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Effects of reclamation on tidal flat and land use on soil microbial community
LIN Li, CUI Jun, CHEN Xueping, FANG Changming*

Coastal Ecosystems Research Station of Yangtze River Estuary, Ministry of Education Key Laboratory for Biodiversity and Ecological Engineering, The Institute

of Biodiversity Science, Fudan University, Shanghai 200433, China

Abstract: Soil microbes play a vital role in nutrient cycling, especially in carbon and nitrogen cycling. Microbes are
influenced and regulated by many factors, such as anthropogenic disturbances, environmental conditions and soil properties.
Little has been reported on soil microbial response to long term cultivation after reclamation of estuary wetland. One of
possible reasons may be the heterogeneity of soil background and complicated land use history. The Chongming Island,
located in the estuary of Yangtze River, was originated mainly from periodical reclamation on tidal flat. Because of an
excellent homogeneous soil background and a relatively short and clear land use history on the island, the chronosequence of
soils reflects mainly microbial response to soil development and cultivation. Phospholipid Fatty Acids (PLFA) are principle
components of microbial cell membranes. Its pattern can be used as a fingerprint of soil microbes to provide insight
information of soil bacterial and fungal communities because different microbes show different PLFA profile patterns.

This research focused on a chronosequence of 6 soil ages under two different cultivation ( paddy rice and upland
cropping) systems, including O (unclaimed wetland soil ) , 16, 40, 75, 120 and 300 years old soils. PLFA analysis results
showed that after reclamation of coastal wetland, soil total PLFA, bacterial PLFA, Gram—positive (G*) PLFA and Gram-

negative (G~) PLFA all reduced significantly in both paddy rice and upland cropping soils. Microbial PLFA abundance
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then increased gradually over several decades in both paddy rice and upland cropping soils. After a long—term human
cultivation, no significant difference in G* PLFA was observed in 120 or 300 years old soils, either in paddy rice or upland
cropping soils. No significant difference in total PLFA, bacterial PLFA or G~ PLFA was observed among 75, 120 or 300
years old soils. Principle component analysis (PCA) showed that two principle components, PC1 and PC2, could explain
51.12% and 18.57% of the total PLFA variation, respectively. PCA also revealed that PLFA profiles of 75, 120 and 300
years old soil were clearly different from those of 0, 16 and 40 years old soil. Cultivations of paddy rice and upland crops
have significantly affected soil microbial structure. Total PLFA and G* PLFA were significantly higher in 16 and 40 years old
paddy soils than those of upland cropping soils. Bacterial and G~ PLFA were significantly higher in 40 years old paddy rice
soils than those of upland cropping soils. Soil total PLFA and bacterial PLFA were significantly correlated to soil total
nitrogen and clay content, suggesting strong relations between soil microbes and soil nutrient status. The PLFA results
indicated that human cultivations have led to environmental stress on soil microbes and this stress was gradually relieved
along with long —term cultivations, because of improved soil nutrient conditions due to inputs of carbon, nitrogen and
phosphorus fertilizers.

This study provided deep insights into soil microbial structures of different soil ages based on PLFA analysis under

paddy and upland cultivation systems, which are two major cropping systems in China. It was helpful for us to better

understand the development of soil microbial communities along with soil succession in arable soils.

Key Words: Chongming Island; reclamation; land use; soil microbial structure; Phospholipid Fatty Acid
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Table 1 Some basic characteristics of soils along the chronosequence!?!

R LA Rt Wk T Nor her oy BEC gy
Soil age/a  Land use  Clay/%  Silv/% pH Water ke (k) S(mgkg) AN 17 matio
content/ % /(g/kg)

0 % e 13.25 76.25 8.17 0.23 0.94 22.69 17.89 111 61.99

16 i 8.79 69.90 8.24 0.23 0.55 46.02 8.79 0.59 53.86
) 6.49 54.50 8.28 0.21 0.43 26.70 8.77 0.67 67.51

40 i 10.83 66.60 8.01 0.21 0.55 57.33 3.20 2.12 75.44
3] 8.95 69.70 8.41 0.21 1.45 61.43 8.56 1.63 68.41

75 i 11.17 67.83 8.11 0.24 0.54 37.90 3.05 1.24 63.54
) 8.75 66.80 8.31 0.22 0.64 49.24 4.14 1.20 70.46

120 i 9.92 62.83 7.96 0.22 0.73 4031 3.10 1.48 70.17
S 10.89 75.07 8.02 0.22 0.29 45.89 3.85 1.31 57.88

300 fm 11.67 72.40 7.96 0.23 0.93 4238 2.66 1.56 58.55
S 11.00 76.13 7.87 0.21 0.79 68.07 3.55 1.37 60.86

1.2 BERRNGIIRR (PLFA ) B3R BCRIAGIN J7 v:
1.2.1 PLFA A3RICRIRG

PLFA (42U 2 R H Zelles B % S84 U7
2O PLFA BUIRBURERUN R FREL 4 g R T 1T 25
mL O, 03 mL AR 22 ph il A 12 mL
s T (2:1) IR G, 7R 5 AR I 2 K5 4 mL &4
P50 4 mL PR 28 IR AV, iU E L R 2R
BUR 200, AT A3 U e ik 78 & A BUR 2 /0
s, W AEBORT E T AT K TR R T =
fA 40 CZET I 0.5 mL &AW EA 1 mL B
REGHVEI,TE 50 °C F A4 10 min HIARALBERS ; 0 6
mL Z3HT 46 IE O Rede s 0L, 15 R4 ToK iR 1
UEJ5 ,7E 10 mL KD YA 8k h & A AT, e &
Al IE CBEEZA R 100 pl, BIA]_FHLKG I

FrPAE R 2% R AL LR 9.38 ¢ FFAERR A 11.03 ¢
FREERREMET 250 mL TZE/K, FEEAIATRECH M1 g
NaOH ¥ F 50 mL 20 A2l e, F g kiR (FAME)
FrufEdh ) H 52 [E Supelco 23 7 (Supelco, Supelco UK,
Poole, Dorset, UK) ,fufifdt 25 F FAMEs,

S A A AR AL B TR K IR AL (e
I B A BRI AE A A, S SE812)) , AUKAY, Jig

AR R AR A RA R, R &) EHK
B E A A, Agilent 6820 SR AIEL, i /41K
FH FID G025 A D0, A6 0 25 VL 280 C, #FA% 171 3R &
250 °C , FEAEWIIRIREE 120 °C , F s LB 300 °C, W
SN, BT E 0.75 min, Bi5H %A1 30.0 m,
E42K 320.00 wm 4 HP-5MS B 404K, $iiE R4
Wik 20 Hz,
1.2.2  PLFA fENAWkRiC

AHFFE FHEI PLEA A 9pric dlingk 2 fos
AR IC R 43 R 38 AR AR e R E AR ARl
YIwE 2, A AR e i AT S e R AR,
PLFA [Figs#i g IR R (EL-PLFA) fU BB F T
fiff - 9 B A ) AR W T AR A R R I R
(MUFA) A /B 8 2% G BH M 40 e 9 3l A 90 4
8P RUR AT TR 18 :2w6,9 1] FHAEE B i 45 &
AkRic'e

AHF5E PLFA fr A HUNERBGEH M o R%. H
B oa,i, Ml cy 43 3= B =, =R AR S kA 8
Ph18:2w6,9 M, 18 F/n £4E C Il +4(H, 55
“U R BIREAFRRAMAE o J5 R ETR R
HERTEILE
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Table 2 PLFA analysis Biomarkers

SARBITCEYARIC Biomarkers

%t f PLFA Related PLFA

o[0T 10-12]

#2s PR  1
A
EL6 13

cy/pre ppLe. 9. 11

14.0, i15:0, al5:0, 15:0, i16:0, 16:1w7, 16:0, 170, ¢yl17:0, 17:0, 18:1w7, 18:0, cyl9:0

i15.0, al5.0, i16.0, il17.0

16:107, cyl7:0, 18:107, cyl9.0
18:2w6,9
(cyl7:0+cy19:0)/(16:107+18;1w7)

T4 a,i, Fl cy 430278 R MR AR S A AL 75

1.3 Zdlnibpg

SEHG R FH Microsoft Excel 2007 347 — &4 Ab
B R SPSS 17.0 B4 TG0, AR L R AT
433 PLFA J5 224387 Post hoc 2K FH Duncan’s test
Ji vk, PLFA 5 o 38 JE A 1 o A O P 23 A ok

2 #R

2.1 PLFA ERAWkric
PLFA S 7 H3E s e .
&1 HR A BT 75 iy 52 1 R A T AS ] T B AF AR 4 48

Spearman J7 1
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O L L L
0 16 40 75 120 300
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600 g
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#HE 400 -
=< 2 04 2
g} b = 0. ?
- b e Z
Ik - w‘
#9200 & oal g
?
0 ‘ . R : 1
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+ 344 Soil ages/a

+ 3R Soil ages/a

E1 HEAMREHAEERERTENS PLFA,AE, 55, E=KE4E, E=KAMEH Cy/Pre lL{E
Fig.1 Total PLFA, bacteria, Fungi, G*, G, and Cy/Pre ratio of paddy and upland soils corresponding to soil ages %}~ 13 il B2 4F{{
HMF/NG FEERR Z 5 AR B E (P>0.05)
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PLFA (9Xf BRI, [Hl B 16a +3EAY 5 PLFA 1%} T
oA ] B ()0 b 9 1 SRR AR (P<0.05) . Bl
ELISIA] B2 A5 B T, A RN SR b+ 4 S PLFA & i
wA B, FIR 75.120a 1 300a A+ 4 PLFA %
wa TR HEA B EES (P>0.05),

KR AL G AAE AN TR | 22 [P (G ) A
ZRBATER (G7) PLFA A &8, @il 1 s,
Bl 16a 19 3P40 G A G- PLFA AHX T8 3
R 8 2 PRI (P<0.05) , Rl 1] B ) Bisf ]
HZ G, PLFA & &% L Ft, G* PLFA 7 R
120a F1 300a +HEH &4 W& M2 5 (P>0.05) ;5 1fi
A A1 G- PLFA fE [ B 75 120a F1 300a 133 fh %
AR EZER(P>0.05),

PR LM A H =0T il 1, R 16a F140a
FeH 3B ) M GY PLFA B T 5+ 4%
(P<0.05) ; tn &l 1 fr 7, Bl B 40a Fef H 4 38 v 41 1
PLFA F1 G~ PLFA W25 T 5 M - 58 (P<0.05) , 1
Fil B 75 .120a Fi1 300a #F H 35044 PLFA 5234
+HETCHA B 22 57 (P>0.05)

- HERUE W HOIR S R AR R ( Cy ) B LRI
(Pre, — M2 BN A AR IR ) 22 8] (%) LLAE Cy/Pre
A i 2 B8 ol 360 1 P A B i i & AR AR
WK1 Fros B R 5 s B) (432 25 388, e HE R 5
Hb 1 358 Cy/Pre HAEIZ 2T, IEE R R 40 4RE4C
1) - 33k 3 e KAE ; L B 40a A1 75a 14 Cy/Pre
HOAE Y 25 5 TR s pE iR £ 48 (P<0.05), HIE
120a £ 300a +3 Cy/Pre HWAEEA & 25 (P>
0.05) ,{H B i 3 = TR VR 1498 (P<0. 05)
2.2 PLFA $58C RS 2 800 b

XF PLFA 4880 BI85 32 B0 53 A (0 i £ 2 4%
RS Z (MR AH G, M OCPERG 56 R B IR R 12.0 0
13.0 BA BEFMWMICKR (P<0.05) , AR T
BEARIR 120 J5 , XFAS [ AR 498 0% Wi R 1 A 3= i £y
ST (PCA) G55 WK 2 i

PCA 435 2P A~ 2 iy I+ PC1 Fil PC2,
SRR T ANFEARAR 148 PLFA R RIS 2 51
51.12% M1 18.57% , M 2 Hhal LItk —20 &, il B
75a Ji B 58 (045 75a) 5 75a Hil B9 A 5 BT X
AFFk ., BB 75a J5 AR W AR W R K 2 RN
Cy/Pre HLE P FEAR, VL S [l B J5 120a 1 300a + 1
AEY AW Cy/Pre HUAEROAIXT AR SE , $2m 1358

= i
®0 475
¢ 16 0120 <
2. A 40 0300 q o
1+ < i
2 . °
= 0 3 =
et o
N
S o2 8 M
T M A o
_2 [
-3 | | | | |
-3 -2 -1 0 1 2 3
PCI (51.12%)

2 PCA SMHERMH PC1 #1 PC2 B = E
Fig.2 PCI1 and PC2 scatter diagram of PCA analysis

2 mT R T LA 2 K A I TR) 3E R RN v R A B
F1. PCA 23t R 75a J5 i 3 (f0 45 75a) 5
ZHTE 3R B X ROk, A 5 — D7 TR ERH T
— %,
2.3 PLFA 5 3R VE R OC

Cui Z5 XA [R] B B AFAQ e A M i A7 T 4
AT B o - LA i 5 45 BE YK PLFA
AT THISCHE /AT, a5 R an e 3 iR, N [E) R4
R E S PLFA 4HTE PLFA 5 54 U8 538 19 1E A
KR (P<0.01) ; [AI} 2 PLFA 40 PLFA 5%5+
TR Y IEA X R (P<0.05) , 534k, Cy/Pre
S SRS E R &M (P<0.05), HF PLFA &5
K i E A OC (P<0.05)

3 itig

3.1 ] O R v ) B 0T SR W 45 TR PLFA

R A

TR IR RS, BE LT Ry
M PLFA 4i# PLFA .G* PLFA 1 G~ PLFA & & (P<
0.05) , [ 5 & 42 =5 7 3 Cy/Pre HUAE (P<0.05)
Schutz 5| H PLFA (773, RN T HE T /K A R 452
rHK IR 53 FIRBK S FR 20 O ARbR T 34T T A
YIRETE BRI, R B K 43 ihiE 25155 % Cy/Pre LLIEIY)
BTN Cordova-Kreylos 25 X5 Jii1 HL AR A1) 3V J52 65 £ Bl
MEHLHAT T A R TR S5 M 5T, e I 4
J& V5 Y FNAG ML G 55 PR R T A I 2 1) T AH G

http ; //www.ecologica.cn



904 VST

34 4

HKF, Dickens H R AT E AN Ik XHTHEER
ARARPIFR 1 JEAT T R YU REVE 45 #Y PLFA )
Br, R ZES IR 5 0 0 i R A T R IR
WEIBIR Cyclic 190,71 Cyclic 190 J& Cy/Pre H{H 5

TRy 211 AT, R 5 fE
A S A W A e P R B R AR, PR
VLT 1 o O 9 R B i A PR A
Yy A TR A s

&£ 3 PLFA 5HEEAMFEXES

Table 3 Correlation between soil PLFAs and some soil properties

2 4 ; I S e 2 A 1|

T‘()TejLN ){:ij; {giljl: pH fi Waljjtienl NO; NO3 NHG %j"[(‘f/u ZLIE
B PLFA Total PLFA 0.90"" 0.65* 0.25 -0.53 0.10 0.38 0.20 -0.36 0.49
4l PLFA Bacteria PLFA 0.86"" 0.65" 0.25 -0.52 0.18 0.40 0.18 -0.36 0.47
H B PLFA Fungi PLFA -0.06 0.17 0.05 -0.02 0.805 " 0.02 -0.12 -0.27 -0.32
G* PLFA -0.57 -0.34 -0.24 0.47 -0.16 -0.29 -0.11 -0.26
G~ PLFA 0.55 0.58 0.32 -0.50 -0.32 0.33 0.03 0.20 0.28
Cy/Pre 0.64" -0.28 -0.10 0.29 -0.54 0.51 0.69" -0.36 0.52

* % FR P<0.01 FKFBFEM; » FIR P<0.05 /KT A%

FBl B 16a FIFE| B 40a - 3ERIA ) 5 PLFA 40 TR
PLFA .G" PLFA fll G~ PLFA &40, i A% PLFA |
B G- PLFA 76 [ B 75 .120a F1 300a + 3 &
il TR LA W E 2 5% (P>0.05) , Cui X
SRR S AR MEAS ) T R AR M i AR P AT T 3
YA AT, % B FE B 16a 3984 HLAR AR X T b ¥
U R R R AR, {HOR AR R 40a S5 A HILAKR
A BEEFRIOEZHHZIMARE" gk
ik [ A8 M A, - 3385 R PR 2 M ek 3, TT e 2
B 75 .120a F1300a TIEHAEYIREE PLFA 5225
WD IR TR 1) R

AN L RARAR - HE B PLFA & 34 1 Y
ARk Kasel 558 2850 W KA E A 7] s X 4 i
AR A=t R 5 SRR T T ELTR R VR 45 4 1 A 5T
R BEVE S50 B A AR e AR e
Y FLRRARXT T 2400, R 2 25 5 32 BN s T3
R RZ , o AR AS [R] A H A 5 =20OR £ ) R A
R E AR shi K,

3.2 MR RN R AE W) A 2R PLFA & @

Al

Bl B 16a 1 40a A% H 34 B PLFA G
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