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Effects of different land use patterns on soil bacterial and fungal biodiversity in

the hydro-fluctuation zone of the Three Gorges Reservoir region
QIN Hong, LI Changxiao® , REN Qingshui
Key Laboratory of Eco—Environments in Three Gorges Reservoir Region ( Ministry of Education) , Chongqing Key Laboratory of Plant Ecology and Resources in

Three Gorges Reservoir Region, school of Life Sciences ,Southwest University, Chongqing 400715, China

Abstract; The goal of this study was to provide references for the environmental management of the Three Gorges Reservoir.
To study the effect of different land use patterns on soil microorganism biodiversity in the hydro-fluctuation zone of the Three
Gorges Reservoir. Surface soil samples were collected from the woodland, abandoned farmland, and farmland in June 2015
to determine the bacterial and fungal community biodiversity using the terminal-restriction fragment length polymorphism ( T-
RFLP) and soil chemical properties in the hydro-fluctuation zone of the Ruxi River basin, in Zhongxian County,
Chongqing. Soil chemical properties were also investigated. Results showed that (1) the land use patterns significantly
affected soil physicochemical properties, excluding bulk weight and density. Other soil physicochemical properties, such as
soil moisture, content of soil organic matter, total nitrogen, total phosphorus, available nitrogen, available potassium, and

available phosphorus, in the woodland were significantly higher than those of the other two types of land use ( P<0.05) ;
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(2) there were significant differences among land use patterns in bacterial and fungal biodiversity; (3) the bacterial
diversity index of the woodland was not significantly different from farmland, whereas both of them were significantly higher
than abandoned farmland. Redundancy analysis and the Monte-Carlo test revealed that total phosphorus and available
phosphorus showed a critical influence on bacterial diversity (P<0.05); and (4) the Shannon-Wiener index and the
Simpson index of fungal community for the woodland and abandoned farmland were significantly higher than those of
farmland, whereas there was not significant difference in richness index among the three types. Redundancy analysis and the
Monte-Carlo test revealed that pH, organic matter, and total nitrogen played a critical roles in influencing fungal community
diversity ( P<0.05). Conclusion; compared to farmland and abandoned farmland, woodland can retain more soil nutrients,
and improve soil bacterial, and fungal biodiversity, suggesting that the artificially regenerated woodland is the most
appropriate land use type in the altitude of 165 m to 175m in the hydro-fluctuation zone of the Three Gorges Reservoir.
Those studies also propose that farming should be limited and the construction of artificially regenerated woodland in the

hydro-fluctuation zone of the Three Gorges Reservoir region should be promoted.

Key Words: The Three Gorges Reservoir Area; hydro-fluctuation zone; different land use patterns; bacterial and

fungal diversity
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03"—108°08'21"E,30°24"16"—30°24'56"N ) , i 2 Jb B B3k 32 km v THE B AkE 7 =B (IX) &84k, i
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2012 4 3 HAEIZH X ETE AT 165—175m MR X EHE 1 mx 1 m WIRRATREARFR T MM ( Saliv matsudana) |
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o SRR R =0k TR S TR AR B SRS R AR TR
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e —IEH S E . P HHAEY 2 K ( Sesamum indicum L.) ATEESETE 20 em 4, %2 A+ it iE |
THBR A RS G SR W SRR A A R B AR ( Cynodon dactylon (1.) Pers) JRHEH ( Bidens
tripartita L.) , SAZZFEL R 80% , ARHLLATE FIAZ MR T AZ Ry 3Rl B35 B2k 93%

TERFAFEH N BEHLI 3 0FEHT ik S ME R b R FBE 8 30 SERRIR AR, Rl il ST 5 AU 7
FE A Y S R 0—20 em By 1458 5 S SRR S, R UM E R B - e dh . Horp 1 kg 3
FIAT T PR R T, 20 ¢ TRA LRESE A TR Y H 248, (RTE 2 5, - 80°C A7, I T - 3t
Y ZFEME AT,
1.3 R b e

3 K SR RT3 ER R A DR, 1 R BRI, S FL B R
A E . 3 pH (H I %2 >k A 1Q150 3% 547 pH 31 (1Q Scientific Instruments, Inc., San Diego, CA,
USA) JEU I 5 5 345 LT ( Organic matter, OM ) 2R FH T 4% iR £ 41 in #4325 0 5 5 + 338 4 % ( Total nitrogen, TN)
B R HIT R 1Y ( Elementar Vario EL, Germany ) il 2 ; 30 f#% % ( Available nitrogen, AN) 75 & % FH -
PG 5E ; 4280 (Total potassium, TK) LT (Available potassium, AK) 5 15 % FH R T IR OE %1 ( AAS00,
PE Inc., USA)ME ; 3485 (Total phosphorus, TP) AU ( Available phosphorus, AP) 7 &k HEHEE BT L4
PRI E
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e A W 2RI R O T R BRI AR A B 2 AR Y BRI RN
1.4.1 DNA 425

JHl Ulira Clean™ Soil Isolation DNA Kit ( MOBIO, USA ) $2H¢ + 3 vf it 5. DNA | FH 1% BN AH B8 e H Tk K
It DNA R B¢, 3 UV spectrophotometer (SMA1000, Meriton) Jll%E DNA HJHE R,
1.4.2 PCR ¥ #f

YNEE P48 519 N 63F (5'-CAGGCCTAACACATGCAAGTC-3")/ 1389R (5'- ACGGGCGGTGTGTACAAG-
3 IEM5IH 55 6-FAM #4798 0hR10, FIE Y 345194 1TS1-F (5'-CTTGGTCATTTAGAGGAAGTAA-
3')/ITS4(5'-TCCTCCGCTTATTGATAGC-3") , IE M 514 5% 6-FAM #E472¢ Y 6hRic , AS L6 1 FT 5190 f IR
PR ILH A A I FRiE

A 50 wl 749 PCR VAR R BN 225 pl 2xTaq Master Mix, 2l DNA #i#i ,63F/ 1389R ( 10umol /L)
£ 0.5ul,ddH,0 #MK % 50ul, PCR KW AR :95°C ,5 min, 30 NMEH A : 94°C , 1 min;56°C , 1 min;72°C ,
2 min; )5 72°C AR 10 min, L 50 pl 1) PCR ROWVAR R LKA :25ul 2xTaq Master Mix, 2l DNA £54i
ITSI-F A ITS4 (10 wmol /L) 4% 1pl,ddH,0 #h/K Z 50ul, PCR S &4 U1F :95°C,5 min, 30 MG N .
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94°C ,1min;56°C , 1min;72°C ,2min; izJ5 72°C PRIR 10min, & MEEMER 2 4,
1.4.3 PCR #4lifk B4 k& T-RFLP

P4 1% S HGE I PRI, ¥ B PCR =404k 377 & ( TIANGEN,, China ) BB 5 #E47 PCR 7=
Yyaiifk , —20°CH-AE 55

afi ik BR 1 N YT Hhal/ Mspl 1546, )W AA & . 10xBuffer 2 pl, Hhal/Mspl ( 10 U/pl) 1pl,DNA
400 ng,ddH,0 #ME 2 30 pl, FEEFUIFEME T 37 COKIBTHIRE 3 h, Y52 825 65 C/Kify 10 min 2 1E 0
FAFES R4 1R 3 IR, BEVI= Y% 2 i Invitrogen A= firdi R 28 F] (Life Technologies ) #4173
P4, 153 T-RFLP &3,
1.4.4 T-RFLP 43#r

TERR 4 - Bt ( Terminal Restriction Fragment, T-RF) BJ3E £ 4, M BR 51 1% /N F 50 bp FI2E YGAE /N T
S50RFU A T-RFs, 2% OTU( Operational Taxonomic Unit) 3 <1% /) T-RFs, T-RFs F BEK/N+1 bp #IA K&
[l —> oTU> ! |
1.5 b

PL T-RFLP i H T-RF —A4> OTU, LAz T-RF (40X 0 i LR A X A9 OTU A9 =E BE IR LR Z8F
PEFEHL

Shannon-Wiener 5§48 (H) : H=- 2 P,InP,
=
Simpson F54X(D) : D=1- E(Pi>2
=
IS ERERU(E) - E = H/InS

Horpr P OB B I 2 o5 R R O L0915 S AARMDRR 22, R b T-RF A9 S8

KA ZRTT 229387 ( One-way ANOVA) 73 B AN ) F 4l 288 B0k - 598 14 o A ol 28 ) 22 R O s i, O ]
Duncan A6 50246 55 4N FEARTEA 6] FH b B 8] 1) 22 5 351 (0= 0.05) o FIH] Canoco 4.5 B AFiH#ATT04R 41
BT (Redundancy Analysis, RDA) , i i 5¢40F R 2 5 45K 55 ( Monte-Carlo permutation test ) 73T PR 58 248 &% 1 S 4
WS EREE D SRR EME(«=0.05), H Origin 8.5 fil Cano Draw for Windows 4.5 #4:4l &,

2 HBROH

2.1 AR LA DT T I v A A MR

HIZR 1 BB AT A, BR 1 2 EORI 8 BE AR A T 7 s A R 22 S Ak A &% BRAL SR AR TE AN [ 1 3
AT A Z A BEEZE SR (P<0.05 ) o o ARt 35 7K i 58 35 v TORR R0 S0t 5 49 3 A4 8L LB BE A pH
(EX 035 TR AN SE A . AR PR LR | A A S e A R S i ) 55 2 o TR A SR A, (4
P RICT PR AT, B3Ik g 225 . [RIE, BRI AR A il e 38 = T ek
2.2 AFEEHAHTT AR LA AR

MAE T-RFLP [E35&hg OTU By%is, AHxF 2 B 43 0358 1 AN [ R T O =0T 8 10 20 v 22 RE 2 (18]
1) AAAER W AR RO Sy BEAR R, TR 1 3R] AR AN TR 9 L st R D7 30 e 2 3 2 ek 2 TR A7 A 3
FEZES . Hhal FI Mspl BEUIZE AL, FEAN [R] 3t 07 50°F - e 240 T 09 75 A 5 00 3% AR 98 BORn 2 20 FE 8 KK
PRI B M 22 18] 0 2 252 5 (EUPR M AR e P 200 T 2 R i R (35 v T3t
2.3 PREEARRXS TR 2 REERY TRk

RDA 7387 (18] 2) B A B e 7 AN R] A D7 0T AN 2 B S 12 MRORSE I T 2 (R 2R
P v i ke 2 - HE P i e A B9 R/ NS PR 15 HE RS AR S DRI SJe s/ N Ui W] 56 2B U, ik BTk i R
PR IRSE N 15 HE 7l 2 T A9 IE | SO ek, 45 R BoR T8 Hhal BEUIR, 25 1 P RhfR RS T B A 15 B B0
89.0% 5% 2 FPifd ke 7 FTA 5 200 10.5% , B Pl AT LU#RE 99.5% (18] 2a) . & SR P KM s TP (F =
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11.0,P=0.012) X 4 B 2 R RO R ik 21 2 K (P<0.05) o 7E Mspl BV, 58 1 Fedhfi B 17 A 58
B9 97.5% 50 2 FR il e T A 15 B 1.9% , 5P mT LR RS 99.4% (K 2b) . B S R K, TP (F =
24.26,P=0.004) F1 AP ( F=22.78,P=0.008) % 41 B B & o AE 1 1 o i 5k 31 4 357K 7 ( P<0.05)

F1 RELHFFHERIEEN T+ BB R (P B R dEDR)
Table 1 The soil physical-chemical properties under different land use types( Means+SE)
i 1

- P s
iﬁ%g’fﬁ%ﬂtype Mo?s:fj% Bulk density” Density/ Totz‘f‘j([)‘r[iii/% pH ((g)/l\i;)
(g/em®) (g/cm)

Bt Farmland 11.53+0.01b 1.36+0.05a 2.53+0.01a 46.3121.74a 8.11x0.03a 5.78+0.15b
HH Woodland 18.27£0.11a 1.47+0.01a 2.53+0.01a 41.90+0.11b 7.2420.08b 14.23+1.72a
FiBkHL Abandoned farmland. 11.87+1.09b 1.42£0.08a 2.43+0.08a 41.26+0.47h 7.47£0.17b 10.70£0.62a
F 2571

Land use type TN /(g/kg) AN/ (mg/kg) TK/ (g/kg) AK/(mg/kg) TP/ (g/kg) AP/ (mg/kg)
Bt Farmland 0.600.04¢ 55.17+0.36b 28.76+0.85a 94.63+0.66b 0.76:0.02a 0.99:0.02b
i Woodland 1.11£0.03a 95.29+7.27a 25.28+0.72b 207.5+4.23a 0.75+0.03a 1.51£0.12a
Fi#kH Abandoned farmland. 0.76+0.03b 70.68+8.44ab 29.30+0.36a 79.35+2.63b 0.60=0.03b 0.4120.01c

Z I EER ] Duncan #5307 5 [RIFIA [R50 2R 22 5 .35 (P<0.05)

2.4 A MR AT R 2R

R4 T-RFLP B3 OTU (8 M 2 40 BT T AR - s R 7 =0 Bl 2R (B 3) Bk

R AR R BRI ST EEFR 2, ANF MR 7 0T I 2R 2 RIE R BE M2 . Hhal V)

SERL R SR b A B TR AR TR BORN o 0 AR AR B0 2 Tk AR Bk R e R b Y BB Y ST RE R R A
WA 2R, Mspl BEUIZE A SR ARHE AN 738k b ST 1 B A P8 B N A W k22 7, B W3 TF
b BRCHE, B bR A R ) LR S AR RO ) R RO A R R
2.5 PRBEAR RO T ECH 2R TTER

Bl 4 WA T i TORTE A R 7 20N R 2R S 12 PR T Z M5 R . RDA 437
IR, 7E Hhal BEYIT 55 1 FERfe R 1 T A (5500 85.1% , 45 2 R MR 1 T A 15 510 14.8% , BT W 4l vl LA A
F599.9% (I 4a) , Zid5HF RP KK B8 pH(F=9.47,P=0.012) .OM(F=6.62,P=0.038) fil TP(F=5.21,
P=0.032) X} B BEE ZREME R AR B 2 K V- (P<0.05) , 7€ Mspl BV R, 405 1 P iR T ArA 5 B m
63.7% 55 2 IR R T A 15 B0 34.2% , 5 W4l T LUS#RE 97.9% (] 4b) , Ll SR R P KL, pH(F =
7.92,P=0.006) ,OM( F=8.09,P=0.002) Fl TN( F=7.85,P=0.004) X B} B 75 22 FE P (0 5% i 34 3] 13 38 K 7
(P<0.05) .

3 e

b3 SR VR [ R = A — B AR P LA A 1) A L B S 2 L O A W B
S, TE=WRPE DI T, AN ARG R O e — @ B B A 1 I B T 22 57 . T VRl TR/
FK AT, 222 e iR ph gl s, L B SR i, WS A B, A VR A RO R R, N TR
MREE K HORFERE ) i T F ARG (0 0 Bk 00 | BT LAAE T V5 5 MR b 1) 398 K it B 2 v T o Bkt . Bkt
TR BB A5 LY LB S 5 T AR N FE R, O LA AR T AR AN S8

E SRR W RETE 1 S P E AR M - B A R A R U AR AR B R R R
SV AN ) L G WIS ZARTERY A ROT 12, AR EIR RO R IR WU ARG . SRSV
P RAE I Z R EA T — 28 T RGO Y B S R RE , AT S Wt 11 v iy AR 25 AR e A fi e
LNV

AWEFE R, A =W H P AN [ L R 5 2T A i AR VA 5 25 5, Feblh A TR 2 AR TR (R A A
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