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Abstract; Reclamation is a very common disturbance to the alluvial lands of estuaries. In China, the reclaimed alluvial
lands are generally used for agricultural or industrial purposes. However, the physical and chemical properties of these
reclaimed lands had been rarely studied. Particle size distribution (PSD) has been proven to be a useful indicator of land
use. In the present study, we tried to clarify the changes of PSD under different land use types and durations. East End of
Chongming Island at the Yangtze Estuary, the largest alluvial island in the world, which has a chronosequence of reclaimed
lands, provides a good and special case to study the changes of PSD after reclamation. Three long-term land use types, i.
e. paddy field, vegetable field and woodland, were involved. Soil samples of different land use types and different durations
were collected. The soil particle size distribution was determined by using a Beckman-Coulter LS 13320 laser particle size
analyzer, and the particle size fractions were performed. The changes of particle size fractions (i.e., >63um, 63 —
32um, 32 —16pm, 16 —4pm, and <4pum representing sand-, coarse silt-, medium silt-, fine silt-, and clay-sized
fractions, respectively) were analyzed. An order of magnitude was revealed in the terms of the soil mean particle size: tidal
flat < paddy field < vegetable field < woodland. Moreover, compared to the tidal flat, fractions of the fine particle size of
the other three land use types were significantly decreased, probably due to the wind erosions (anova, post hoc). Soils of
vegetable fields and woodlands were more susceptible to wind erosion than the paddy field owing to their dryness and

bareness. On the other hand, the mean particle size increased significantly during the soil development for the first 15 years
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after reclamation (one-way anova), result from the severe wind erosion while soil organic matters increased during this
period. However, at the duration of 38 years, particle sizes decreased again, due to the accumulation of organic matters and
the improved forest coverage on those fields. Significant changes were found in the soils with the depth of 0 —40 cm, with
no distinguishable changes were observed below 40cm, reflecting the impacts of wind erosions and cultivations. Our results
show that the distinct changes in soil particle size distribution can occur after reclamation, which sheds light on differential

impacts of land uses on soil properties.
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Fig.2 Particle-size distribution of one of the 200 samples
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Table 1 Multivariate analysis of variance of the mean particle size

kY5 Source H B df 75 Mean square F 1 F 4 Significance
+ A )73 Land-use types 1197.412 7.405 0. 001
+ZHE Soil depths 4 305.372 1.888 0.115
R 4EFR Reclaimed years 1403. 466 8.679 0.000
PRl RAERR x b F 5 X

Reclaimed years x Land-use types 4 643.581 3.980 0004
i R x +ZIREE Reclaimed years x Soil depths 8 96.107 0.594 0.781
T AR x 2ZHEE Land-use types x Soil depths 8 261.528 1.617 0.124
Fil B AR > bR I 2R x 2 TR

Reclaimed years X Land-use types x Soil depths 16 92.371 0.571 0.901
%% Error 150 161.714

S IR B8 - A 75 5K 2 R R B R AORIAR (3R 2) o oy, o s 5 o5 5 Do 7s » doo 1 d, 6 SRAL - 40KIAR
SATRE RS EOY B TR/ N2 BT S SR <R <3 <pRt, X TR S, H
M2/ NT RS S RbR D , 75 B B2/ T3 AAR Y, TS FAk b Z B 2R AR B (R 2) . HAl S 4
ZHp RIS AN ERA B, H— BB E /DT I 55 H 8 5 M SEES B E /DT (p <
0.05) ,HE TS GRIMZEF A BE (R 2) s TSI B Z A BE

W R B P AR RSN, S R - R A2 0 A IR 9 6 SRR 2 BB G PR IR BIR . 18 L3t
Fi15a 992 BIX, TR R/NABIBAME (£ 2) o B RFH 9a Al 15a iy Laerh , Rk L ORIAR 4 AERT 6 1
SHHBERT RN ECH A 38a 1969 BIX, 1 RHOR AR 92 BIX 98 BIX BB/ ; BkifeS 4
ZH(d,,,dyss, dos, doss,doo) SREIMEBABEZR(K2),
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Table 2 Main parameters of particle size of reclaimed alluvial soils with different land-use types and durations

TiH Item d, dy.s dy. dy. 25 dy, 75 dy. 90

T AR E M Tidal flat  21.02 £3.57a 17.62 +3.78a 1.46 +0.29a 6.25 +1.88a 30.35+4.77a 44.10+5.97a
Land-use types fHH Paddy field 27.89 +11.51b 22.41 +£9.22ab  1.78 £0.61a 7.97 £3.82ab  39.92 +17.79ab 59.28 +27.75a
SEMl, Vegetable field 33.48 £13.66c  26.78 £11.90bc  2.10 +0.82b 9.77 £5.00bc  47.91 £20.37be 73.20 £31.16b
b Woodland 36.72 £17.50¢c  30.20 £17.33¢  2.24 +0.86b 10.65 +5.36¢ 53.32 +28.18¢c  79.28 +38.70b

[ RAFERR (a) 0 21.02 +3.57a 17.62 +3.78a 1.46 +0.29a 6.25 +1.88a 30.35+4.77a 44.10+5.97a
Reclaimed years 9 33.79 £16.44b  26.81 £15.69bc 2.02 +0.87bc 9.42 +5.47bc  48.64 £25.99b 74.59 £37.60b
15 36.89 £16.39b  30.12 +14.67¢  2.26 +0.78¢ 10.81 +4.78¢ 53.69 +26.01b  79.89 +37.60b
38 27.41 +8.92a 22.46 +8.16ab  1.84 +0.68b 8.17 £3.97ab  38.82 £12.22a 57.28 +18.45a

T —F AR FREFOR P HETE p <0.05 KFE T A B2 (1sd)

Means with different letters within a variable in the same row indicate

significant differences at p < 0.05 in every group(lsd), F[f] the same below

2.3 b SO - S URL A R R
7£ 0 ~20cm 20 ~40cm 40 ~60cm 60 ~80cm 80 ~100cm 5 4~ + 2 , 43 | %t - WOk i (> 63pum ) |
KB (32 ~ 63 pum) \FRARED (16 ~32um) AKED (4 ~ 16pm) DARARL( <4pm) S ARG [R] L3 I 5 5K
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THASERHTER BEEDIN (R 3) o GEREZY LHA T XHEZE 13 (0 ~40em) FORHKAA B
ERW, TMXNRE LIEAE A B E . Hp 0 ~20em +2/IVRARH S CRVRL A1 ED) & B 25U 8., mE
> RE > 2R3 > Mt , SR ARG ] 1) 22 5 A 8.2 5 T AOREAR MR 4 (> 63 ) 25 BT A S i 3 (3R
3) , e ANARE FH (6] A B SR M R B ) 22 RS B3, R ZF IR EN T BERE (K 3) o 20 ~40em + 2K
RO H FMNESR AHAA IR Z W R, = A H 5 SRR 22 [B) FE KL | 40045 10 R FR) 20 435 B AP
TERFEER(K3) . PHOAMEBDREWFE—ER LB BRERRBINBERE,

®3 FAAAMAARLIHTIBIENZESEIE(% )TN
Table 3 Particle size distribution (% ) of the reclaimed alluvial soils with different land-use types

T 2% (em) T H R R #> Sand M) Coarse silt  Hpib Medium silt  4E¥3#) Fine silt Fiki Clay
Soil depths Land-use types (>63um) (63 ~32um) (32 ~16um) (16 ~4pm) ( <4pm)
0~20 M Tidal flat 1.53 £0.72a 11.95 +£3.55 25.95 +2.38 33.95 +3.48a 26.63 £3.17a
FEiH Paddy field 9.91 £7.58a 23.36 +7.56 23.08 +4.43 23.40 +6.21b 20.26 +5.70b
Sl Vegetable field  21.73 £13.55b 25.20 £5.12 19.78 £5.22 18.03 £6.05¢ 15.27 +5.00¢
Hith Woodland 25.42 +14.97b 24.28 +6.37 19.20 +5.87 16.93 +5.12¢ 14.17 +3.96¢
P 0.004 0.768 0.128 0.011 0.006
20 ~40 i 2.60 £1.11a 18.05 +3.18 31.08 +2.28 27.53 +2.80a 20.75 +2.43ab
FEH 8.26 £8.17a 21.13 £10.26 22.87 +4.78 25.33 +8.83a 22.42 +9.44a
SEHY 21.09 +12.63b 25.87+7.28 19.33 +5.468 18.26 +6.91b 15.45 +5.78b
Fib 21.61 +14.29b 24.82 +6.42 21.56 +6.96 17.75 +4.57b 14.27 +3.25b
3 0.007 0.287 0.290 0.008 0.004
40 ~60 e 3.30+0.78 20.33 £2.32 30.80 £1.42 25.63 +1.95 19.95 +1.78
fEH 8.26 +10.59 25.93 +8.77 25.86 +5.31 21.52 +7.05 18.43 +7.03
SEHY 15.54 +12.56 28.25+5.27 22.93 +£5.97 18.11 +5.00 15.17 +4.20
ity 14.57 +17.53 23.75+9.87 22.98 +7.06 21.11+7.91 17.60 +6. 64
3 0.366 0.387 0.388 0.407 0.377
60 ~80 =i 4.58 £1.05 22.25+2.11 31.00 £2.76 24.28 +1.84 17.90 +1.56
fEH 8.48 +12.07 24.77 +6.33 27.08 +6.18 21.69 +4.64 17.975 £4.27
E-3i) 8.59 +9.31 22.38+7.75 24.25 +4.76 24.26 +7.31 20.53 +7.80
ity 13.36 +15.06 23.97 +6.34 23.79 +6.80 21.24 +7.44 17.64 +5.98
3 0.505 0.645 0.349 0.404 0.387
80 ~100 i 4.35+1.39 25.50 +1.90 31.53 £2.72 22.15+1.00 16.48 £1.01
fEH 7.77 £9.43 26.28 +7.80 26.93 +4.67 21.13 £5.99 17.91 +6.15
E-3i) 7.08 £5.42 21.64 +£9.33 23.81 +4.22 25.24 £7.54 22.23 £8.40
B b 10.69 +12.07 23.72 £6.56 24.84 +5.79 22.62+6.48 18.13 +4.50
3 0.549 0.379 0.293 0.288 0.187

4 [R]— ) AR 6] R R F B EAE p <0.05 K BT A BEFH25H(1sd)  Means with different letters within a variable in the same row indicate
significant differences at p < 0.05 in every group(lsd)

2.4 b AR BR X 4 SR 2 A 5

Bl B/ b ) P A RO - A0 20 8 2 et R BAARIAE O ~ 40em Z[], X IR JZ TR W3 (R
4) . Bz B B FIAERR A8 b, ok S S 98 R IX (92 B IX 5 M Ak , 40 0R: Ho 491 v 20 , ML BORL e
B R, 0 ~40em +JZH  RiAR/NT 32wm BIRERL IR ED Rl b4 40 & BN R R 08 B IX (92 B X
BETHE, 3 69 BRXMEBE FF; RZBAKT 63um MEPRLA ;& BN EIRES 908 BIX .92 HRKX
3 69 HRX 2 BESL LR TRENELGESE(ES),
3 itig

RS R K 1 IR SRS K LIRSS REE A IR — 1 W R
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Ja AN R] 3t R P 75 SRR AR PR B 8 U8 T SR AORAR 0 AR . I L3R DT 2R, F PR RN 8
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40em R BE R, MRZMEA EAZEM X 78 R [F] A A 75 200 L4
AR AR EER o
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Table 4 Particle size distribution (% ) of the reclaimed alluvial soils with different durations of land-use types

T+ 2% E (em) B BRAEFR (a) P Sand K> Coarse silt H1§} Medium silt ¥ b Fine silt KikL Clay
Soil depths Reclaimed years (>63um) (63 ~32um) (32 ~16um) (16 ~4pm) ( <4pum)
0~20 0 1.53 £0.72a 11.95 +£3.55 25.95 +2.38a 33.95 +3.48a 26.63 +3.17
9 23.07 +17.94b 22.85 +8.41 18.74 +6.26b 19.00 +7.59bc 16.34 +6.79
15 22.88 +9.60b 26.43 +3.30 19.57 +4.06b 16.68 +3.32¢ 14.44 +2.98
38 11.11 £9.57a 23.57 +6.03 23.74 +4.43a 22.68 +6.24b 18.91 +5.49
P 0.016 0.338 0.039 0.029 0.069
20 ~40 0 2.60+1.11a 18.05 +3.18 31.08 +2.28 27.53 +2.80a 20.75 +2.43
17.70 +13.65bc 20.69 +10.24 19.21 +5.67 22.63 £9.73a 19.77 £10.17
15 22.78 +14.15¢ 26.48 +5.51 20.15 +6.26 16.62 +4.02b 13.97 +3.06
38 10.48 +9.23ab 24.64 +7.67 24.40 +4.48 22.08 +7.11a 18.40 +6.53
P 0.030 0.176 0. 060 0.042 0.055
40 ~60 0 3.30+0.78 20.33 £2.32 30.80 £1.42 25.63 £1.95 19.95+1.78
14.18 +12.32 26.15+9.18 21.71 £5.49 20.35 +8.11 17.62 +7.52
15 15.02 £18.64 25.26 +9.11 23.58 +7.31 19.52 +6.64 16.63 +6.19
38 9.18 +9.51 26.53 +6.71 26.48 +4.85 20.87 +5.82 16.95 +4.69
P 0.523 0.922 0.151 0.884 0.916
60 ~80 0 4.58 £1.05 22.25+2.11 31.00 £2.76 24.28 +1.84 17.90 +1.56
11.38 £12.75 24.37 £6.48 23.48 +6.11 22.137.15 18.65 +6.04
15 12.71 £16.37 21.93 £7.57 23.85+7.39 22.53 +£7.98 18.98 +8.03
38 6.35 +4.60 24.81 +6.25 27.79 +3.10 22.54 +4.59 18.51 +4.40
P 0.374 0.495 0.159 0.981 0.977
80 ~100 0 4.35+1.39 25.50 +1.90 31.53 £2.72 22.15+1.00 16.48 £1.01
8.25+7.04 22.51 +8.24 24.40 +4.76 24.31 £6.57 20.53 +6.39
15 12.39 +13.37 25.77 +8.64 23.93 +6.31 20.31+7.61 17.60 +8.00
38 4.90 £3.61 23.36 +7.35 27.24 +3.03 24.37 £5.59 20.13 £5.57
P 0.113 0.593 0.214 0.215 0.476

SN - RS A RAIE 19 S PR A E K b KU AR AR TS AR X — R
FIEL AR T o SR MEHIANKIT AN O, ROk, +3E5) 32 Ut , K B RRL AR b P b 5
Pk, HIEMBUR R A S . LKk D E R R MR E N FEERE R, TR E R
B E G2 BN B o B R R K R, A K B AR RS R K R R AR K
W 5 SEHLTE R R LA — R 9 7K AN 7 5 T AR R 7K 23 T R KX — & AR BRI K 20 4h 78 , I HL b Vi 1
FIXTER o RN i+ 398 S /K B AEAR IR 3 I 07 3R ) 38 A a3, IE 475 DL _E 3P HpRA2 i A fe e 3
MR FE, A2 KU ma ek, P8 OB AR OB 5 5% B , T2 R AR B, AR R AR08 - A AL
YIFRERRD , KBTI KR, 2T K, S RH A HL R gk, R 2 R
EBARL, HHAE YO 250 A, I 5 52 B Rk o bkt 32 .5 32 XU i 5 i -5 . 1 A ke S 44 4
BN IIGEM T o BoL, NEBEXT 1 50 Py B8 0 3h AR, AR T g KU AR B Y, e Rk
ARG 2 UM FT AR B R e R A (B AR b R A 7RI R EHE R , 2 ( >40em) 19+ ORI R A B
A (F4)
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A FAAFEFROGE - ERIARRFAE B3 105 3R A LR AR A MU 22 A 5 . B RJR , RETTR
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FERUE S B & 4, B LA HUIER M, (015 LR EAVUR & BB FER BRI, (BR, 5% M
BL,92 BXHHET 15a ZJ5 , BARBEHURA FHEN,0 ~40em £ /29 <32pum [+ HPORL4 5 & B H TR 40%
o X FEEREH TR XGRS AR AR | PRy ED 4 0 B 5K B S B0 5 HL 98 B IXAN 92 B IX A F4h
B, B iPARR R MRS BN S 583 . SR, 7E 69 BIX, AU B TE 3 BB 4K, 3 KUk B2 ma e/, 1 <
32pm H/NERLH & BB 92 BRXA 30% EHEE ETt. 750, T AL RORHE 58,69 B K K
S B A B X EEAT , BT LA e R B 25 e Xk o T 5K 1 40 R 0 R

A LRGN T JORARRE BeA 3 R0, (ER AN R 3t ) A 7 2R AR R S ) 2 9 30k
WA BE 2R o A D7 ZORAR R L SRAR IR R R 2 A AR AR R (O ~40em) , % Bk
T ARSI TIAAGRR ) R IREE . SRR MEREH Rl B 5 AR A A O 3, R Z R AR AR (B LA &
IKTEFREE , NI B R NAAE FPAERHE R o T XUk B Rt 3 B4 PP 7 R R 3K BB 1 HAD I 2T 58 #8
A ERESL >,

A [ ] A 7 30 - SRLAR A B R e 2 B R P X 28 TR b ) - S9RAR AR AN AP AR B P F)
JE A B Rk B B , PRI, 7 e Bl B R S B B SR B AR M PR R, 45 01 R AR D 7K 1 B A S
AR BIARE , /K™ IR AE A O 3 9 A 05 X — T AN 2 5 32 RV, [ - S BORL R 38 5% 5 5 — T
T AT LAk S 3R R E i R B, 4 — s i S R AR
4 #Hit

(1) S5 B AR M3t BBl B 5 A [l Lo R R 73X T bR A A A B35 22 57, AR BN 3 P S e o i e
<FEH <3 <bhibo St A SR BEUN, AR G R B9 MR B o

(2) [l B AN [ A7 BROGS s A oAt 22, SR B AT 15a i 3k iok, R 9a BIHR, X
KFHIF 38a Fm MRS . RIIBHEEE LA VLT AN, AT LR A2 404k ; Bl R 4F-FR 9a il 15a f) 3%
SRR Ab Y oy R Y NG S i S R TS

(3) BfA b, ANOVA 73413 B R IR BEXT L ORISR A B2 R0 , (HAS [R] £t 1 77 R4 BR X
JZ (0 ~40cm) T HRARRHEATE B E R, IR T AR 3h THE Ak E2Z R0 _E )= TR APRLBERFAE o
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