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Phosphorus forms in rhizosphere soils of four typical plants in the Littoral Zone
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Abstract: Three gorges reservoir (TGR) , the largest water conservancy project ever built in the world, with about 348.93
km” of littoral zone produced due to the water level control, attracted more and more attention for its fragile environment.
The variation of plant community and nutrient-release of the soil in the littoral zone, which were caused by long-term winter
flooding and summer drought, are of great concerns for the ecological security of the TGR. However, little is known about
the relationship between plant community and the combined forms of the soil nutrients. In this study, Pengxi river, an
typical tributary of the TGR, with the largest area for littoral zone, were selected to perform an investigation on the

phosphorus forms of the rhizosphere and non-rhizosphere soils of four typical plants ( contained Cynodon dactylon L.,
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Cyperus rotundus L., Anthium sibiricum Patrin ex Widder, and Zea mays L.) from three transects with different soil types
(Paddy soil, Purple soil, and Fluvo-aquic soils). The variables measured included total phosphorus (TP), available P
(AP), inorganic phosphorus (IP), organic phosphorus (OP), and different forms of IP and OP (i.e weakly adsorbed
phosphorus WA-P | potential active phosphorus PA-P | Fe/Al-bound phosphorus Fe/Al-P, Calcium bonded phosphorus Ca-
P and Residue phosphorus Re-P). The results showed that soil type was a crucial factor of determining nutritional status and
species of phosphorus, while vegetation cover was an additional factor. 1) Compared with all non-rhizosphere soil,
concentrations of TP, AP IP, OP, and different phosphorus forms were obviously enriched in rhizosphere soil of different
plants in three soil types as the result of the root absorption and activation. The TP, AP, IP and OP concentrations showed
C. dactylon>A. sibiricum > C. rotundus >Z. mays. Enrichment rate of the IP showed the highest in the rhizosphere of
C. dactylon and the lowest in Z. mays. 2) WA-P,, PA-P, and Fe/Al-P, ( representing some labile phosphorus) in
rthizosphere of A. sibiricum and Z. mays were higher than those in the rhizosphere of C.rotundus and C.dactylon. The Ca-P,
and R-P,, which are mainly stabilized phosphorus, were much lower in rhizosphere of A. sibiricum and Z.mays than those in
C.r otundus and C. dactylon. Those indicated that the rhizosphere effect of different plants on the IP cycle was significant
differences. The activation of stabilized phosphorus for the rhizosphere effect of A.sibiricum and Z.mays were much more

obvious than that of C.rotundus and C.dactylon. 3) WA-P , PA-P_, Fe/Al-P , Ca-P,, R-P (different OP forms) were

0 0

also showed a similar law with IP forms. WA-P_ and PA-P_ in the rhizosphere of C. rotundus and C. dactylon were much
lower than those in rhizosphere of A. sibiricum and Z. maysL, while Fe/Al-P_ were lower in rhizosphere of A. sibiricum and
Z. mays. Higher enrichment effect of WA-P_ and PA-P_ under Z. mays zone showed the higher activation efficiency of
phosphorus in rhizosphere of Z. mays. 4) pH, organic matter and volume-weight was significantly correlated with the IP
forms, while only pH related with OP forms. Our research could provide some indirect evidences that C. rotundus and C.
dactylon was better than A. sibiricum and Z. mays to improve soil P holding and fixation. The vegetation recovery in the

drawdown zone should consider the rhizosphere effect of different plants on N cycle.

Key Words: littoral zone of three gorges reservoir; typical plants; rhizosphere effect; phosphorus forms; enrichment ratio
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Table 1 Sampling sites features and biomass of the four plant species (mean+SD,n = 10)

o MR
AR s gl @ pmag oIRTR ERK iring
Soil type Plant type Gradient/(°) Elevation/m  Coverage/%  Height/cm ‘z/g/ ﬁf) . counts/
(n/#R)
R £ FAM(G) C. dactylon 21 165 95.0 48.7 24.6 17.1 10.5
Fluvaquent FEWT(X) C. rotundus 27 164 97.7 28.0 14.5 17.6 5.70
BH(C) A. sibiricum 22 163 91.7 108.3 218.6 40.6 30.6
EK(Y) Z. mays 18 165 72.0 167 151.3 31.0 16.9
£+ FIFR(G) C. dactylon 30 167 96.7 57.3 19.3 17.8 11.0
Purple soil FHfHF(X) C. rotundus 29 165 093.0 44.3 13.8 16.0 6.50
BH(C) A. sibiricum 26 166 88.0 113.7 205.1 41.6 24.7
EK(Y) Z mays 20 165 76.3 176.7 208.7 29.1 26.5
JKFE FAM(G) C. dactylon 17 158 95.7 40.0 16.6 15.2 8.10
Paddy soil FMF(X) C. rotundus 19 161 95.0 28.3 11.6 16.1 5.80
BH-(C) A. sibiricum 25 166 87.7 91.7 177.7 35.6 20.1
EAK(Y) Z. mays 14 168 73.0 145.3 167.5 26.3 20.3
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Fig.1 Sequential extraction process of phosphorus
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Fig.2 Soil phosphorus status in the rhizosphere and non-rhizosphere of four herbaceous plants in three regions with different soil types in

the three gorges reservoir area down
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T ELAR BRa$O; 25 5 B 5k, 76 FORMPR & SR R0 fe K, 8 Bk 2z, M A AR R B AR Ase 55 . AT LT 9 iy S 7R v
YRR AR A R 5 T RS A MU R A XS IR T B B R oK,

ARG A MUBE (PA-P, ) /M@ AR UG YERS AR T WA-P, i+ e 2 + M FUE + PA-P, S B &
FKRE L ;4 FIALPIAEARPR £ PA-P & 25 53 03 (HAEAR R - e R B R [ R, 1T 58 5014 X A AL A
FH2E 547 K AR BR 138 PA-P, & it SZ AR AP 252 i K, PR 58 6 b b TR RIS BARBR - PA-P & it
B E B TEMF A AR, KRS L FRARPR L3 PA-P, & i W35 8 T HAD 3 FhAEAHI Yy, HIYAR b 13
PA-P & @ TARMRPR , TR AIE FA E] R 7K (P<0.05) |, i B AL 9 AR PRt ns vl GEJ 3% + e vh A2 e e
MLBEIIE L, 325 PA-P & &L,

BRARAE G A VI (Fe\AL-P,) /2 1 836 MA HLBE B B9800 , G045 s MR s BLIRZS & A HLBEFI
JEVE MRS BIR S S A HLEEDY R RURTE  Fe\AL-P, & it 25 5 B2 W FBU + (11.3 me/ke) 5% 6+
(11.1mg/kg) B E = TKFE L (6.8 mg/kg) . ANIRAEY)HE w60+ (AER PR L) Fe\AL-P, & 7= A EEE M, op

S - b st AR G R T A 3 AR, KRS R U AR T At 3 R AR, R P F S AR >
FASEH, 4 FIEPRFR LIE Fe\AL-P, & 530 TAEMR R, B v R 1 Fn 45 60 1 rp 22 303 B > 00 21 A >
FASTHAHA, RIS PA-P AT WA-P F M ELAE , 7K AS 1 0 A AR AR T oA 3 Rty . AlA +
HERAR MK 322 5 T RE T SO B0 X s PR R TG AL RE 1 AN ]

ZEARAIE(Ca-P,) FER 585 BELS G A IS, B TRUEEA LS. AU A I Ca-P & i
JEHEITE 17.6—81.9 mg/kg, PR > 580+ > /KR + s AR P 7 55 %) 38 Ca-P & & 3, R TEAR
3 P R SR R [R] AR S R ORI A AR AR R IR R AT BB 4 Ca-P a1 3 P A HLBE
BEAl; oA - AR PR 18 Ca-P 8 M0 28 AR RN B 130 10, 1 BRI T K AR 5 KA = oS TR AR 0 1] 22
SR E KO RRPR L Ca-P, & B8 & T HARMEY) .
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Fig.3 Distribution of organic phosphorus forms in the rhizosphere and non-rhizosphere soils of four herbaceous plants in three regions with

different soil types in the three gorges reservoir area down
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23.3% 31.7% 34.5% ; 1fii 3 FhEAKE YR TEHETCHLBE Y ER (AR EHSFHF>M T, Ca-P, 1Y ER (7
B> TR S A AR S H ) S HT = A0S P S i S A T AN E] . R-PL AT ER (B0 A i A ik Z 45
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AR AR B o - A LB A5 1) 5 S50 R0 B iR 22 57 | T ORAR PR XA L S R R A 45
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Fig.4 Enrichment rate of soil phosphorus forms in the rhizosphere of different herbaceous plants (the data was the mean of the three soil

types)
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FYIARAR B 1 e ZORE 22 7 W1, SRS I o) o MO o DX b el 3R 5 B Mo sl de s, G H- 2, A 1
FIEAREA, FE THII R T 2R A2, e A B LA KR A5 1 (9 58 A B B
TH V& S 2R s W) O3 S ) S LKl DR = e P2 DI vl BN ) s IS F 5 5 A 5 IR = PRI Y

LRI

£3 REAERELERESSLE pH ENR. FENHEXXE (n=36)

Table 3 Correlation analysis of soil pH, organic matter, volume-weight and phosphorus forms in the rhizosphere and non-rhizosphere soil

HE % 11 Rhizosphere soil JEARBR + 4 Non-rhizosphere soil
AL AL RE

pH Organic matter pH Organic matter volume-weight
WA-P; -0.481 " 0.657** -0.442 %" 0.736** 0.660 **
PA-P; -0.675*" 0.242" -0.695** 0.091 0.428**
Fe/Al-P, -0.876*" -0.219* -0.831*" 0.138 0.416"
Ca-P, 0.403 * 0.132 0.296* 0.131 -0.746*"
R-P, 0.012 0.158 0.074 -0.259* -0.478**
WA-P, -0.545*" 0.450** -0.336" 0.106 0.540**
PA-P, -0.635*" -0.104 -0.446 " -0.232 0.145
Fe/Al-P, 0.294 -0.102 -0.155 0.181 0.132
Ca-P, 0.428 ** 0.243 0.484 ** -0.197 -0.361"
R-P, 0.490 ** -0.530 0.422* -0.146 -0.586 **

HRBR 2 AR Y16 AR 5 38 (AR W AH B G I Y i B e, AE AR 3 SR BN R R A h R E )
BV REBAFITRI MR RAFAE RIS R B R W W AR PRI RS A8 347 H i TAE AR R AR
W AR P 3 o A AR AR T ARAR PR 4 SR, X S R AR e R 3 PR A A, e AT R
FZE AR B - 8 Al 1 2 2 A o o T AEARPR , 280 0 0 0 & 4R 8000, X S AR oT 4 SR — 3k, K SCaRE
T R G0 32K HE It I A X SR A W T e S TR A R S ) TS e T MK R, AR
TNEER R 2% YA PRl i 02 752 T VR i 3 A A0 0 Y B ML o 75 i — 2B 5 [RIE, A2 BRI AR R
AN A DA A SR ZUSE M), AR P 39 5 AR B - el A 55 Ak o B R A A s - B I 25 3 Y AR g A
PR KRS b, 20 AR A EAR B A AR i T R ORI A R A
MY Z 22 R R SRR AR B 3-A4) AR R 7% 4 LA R 1l 18 s 2 (%) AN [) T g it — 20 R BUR B 1
BB R A 22 50 ARG R, 4 RN VE T R AR PR L HECHLEE A MLBE S & B E TR, X 5
oM R G IR 4G R — 2" Y TR XIS, R A Y AR B 4 5 JCHLBE A LB & 2K TR AR
PR MR 2R S8, AN [R] 9 A MR B 2k R ) HE TG AL B R A BIL B A R A B T 9T 45 SR O R —
FO SRR AR RO AR JE IR R AR PR E A, — R MEFI Y Ca-P R Re-P 44 BE 7EAR B,
Il Ca-P Hl Re-P fEAE 7 BB 80% LA L, & S EBUHYAR bRA HLBE FITCHLBE & £ B2 I, A5, £k
HR B A 49 TOHL B i XIS =l s A, A L W A AN ) 3R AR X ORI, % PR &, 227
PEK 5 3 W (07 S e b, - 39 A T, R I R R AR B AR AR B - S i 2R YR T 3 Fh A4
F AR PR R A, AT REAR R R 10, IR T A RIS B, SR L AR AR AR T
TR A PR R R R S AR 5 X VA R R R R EA — e AR R
3.2 ARHEYRPRS AR PR H OB &2k

THTHBIE S, WA-P, PA-P, LUK Fe/Al-P 5y 7E W K 50 T 56 AL B i MEw T Bl 8 Kb, A
TSR A BRI I PR A TS PR, KR TR B A T B VR Y AR ST, S RN - LB S
BCEA W R (2 2) , X AT BE e B ORISR e S e e B N RV > 2 g+ B
AR T P O ML R A 1 () R T AL, T i R £ 000 5 2 A s, KR = WA-P & ok, HoA B S TEHL
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4 4] FEEE A5 IR DX Pl ML R A AR B - SERIIE AR AR 1353

[ e o/ £ N ORI B = B3 e b 3 (O O 725 2778 A A1 2 w1 R L 20 e = B e
BB ARNT R P YA R ORI R F AR ST T BT R R R AR K AR
Wi S

R 22 S T RE SR I X KA I A 3wl 2 0] 4 S 04 S BE0R S, TN RE 400 B % 100 Y 8 DU T S e ) — - g
X TEHLBEIE SR 2 A8k, TH V& B B AR SOOI T T —38 5 JCAILB , R) i AR B/ FH 7T B ek
A5 AT 25, I S 23 OS2 ([ 2) . HARPRVE R HIEBE S w2, B
FEAEAE = FPALG] : (1) HRBR I PR TTRWE I B0 A MU R 2R 320 177 0 S5 o Bl A 0 T P 1 5 4
SRR PREE R IL AR IL I RS % (2) MW AR PR 2 Wb A5 LR i 0 01 i R ME W B0 75 1k, 08 3w e
AT (3) MR FR X T T TC MU B WA, - ) B AR (e A AR B - B AR PR B R . AR AT P, 1 TR
BICHUBE & 32 MW 3 RS A 0, EL3S A PR S AR B B SR B4 (36 2) AR AR o 2080 17 Aff S oA 28 T Y 96
FHEHUBEIRAFIE A, WK ER IR LA A0, 3 WA-P R PA-P 36 P, L 25 5 gt e i
PR L — B 5 r A A B 4 A ) AR B = 3905 PR AR T AR AR PR 40 SR, AR 5T v 4 b oA MR P -
WA-P F PA-P 400 2 5 TAEARBR , AT e A2 T A A 4 AE K B B W0 TR R 7, i 52 /K e Jo 3 S il , M4 4
P2 WL SCRE ) e 55 A TR R I, 3 — S i R AR PR S e AL DR TSI, FE T
MEIRBE R AH Y BE N T i SRR R A WL IS I A 200 LA B A R S A AR B M A A v - 4 pH
5500 T W JC AL 2 UM OC 1T 5 PA-P, \Re-P 2 IE [0 (36 3) , S T V&5 R4 PT RESE A AR 2R 43I /N oy
THYIRETE Fe/ Al-P FIEB> Ca-P 3G AL ALy WA-P FI1 PA-P, | M TS 20 35 TCAL B A0 5 AKOB XU 42 17
AN [FIAE P AR o X ol R TG AR ML B2 55 SR R TR, EOKR AN HARPR WA-P, \PA-P, Fe/Al-P, & i il 42 % 1) &
o T A AR T, T AR PR 38 Ca-P, 3 A0 42 3R WIS F 40 5 1R, 32 BH FOR G B9 AR B LA S5 1)
Ca-P TG AL AE 7 RN AR bR 4 555 20 B3 G TR, i tho T B J B0 R OK 7 55 X TP SR AR IR, T v 1 4
T FIVRE W AR 7 T A0 X+ S TCHLBA A 5 T B 2 1) 4 SR i AT TR B, 96 e S R TR h —F I 2 %
JE A HE A 22 St | D — 5 T A AR B B A B B R T 3R T DR, AR T R o 7 5 R L A
FEATIR
3.3 ANFEHYRPRSAERPR H A UBHE S AR L

PAAERFZE R, %o - S AL AR 8 ARG 55 , (B R oK ML 4 o e YA LB (R-P,) i RE e 1
BAHLBE(Ca-P,) PEHTEAHLBE (Fe/AL-P,) FIEEA PLBE (PA-P, (WA-P,) , ARHFSE R, 15754 A R 280
S HLEE & i R-P,>Ca-P,> Fe/Al-P, >PA-P >WA-P, i3 5 HABITHE 2 45 4 F & DFIR 245 AR 12 |
TR 5 (R MU O 7 ) A VA AR 4 | o = K R K BRI 2 s R, IR RN ] A MLk
BN B35 E S, FIHBHE ML, 0+ WA-P, 588 T w0 KRS 1,2 R-P, & RIEE T
T R B PR - RUKAS RS 7 KRR R A T, ph B A R K R B RO 4
e, RSB R EE N,

L) A AR T L 1o 9 i A ol ol T i (02 of 5 A WL A At i ek A R [
FEPIARBR TG P 24310 5 4R AR A6 AR K IO AR W G A 0, 0ot A R Tk A WL 1 05 R LR A0 20 1 AT
FERTHTEANT ) 4 FIREPIARPR PA-P, WA-P 5L 00 A9 B4 R B TR RS B 538 3 T4 AR A B, X
505 TOHLBE R — 0, R TEVE R AR B R AL AR RRAE . FORARPR 3 PA-P, WA-P I & 4
R E ST AR AN, EEE BIRACE T ALIBR RSN i T R e M ML 0 A B Y
ARAT ST R KR B S AT A MU — 4200 R /N A A 0 sl R R 0 30 T i o X
FRIIEIR X AL TR A MU A I BUVER 59 41, 206 R B = o TR K s AR PR 1 o 457
PEA LB (Fe/ AL-P, ) B KT M0 A MR, it — 250 B FORAE BB 36 333 Fe/ AL-P, TG PEA HL
WAL, S 3L Fe/ AP MUTSFERITEMEA DL B 45 . 000, MW AR 2 WORN 2 1 JE 75 W e AR PR SR 45 14 hin 395
B, IE IR MRS e MR A ML A 470 ) A AR B ot 9 2R 100 < S P T o ol 4 AR B - 18 v oA WL
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AR BRI, DRI, 3540 5T FPA AR B - 398 rp il M AL & B2 T ARAR B, pH 25 M 4 5 LB
EARNEERNE, SRR S BRI R ) AR5 AR PR 135 pH R TAEARPR , nTREIN RS
PER DB TE AL . MARBR H A DL & S5 VR 1 o) 25 MR AR B0 3 PRl i A R AN, R A AL
Tt A R e, W LT - 38 v 7 i 2K PR 1 [T A R A | A R T Do 2 8 2R ) W VKRR, TV 7 ol I Jre e B
T Sl AT BB XS - P RIS BIAR PR 3" 4007, W A5 3 F S G T

SA L R E S T R S BRI S T P RS T OP  HAE T T 1P i OP 1Y
MRAFIEAS . A5 AR, Jo 2 AR AN BT AR R 498 v op S5 35 P S PR 28 3 AR T FOK TG B g Mk
P A, RN 4 B 5 T RN - R e M A 15 Ak, IR R o T W /K S - Sl X R 1T A 2 AR B
TEAE—E PR 1A R R R 0 RS T %) 11 5 DR O X Y 9 X B T ) O R LA BN, I
Jei  AE A S T v T IEBIE S A E B . (1) MR R SR 22 5 S EORPR R
[FIJE 25 T ML LU ek A | 3 T e AR AR B - ST A8 e A 2 5 (2) ARBRUTBURUN 22 555 BON PRl 26 0 0 P 1
S, UM AR LR AL R AR R SO (3) FEWIAR R 20 A FLIR , e [ AR PR A ad 725 (4)
TR B 250y 2 B BR 1 pH {22 5,11 pH SAHL TCHLBE A TE A8 2 W M OCOC R, AT BR R MR R 52
M BB AL IR Z —; (5) ARt 535 X H AP AR S B SFEEHCE R, A FAYR PR+
A MUTTRTA 85005 55 AL 2= R AE B A R B A AR T R SR R, - SR R R ) B Ve S 12 S B0 Ve +
SRR A5 A5 ) 43 S () G B PR 22 0 T X6 A ) DX 38 BB RS JICRR IR 7™ A 5 M T /K R AT B0 N A B R 52
S A IVAC LR f /8 = 4 R P R s U =AU I 71 P o o S DR B T i =R O E S RO 7/ L S G D D IR bt - 2 Ay 9K
5, kG B — BV R (R Bl A AR B 3 S R IS 52

4 iR

(1) TH7& T 1R 2R Z H AR AR PR i SR S i), 58 60+ Wl TCHLEE A DLIE & s 5 e, o
U - 22, KR - A s AR TR AE AR B - 0 & B 35 i TR AR PR 4, R B I B i & 4R B 4 s il — 3
A RS AR AR B 5 AR AR PR 0 2R A 3 S B AR > 8 B> B> T oK, AR AR K 0T - S 2R A £
FEAARTH SRR TARAVEY) £k, H A RS B b

(2) HHEARHEEH A OUBE OB A R, K0 WA-P & BT B oK
Feit, AR Ca-P M Re-P; FEZEVT MK IZ L2, 48 0+ B PR SScRRE , 1 v U0 = R0 /K e s g e
AU 1

(3) I A AN R AE A 2 w0 3 TC LB TR S MR, FUAR PR - 3 TAEAR PR 4, SR 1 2 10 5 A AL
N Ho - WA-P, PA-P & e AR 75 P REDE BT FOR I B 261X, 1 ELAR By - 18 v SR B T
I 2 Fe \AL-P 7EA RGP AR AR B - o A 3 22 5, (AR PR 38 v K& T A AR A B 55 Ca-P, \R-P,
O i R IR A AR RIS e T AR R0 0K MRBR & R FORMRBRXS 1% P TCAL#E (WA-P, \PA-P, Fe\
AL-P,) B E SR 50 T 3 Fh F AR FEARKE Y , T XF R-P, 5 SR 3 Fh A 9 % 16 1k TO AL 19 3 S R R B
F HSFF > IAAR, MR Ca-P, \R-P, & SRR AN A FORBEE MG B R X R M S B A&
B2 e T A BT AR T RE AR o - 3l P TR TR /K S I RR

(4) NI 55 X P54 T A HLBE S AL B3, WA-P, PA-P SRR RSB HSF T > T,
1M Fe\AL-P,  Ca-P 210 4 fidfe i , BB RIS HARAIR, FORIAR; R-P, 7E R [R] - 498 rh s s i) AN ] (H S 52
X 2 KRR B v T A B R K FORAR BR XS A LB Y & AR 4w , % PA-P, \WA-P, R-P_Fll OP 5 S
T 3 Al EARFAS M AR PR Ca-P I R-P 8 8258w A A REAS R W 11T 35 S0 A R T S0l PR A R 4E

(5) FHPIAR R 438 pH 5 5 HHETEHL A HUBIE SRR, 25 m + e AL S 2 5, A bl
Jo RS EA S TCHLB IR A AR A

http ; //www.ecologica.cn



4 4] FEEE A5 IR DX Pl ML R A AR B - SERIIE AR AR 1355

2% 3L HR ( References)

[ 1] Yuan X Z, Zhang Y W, Liu H, Xiong S, Li B, Deng W. The littoral zone in the Three Gorges Reservoir, China: challenges and opportunities.
Environmental Science and Pollution Research, 2013, 20(10) ; 7092-7102.

[2] Wang Q, Yuan X Z, Willison ] H M, Zhang Y W, Liu H. Diversity and above-ground biomass patterns of vascular flora induced by flooding in the
drawdown area of China’s Three Gorges Reservoir. PLoS One, 2014, 9(6) ; e100889.

[ 3] BRGAL, 324, X040, 2. JKAZR ST =W e D P AR R I 7 RHAIE. VTSR 53005, 2012, 21(6) @ 672-677.

[4] FEEK, WED, REE, SRR, HS5M, DE. SRR &Y REIE A%R S A 552 . EZ5 244, 2018, 38(2):
571-580.

[ 5] ZRURYE, SRIRIK, Z8Zm, WUHE, THFL5R, AH, iR . =WoK PR LIZRBRIA HIAR L1 B ¥ A ) EVE S S FRAE. AR 25274, 2015,
35(23) : 7852-7867.

[ 6] MaL M, Rena D, Zhang M, Zhao J F. Phosphorus fractions and soil release in alternately waterlogged and drained environments at the water-
fluctuation-zone of the Three Gorges Reservoir. Journal of Food, Agriculture & Environment, 2010, 8(3/4) . 1329-1335.

[ 7] Zhang B, Fang F, Guo J S, Chen Y P, Li Z, Guo S S. Phosphorus fractions and phosphate sorption-release characteristics relevant to the soil
composition of water-level-fluctuating zone of Three Gorges Reservoir. Ecological Engineering, 2012, 40 153-159.

[ 8] ShenZY, ChenL, Hong Q, QiuJ L, Xie H, Liu R M. Assessment of nitrogen and phosphorus loads and causal factors from different land use and
soil types in the Three Gorges Reservoir Area. Science of the Total Environment, 2013, 454-455. 383-392.

[ 9] ‘R, 28k, WAL, JTR, Wi, ERAMg. =k A DX A - S0 W 0 I B R K R BB S A8 Ak AR, 2012, 49(6) :

1128-1135.
[10]  EWREE, R, X4r, kdw, A, BRAe. =W X 4 Aot AU PIR R + 570 SR Z WS, SR, 2015, 36(10) .
3662-3673.

[11] SR, AR, KM, 535, AN =PRI LA LRI 2 RS i Rk, IIARLE, 2012, 24(2) : 213-219.

[12] Xiang Y P, Du H X, Shen H, Zhang C, Wang D Y. Dynamics of total culturable bacteria and its relationship with methylmercury in the soils of the
water level fluctuation zone of the Three Gorges Reservoir. Chinese Science Bulletin, 2014, 59(24) . 2966-2972.

[13] S, Z=EWE, B0, BT, DR, =0 DR BN % B e R R e W KRG PR AR, RS AR AR, 2014, 34(4)
1010-1020.

[14] #3CAL, Z4L, ALDOK, BUMEe, 2R, BT =WkPE DOH %A M T LR RUE Y L W e A & A, AR AR5, 2017, 37
(23) . 7947-7955.

[15] 735, #hfs, mari, b, 283, =R XI5 58 N, O HEMUR SO AR T, RIT IR RS A8, 2014, 23(2) ; 287-293.

[16] Ouyang W J, Li Z, LiuJ, LiuJ, Guo J S, Fang F, Xiao Y, Lu L H. Inventory of apparent nitrogen and phosphorus balance and risk of potential

pollution in typical sloping cropland of purple soil in China - A case study in the Three Gorges Reservoir region. Ecological Engineering, 2017,

106 620-628.
[17] &, BWFE, dok&, K&, HEE. = WoK ZEA R R] S R I P A A AT Y RS W0 2 FE 1 5 25 MR AR, AR, 2014, 26(4)
600- 606.

[18] Moorberg C J, Vepraskas M J, Niewoehner C P. Phosphorus dissolution in the thizosphere of bald cypress trees in restored wetland soils. Soil
Science Society of America Journal, 2015, 79(1) ; 343-355.

[19] Erel R, Bérard A, Capowiez L, Doussan C, Arnal D, Souche G, Gavaland A, Fritz C, Visser E J] W, Salvi S, Le Marié¢ C, Hund A, Hinsinger
P. Soil type determines how root and rhizosphere traits relate to phosphorus acquisition in field-grown maize genotypes. Plant and Soil, 2017, 412
(1/2) . 115-132.

[20] Zhou W J, Sha L Q, Schaefer D A, Zhang Y P, Song Q H, Tan Z H, Deng Y, Deng X B, Guan H L. Direct effects of litter decomposition on soil
dissolved organic carbon and nitrogen in a tropical rainforest. Soil Biology and Biochemistry, 2015, 81; 255-258.

[21] #haefe, SIEHE, DR, Mtk P =P DT LA B AR R oA J 3R 408 k. K R AHFIFST , 2015, 22(2) : 151-157.

[22] Jafd, 80, sk, BIL0T, JTR, WIRE, WRME. WK T F =Wk PR v DI CHUBHE SR AL RHE. PR, 2018, 39
(1): 130-136.

[23] akaksk, TR, WILTF, walte, BIA, TEREK, REE. ZBOKE TR MO % LIERIE S SRR E. BRER:, 2018,
39(9): 4161-4168.

[24] WRA, T, Jril, 1B&, Iy, B, M. SRR RGN X5 R 0 D ERPRARHE. FERE, 2017, 38(9) : 3673-3681.

[25] X0WR, Z=BEs, BLHR. W DONTE I UURRY) S LIEBHE S R MO RHEDT T, K 5274k, 2016, 30(4) : 261-267, 287-287.

http ; //www.ecologica.cn



1356 A E = 40 4

[26]
[27]

[28]

[29]

[30]
[31]

[32]

[33]
[34]

[35]

[36]

[37]

[38]

[39]

Bk, HO5U, MO, BEl, R, SRR X RSN X IERE A, KILREB IR PR, 2011, 20(1) ; 101- 106.
Hedley M J, Stewart ] W B, Chauhan B S. Changes in inorganic and organic soil phosphorus fractions induced by cultivation practices and by
laboratory incubations. Soil Science Society of America Journal, 1982, 46(5) : 970-976.
Cabugao K G, Timm C M, Carrell A A, Childs J, Lu T S, Pelletier D A, Weston D J, Norby R J. Root and rhizosphere bacterial phosphatase
activity varies with tree species and soil phosphorus availability in puerto rico tropical forest. Frontiers in Plant Science, 2017, 8. 1834.
Betencourt E, Duputel M, Colomb B, Desclaux D, Hinsinger P. Intercropping promotes the ability of durum wheat and chickpea to increase
rhizosphere phosphorus availability in a low P soil. Soil Biology and Biochemistry, 2012, 46 181-190.
s, BRI . dEa, T ERO AR R, 2000.
Ruban V, Brigault S, Demare D, Philippe A M. An investigation of the origin and mobility of phosphorus in freshwater sediments from Bort-Les-
Orgues Reservoir, France. Journal of Environmental Monitoring, 1999, 1(4) . 403-407.
Zhu Y R, WuF C, He ZQ, GuoJ Y, Qu X X, Xie F Z, Giesy J] P, Liao H Q, Guo F. Characterization of organic phosphorus in lake sediments
by sequential fractionation and enzymatic hydrolysis. Environmental Science & Technology, 2013, 47(14) . 7679-7687.
ekt BRt, WA B RS FORE IR BRI B SR M. LaEAE R, 1999, 36(1) @ 127-131.
Arruda B, Dall’orsoletta D J, Heidemann J C, Gatiboni L C. Phosphorus dynamics in the rhizosphere of two wheat cultivars in a soil with high
organic matter content. Archives of Agronomy and Soil Science, 2018, 64(7) . 1011-1020.
Wang Y L, Krogstad T, Clarke J L, Hallama M, @gaard A F, Eich-Greatorex S, Kandeler E, Clarke N. Rhizosphere organic anions play a minor
role in improving crop species’ ability to take up residual phosphorus (P) in agricultural soils low in P availability. Frontiers in Plant Science,
2016, 7: 1664.
Zhu B, Gutknecht J L. M, Herman D J, Keck D C, Firestone M K, Cheng W X. Rhizosphere priming effects on soil carbon and nitrogen
mineralization. Soil Biology and Biochemistry, 2014, 76, 183-192.
Stewart R E, Hodges S C, Mulvaney M J, Pavuluri K, Thomason W E. Rhizosphere phosphorus solubility and plant uptake as affected by crop in a
clay soil from the central plateau region of haiti. Communications in Soil Science and Plant Analysis, 2014, 45(5) ;. 703-712.
Ye D H, Zhang X Z, Li T X, Xu J, Chen G D. Phosphorus-acquisition characteristics and rhizosphere properties of wild barley in relation to
genotypic differences as dependent on soil phosphorus availability. Plant and Soil, 2018, 423(1/2) ; 503-516.
Zhu J, Qu B, Li M. Phosphorus mobilization in the Yeyahu Wetland: Phosphatase enzyme activities and organic phosphorus fractions in the
rhizosphere soils. International Biodeterioration & Biodegradation, 2017, 124. 304-313.
Zhao K, Wu Y Y. Rhizosphere calcareous soil P-extraction at the expense of organic carbon from root-exuded organic acids induced by phosphorus
deficiency in several plant species. Soil Science and Plant Nutrition, 2014, 60(5) ; 640-650.
X b, 2R, i, S MR AR R IR R BEE SR L S 0. P EERERLE ) 2013, 33(11) : 2040-2046.

il

BEREN, FET, IR, (. TR X R A AR R IR AR E. L2543, 2010, 30(2) : 341-349.

RZEZE, ZRA, M, R, BEPEMR. MR AR PR SRR RR AT M AR LR ST IR SHOR, 2016, 39(10) : 106-112.

Teng Z D, Zhu Y Y, Li M, Whelan M J. Microbial community composition and activity controls phosphorus transformation in rhizosphere soils of
the Yeyahu Wetland in Beijing, China. Science of the Total Environment, 2018, 628-629. 1266-1277.

Zhang ZY, Hu H Q, Wan C Y, Peng ] H, Xu F L, Shi F. Lateral and longitudinal variation in phosphorus fractions in surface sediment and
adjacent riparian soil in the Three Gorges Reservoir, China. Environmental Science and Pollution Research, 2018, 25(31) ; 31262-31271.

Hou E Q, Wen D Z, Kuang Y W, Cong J, Chen C R, He X J, Heenan M, Lu H, Zhang Y G. Soil pH predominantly controls the forms of organic

phosphorus in topsoils under natural broadleaved forests along a 2500km latitudinal gradient. Geoderma, 2018, 315. 65-74.

http ; //www.ecologica.cn



