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Abstract: Based on the analysis of soil samples in four different hydrologic conditions of the Lijiang Riparian Zone, i.e.,
gravel zone, grass zone, shrub-grass zone, and tree zone, this study explored the variation characteristics and relationships
among soil nutrients, microbe quantity, and microbial biomass. The results showed significant differences in soil nutrients
and microbes among various hydrologic conditions. As the submersion duration decreased, the value of soil water content
(SWC), pH, available nitrogen ( AN) , available phosphorus (AP ), and available potassium ( AK) increased and then

decreased, the highest value usually appeared in the shrub-grass zone, whereas the lowest was in the gravel zone. The total
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amount of soil microbes, bacteria, actinomycetes, and microbial biomass carbon, nitrogen, and phosphorus (MBC, MBN,
MBP ) also exhibited an increasing-decreasing trend, and reached a maximum in the shrub-grass zone and a minimum in the
gravel zone. Simple correlation analysis showed that various indexes of microorganisms were closely related to AN, AP, and
AK and had a loose relationship with total nitrogen (TN) , total phosphorus (TP) , and total potassium ( TK). Redundancy
analysis revealed that AN, AP, and SWC were important factors affecting the total amount of microbe, bacteria, and
microbial biomass C, N, and P, and soil organic matter (SOM) and TN were important factors affecting the amount of
actinomycetes. The above results suggested that appropriate hydrologic disturbance was beneficial to the soil nutrient
accumulation, and also had a positive impact on the soil microbes and their biomass. The SOM and available nutrients
(AN, AP) were closed to soil microbes, and their contents greatly affected the quantity and activity of soil microbes. In the
research process of ecological protection and assessment of the Lijiang riparian zone, the variation characteristics and

relationship between soil microbes and nutrients under different hydrological conditions must be considered.
Key Words: soil microbe; microbial biomass; soil nutrient; coupling relation; riparian zone; Lijiang River
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4 214 km , HIFUR 12285 km? 2 VLT M A W0 PRy 25 KO A X, AR PR R 17.8—19.1°C AR 1%
Ml 1814—1941 mm , 4EXZE & & M 1377—1857 mm, FAAE AER B 0B 5 HR AR S) 3 8] 8 A
Oy AR ZET R 5 AR 80% > TV IR W R i 3, K R R R Hh 8, H R b 3 BH o T
F i AR S R T X BT A, A 2T Bk A S AR AR BRI B i o
73.41%—86. 65% . 6. 17%—13.98% . 5. 40%—11. 00%, I+ K F B H W ¥ ( Prerocarya tonkinensis ) . [ 7
( Cinnamomum burmannii) =5 ¥ ( pinusmassoniana ) B4 ( Phyllostachys heterocycla cv. Gracilis) %5, #EAR F 2
H 7KK ( Geum aleppicum) [ BTIF ( Vitex negundo) 55 . FAS FEA M M ( Cynodon dactylon) 7K ( Polygonum
hydropiper) ER. ( Humulus scandens) %™
1.2 R B ARAE

VRIS VT AEARE] B Be ) 2 MR 2y g BIFFE X, 20 il 3 B 10 S AR T I i A B FE
R B 7K S R TE] R X s A MR T AP T ) Rl 2 R S0 ok B A A 0 e B M R bR 4 K SCER S
BEEE 34T IR SR AR . b R BEAE X ACHEI T R T 7 A H XS SR/ T 0.6 m, JL-T- ToAE R o
B AR AR B BN TR N T 2 A H XS R R R T 2 m AR AR, R AR LR 1,

R1 HEHERFE

Table 1 Basic characters of sample plots

WA [ D FHs
s R Gravel zone grass zone shrub-grass zone Trees zone
No. Latitude and longitude
SD/ H RE/m SD/H RE/m SD/ H RE/m SD/H RE/m
1 25°15'48"N 110°17'53"E 9 0.3 6 1 3 1.5 1.5 2.5
2 25°13'54"N 110°19'01E 8 0.4 6 1 3 1.6 1.8 2.6
3 25°13'21"N 110°20'02"E 9 0.4 7 0.9 4 1.5 2 2.4
4 25°12'05"N 110°21'08"E 7 0.3 5 1 3 1.7 1 2.6
5 25°11'09"N 110°22'57"E 8 0.5 6 1.1 3 1.6 1.5 2.4
6 25°06'54"N 110°25'55"E 8 0.6 6 1.5 4 2.2 1.6 3.1
7 25°06'22"N 110°25'25"E 9 0.5 7 0.9 4 1.4 1.5 2.3
8 24°59'48"N 110°27'31"E 8 0.3 6 0.6 4 1.6 1.8 2.3
9 24°55'20"N 110°30'42"E 7 0.3 5 0.9 3 1.8 1.5 2.4
10 24°46'07"N 110°30"20"E 9 0.4 6 1 4 L5 L5 2.1

SD . /K #E i} [H] , Submersion duration ; RE ; Relative elevation , #HX} 5 #2

F 2014 4 9 H (GEEIF RN Z ) BERIK SCIRBERE BE A6 85 3 B 10 mx 10 m HhHOCRAE 4 BT “S7 B
KA 5—8 A IR A I —A 1k R IR R 0—15 em, FEECHIERE S, 120 4>, H3ECE TS kA
WITFZ X B, RS N XA E R TR0 (2 mm) IR AT, RBR AT WAR R AA 55, FR U4y
PGB LA APy, — I E TG H T 50 L BEFRAR IR bR, — 10 ORAFAE 4°C vKFE N H T LU E Y4
T AR Pyt R
1.3 Fdsie &b

ISR E T - HE K A I R SR BE L (105°C ), 3% pH (ECR FH L 35, A LT (SOM, ¢/
ke) R B RAT AL, 2R (TN, o/ke) RAPLKE ik, 28 (TP, o/ke) KRB P LB TE, 248 (TK, o/
ke) K IAECEE T, AT RUA (AN, mg/kg ) R IR AR 4" H02% , A 2085 (AP, mg/kg) >R Ak R S AHI H2 )5 4H 86
Prib ik, B (AK, mg/ kg ) R S IR B 4 ORI KOG EE SR e A~ BN 3 9k,

A = RS (AT R T A TR ) B B RE B SR FHAR BT EOE Y L BT RS SR S . 4N
FROM A AR AR A TR IR0 IR TR N M R R IR 15 (K1) 500 mg/L) B35 3E BB N a4 -4 7 3 (B &
30 mg/L) H5FREE, AR L B T RIS A RIS R (cfu/g) = Al — R B N IRE R i w7513
BOMREAGEL

http ; //www.ecologica.cn



4 JAE = 39 %

T A YRR (MBC) | T BE AR W) 5 AL ( MBN) Rl b 38 A 5 i ( MBP ) SR ] 07 28 2 152 42 325 )
A2 AT HRIOR ST ) F A B EE TOC- S000A A7 HLBR M T X 5 M A QC8500 MU H: Y (FIA) S3H7{X
12 E Thermo Fisher Evolution 300 £ 4h=1] W43 6 €
1.4 Ziitortr

fli ] Microsoft Office Excel 2007 4 #EAT 4 S A AL 1, i F SPSS 16.0 Xt £ #E A7 5. H 2R 7 22 43 Hr
(One—=Way ANOVA) Fl Pearson & #7, ffi FH R TSV 0t A M FE bR A 4 3R R AR HEAT TUAY 0 MY
Redundancy Analysis( RDA) ,

2 ERESH

2.1 A[FEPKSCHREE 3SR AR

TR TLT] RE AN ) K SCRREE AL BT AN 3R 2 iR, Bl e B (] 9 a2 | 1485 7K & pH B LA ARA
A RO RS ) B S G IS DR e B, S K A RCR A RO R AR e TR R R, O
24.01% ,109.56 mg/kg . 11.84 mg/kg . 71.77 mg/ke, FEBRAMERAL, 43314 13.52% 41.72 mg/kg 6.01 mg/kg Fll
30.78 mg/kg; 13 pH (A7 S i &5, R 7.71, SR HL IR AR, oh 6.99 5 45 ML 522 348 M A, o B M b i 1,
32.68 g/kg, WRAMERA Y 23.72 ¢/kg, RATEF MRS, N 1.40 o/kg, TERRARERAR, 24 0.93 g/kg, AIAZKIC
WIS Z A I ep T RO EE R, BR LA, BRSO 2 P i R s | %00 1
/IME 22 H BAE B8R A MEFTBE ML

K2 ARKIMEHELEFSOFTESNT
Table 2 Variance analysis of soil nutrient factors from different hydrologic gradients

JKSCHAHE Hydrologic conditions

TR

Soil nutrient factors ZaRls L MR [N 1A
Gravel zone Grass zone Shrub-grass zone Trees zone
HHEE K SWC/ % 13.52+7.11a 21.43+10.13b 24.01+8.83b 16.86%5.12a
pH 7.32+0.33b 7.710.46¢ 7.45+0.23b 6.99+0.38a
HHLE SOM/ (g/kg) 23.72+9.50a 26.38+11.23a 26.76+8.45a 32.68+6.27b
2R TN/ (g/kg) 0.93+0.74a 1.40+0.53b 1.22+0.43ab 1.35+0.85b
4 TP/ (g/kg) 0.54+0.17a 0.60+0.17a 0.54+0.10a 0.57+0.14a
441 TK/ (g/kg) 89.68+22.98hc 76.92+7.56a 92.71£17.33¢ 83.39+12.33ab
HRA AN/ (mg/kg) 41.72+37.84a 81.92+52.98b 109.56+40.14¢ 100.00+42.64¢
B AP/ (mg/kg) 6.01+4.06a 10.71+4.12be 11.84+4.67¢ 8.86+5.55h
AT AK/ (mg/kg) 30.78+3.28a 44.53+4.49b 71.77+7.28d 57.25+4.67¢

SWC .+ /K &, Soil water content ; SOM ; H ﬂLBTi‘, Soil organic matter; TN . ! , Total nitrogen; TP . 2% Total phosphorus; TK: L , Total
potassium; AN : /L%, Available nitrogen; AP .45 %%, Available phosphorus; AK: 4 %{8, Available potassium;#H 4 FK SCABERE B K + 5
710 SRR Y BHE AR HE 2 R R/ NG FRERIR AN [ K SO AR A 22 57t ik 3 (P<0.05)

2.2 AFIKSCHEE + R Y EcRE AE Ak

XPIES VLA R T — R W B R AT 1, R R AR DL BT 1, 7RI VLI Rl R Al e
Bk G XA S, 15 R ) BB 79.75%—86.35% 5 FLUR TR, 1 10.319%—13.40% ; L el A5
3.34%—7.82% , ANRIKSCAEE T 500 WA B SR TR] . B K s [ A0/ | il 9 S B 4 v
FTRCE R R 178 Ak R S AR [R], 3498 e 1 I s 94, R R b i A ) S 00 Al TR R TR R B I 22, 0 ol
48.57x10° 40.30x10° 1 6.02x 10° cfu/ g ; M Bk A M /D, 73514 21.98%10° [ 18.29x 10° 1 2.94x10° cfu/g, H.IH
Bk B K B R] (400 R # AR 2, O 2.84%10°cfu/ g, BRATMER /D AUl 0.74x10° cfu/g, AT LT
Az ) SR A TR RIS TR A R IR TR b, e/ DM A R A M T L PR S A KA T S AE b A
TEFLH | f/IME S IR R AT
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Fig.1 Variance analysis of soil microbial number from different hydrologic gradients

P 4 R SCER SR B9 E SRR D 10 SRR RS (R ANARIE 22 | A R/ 5 B2 AR [ K SCPR BB I 22 57 1 35 (P<0.05)

2.3 RIFEIZKSCIREE 6 o i AE b

TR VLI 2t AN ] K SO ™ I Yy B AN (6], BT 2 ) LU Y BEE /K WS IS R] 9 k20, MBC  MBN 11
MBP H7E Ak 32 R S Tt i JE R, MBC. Al MBN 7EJE B d5 &7, 73900 81.92 mg/kg F159.51 mg/ kg, TERRAT
WA, 73901k 22.19 mg/kg F 18.71 mg/kg, i MBP 7E 5 I 5 4 12.00 mg/ kg, 7685 A7 MK A 3.40 mg/
kg VA ESERATH BV R B RAE W) 5 4546 B8 (MBC \MBN 1 MBP) fie KAE 22 ) BRAERERE -, fie/MA
Z HITE R AR,

100
W ORAW 8 i
90 - d B OERH O Hidkd
80
. 70 c
2 & d
= 60
g b ¢
=
g % 50 | _T_ <I§
£
&S 40 b
<
£
I
S 30F
= a
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Microbial biomass carbon Microbial biomass nitrogen Microbial biomass phosphorus

2 AERXHESE T EMEMENTEZSH
Fig.2 Variance analysis of soil microbial biomass from different hydrologic gradients

MBC . f# 2 #)#5#% , Microbial biomass carbon; MBN ; {4 #) 48 %&( , Microbial biomass nitrogen; MBP . {2 #J fE:#% , Microbial biomass phosphorus
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2.4 EHEUAEY) KCHS R0 2 RN AH A B

TTLR A AR RUAE Y S IR A C A 25 RN 3R 3 R, HHEANT | FLPE AR 5 R IHEA P
R A RO AR 24 S A S AR OG TR A S A LR | 4 U A A I O M OG5 A N AT A
o B IEASE,, 3% MBC \MBN Il MBP 5 + 385 /K & pH A A 80 A SO0 RS 35 R i B 38 1 A 5%
KFR . AT WL R 25 AR W bn 5 A 88O A 0l S A B A DG e, 5 H I R 2R
P AR OGRS

3 4 T HERA YRR AR 22 100 () RE S S B e B 200 TR R 0 TR 22 W 8 5 B A G, R L TR R A I I A
O 5 T Z TR RN L TR A ik 25 TEAE DG, A TR T30 TR R L TR 34 RN BB ) o S A d 35 IE AH G, MBC  MBN £l MBP
P Z [E] 34 Ry A S 2 (AR OG , H MBC 1 MBN AHSC R 80 R, o 0.916, 1] UL A IR DX IBAS ] - 38 63l 2E 1 8
A YR S A YR bR B Z R R YT, B S AR P A S PE 3 . DT VLI 52y 1 358
A KLU E Y S R AR S R R Y, e Z A U RO, T AN R A A K
PERIFRDR

R3 TEREMSIEFSENEXSHT

Table 3 Correlation between soil nutrient factors and soil microbe

TR oK AHHLR Eoe X il ARA BRWE R
Soil microbial properties SwcC pH SOM TN TP TK AN AP AK

W Bacteria 0.244**  0.145%  0.447**  0.463"* 0.115  -0.249** 0375 0.315""  0.343*"
FLZR B Actinomycetes 0.120 0.082  -0.339** -0.358** -0.158*  0.236** 0.115 0.176™*  0.043

H# Fungi -0.0003  -0.07 0.176**  0.006 0.155*  0.091 0.516**  0.4017*  0.211*"
A Y ik MBC 0.422%*  0.271**  0.054 0.123 -0.101  -0.085 0.241**  0.234**  0.276**
4 ¥y A MBN 0.306**  0.359**  0.023 0.116 -0.098  -0.145*  0.207"*  0.248"*  0.191""
A= Wy s MBP 0.335**  0.283**  0.014 0.09 0.171**  0.057 0.337**  0.394"*  0.294*"

MBC: f/E# i 15 , Microbial biomass carbon; MBN . f#4: ) £ % , Microbial biomass nitrogen; MBP . 1A #) £ % , Microbial biomass phosphorus; T
[, Bl Pearson HICREL, » FIRTE P<0.05 A OO bW EAK, + + FIRTE P<0.01 K- CUUM) 1A fwk 35 AR5

x4 TEGEYZEEEXSH
Table 4 Correlation among soil microbial properties
TIEBE YRR ] TR K TR BB YRR LY R
Soil microbial properties Bacteria Actinomycetes Fungi MBC MBN MBP

0T Bacteria 1

FLLR B Actinomycetes -0.249** 1

HT# Fungi 0.292** 0.279 1

A= Wtttk MBC 0.506 ** 0.314** 0.363** 1

4= Py A MBN 0.537** 0.336 " 0.363"* 0.916* 1

4 ¥y = MBP 0.458** 0.335** 0.310** 0.620* 0.648 ** 1

2.5 HEERUEYS EHER S Z AR T

VLT A TR Y S R 0 Z M B TUAR Z3 BT (RDA) Z5 R AN 1ET 3 Fros . A 1] i B 43 A 30, Sl B
FIC Y IR Fabnta i A RCA pH A SKE AL SRR ST A YA B, X
B - HESE O AR  0] R RR A W AR Y 31.2% , Hovh RDAT il 5 AT % BE 43 1 61.4% , RDA2 il 5 19.8%,
RDAT il (K538 A SR A B0 AN 5 7K St e i B ) 5 T ) it 4B TR 30 \MBC \MBN Al MBP A ¢ i 2
AHICHE 1T RDA2 %l (KPR BlA HLBT A4 BT R ) 5 TR e T B A A 3 A M, PRIl A | 388 A%
R RN B 7K 2 S e A 1) B 4B TR \ MBC \MBN Fl MBP 1) 5 2[RI 3% | 1T A AL 5T R4 280 5% T i
LRBENEERNE,
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3 e

3.1 RIERUEYECRE SO Y A A REE I

TR TLIA ety 8 = R AR W 2 B3 v A R A
W2 R WIRZ , R R, 5 R EZH A = KR
TR B A A I DOAR TR, 20T | BT IR B 7E 1 3
S BR AR ) it 2ok A v S BR [R] B VR T, RT3 5%
B D G-t A T AN TRD 810 4, 240 1 R s 2 T 5 mp P G ;
PEA EHEA SR M B RS A AE KRR TTHL -1 : Actinomyees
MEOY BT A B A T MR, - 498 e O :
(pH 7 6.99—7.71) , Fr AN TE MU MR e 2, 0 :
SR A B e 2 38 R LA LR i P B U BH A B ‘ ' RDAI
E@iﬁ%@ﬁﬁ%ﬁ;ﬁ?ﬁﬁ PL R oy il 3% 51 B fig B3 LS LRSS BT
%ﬁﬂ:/ﬁ\ﬁﬁ%ﬁo ﬁk éﬁ%ﬂﬁé@ﬁ%ﬁﬁéﬂﬂ%,{ﬂﬁ Fig.3 Redundancy analysis among soil microorganisms and
2 X BCE I 2 | e X T IR TE S soil nutrients
WHARGREEOEA —EMEH, RS EIIEIL  SWC. £H & K ik, Soil water content; SOM: 47 HLJF, Soil organic
TR E W B i (4ATR . 18.29% 10°—40.30% 10, it 4 matter; TN: 2%, Total nitrogen; TP: %2, Total phosphorus; AN: 47
1.2.94%10°—6.02x 10° ’ B .7.4%10°—28.4x 10° cfu/ f?‘iffk,Ava‘i'lable nilrngen;fpzﬁ%(@%, Avai‘labl‘ejhnsphnrus;Tntal;
) 5 A5 A A o LR L T80 490 BB Bacteria : 2 T4 ; Actinomycetes ; U2 i ; Fungi ; B3
JFICW i 22 5 1511 2 e SR s e 0 b R e P - T 24
R B AL B3 1M 6.1x10°—43.60x10°  1.44x10°—2.65%10° 2.92x10*—6.52x10* cfu/g' ' | 4 1t
FE B AR T ik T A B B ) 6.98 X 10°—52.89%10° ,0.59x10°—6.27x10° . 2.11x10°—20.23x 10
cfu/g ¥,

— G BL T A e R (MBC) o5 3 HUBRAY 19%—4% ) | TiE Wy 8 ( MBN) 5 34 A 1 29%—
6% PR HALA S E N b A e RS AR A FRIAR K A R A AR B A
A A BEATAE A R 2 O AFAE) | ASHIRZE 45 SR R B TIOR3 MBC & B ARME, (E 0 54.44 mg/
kg , L2t S0 0 (I L ph e S R A Al + 4205 HE MBC B 5 43 51k 403.48 mg/kg 766.65 mg/kg,
TN R AFAE X A R 2200 B R E T, XUHE S5 AR F SR8 A 6 AR b+ SRRk & i A ML = T
VLI Rl 4 LSRR B (AR TE 45% A2 47, WS VLI 2ty IR ALk & (AR 8.70% , — L7
FELERE R | 1T b R AN ) FURE AR T AU BE PR AE T 2 A AL AR 3 P R R ) Rk
R H B v LT T B VTR I e, KA TR | X R A T g Z G A e 3 i T
Al IR A S AR T JCIE R AT 2 A L BT, P00 2 X Sl i o A /0 PR P ) R R DA R - S i
FrAE AR Z | SR T ARXS B X S R R AR T B A Y s e S B IR AR SR

TES VLA - P W B A T A 2 A B D R A W 5 ( MBC  MBN 1 MBP ) [ 5 7K ¥ BeF (] £ 9
/2 S Ul R A R R b A LR R B B AR BR ARG, AN IRDK SCERR S B A R 57
O30 i SR B K AN ] DRI 5 ) 1) - 98 AR B R e P T R R R AR B 2R H AR R R TR
WAk 3= L R A w0 BT KR M (R R A ATTTORR ) AR B SE T B A W R AR T R
FFENTE W 5 2 ik — 2D B2 X 38552 55, 8 1) 130835 05 B A0 R T R 30 W A6 A BB R
PERGHE 7 5 55 A1, HE R b R0 K S B[] AR X 3 R, - A 38 S K P A A R T AR W A A S
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