, CVT.
SES\MCT Ab#E -4 n] i v 2 5 i F KT RCS Ak,
Hrf MCT AbFEFAK. RCS ALFEAT CVT ALBH[ 3%
Al R TR IR B D T AR, R R
KB, HEFEEE LT 7K EE B AR N3G s SES b3
A MCT AbEE 3 mr s k3 8 5 + 2R 3 I 2 1E
FHR B

A AR (. kg
10 15

0 5 20

10 +
20 r
30 r
40
50
60
70
80
90 r
100 *

+JZRE Iem

—o— RCS
——CVT
—A— SES

—>— MCT

Bl RRAEEETERE S E2QHH

Fig.1 The vertical distribution of soluble salt content in soil
31 it

VR MER I X B R ROR ., SRS, EYE
FELN X, FE S A ) Tl 32K . IR KN
B RIPKEIEFIHAER, sesE s, Rihss
R, WOKEMYEEE . AHUIEKEH . T S i
MEEYIR R MCMs 178 o (CVT. SES Fl MCT 3
FRALER) ¥ R TR st s, Hads
it S35 LT BT it . MCMs 7 25 At 1% 1525 14 in 1
HAEYE, X5 MCMs B ICHIEA K. fREF
4Ky R A —E A, RN EYIRS
FEANE KB 2 W S 0 e A A LR 53 AT A
S b e e R oy, (RBEIN S F A
HR 2R R Lo b e e o R - 3 by, AR R I+
b NSy e Y (30 we i SR == ) PR S e e e
FAKNE, INEIE YL, SES AbEEFI MCT Ab#E -+
AR BB FLB S B B B2 T CVT
4b¥E, 4555 Moreno-Barriga 25V 58 i S — L.

BEAERVE N T M YIE TR, AN &
RTR, HEZFEXN THEWAKECHEE, EHEY)
ARKRELRE S, BNES 5 RSEREL. 6E1E
R FERAERS R itisimas, A BT e by
ARG HAIAA, G FEI] A0 S A 5 i N R
PR EA P HOR A SRR, MCMs 7 26 45 & FH 5 A
FR) R 5 R A Tt A R T 3 0 A R S RN
AYFEEEY ALK TR IR 8. iR B RMER I A
SR 16.91~51.98 mg/kg 2 [1], J& T H K IR KT
i H#EME A MCMs & & (MCT 403D , 0~30 cm
T RIEA S ST 60 mglkg, R E 1%
(0~10 cm) ik 135 mg/kg. RCS A3 % 2 358 ik
BEAE 80 molkg, J& TRIR K, A L YA
K75 N it FHARAE, MCT AbEE R 35 myml ik 229
mg/kg. Tran 221 Zhang 262V 5t o IR - 1 B 11012
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H 5 AL (DOC) Z [AIFEAEIR SR A . £
BRI T SRR PR o W R A P 6 78 S L )
FEATS SAtmd . k. TR R AL 58 0 i
i Re AR M ) 43 AR A AR B R B A0 A LB A
WEYEFRuER, KRB 1 11557501 DOC &=,
k& DOC =[ffhn, +TIEH FiaRmE. IR HAL
R EFET:, TSI T3 AG RCR AN A B R A 1
iX 5 Dhaliwal 2850 Alori 2P IR 2 5 m K
A3 E TR R AL L 45 R — 3 SRR E FlMER
PRI RAS I A s PR, VAR, HIEA MR =,
ZUFEINER RCS AR = LAY =N 051
g/kg. MCT Fl SES AbHEXT 8%+ 2 LA ML K
REE. & 1 AHEEKE, MCT 4R EZE+
WA HUFREATIA 6.46 g/kg, % CVT AbHL G #HEH .
MCMs 78 5 A1 HH 75 Rl S5 25 3 0 R I MR, X5 A
IR N K& = KB WA E WA K. Woh, 5
1 Thae k= KT (M. mucedo) DA K Hift it
IR YIS RN RAR . PR IR AR
S UILYIRIE S5 AR A TR EA AU, sl
b S ANIE S

N T b4 it B b 3 Eh o puide s e, SEE -+
BRI IR BRI BE FRAIS, alBe s SRR, oKk
ER AT BRI 358 65% 4 A5 (1 3h 7o B IX P P34 T K
f7%1°4-100 cm, RCS 4b¥E5 CVT. SES Zb#EATI MCT
ARFRA T AN[E] FHER, RCS Ab# AT Ab B M JiR 46 SR
W, RESATATHEERE . HAR LM i R A2, (R
Mz % L E2REN L E SRR E e T
CVT. SES #4bHEAI MCT Ab#. H#EREMAI, CVT.
SES 4L FE A MCT 40 ¥ 0~100 cm + 2 2 2 2 A W1 4B 1
I, AR FERFBAAARE, 0~50 cm 2 EE5r
ALK o FRBPIAE FH 5 SES b+ 25 Eh
BEET MCT 43, X5 MCT 4F MCMs 7 25 #1141
TIEERAR, AN AAHEEEKEASD W,
MCMs 7 i i ik B AR R0 P« ORfeR 3380 B ok /D>
R KA 75 R, JETHI 55 R K BB ANA R E LI,
i Eh o FIER R R . A, A AR
(78 S5 LR MR T PR S R i phats 77, i@+
LB OE, AR TN RN, i
TV R IR, AR B 15 1 1045 5 5 Mahdavi 258
IR TR AT 7 55 D> 18R THI 1) 26 R RN R Y A3 D
FEER—E
4 25 i

L FIHAAEIFER S KBS 2820 (1R 225515
A FH ) £ B A P 7w kL B U LT AR
PR RE
98

2) TACEDHETE e PRI L X T3 0 3R k)
RS B FLBREE . A R0 SR AT LR
B, FREIEAPE, >t e,
e BR B Y - IRAS H A B IRCR

3) TAENHTE w ADRERT L R AT e AT AL
NESER ZHE RG], —MEM ARSI g
% 2 3% OO LR R, PR PR SR R, S
BLASRE A A i S T, HLZH & 4 e S T
AT I
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Effect of Soil Amendment with Microbes on Physical and Chemical
Properties of Reclaimed Saline Soil in Coastal Areas

HAN Rui', YAO Yutian®, SHANG Hui®, ZHANG Chi', ZHENG Jinhai', CHEN Lihua'’
(1. Hohai University, Nanjing 210098, China; 2. Jiangsu Province Costal Development Co. Ltd, Nanjing 210019, China;
3. Jiangsu Province Costal Development (DongTai) Co. Ltd, Dongtai 224200, China)

Abstract: [Background] Tidal flat is a natural ecological system with multiple functions for regulating coastal
environments. Soil in most tidal flats in China is rich in sodium chloride but is poorly structured, short of organic
matter and nutrients such as nitrogen and phosphorus, which undermine the ecological services the flats are expected
to provide. Remediating tidal flats is therefore imperative to improve their functions, a key in which is to improve
soil permeability and aggregation so as to facilitate salt leaching and plant growth. [Objective] The purpose of this
paper is to elucidate the feasibility of using fungi hyphae as a soil conditioner to improve soil quality and reduce water
evaporation. [ Method] We compared four remediating treatments: reclaiming the coastal soil only (RCS), conventional
remediation coupled with freshwater washing and cattle manure application (CVT), CVT plus planting Sesbania
cannabina (SES), amending the soil with fungi hyphae (MCMs), MCMs plus planting Sesbania cannabina (MCT). The
efficacy of MCMs at improving physical and chemical properties of soil, as well as salt leaching and growth of the S.
cannabina was measured and compared with other treatments. [Result] Compared to SES, MCMs significantly increased
the biomass of S. cannabina (P<0.05) by 75.83%. Compared to RCS, MCT increased: (Dthe field capacity of the 0~10 cm
soil by 25.23%; @bulk density of soil in 0~10, 10~20 and 20~30 cm layers by 9.52%, 9.46%, 8.67%, respectively; 3
water content in 0~10, 10~20, 20~30 cm layers by 37.34%, 36.17% and 19.67%, respectively; @the capillary porosity in
0~10, 10~20, 20~30 cm layers by 14.55%, 13.33% and 10.54% respectively; ®the available P in 0~10, 10~20, 20~30 cm
layers by 160.52%, 297.58% and 280.84%, respectively; ®the available K in 0~10, 10~20, 20~30 cm layers by 186.25%,
90.08 % and 6.00 %, respectively; (Dthe organic matter content in 0~10, 10~20 and 20~30 cm layers by 505.88%, 594.44%
and 372.45% respectively; ®the soluble salt content in 0~10, 10~20, 20~30 cm layers by 87.25%, 85.44% and 77.12%
respectively. [ Conclusion] MCT increased permeability of the surface soil to infiltrate precipitation and reduced the
evaporation, thereby alleviating secondary salinization. Our results also showed that MCMs significantly increased the
biomass of S. cannabina and soil nutrients, accelerating salt migration as a result.

Key words: coastal area; microbial mulching; saline soil; soil physical and chemical properties; Seshania cannabina
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