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Abstract: [ Objective] Chemical properties of soils at different altitudes and layers after long-term reservoir water level
changes were analyzed to understand the degree of variation of soil environment after years of drastic changes in dry-wet
alternation in the fluctuation zone of the Three Gorges Reservoir.[ Method] Sample plots were set up in a secondary shrub
forest within the typical hydro-fluctuation belt in the Three Gorges Reservoir. According to the water level operation plan of
the reservoir area, the pH-value, organic matter, and contents of available N, available P and available K in the soil at
different altitudes (145-155, 155-165, 165-175, and 175-185 m) in different soil layers (0-10 and 10-20 cm) were
measured in 2008, 2009, 2012, 2014, and 2015 ( that is, through 0, 1, 4, 6, and 7 fluctuations of water level,
respectively) .[ Results ] Results showed that soil pH-values at all altitudes increased obviously, the pH value at 145-155
m changed from acid (pH6.1) to alkaline (pHS8.2), and the pH-values at other altitudes gradually tended to be neutral

after 7 fluctuations of water level. The extent of pH variation at different altitudes was; 145-155 m > 155-165 m > 165-
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175 m > 175-185 m. The content of soil organic matter in the flooded area was higher than that of the non-flooded area at
175-185 m. With the increase of flood duration, the content of organic matter in the 0—10 cm soil layer decreased year by
year compared with that in 2008, but in the 10—-20 cm soil layer it increased first and followed by a decrease. With the
increase of the number cycles of water level fluctuation, the contents of soil alkali hydrolysable nitrogen and available
potassium showed a downward trend of fluctuation, and the contents in the 0-10 cm soil layer were more sensitive to
flooding compared with those in 10—20 c¢m layer. The alkali hydrolyzed nitrogen in 0—10 cm soil layer decreased most
significantly in 2009 and 2015, and compared with 2008, the decrease at all altitudes was by 37.2% —54.7% and 50.6% —
65.7% , respectively. Moreover, the decrease of available potassium in 0-10 cm soil layer was the largest in 2009, up to
17.1%—-50.8%. The content of available P decreased year by year, and the loss of available P was the biggest among all
the available nutrients. After 1, 4, 6 and 7 fluctuations of water level, the content of available phosphorus in 0-10 ¢m
layer significantly decreased by 21.8% , 45.4% , 82.2% , and 90.2% , and the content of available phosphorus in 10-20
cm layer significantly (P <0.01) decreased by 44.3%, 61.5%, 83.5%, and 92%, respectively. [ Conclusion ] With
continual extension of the operation period of the Three Gorges reservoir, the soil properties of the fluctuating zone change
gradually, reflected by the increased soil pH-values, the decreased content of organic matter, and the depleted available

nutrients. To a certain extent, this provides a new scientific basis for predicting succession process of ecological

environment quality and the changes of soil properties in the reservoir area under long-term flooding conditions.
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Tab.1 Characteristics of soil pH variation in different soil layers at different altitudes
= ¥ 4k A Year
Soil layer/cm Altitude/m 2008 2009 2012 2014 2015

145~155 6.05+0. 055Ba 5.51+0. 135Ba 7.96+0. 095Aa 7.98+0.285Aa 8.19+0. 005Aa
155~165 5.28+0.055Ch 5.12+0. 165Che 6.63+0.265Bb 7.07+0. 055Ab 7.26+0. 1Ab

0~10 165~ 175 5.04+0. 005Bc 5.27+0. 035Bb 6.33+0.075Ab 6.50+0. 275Ac¢ 6.56+0. 09Ac
175~185 5.00+0. 1Bc 4.95+0. 08Be 5.04+0. 285Bc¢ 5.09+0. 15Bd 6.75+0. 05Ac¢
145~155 5.66+0. 505Ba 5.51+0.37Ba 7.78+0.055Aa 7.83+0.265Aa 8.24+0. 06Aa
155~165 5.23+0.02Ba 5.02+0. 09Ba 6.24+0.355Ab 6.53+0. 025Ab 6.64+0. 12Ab

1020 165~175 4.92+0.175Ba 5.16+0. 09Ba 6.1+0. 02Ab 6.28+0.325Ab 6.33+0. 12Ab
175~185 5.32+0.335Ba 5. 14+0.295Ba 5.13+0.22Bc¢ 5.61x0.57Ac 6.35+0. 05Ab

ORI KRG T3 7% 7] — WA 7 4F 03 ] 22 5 835 (P<0.05) 5 AN T RE KR [ —4F 4y A [ 16 4% 1) 22 5 3% (P<0.05)

GRS

Different capital letters mean significant differences between different years in the same elevations ( P<0.05) ; different small letters mean significant
difference between different elevations in the same year( P<0.05).The same below.
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Tab.2 Characteristics of soil organic matter content variation in different soil layers at different altitudes

W 145~ 155,155 ~ 165 Hl 165 ~ 175 m 0 ~
10 em + Z A AL & & AEL T 7 WAKALBK & 5
(2015 4F) ¥4 I 35 B AR, B 0k 3 0 o 35. 8% . 35. 6%
F133.1% 1 10~20 cm + 2 pH HAEZDT 1 IRKAL
TKVE 5 RGN MAEZ DT 4.6 AT POKALIKE IS,
K KR A HL BT & 2 Y B AR BRI
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g-kg™!

Ay Year

2009

2012 2014 2015

x2
+)2 ik
Soil layer/cm Altitude/cm 2008

145~ 155 35.26+2.702Aa
155~165 34.54+2. 69Aa

0~10 165~175  29.42:4.252Ab
175~185 26. 11+2.42Ac¢
145~155 21.64+2.977Ba
155~ 165 17.90+2. 357Bb

10~20
165~ 175 12. 73+0. 694Bc¢
175~ 185 11.68+0. 73Bc

28.66+3. 103Aba

27.18+3.379ABCa

24.10+2. 808Abb
21.33+1. 624Abc

30.99+0. 029Aa
26.48+0. 105Ab
25.04+0.702Ab
23.24+0.06Ac

33.65+4.936Aa
31.90+5. 445Abb
29.91+3.269BCh
25.68+4. 143Ac

27.30+2. 818Aa
18.9+2.672Bb
15.9+2. 672B¢
13.53+1. 16Bc

28.02+0. 363Aba
24.45+0.557Abb
23.00+0. 05ABb
20. 47+0. 06Abc

19.37+2. 906Ba
18.46+2. 118Ba
13.78+0.979Bb
11.81£0. 304Bc¢

22.64+0. 587Ba
22.25+2.068Ca
20.83+1.98Ba
17. 47+0. 99Bb

18.58+2. 058Ba
17.46+5. 38Ba
12.57+1.365Bb
10. 89+0. 182Bb

AR E, K MERTI 0~ 10 em + 2 M4k A HL K
FH 10~20 em L2 BE T 7 ROKAL KK IS,
W2 —2, 3 0~ 10 em + 2 A ML 5 & ™
Hi, SHE ST HEW AT L)ZAF K+
HeAT ML o A8 Ak R B A7 A B VAR B B A ST
Y B9 5% M 3% (P<0. 01)
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MR 155~165 m f 5 . 10~20 em 4 )2 DL 4K 165 ~
175 m 55,409k 97.96 Fi1 79.22 mg-kg™ ', B
K B5F B B, %o BV 4R 1 0~ 10 em + J2 0 Al &2
T3 1 POK ALk % J5 W BRI (P<0.05) SR 400 4
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Table.3 Characteristics of soil available N content variation in different soil layers at different altitudes mg-kg™'
1R IR A Year
Soil layer/cm Altitude/cm 2008 2009 2012 2014 2015

145~ 155 93.54+1.09Ba 51.14+1.466Ch 102. 73+1. 051 Aa 90.72+1. 625Ba 46.21+0. 05Ca
155~ 165 97.96+0. 18Ba 47.64+5.746Chb 112.09+9. 761 Aa 75.99+3. 427Bc¢ 33.60+5. 38Ch

0~10 165~175 92.73+£1.91Ba 58.24+0. 549Ca 90. 43+8. 648Ab 82.90+3. 478Bb 32.69+4. 04Cb
175~185 89.28+1.374Ba 40.44+0. 849Cb 105. 71+0. 899Aa 85.98+0. 827Bb 33.07+2.325Ch
145~155 55.90+6. 564Bb 60.43+0. 583Abb 71.90+7.193Aa 72.96+7.159Aa 44.68+10. 455Ba
155~165 49.47+9. 589Bb 82.73+0.223Aa 60.37+6. 125ABb 60.47+3.217ABb  31.62+0. 095Ch

10~-20 165~ 175 79.22+7.226Aa 56.25+10. 36Bb 55.06+7.767Bc¢ 50. 12+9. 281B¢ 33.86+4.765Ch
175~185 62.73+7.206Aa 71.34+3.523Aa 61.55+4. 455ABb 59.48+2.793ABb  27.94+0.445Chb
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24 7] LLAE I, 7K W §T 51 (2008 4F) |, 4K
145~155,155~165 F1 165~175 m & 0~10 cm + )3
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HALAR S R AE L T KOK ALK I R W R, B
2008 4F R A& 39.3% ., WK 145 ~ 155,155 ~ 165 A1l
165~ 175 m P4 4 25 BRI A8 1k B A 5 08 BT 3R 3K

AHIE , & 2015 4F, #E 4K 155 ~ 165 1 165~ 175 m kb
0~10 cm 4 22 - HE 3 R & & 43 90 K % 60. 3% FiI
67.9% , M4k 155 ~165 F1 165~ 175 m &b 10 ~20 cm
A 2 SRR 5 3 ) R R T 43.2% Fil 66. 0% , H 2%
Sl i (P<0.01)

FEARA Y, K W AR Y SR A A
L ARAEZ DT T WK ALK V% )5, W3R 155 ~ 165 Al
165~ 175 m P 4 22 HORLCER 3 2k ™ 5

XU 2R 53 B TR0 s T 7 25 w4k 2 - g
BB A I 32 4E R (P<0.01) K 4 BR 5 44y 22
HAFH (P<0.01) B350 .
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Tab.5 Characteristics of soil available K content variation in different soil layers at different altitudes g-kg™!
+ 2 R A5y Year
Soil layer/em Altitude/em 2008 2009 2012 2014 2015

145~ 155 0.035+0. 003ABd 0.029+0. 003Bb 0.029+0. 004Bb 0.045+0. 003Aa 0.039+0. 001 Aa
155~165 0.063+0. 005Ab 0.036+0. 004Bb 0. 033+0. 006Bb 0. 04+0. 001Bb 0. 025+0Bb

0-~10 165~ 175 0.078+0. 003Aa 0. 04+0. 002Ba 0.03+0. 005Bb 0.038+0. 002Cbh 0.025+0Bb
175~ 185 0.051+0. 004Ac 0.029+0. 003Bb 0.035+0. 007Ba 0.047+0. 001Ba 0.022+0. 002Bb
145~ 155 0.032+0. 002Ac 0.03+0. 004Ab 0.019+0. 001Bb 0.036+0. 003Aa 0.03+0. 005Aa

10~20 155~165 0. 044+0. 004Ab 0. 034+0. 006Ba 0.021+0.003Ch 0.032+0. 003Bb 0.025+0. 005Ch
165~175 0. 05+0. 002Aa 0. 035+0. 003Ba 0.012+0. 004Cc 0. 03+0. 002Bb 0.017+0. 002Cc
175~ 185 0.028+0. 004ABc 0.032+0.001Aa 0.029+0. 003ABa 0.035+0. 003Aa 0.017+0. 004B¢

3.5 BBRARLIEERNBESE 7 FETHRFE

&S5 i LLAE Y, K ¥ E (2008 4 ), i 4K
155~165 m 4k 0~10 em + 2 M3k 145 ~155 m &b
1020 m — J2 3 AL B A5 A 5 40 50.9 71
36.9 g-kg o i /K HE I )3 0, Xk BE AR BR A )2

HAAEAE ST 4.6 AT ROKALBK I 5 ¥ i 2 (P<
0.05) %A% ,0~10 em 1 2 3 2 8 & 8 4 2008 44y
T FEA 42. 8% 94. 8% F1 94.8% ,10 ~20 cm + 23
W B R 2008 AF 43 A 45.4% . 89. 8% AN
93.3%, Wk 145~155.155~165 Fl 165~175 m W
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2 SO AR Ak R A 5 X BRI R A ], & 2015 4F
0~10 em - 2 + 3¢ 3 & % & 4 5 F % 78.0% |
94.8%F191.6% ,10~20 cm + J2 4 5 B 89.5% .
93.6 1 92. 5% , H 2= 53 i # (P<0.05)

Ak kMR 145 ~ 155,155 ~ 165,165 ~ 175
FN175~ 185 mPg 1 )23 + 58 250wk 7% 2 ¥ 2 3 2008
4E>2009 4E>2012 4F >2014 4E>2015 45, Wi + 24

T 0 T A 5 e B R B B AR AR

XUHZE ST Al A 747 0~ 10 em R AL
IF] - 98 S ke 5 o ) O 52 4 BR g AROBE I A
YEHI 52 (P<0.01) ,10~20 em -+ 2 45 i 4 7] +
B R A i [R) IN AZ AR BR (P <0.01) Al 35 B JE
(P<0.05) By R0

RS BEARAFRLIEIEERNBMEET AR

Tab.5 Characteristics of soil available P content variation in different soil layers at different altitudes

mg-kg’]

+ 2 s SEA) Year
Soil layer/cm Altitude/cm 2008 2009 2012 2014 2015
145~155 36.72+1.278Eb 36.38+1.925Da 20.95+0. 274Ca 11.58+3. 117Ba 8.09+1.405Aa
0-10 155~165 50.85+1.23Ea 32.00+1.927Db 22.55+2.357Ca 8.23+1.352Bb 2.65+0.355Ab
165~175 19.91+0. 465Ec 25.97+2.11Dc 14.26+0. 698Ch 4.35+0. 133Bc 1.68+0. 125Ab
175~185 40.35+0. 465Eb 21.32+2.11Dd 23.10+0. 698Ca 2.11+0. 133Bc¢ 2.10+0. 125Ab
145~155 36. 88+3.735Ea 20.21+2.467Da 18.45+2.927Ca 6. 64+3. 842Ba 3.87+0. 16Aa
10~20 155~165 31.98+2. 874Eb 10. 73+ 1. 047Db 5.68+1.396Ch 4.41+1.518Bb 2.06+0. 385Aa
165~175 14.79+2.557Ed 8.22+3.176Dhb 4.42+3.127Ch 4.13+1.419Bb 1.11+0.05Aa
175~185 22.69+1.532Ec 20.07+2.927Da 12.40+2. 425Ca 2.32+0.365Bc¢ 1.51+0.015Aa
4 ik S5 (2017) WEFEE X - HEAE 42 7 4 OK ALk % J5 , iR

A PEAE (2004) DF5E R B . ANie HHERT IR IR S
SEBRYEIE J& 51k, WE K 5 pH (B X9 3% Wt Tk
AW R G5 T WROKALHKVE J5 4K 155~ 165
165~ 175 F1 175~ 185 m P + )2 pH {& i /K ¥ 15
4.9~5. 3T EE 6.3~8.2, FHEFEW BT M, X5
—LO AR ML A G (LA, 20105 5
SRR AR, 20125 A2 i Mg 5F, 2017 ) 5 1 4K 145 ~
155 mab P9 + 2 pH (EH W K 5.7 F1 6.1 I & =
8.2, B R L5 Mol tk +, 5 A A — a2
5o XA BESE B TR AR, T 32 W K I DR
TS K R B R, X 0 pH [ Y SE e E O . —
J7THT T 95 A PN - MR A7 A iR R, LR B AE
o4 -9 pH (T =5 o5 — 0 1D, K S ) R vl A
TR vhE AT A PR 45 R
ZOK AR AE — 2 BB LT A WL S i
(Paul et al., 2001) , th i 15 1+ 3% pH {H Z ¥ T} & -
R, EHEREA AL = A 0 208 R AR R N AT
PN B B A B AR A — E R PR T R
JE(EBESRAE, 2010) , DA {1 45 4 38 2 Bk 5 & A A8
o FiBk LR AN, KB AT )G o AR AR AR Sy o A
DL 08 Bkl A58 0 A% BIF 5 39 [ <0408 A Ak B N 2R 0
2y 45 R 28 A 7E — i R s 5 ) - MR L 1 AR Ak

TGS A (2010) (B 5K 55 (2012) ZEHR 5T — e
JE XA 3SR A R AR 2 R R B &5 1 ROK A
BkIE S B IA B A L i R M. R A

Bt 4 [ 505 UK 1 A IR 0 oy BAR HEAS A HL
PR m R T, SO h 4 HFEES P, AR
FERBEIER] T X458 . AR, KIFEZITE
£ IKHEHEHR 0~10 F1 10~20 em + J2 4G WL & 46
B XeF HE Vi B B A P 8 3 R RE 2 F R K
B (A5 A T 3538 JFUIR A AR T A ML Y B
B, JF A AR FRIC,  ff 75 A AL Ak T R SOk
(it A5, 2015) [ A, B & KK % AF R
B, W K 30 R B TR OR, 45 4R 0~ 10 em )2
A HLTT S A R BN S B S D 1 AR Ak
(P>0.05) ,3X AT fE A2 Pk 7K 8 W JT 4 B, — S 58k 3
(48 K AT ) T4 BILJBE RN 4 00 B 3R (Bl 2 K AT
B Fr 348 i, Ak 190 0 /0 3 B - T A Y 3R I8, AT
SER A LSS (R R T A5 1 4 3R )2 A BT R
B T Bk Z A 45 (Liu et al., 20145 79t H 55,
2015) , i 10 ~20 em + 245 ML & 0 A8 b 5
0~10 cm & Z%, 5 805G 3G Jin J5 BEAR 0 A5 Ak k34 ax mf
B M T =W X s 17 w1 1, 7 Z Bl AR A IR AN 3
LS VAR AT AE T, R M AR A Bk 5% A 7 e B (]
IRAE A, RGO+ 5 HLE & & (Liv et al.,
2014) , H Fifi 7K 8 A7 BIR 398 i S 00T A A7 R Bl 2> il
15 A LT AN 25 8 PR v /D | R T SRR AR T
AL

i e 200 T A AL, 0 K R 2 T K
IKE N R EB A+ A K (Péresz et al., 1999) , X £F
BB /INESE (2006) T4 A < JE 0P K HE a2 AR 4
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B A X5 R ) T 0 LA W s L BEL R I UE A e R
[ B = 8 5% 20 ) B 2 sh AT R R X —
M, AP E T 7 WK A k& 5, 1 0 i
Ao m¥e B F T Kl a1, B iR 5
50. 6% ~65. 7% F1 20. 1% ~57.3%, H 0~ 10,10 ~
20 em )2 T SRR A T B 2 L B S S R A Y A2
fhfass, Ay A IR R AT 0, oK s B B A R B A2 K
A TN 8B B R e G (5 A5 % 2 4 0 b R AL i T
w2 T RITE S i BRI KB K
Vi 38 T B0 W ORISR, ST A A LA FE
Ry S A A T A R B R AU AR (B T
FAREWIE L) LW 520K, T 52 i & &= 1
W (Vymazal et al., 2007) ,#E i FEAR T 158 b A 2UR
R EE., B, TEASENENRES A 5%
JAA R EARSG : KM, R IR R K SRR
S g BB K A R T R R AS A, B R S
R 2, T3 K R R B KR R Z
7 L0 9 - S W2 B0 T R s, i e S i i T
T 7K 98 300 39 2 B /0 3 R, el A R B ) O
REAIR (A HE ER 45, 2006) o 341, pH (H 1 T i s 23 0
A E KA BB DT B R A
R FEAR (M E 5%, 2013)

50 RN (], - R A | O T R R T
B 5T XA KA ) DA S5 2 R s AR R (F
o4, 2010) o AWFFREARH, rill4EBR A 0~ 10 cm
B 10~20 em 4 A & & E, XA X B A
(2013) R SR B2 B RRIAL” X
— i, H 0~10 F1 10~20 cm + ZEHBAMEL K
)W K SR A FE 5 R S 1S 0 S BRI A A8 AR R A 5 H K
W A 3R 3 By K b 05 i kg Rk A AL
B4 5k 14. 7% ~ 68. 8% 3. 2% ~ 26. 0% Fl16. 8% ~
43.7%(0~10 cm) &% 12.8% ~41.2% ,5. 9% ~52. 7%
27.7%~72.2% (10~20 cm) o — 7 1, Ko K 7%
8 iR A — 8 4 B T 3, R AR Y BT R
3 — 7 W, 52 A LA OR B AR R Ol i 4 4,
2005 ) 520, T ¥ 15 A7 AL BT 00 9820 A 1 Rl - 8 B AR
PR TR, 4, E 2015 4,0~10 em )2
B 10~20 em )23 HURLCER & &R R R R TR, 32K
T 5 ) B AU X T BE R R O 0~ 10 em £ )2 3
F2 2 KRR Pl 2 K 4wl 0 Z (I H T &

BE AN, - 40 R0 B I AT XN R e R
(L2 T 2,0~ 10 Fl 10~20 em + )2 8300 & 12 b
IKAE K P B BT & AE TR, H2E R B, & 2015
AR &K HENEIR 0~ 10 em 2 5300k & & 75 K i
IR B R B 4y ) 3k 45.4% , 82.2% F1 90.2% (0~

10 em) } 61.5% 83. 5% F192% (10~20 cm) , X AJ
A R T K 3l 0 3G SR I 1 T AR ) K AR Y
il 1 ( Sgndergaard et al., 1992) 1 H. 1Y 7% HF B9 /K Hf
SIS RS B K S s A 2 T Bl R O W) PR
JHRC, R0 T 2R K A B R Ak R R T
(PR ME4E, 2017) o [a) b s ) 4 ¥ 7K — 7% T 2o 2
TE— 28 T2 BE b ATl W B — 5 AP IR 8 1) - AR WE K
FAF T REICE Z2 W, R, K AR PR A% B A fiff -
A TR SRS W A T TS R R
R I IR T i e ¢ BOH AR D (Watts
et al., 2000) . F3HMA X3 A SO 1] i) B 45 K,
RSy A L S ORE ) A W7 3 7%, ] RE L (45 - 3 v
UGN Qs T O N Tl N o
5 45k

X = e J2E DX T A BT s R K LA e 2 g 1
4.6 F1 T YK ALK I J5 Y - S8 A 27 M B AR AE 19 43 A
T 277 WKL K I% 5, 4R 155 ~ 165,165 ~
175 #1175~ 185 m JH 7% + 38 pH {E#a T4, 145
~155 m W Tt (HE % 8 L3R on R (AL
JoT BB AL TR | A AR ) 24 R BLAS [ R Y U
2, JU LA R B i i R B ol T T YR LR O
BEZ MR o XF T vl 48 D5 AR AL Bk i 1
- Al A AR A AT 5 A I

2 % X W
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