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Abstract; The operation of the Three Gorges Dam Reservoir (TGDR) on the Yangtze River, China, has formed a hydro-
fluctuation belt with an annual water level change of 30 m, spanning an area of 350 km’. This has led to a decline in plant

community within the hydro-fluctuation belt. Revegetation is an eco-friendly method that can be used to restore the

BE®WAE . f R ATl B SR IO H GRAREHIF 2016-8) 5 515K [ BRABHE A 1E % 351 (2015DFA90900) 5 H e W BUMOL BHEE 4 7= 78300 H (i bk
BHIE[2014-10] ) ; FH BT A A RHIFOIHTHH ( CYS2015068 ) 5 5 P ATAF 58 A= BHIFAHi i H (CYB16066 )

175 B H#5:2018-01-27; ¥ £& tH kit B 81 :2018-00- 00

# WIAMEH Corresponding author. E-mail ; lichangx@ swu. edu. cn

http ://www.ecologica.cn



2 S % 39 &

ecological integrity of the hydro-fluctuation zone of the TGDR. This method also facilitates the proper maintenance of the
functions and services of riparian ecosystem. Therefore, in this study, revegetation of the hydro-fluctuation belt of the Three
Gorges Reservoir (TGR) of China was carried out in the Ruxi River basin in Gonghe Village of Shibao Township, Zhong
County, Chongqing Municipality of China. The changes in soil fertility and quality were evaluated by assessing the content
of soil microbial biomass carbon ( SMBC ), soil microbial biomass nitrogen ( SMBN ), and soil microbial biomass
phosphorus (SMBP). Soil samples were collected from plots of previously planted 7. distichum and S. matsudana woodland
in Zhong County of the TGR in June 2016 (T,), September 2016 (T,), June 2017 (T,), and September 2017 (T,) at
elevations between 165 and 175 m above sea level. The results showed the following.: (1) Under the conditions of flooding
(T,-T,), the soil microbial biomass was low. The soil microbial biomass increased significantly after the restorative growth
of T. distichum and S. matsudana during the period of drawdown (T,-T, and T,-T,) , indicating that artificial vegetation
restoration has a positive effect on soil microbial recovery. (2) The SMBC/SOC and SMBN/TN of T. distichum and S.
matsudana woodland were significantly higher than those of unplanted soil, indicating that the soil turnover rate was faster in
the artificial vegetation restoration soil. However, the phosphorus level in the soil of T. distichum varied significantly, which
necessitates further evaluation of phosphorus migration within soil. (3) The soil microbial biomass significantly correlated
with the soil organic C and total N, but it negatively correlated with the soil pH. Overall, the revegetation of T. distichum
and S. matsudana increased soil microbial biomass, and also enhanced the soil quality of the hydro-fluctuation belt. The

results of this study further validate artificial revegetation as a suitable method for ecosystem restoration.

Key Words: hydro-fluctuation belt; Salix matsudana; Taxodium distichum; soil microbial biomass carbon,

nitrogen , phosphorus
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TAEBAE SIS T IENE 7 AR5 I S A R A A R S A R i b () R i 7 2B B 28 D7 T 4 KRR 3R e
BB, 5 AR A A PR R sk — o ESF ) J X6 SR 7 0 52 e mT AN [] 5 ELPPAS 3 I8 g i I 4 s 32 48 Oy 1
PR, R IX THVE AT BRI — UKW —T 5508 R ASfh s Bt iy | g A 1 o S e 1, il e

http ; //www.ecologica.cn



51 WSO A5 =Wk DXTH P& 9 PIAZ 55 STAIPR 1 Sl 2 1 2 1y i R 8 25 3

Je¥E By Rk LA LI YR A S R G B E A AR o), LY A W R i 2 R AR
HEAC Sy v IR AR A I AR 22— LA W A R TR X SRR 1 R A TR
I 5E AL (soil organic matter, SOM) ZZALZ AT, Hah 228 b n] R385 H IR 5, X - S A I
PR SRR R BT LA Ay FATTHE h SRR IR 1) =0 R DX I R AR N T IR AR B A
SRR E Wy BUR 7R 2 D IV K W B 3AEE T | SR A Wy 2E Wy e ik R WA 5 i B I (R 4 RS 2 5 RE R 22 T
TR o 2) M) B LK K P ] L B 58 EATE P X ke SRl A 0 A W i B SR 5 B )R IR S 3

ARSI AT 2 AR AE T LA T =k 2 DX RGBS B AR 4 i R 3 g Al O AR5 DX, B BT 165—175
m L ENIRE 5 4FA K RAFAIINRTT A P FI S M LRI FE RS G2, P BB BRI D 56 4 0] I i i 5
TH Ve iy PRI N AR L SR 0 A i i GRORI 35 N 1 S PRAR A I A sh Z5728 A, %o AH S 52 i) [R 3R 2R AT 70
B, AT = 2 DR vl SR T AR B 2 5 F 0 e A A i A R R R R R S %

1 MRS T®

1.1 AR IXHEA

TR0 AE i A7 T 8 PR T A B e R X VR A AR A S R Y AR M TR 13.3 hm® Ry AR TR B S
FEHIRT (107°32"—108°14"E,30°03'—30°35'N) , Ky T— 2 37 I o B ] i3, Wil < v db i, 7 F R B AR AR,
FEES EIRIX 38 km,, 2R WA 7R g 22 UK LU A, = 10°CARERRIR 5787°C 4R 18.2°C , JuaRil] 341 d,
H BEIEL 1327.5 h, H BE% 299% , KB SFRSTEE 3.5%10° J/em?  AERERT 2 1200 mm , AHXHEEE 80% , PUZ4301 | i
Feiii, H BT, %X R 20 A R 6+, B R AL K Rk | E B RIS

75 30 m 822 N2 1 R PR K WSS JRIBH I 175 m s R i ] W8 /K 29 0 d, 165 m i Fe b A K 2
175 d,155 m BRI K 2 260 d, REAT =K R X AESER T 2012 4F 3 H e E RIDE A E 5
TCB ] SR AR 1 A A B R, sV R W O R S L FE RSB ML ) 165—175 m W4
R 1 mx 1 m BRRATRE AR (ST T 7 ) ) AR AR Y PIAZ RS WA B b, 9% 2P0 AZ ST 38 A e R B — b
Mk A, 3t 10 NEE Tk SRR M SE S Ry 260, Rl b BE A2 O R AR SR 5 B R B I, TR A
PRHEAR 30, AT B A 8RR 41 Ay T A A R P A, BBURE B 8 K BTG 2R 19 100% , AR B0 R A [ Bt
T BRI AR A ) B ARt 5 A O 2 A [ S A 5 DX PN B 5 T, N T BRI (R R AT N T TR AR B Pk
S 4 e AT T AR B R BR A% R s PO IR SRR X 45 M R e A ORI A TI (R 1)
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Table 1 Basic situation of the vegetation ( Mean+SE)

Wy il by W b S PRt
Species Time Height/cm Dlame‘ler at breast Canopy/n? Plantting distance/
height /em (mXm)
%P T, 502+19 6.13+0.23 7.99+1.68 1x1
T. distichum T, 52014 6.230.14 8.130.82 1x1
T, 52111 6.24+0.08 8.31+0.49 1x1
T, 53510 6.32+0.17 8.64+0.46 1x1
v/l T, 313+54 2.79+0.19 1.5620.20 1x1
S. matsudana T, 331£28 2.82+0.24 1.72+0.06 1x1
T, 329+34 2.82+0.22 1.6920.13 1x1
T, 34733 2.89+0.15 1.86+0.24 1x1

T,: 2016 6 H ,June 2016; T,: 2016 9 A ,September 2016; T, : 2017 6 H ,June 2017; T, . 2017 9 A ,September 2017

1.2 FERLRERINE 58k B
AR = e e DX BB T i K A 78R (1 1), T 2016 4F 6 H (T, ) ARSI 52 W30 sk BBURE— IR (UL 7K
PR B AR, AR 2 DR 5 E I RIS A BB 0 2 AR M A T A A K038 ) , 2016 4 9 A (T,)
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Fig.1 Water level change of the hydro-fluctuation zone of the Three Gorges Reservoir in Zhong County from January 2014 to

October 2017
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Fig.2 Sketch map of sampling sites of the hydro-fluctuation belt of the Three Gorges Reservoir in Zhong County, Chongqing Municipality
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Fig.3 Soil physiochemical characters of different vegetation types with time
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Fig.4 Dynamic changes of soil microbial biomass carbon, nitrogen and phosphorus under different vegetation types with time
2.3 H YR AN AR A Y SR W A ) e i R U 3SR
TIERE Y A YRR AL T DS ik S U E W R 2RI X R, 13 SMBC/SMBN % PIAZ 55280 T, —T,

REFFAR JE R 207 7—9 M 4—5 Z ] RIS P2 5 M L SR E M R AF e 22 5% (K 5) o BEI A
SRR LTI DL S BT A DI ARG, 3 SMBC/SMBP #5142 T, T, .3 & TS r A g, e i

http ; //www.ecologica.cn



5

WSO A5 =Wk DXTH P& 9 PIAZ 55 STAIPR 1 Sl 2 1 2 1y i R 8 25 7
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2K E TTHRIRAG, 3% SMBP/TP 78 T, 1 T, R BN ST A5 4 (8 35 5 15 R AZ | T, il T, R BN TE RIS i
EE TR S)

F2 BUERE EHEREBRESEERANTIBEREVENE CN.PEEXNNEENEFTENNER
Table 2 The results of repeated measures ANOVA table for soil microbial biomass content
s ¢ F{H (#%) P value( Property)
TGN Y R — o~ T s
Soil microbial biomass 1] HH A 7Y U A i) s AP A 2H 78
Time Vegetation types Time X vegetation types
T Wk My Bk Miicrobial biomass carbon 36.013(0.000) ** 137.411(0.000) ** 7.271(0.000) **
A YA Wy i A Microbial biomass nitrogen 11.157(0.000) ** 31.539(0.001) ** 2.694(0.048) *
T8 94 W) LB Microbial biomass phosphorus 16.236(0.000) ** 2.453(0.166) 12.948(0.000) **
“ns”P > 0.05;“ 7P < 0.05;“ % * 7P <0.01;" % % x”P < 0.001
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Fig.5 Dynamic changes of soil microbial biomass ratio under different vegetation types with time
SMBC : i A= 4= ¥ 51 , Soil microbial biomass carbon; SMBN . #4497 4E #1 5 &(, Soil microbial biomass nitrogen; SMBP ; il 24 11 45 ¥ 5 8, Soil
microbial biomass phosphorus; SOC : 4 #Li## , Soil organic carbon; TN: 4%, Total nitrogen; TP ;42§ , Total phosphorus

2.4 THTEEAS AR A 2 A R A e ik R R A R G AR

SMBC 5 SMBN % i #4056, HFi# 5 SMBP . SOC . TN S0 i E4H ¢, 5 pH [HW B E AL (£ 3),
SMBP 5 SOC TN & i il i F A G, 5 TK B ARG, HIES /K35 SMBN TN 24k & #FHH¢, 5 pH
{ELAR 35 B AH G
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R3 HEEAREHRERTENEVENES TIEBREIEXYE
Table 3 Correlation coefficients between soil microbial biomass and soil carbon, nitrogen and phosphorus in different vegetation types

Y HEY WA=

SMBC SMBN SMBP
A=A P 0 SMBN 0.679**
A Y A Wy i s SMBP 0.561** 0.553**
A Bk SOC 0.425** 0.480 " 0.333*
4% TN 0.503 ** 0.684 " 0.446 ** 0.919**
LW TP 0.324 0.206 0.187 0.668 ** 0.580 "
440 TK -0.101 0.075 -0.408 * -0.272 -0.246 -0.172
pH {H pH value -0.514** -0.665** -0.219 -0.155 -0.363* -0.165 -0.315
357K Soil moisture 0.172 0.611** 0.128 0.312 0.520** 0.241 0.258 -0.637**

SMBC : 4= 9 4= W £k , Soil microbial biomass carbon; SMBN ;73 4= #) 4= ¥ 1 A , Soil microbial biomass nitrogen; SMBP . ol Ak Wt W B , Soil
microbial biomass phosphorus; SOC: # #/L##%, Soil organic carbon; TN: 4= &, Total nitrogen; TP 4=Wf§, Total phosphorus; TK: 4= %, Total potassium;
“owow TR AR RRR B (P<0.01) AL ZE (P<0.05) HHOC

3 e

=W DX VA A R R R ZE T AR (ST TR AR JC I AR A7 Y5 RIS RSN ZE I 4 A K e JRL ) 47
AR RAE BB R K — T R R bt SR A SR R A | P R ' R R R S A I Tk
AR N T IR B e A — 3 2 1) R A A B A KOIRES I R RS | R A v R — &R 5
AR S KRIESPIAZ ST IE T, —T, 3 5358 T4, T, = H LB & 25, HiE P 4 A rH
FARRFETET (K 3) . XATAEEZ i THF58 X T, B 5 H 522 20 , ¥ PR MR AL T Sr MR 8 ok i 9% |,
I 30 DAY 114 7 6 R oA W T X 5 SRR 4 S AR s iz /N ST, BN TR, AT RN T AR
A DL aE SRR RE T A AT R AT, KO it s s AR AR AR T A o 251 KRS S S
38 pH EAE 4 B B E T (8 3) . AR R ARE N TS 35 pH (R, X 0T 8
H it o A A IS TR 16K | R AR 2R 43 I A WL S5 4

FE R S 6T AR W) B BRI RE e 80k A A= Wi (AN &) AR FR - A ) 15 I B s U A
et BAE AR IR BB TR, N TR R R i B R R AR A
Hiy% Pk SMBC FI1 SMBN & 4 AN 8 2 5 TR ( P<0.05) , I ELAE T,—T, F T,—T, Mgk & 4= K39
R TS T,—T, 40— YUK M R 2= T — R gk Z 07 34 B 5 F B35 S2 40 SMBC it SMBN
T T, —T, R, T,—T, AR LT (B 4), XRWAEREPIKE A K, 7% PIAZXT 118 SMBC Fil SMBN
FO3E B U0 T S0, (B8 A2 /K ) S0+ 43 SMBC T SMBN ELAT B I 1O A8 R 1tk o H1 B3 b L 114 Jit A T i 2
T,—T, 75 P TR Z K HE I R i 7 087 3 BE e T i 30508 37 AR e 5 R 40 IR R B 4 - i
PIRESET: , N3 R I AE e W TR, T 165—175 m P42 T,—T, [T, —T, BRI S A
F A RE R B, 1 A i AR R 50 W 3, S SR R B R4 D —UOK IR 1 6 A V5 PIAZ 1k
AT KA iR A A A T AE 9 B PR P I TR A, S T REVR IR . R R G JR TR B b
BIREMELL I E BT TS, 25 - e e i BEIESS RS PE Y A g R ] 4 e
A R RIS IR T AR A R A AT RE R AT S RTE W 1 A A DS SEMI SIS E A K
I JBE A — S50, (Rl b 2B g D R R v A A AR 2 | R VR A K I Al 20 () AR fb R S X AN B, 95 P4
SMBP 5 H7E T, T, &K T2 W5 4 (4 4) R ILRE PIAZ e oc Z 2 2IPRH1 . Liv 507 WF 58 $uis 7f
MRAE I, AT RE R (AR BRSO JR 75 90 ) - 5 80l o R st J R BR i . T8 95 A7 R K Gl B v 2 3 3
&Y, AR TIEDIAE T, T AT ai i, ea B AP 5K, R g m U E o W s N R £
B A PR EE AR R R AR AR JEE A R e — A ST
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A 15T WA A e AR L T LA B e g A TR R LB E Y — IR, AR R AU LR TE S
SR EURIAE 10 ¢ 1 280 ARIIFSE T i OPIAZ S5 2 0 - 4 SMBC/SMBN 7 4 A~ AR fk #a 34 -, v
FI7E 4—9 Z (] (18] 5) , 5T B 1 5—9 FAMAT; M T, T, 5, T, T, F M, AN 1 6—
12 Z[H ([ 5) . Moore Z&HF597 & B YIRS A W IIAR 28 BB 3 WA 32F 4 3 v 4 7 B3 1) W) I, W] g 3 3 AL
FeAm ARG ) 1 24 BB AR A RIS v o DA, RE R R - A IS IR AL AR T, e R RR RE BRI Y OR)
12 B W AR W R LSS LR R AE 7—9 B sh# /), WA R HLSS® M [T Ak B /1 . 14 SMBC/SMBP
5T EAMEAE S BSR4 AN e AR X AT RE T AR ST H PR 1 SMBP BRI BE RS K FE T, (T A T4
K-, 4520 SMBC/SMBP 284k, 36 A WA= W it 55 - 49635 5319 U B T DA e+ 38 5% 0 il A= A
AL AR | SRS R T W A LS [ A2, I HLHAE A AR (b ) R B A R B AR Al Ao 2
FU B el PR A i sl SR A M A R ARG R, S A e R B o R A B
AR AT E A YB3 5K 2.07%—5.91% 1.72%—4.72% .0.3%—3.68% (&l 5) , 5 Liao 217 W58 HE ¥
B I WA R A LR 1.0%—4.0%58, 2.0%—7.0% 145 ; 5 Devi & IR & SR G MUE W £
W R T 2R 2.0%—7.8% Fl Speir 55V B 5T R LA 1R W AR M B O e 2.6%—5.9% M LKA . TETH
VA RRIR NIRRT ARG A K R, R 2 R 2, A R 3 I, — e J2E X T Vg i R K Ak Rt v 11
25 AR I 80 3 SOC TN f9 =A™ ) Martucei 257" 0158 & BLIR AR ZAA B & A= 9 A2 )
S T AR PR A T I 22 A IR R R A R AR MK T W] REIA T BE R A AL

AT+ SMBC SMBN 5 SOC Hl TN 2 [a] HAG W i AR SGHE (3 3) , ok PEaE ™ BT s A4 90 A 0 ke
SR BILBR R4S LRI AR DGR 4 5 — 3, 26 W] SMBC SMBN 1] DIAE Sy I 1 7% P AZ 5 57 0+ 32 I8 7 A8 A i 46 % .
SMBC . SMBN 5 pH {E#l B & MG (35 3) , 546 U4 WF 98 = e o XS V& A1 [ SRR B A ot 1 4t o1 —
0, H5 Ma 205V = MK I H R S8 e — B0, W VE AT 59 BV A0 R85 T RE T A R R 4
B AH pH BN SRR AR e s e ] R R DX AR S [R] T A 22 5%, SMBP 5 SMBC . SMBN & I 2 4H
5,05 TP I 0 AN SRR 5 BT 25 R — 30, R B L-F- R BE Sk + S K

U ST TAEI &, AR A T 1 3 A R 9 07 o A S K TR AR R R e h | 80 5 AR TR AR TR A
BT AR AT SRR T AT V5 AR 38 0 5 o, A RS AR AR TF e T — RGN SEBe 098, FERT
W 7T SR b AR ST B R ST I S A R IR AR B N N TR AR ( A SRIREE B IV ST AE bR L ) Pk 2 %)
- W A R U R SR AR sE A, LU Ry e R DTN T I8 A A K R AT ) 1 AR A B AR
Pt SR A GEAL P S B0 XF - AR SR B A 5%, 0= Xof b 38 I HC 2 8 52 K s 08 7 110 K s R V5 W it 9%
(TH& PRI 5 90 16 08 7 B TR 43 i PR 8 EL A k1 A ARt ) | DRL T T R 40 et R A RN AL 6l E) I 5+
B R TIH VR A AR R R B - R A A B KA A, X R DR A H T EAE AT TAE

4 #ig

= PR P A — UK 2 B IR E A E R R R RS T A SRS S S N T AR IR SR A
AE 0 e R Y AR Y R 6 IR IR B R XI5 PSS N WA LU R A A TR AR R
YA AL, o PESRIAZ I B BE T S5 Y5 SPIAZ S ST 3R A e RO R U R TR
Y 5% T, SMBC .SMBN Fi1 SMBP 5 SOC 1 TN A #% i A0 | 5 3 pH (5 52 A R B9 fk 6
FE R DX P55 HEA Y5 SPIAZ 5 ST TR A WK 2 o A i 0 2 i v R A i R A O 2
ST RFA B S 5 E R EAREME .,
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