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Characteristics of nutrient content and enzyme activity in the rhizosphere and
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Abstract: Species replacement has a potential impact on the soil geochemical cycle in the process of vegetation restoration
in the hydro-fluctuation zone of the Three Gorges Reservoir. In this study, the rhizosphere and bulk soils of Cynodon
dactylon , Hemarthria altissima, Taxodium distichum, and Salix matsudana were collected between 165—170 m elevation in
the vegetation restoration demonstration base of Ruxi River to clarify the growth adaptability and nutritional utilization
strategies of these four suitable plant species within a more precise rhizosphere range. We would like to compare soil
amelioration effect by exploring the differences of nutrient contents and enzyme activities between rhizosphere and bulk soils.
The results showed that; (1) root activities of four suitable plant species in the hydro-fluctuation zone of the Three Gorges
Reservoir resulted in differences in soil nutrient contents and soil enzyme activities between rhizosphere and bulk soils. The

soil nutrient conditions were improved to a certain extent by planting. (2) Carbon and nitrogen were enriched in different
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degrees in rhizosphere soils, but the changes of phosphorus and potassium in rhizosphere and bulk soils of different species
were not consistent. (3) Sucrase, urease and acid phosphatase showed different degrees of positive rhizosphere effect
(R/S>1) in four suitable plants, and C. dactylon had the most obvious activation effects on three soil enzymes in the
rthizosphere, with the values of rhizosphere effect were as high as 2.39, 1.89 and 2.7, respectively. (4) The correlation
between organic matter, nitrogen, phosphorus and potassium was more significant with the regulation of plant roots in the
rhizosphere,, however, only potassium had negative correlation with available nitrogen and phosphorus significantly. There
was no significant correlation among other soil nutrient factors in the bulk soil. (5) Compared with T. distichum and
S. matsudana, C. dactylon and H. altissima had more reasonable nutrient regulation patterns in rhizosphere and had better

effects on soil improvement in the reservoir.

Key Words: rhizosphere effect; soil nutrients; soil enzymes; hydro-fluctuation zone of the Three Gorges reservoir
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AR AR M B L AL B B s ) T st R A0 AR 5 AR PR TR (AR A I R R T LA
LN B RS U i 55 ) BBk R LD e — S8 1 W) IR R 28 b U AR BRASONE , 5 Bt M pH (EL AL
TR LA P R A U R AR B S AR B A R AE R D22 5 AR, AR AR
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A7 TR AR 2R 2 B AR B 0 DRI 4 24 AR 2 B 7 A R 3 A R B A AR R R, S
HONA RN SR

1 RIS R

A e B P AE B R B TR Vs i A 18 S 7R i B 1 (107°32—108° 14 E ,30°03'—30°35'N)
SRR, % X R T R 2 X AR AR 5787°C AR 18.2°C , JEAR I 341 d, H BRI 1327.5
h, HFER 299 K FHESRSTAE 3.5%10° J/em?  AEFF7K R 1200 mm , AHRHEEE 80% , PUZE4r W, M 75, H B8 58
FE P HBIX Ry LA () BB S, B R 20—25° , FEAY AU AR A L, IR AR, TR
AT B 7K SCARAR T 355 K B 2 DL R R I 5 ok ™ E, 3 R kA T
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AHEWISEMN( Salix matsudana) & P2 ( Taxodium distichum ) R SRR, SR Hr BEHUIAAS 5 BEAAE A 14
N TR 3 PR = 2 DX RGBTy BRI T T Vi ARG S Y S M T 9K 165—175 m, MM 7%
PIZAABI RIS FEAR — B AR SE AR 2 AT IR 1 mx 1 m  FEI 2R 6 4F (8 S Sk JE AT AR At
[IF, PEAE S S R P AR S A M s, AR RO BN A 4 R R B, I P o 22 4 A B AR W) 7 TH v iy 1 B
SRR S A R b 4 s AR AL, S T VR AT AR S I O R A

2 WRFGE

2.1 MEACREE

T 2018 4£ 7 H 31 H, BNH AT YR A A I HE B A TAE iR o ARE R IX AR 4 P 2R AE ) 1Y
AP ARG, TEFEAEAE N Hh e DCHE IR Be N XD S TR IOREAT . BARRAN R (78 S AR N BEPL I & 3 B;
1 mx1 m BJ7 , B Z A E B 10 m DL, BT N AEIE 1 5 1 (15 emx 15 emx20 em) 55
FE 5, 2% Riley Al Barber MYEREIA " REMPR + 18, R b i 5 AR RPN BIES & 0 58, Dusr ikl g,
YERAEARBR £ 4E . [FIR R AR R I 5 2 B0 BB 45 A 10 1 (FE B AR ] 0—4 mm) 2848 VEMARBR 4,
ARARIT | T[R4k DX AL e I 3 R I 30 — B (kg AR LA R R AH AT ) A R RR R AT s PR 4
B o ARAMRBR HRE AR AR FH SE 8 £ ek B2 3 g o] 6] - 39 9 i vl L 4 4 Sk RAB 8% B 40, ST AR
WA g P A 4 A7 o ISR 4 A LT (K 20 em, B8 20 em, 155 20 em) |, YT THEE AR B 1k
AT, 73 B RS A0S SN TR AR 2 WCBE MG T ARl 0—4 mm (9 ARER 8 [a] iy 0 43k i B 0t e (AR
SRR MERXTIR S 4 07 m BARFE S T ARIR G G R AR RIBIRR iz ML g % s T HIEE R TR S i
A A SRS VRS
2.2 MWETT

MBS AEAR R - SJERE T 3 A W ER I3, — 3873 R IEAE i B AR SR XU, BRI S W, P 3 e A 5 1)
FE I35 1R S T 4°C i, T - S EEE PRI
221 TSR RINE

+ 3 pH (ECR A HAR LA TR AE (1:2.5 HK IR 5 1 HEA P (Soil organic matter, SOC ) R FHH 4%
FRER AN FRGE I 72 ; £ 3% 4% (Total nitrogen, TN) %1 K H JC R 3 ML ( Elementar Vario EL, Germany) % ;
FHOR -4 I 2 308 20 ( Alkali hydrolyzed nitrogen, AN) i ; 34 ( Total phosphorus, TP) AL
% ( Available phosphorus, AP) 75 &8l % % FHEH ST L 27k ; 24 (Total potassium, TK) L ( Available
potassium, AK) ¥ & (9 % R F i A & 45 B 1 1K & 9 6% 15 (ICP-OES, Thermo Fisher iCAP 6300,
UK) 1933
2.2.2 RS PER I E

JIR# (Urease, URE) I MR ORI 6 LL G L0052, DL 1 g B3T 37°C 1HIRETFR 24 h AE U NH,-N ()5
i (mg) TR ; BEMERE (Invertase, INV) IGPER A 3,5- A3 K IR L ikl e, UL 1 ¢ £3 37°C iR 3% 24
h JGAE R g WRT 20 BT & (mg) o7 ; TR LW IR I ( Acid phosphatase , ACP) % PR 2 SR FHBE IR A8 — 4 Hb (a1 |
D024 bR 1 g ESRERCH D B () 075 5RE B 3 /M ISR AT XA 0B
2.3 Bl b

RJH SPSS 24.0 #E4T ML F 7 225301 (Oneway ANOVA) HAECAR [ MR AR BR 5 AEAR PR A HR AR 22 57 £
H SR Duncan 5 5 F K50 5 2k E X REAS ¢ B0 A7 AR B 5 AE AR B 22 8] 22 53 14 53 #r 5 Pearson AH G 7317
THE BN 75 R PE 2 [ A AR S F Origin 8.5 258, MRBRFN R AL (R/S=MFrt/
JEMRPR ) FoR T

3 ER59H

31 AFEEAFPARPR S ARRPR H 55700 70 ik
X F AR5 ST IR B £ B0 R 2 IR AL B (P<0.05) , T A= #5555 75 SPIAZ AR PR S HEAR B+ pH BT T 3%
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ZE5(P>0.05) , AR5 A 8 5 S AR AR PR 5 AEAR B 300 pH (E 3 B35 = TV SRS M, 4 )
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FH 5 (P<0.05) T3 P12 5 30 M A MU B9AR B 16300 3 AN BH 2 (P>0.05) o i AR AR by AL 1) 75
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Fig.1 pH values and nutrient contents in the rhizosphere and bulk soils of different plant species
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4 AN FARBR T e E TR AR R, H TN 5 AN S R7EEIX 4 flidE YR bR 5JER PR - iy
A AR Jy— e, o M AR AR T D)L R TR IS TN B R BRI 1A 3 35 7K (P<0.05) |, Ji) AR 5 2 i
FLAN YRR PRGN 18 BB 235 K (P<0.01) , F P ARARBR £ TN 5 2 83 3 T HA 3 MRl AN 524
MR TC R 22 5 (P>0.05) (A B E &S TRAARMY . 5 HFEE, %3825 TR ER + 05 TN A AN & 537
BT A NYMEEHERR AR S BN LR EER (K1),

BERTE 4 DYFIRPR S AEARPR - & 2 28 R — 20, HOX R AR Rk 81 B K, BAR 4 ARt
T TP AR BRAUN AT 35 8 1 27K 7 (P>0.05) (B A MEROAR PR S5 3EMR PR G TP & i 3 5 T oAl 3 -4 b
(P<0.05) , HHEAh 3 DA EARFR S AEARPR 0 TP S &8 LR E 25, 4 MYARPREI X AP A[EFE
BERYTE AR, Herp 5 P ARAR PR S AR PR 1 AP & B 22 50K 3 B /K (P<0.05) |, 4 #i AR PR EAR PR £
AP E B 22 SR B R K F (P<0.01) o SIS 5 SPIAZARPR S HEARPR b AP SRR T E 2R,
H PRI SIERPR AP S RSB ES THAAR (K1),

4 AN FAR RS AR bR - B LA BE 148 TN [R), TK 7650 A AR A5 9% SPURZ DA RS AR B 5 AR B
+ 22 A E2E R IR B3 (P>0.05) , {HYEPIAZ 5 TR PR £ b TK 55 5 5 35 5 T 00 55 MR R0 2 ¥ 5 0 F
MR V5 BIAZ A R ST AR AR B - 438 TK Al B 2 () 3400 8 3 22 5, Herp | ST AR AR PR TK 55 i 3 v T 2R i
AK F B AE 4 DYFR RS AEARPR -3 2 8 925 fL ¥R B35 (P>0.05) , H 4 Rl 2 AR B 5 EAR bR 1 /Y
AK SR EER (K1),
3.2 AN[FIE AR YRR S AEAR PR A HERES P ARAE

W 1 FR SR A B V5 SPIAZ DA ST M 4 S b AR B R I 75 R 38 W 3 K TR PR £ (P<
0.05) , Ja A AR 5 4= ¥ AR s - R A PR T i 3 25 5 L (EL P A 38 3 R IS SRAZ RSN, EL ST AR B A AR
il 1 SR 05 P2 SR A5 0 A TR A EAR B 4 (%) BERE S R HI ¥ JE B 5 22 55 (P>0.05) o F iR 5 MR
PR AEAR R - 22 ] R e 1% P 1 22 57 53 103 3] ik 2 7K SF- (P <0.05) | T 2§ 5 9 PV AZ AR v JOR 60 24 0 5 A
TR (P>0.05) , 10 ARARER IR 16 1 2 1 Ay 3 AN, T 28 80 5 9 SPUAZ AR P -+ Dkt 7
e 25 R AR M SV R A ARAR PR L IR TG PRt 0 i 3 22 5 (H B T ar i, AR | A i
DA ST AR B 5 AR B - M il R TG 2 11 22 S o i 35038 B T 8 3 MK P (P<0.05) o A BIEREAR PR + B R i
AT P 0 v T A AR, LT 25 B e T A A ), (HLVE PS5 S AR B - 1 Pl il 1 2 =2 [ ) G
FH2S(P>0.05) , [FH, £ Fp AR AR bR A S8 1) BR PR B R VG M X TC B 5 25 57

F1 RIS IR R - B E MR (PR E AR ER)

Table 1 Characteristics of soil enzyme activities in rhizosphere and bulk soils of different plant species ( Mean+SE, n=3)

Yy F iH iz IR Bt JR VR 1

Species Item INV/(mg gt d7") URE/(mg g™ d™") ACP/(mg g' d™")

AR C.dactylon RER R 12.43+0.50a 0.83+0.03a 0.56+0.05b
HEARER S 5.20+1.45A 0.35+0.03B 0.21£0.04A
HEBRZLIE R/S 2.39* 1.89* 27"

H MR H. altissima PR R 13.00+0.11a 0.35+0.01c 0.68+0.02a
JEARPR S 7.58+0.82A 0.34+0.02B 0.38+0.08A
HRERZLS R/S 1.72* 1.03 1.79*

Y& PIF2 T.distichum PR R 9.57+0.40b 0.41+0.03¢ 0.35+0.04c¢
AEMRPR S 6.4620.14A 0.35+0.04B 0.29+0.08A
HRBREN R/S 1.48* 1.17 1.1

SEMI S.matsudana PR R 6.60+0.18¢ 0.64+0.06b 0.43+0.02¢
AEARPR S 5.15+0.16A 0.51+0.04A 0.29+0.00A
HRERZUY R/S 1.28* 1.25% 1.48*

AEVNG FhERIR AR R FR bR 2 (7] 25 573 .35 ( P<0.05) , AN A K S AR R R R A AR R PR 2 8] 25 5 2 3 ( P<0.05) 5 * FRoR [l — P Fpii
bR 5 AR BR 25 5 .3 (P<0.05) ;R . ARBR Rhizosphere ;S : JEMRFR Soil ; R/S, ARFR-5IEMR PR - Bl 15 M4 19 FL B, R/S> 1, W AR BRIE AN 5 INV . JHE
H it Invertase ; URE ; JX i Urease; ACP . TR MBS IR i Acid phosphatase

http ; //www.ecologica.cn



7616 H

o
O

iz

40 %

3.3 ARG AR RS AEAR PR 156550 15 3B A A G 2 B

WNFE 2 P, e X P54 i AR A AR PR pH (5 SOC & B F IEAI & (P<0.05) , 5 TN AN AP WS R
PEWEIR B S A 2 TEAHOC (P<0.01) 15 TK 24k 3 ARG, SOC 5 TN 24k W3 EAE, 5 AN AP AK
ERFIEMG HS TK 2B FEAME, TN 5 AN AP AK SR E EAHSE, 5000 Ik 2 8 e H
5 TK 2EFEFAIC, AN 5 TN AP FEHEG LS R il 2 il 2 35 1E ARG, SR 2 0 3 B G (25 TK
TR B ENAIC, AP 5 TN R DL s R i 2 B B G, 5 AK 2 B IEMSC, S TK & &
S ARG, FEREER S TN R IE B R B W 1A G FRYE BRI 5 TK 4 i & (A G,

T P DX Y Vs 1 A A A AR AR PR 8PR35 b pH {5 AP 24 & IEAHC (P<0.01) {H5 TK 2 & 3& 7
MK (P<0.05), TP 5 AP BB F M, M5 TK 2B ERAMK, AN 5 AK 2 EFAME, BRItz sh, H

A 2Z AT i A O (P>0.05;% 3)

®2 EXHEERIMESEEYIRE LIRS EFRIEEHAX ST

Table 2 Correlation analysis of nutrient contents and soil enzymes in rhizosphere soils of four suitable plant species

X FRH pH {& H Uk ) LR e A Rk R TRt I @%g;
Correlation pH value SOC TN TP TK AN AP AK INV URE ACP
pH 1 0.633*  0.765*" 0.366  -0.783**  0.894**  0.797"* 0.426 0.823 " 0.184  0.760 * =
LR SOC 1 0.912**  -0.011  -0.612*  0.577* 0.662 " 0.694*  0.504 0.570  0.380
2% TN 1 0.04 -0.606*  0.780"*  0.800** 0756 0.648* 0.613* 0.521
AT TP 1 -0.407 0.374 0.383 -0.221 0.517 -0.575  0.449
240 TK 1 -0.679*  -0.856**  -0.525  -0.737** 0.084 —0.825**
A A AN 1 0.833 ** 0.478 0.735** 0.576* 0.804**
HRE AP 1 0.657*  0.860** 0.126  0.807**
RN AK 1 0.272 0.264  0.389
RERERE INV 1 -0.106  0.687*
[k URE 1 -0.033

TRtk ACP

1

s Ml S FR BAT I 8 R OC (P<0.01) AR 2 AH G (P<0.05) 5S0C: +HEATHLI Soil organic matter; TN 4% Total nitrogen; AN : Bl % Alkali hydrolyzed
nitrogen ; TP : 2% Total phosphorus ; AP ; AL Available phosphorus ; TK ; 2% Total potassium; AK ; HZ(# Available potassium

£3 EXHEER4FEEEYIFRRLERS B F R DEEEXES R

Table 3 Correlation analysis of nutrient factors and soil enzymes in bulk soils of four suitable plant species

% R HEBE AE AR A BRE AR mEe mwm o mm
Correlation ol soC TN TP TK AN AP AK INV URE @iﬁﬁfg
pH 1 0.376 0.153 0.573 -0.691 0.506 0.810 -0.134 0.155 -0.493 0.021
AR SOC 1 0.422 0.107 0.015 0.019 0.303 -0.039  -0.362 0.280  -0.253
S5 TN 1 0.180 -0.352 -0.125 0.228 0.226 0.182 0.270 0.352
20k TP 1 -0.586 " 0.266 0.767 ** -0.102 0.339 -0.288 0.547
2 TK 1 -0.235  -0.706* 0.054 -0.422 0.489  -0.284
BRAEA AN 1 0.175 -0.656*  0.034 0.230  -0.073
HRHE AP 1 0.027 0.427 -0.445 0.176
HAH AK 1 -0.060 0.130 0.292
REREEE Tnv 1 -0.246 0.320
[k URE 1 0.212
PRtk ACP |
4 itig

4.1 IR DI VR N ) A A R SRR AR BRSO, FE o3 #
R X ZE A P IS S B VS A IS A R AN R IR 2R B 24 O I R 2 X 4
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MZEF SRR B R B, Bk RPN OT R AE R X 4 i 2B A AR B 349 % A AN [R) R 2 1) 4, AT 3X 4 o
FEYIAR PR A8 A AL I REART AR PR S RE R ¢ R AR R SRR R . SR, FeAT & UM R A0 SOC
AN DLE AP AR B B 8O0 240 S 25 8 T PURAS A W), LU BR 1A [RTAEL AR ZR AR 22 57 S B AR P 3R 4k
SERHE SRS BT RE SR AR RAETREE /N T 20 em R 2 i AR oL (AR R % AREMER S
KEESE) B UIAHOC ™ ) S AR5 A B 7 B A AR A AR Bk P SOC 1 35 1A L 3 P AZ L K A 35 R
XA RE R R T XA 2 o iR B VK I T AR B B AEL ) B A ) A ) it D JRE S T 88 SOC B9
O TR RIS S FUAE ) 2 ) S A 2 S I LA RIS TR BR R AR IR O SOC R 5 T AE
HARSRGR o T8, AR AR AR B S S LA R B 2 A 5 fa At 2 3 1 T P2 S5 S 0, X RT RESR AR &R
TR IR (O S A s PR T IR A K AN | S I A AR 1 MR B - 48 R i) T RN IO s L A
WEFEH 4 DMRIRPR SOC &t HR R & i — SR S M EEE T — a8,

FHIAR 2 775 3 1) 1398 pH AR AL AR PR IR vh 2 0™ RUE 3R M AR W S AL A Rk ) L ARG ]
IKIEAE—EFEIE LI T P28 X 3 2] ot , ELK WSS SR 3 R RRBRE S T 1 (ELA ] 400 o A R 3 ik
PR 4300 (U DLRR A ) 3 T HoAS I /INEREE ) ARBIFTE A B (R 1), 80 S AR 55 S AR s 1) R AL
(R/S) KT HARPIFMEY) , 15 X R BLGR AY JLABR TAS [e) A0 1) g A2 -5 AU LB B0 2 S5 BT S S50 9 L 25
T 41, 38 1] g 5 A 1) -39 h OGR4 & IR R OC T L R T AR PR AT A SRR E, —
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