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Impact of Land-use Type Changes on Soil Nitrification and Ammonia-Oxidizing

Bacterial Community Composition
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Abstract: A comparative study was conducted to determine nitrification potentials and ammonia-oxidizing bacterial (AOB) community
composition in 0-20 c¢m soil depth in adjacent native forest,natural grassland,and cropland soils on the Tibetan Plateau,by incubation
experiment and by denaturing gradient gel electrophoresis (DGGE) of 16S rDNA, respectively. Cropland has the highest nitrification
potential and nitrate concentration among the three land-use types (LUT) ,approximately 9 folds and more than 11 folds than that of the
forests and grasslands, respectively. NO; -N accounted for 70% -90% of inorganic N in cropland soil, while NH," -N was the main form
of inorganic N in forest and grassland soils. Nitrification potentials and nitrate concentrations showed no significant difference between
native forest and grassland soils. The native forest showed the lowest nitrification potentials and the lowest AOB diversity and
community composition among the three LUT. Conversions from natural grasslands to croplands remarkably decreased the AOB diversity
and composition, but croplands remain high similarity in AOB community composition compared with grasslands. The minimal and the
lowest diversity of AOB in native forests directly resulted to the lowest nitrification potentials compared to natural grasslands and
croplands. From the fact of the highest nitrification potentials and nitrate concentrations in croplands indicated that there were the most
substantial AOB with higher activity and priority. The results provide evidence that changes of land-use type can affect both soil
nitrogen internal cycling process, the diversity, community and activity of AOB, which further affect soil environment quality and the
long-term sustainability of ecosystems.
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L6 J U AR AT AR B Js AR T B R R e A D AR HL A
U, B 50— o DX sl 1) R A AR A
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BIF 50 DX 38k E % 5 P 5 2R W 78 114 JE T T A S L
(N:29° 44" 20" ~ 29° 45’ 17", E. 94° 11’ 58" ~
94°17'15") . X 3 K A QL T v [ 74 ey Jit gt 7Y
() B AR A2 25 AR 4t (i AR ORI R AR i Jist ) A 32 N 2K
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22 ~23°C 4B i 15, 9°C . &5 iE K
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H. B R AR FE 3. 7°C, A T 5L, A4 4 4

TR M. W E 670 mm, Z8 K = 1723.5 mm.
=5, =10 Fl = 15C B3 5 % k2850, 2272 F
475°C , FRal 804 ok 235, 160 F1 30 d, 4F H B
#72059.6 h
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g3 093 m, 22 /b A7 100 a LU oL, J&8 T il vk
FJE S M LR R SO R R A A R R
oy b 7 B 7 g SRR B AR S R G K3 053 m,
W5 R HER M BEAE 7 5 46 a. EEAEY KN FE HRE
(BREKZZ) EAE L % ™ &, B 4 A BR F 7 22- 15
B WA & 1,25 ~ 1,75 v/hm? . 3 R, FEA
AN NE. B 2 DD S HUIE (R 3%) 4 3 48
Bt A O 6 v/hm® A2 A, A R it T IR 2L 4E R
0 B K4 70 kg/hm® 26 4, M R 40t EWE Ol K
AKIBHE RRE. BORFER) 3 ASAN IR L bR 77 A B
B4R, AR M B AR RFAE AR V. T 20 4 JR 46 AR AR RN
TR I8 A 32 B W) S B9 N b 5.

2 Wk
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5AKES. TERIBHRMES RS, KRS IENT
01 m BL b DU RS 2 TR B35 1 R
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12 em [ 45 REALRENE D 10 &5 . RFEGTF T8
4 1 98 2 T 78 a5 110 00 K R 9 I BT A B E A
20 em — 243 2 UREURE , TG 58 i 1) 1 2 B, — i
BEVREUE 80 ~ 120 em. T FEAR 3570 8 5 (1 B D48
FEAR IR B A R R 0 RN R S
TR T — NI AR ST EI A T Uk
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T A T, AN e LT - 20°C K
R N R S A Et 7/ A T
2.2 bR A S E LA pH e
PRI 12 g 2L 0 5 B9 37 6 4%, ] 100 mL 0. 01
mol + L™ CaCl, #i#%% 1 h 248, 8. BIEW I
wEh B 3 A Al g N0y -N FINH, -N; [5] i,
FHR 35 ~40 g L RESL R E F S KRS L
AT 4 5000 D 5 43 900 R R B IR VR AL TG e
o BREC1S g it 4 mm G EF LA N 250 mL dR
G, N — % & 1 1.5 mmol/L NH, F1 1
mmol/L PO;™ KT A, RIS 5 — 6 A NH,™ 1
LB T ORI R AE 0 R, OB RN IE K B
££25°CF 180 r/minfZ R I BHEHR% K5 9% 24 h J5 ik
P YEWOPNOL N B B sh A H A e, +
pH TG CO, 258 F/KEHE, K KT A1 Ho 4 0 A
PP L Qi 138 002, 501 (BRI ) , AR Ak L3 301
(R .
2.3 IS4 B 1Y) PCR-DGGE 43 #7
2,31 LAY DNA B g
16S rRNAKL K V2 FI V3 X [ 4 44
T A DNA $2 BRI 77 & FastDNA SPIN

(Bio 101, Inc, La Jolla, California, US) J5 . #REL
=20°C R ¥ VR BB B AR 0.5 g, 2 AR G U W Y
P 7 15 I A 2R ) L DNA.

LR 7 £ 42 B A 56 X 41 DNA B B¢ 10 ~ 50 1%,
5 S 58 A g 5 5K s B (PCR) B4, 4 1] Bio-Rad
A 77 PCR X, X ] nested PCR, & X PCR X ] %}
Z RN I 16Sr RNA LR V2 Hil V3 [X H A 4% S0k
(438 FH 51 4 %F 271-1492r. JF %1k 27f: AGAGTTTG
( A/C) TCCTGGCTCAG; 1492r: TACGG ( C/T)
TACCTTGTTACGACTT. — X PCR % i %} 4t K £ ¥
AN 1) 16S rRNA J R 4 Sk 109 38 1) 51 40 %
CTO189f-CTO654r"°", H J¥ %] %, CTO654r:
CTAGCYTTGTAGTTTCAAACGC; CTO189f A/B-GC;
CCGCCGCGCGGCGGGCGGGGCGGGGGCACGGGGE
GAGRAAAGCAGGGGATCG ;CTO189f C-GC: CGCCC
GCCGCGCGGCGGGCGGGGCGGGGGCACGGGGGGA
GGAAAGTAGGGGATCG; (4 FRIZ N GC %),
T 4 19 P2 ) IR K4 465bp. PCR ) [ AR 2 1 &
SN A WA 1. L IERCAE D AL D 41 DNA $2 1™
WK 2 I nested PCR 72443 5 F 1.0% . 1.2% #i
1. 5% T B i B Bt 1 LUK, EB (IRAL £ 5 ) e (Al

# 1 Nested PCR SZ56 1) Jo W 4% 1

Table 1  Summary of the nest PCR conditions

SN AR B/ L BORARR /WL 5 pmol - L' 8[#)/pL 2.5U Taq Wi F/ pL ¥R
‘ 94°C 45 ¥ 3 min, 94°C 30 s 30 MEFF, 55°C30 s
% — W PCR, 25 .3~0.4 2 .3-~0.4 ’ ’ ’
% PCR, 0.3~0 0.3~0 729 4Ef# 1.5 min
4°C A5 P 2 mi 4°C 115 4 ) 2C
v PRS0 05 0.8 i 0.5-0.6 94°C A& PE 2 min, 94°C30 s 5 {534, 55°C30 s, 72°C

45 5, 92°C30 s 20 f§FF, 55°C30 s, 72°C ZEfH 45 s

2.3.2  PCR 4" M4 =y 1y A2 V£ B R & I vk
(DGGE) 73 #r

HUA# 5 )5 1 nested PCR P2 ) kE i 20 ~ 25 ul,
K H DGGE (BioRad™ ) 5 4k HHEAT 43 85, 76 1 x
TAE [fJ2E 173 60°C 180 V N 34748 VE B B 4 35%
~60% (1) 2 P s 9% 2 o Jsg P K Sh. | K S 1 T e
96 51 (SyBR green) M IE 44 4 30min , B 401 7K i
VeI 5, 37 BNV  Jig 0 il £ 22 8 L DN O 411 TR
2.4 Haathgit

X FHl AlphaEaseFC"™ Software ( FluorChem 4. 2) 4}
TSR A T A5 S T LK B e AN TR] Uk T 1 S A H UK
20 RS 4 Al B R B AT 4% Al DT C 40 A, AR 4
T A AT I A A R (N) Y
JECE) M Z TR 2 (H) DL RARYE R 40(C,)) 1
i vh 4 R @R KM (UPGMA) .

Horr, Z RV 8T 2 Rl RO T7 k.
Simpson’s $8 % .

H;, =1- ipf
i=1
Shannon’s ¥5 %% :
H, =- ﬁ:PilnPi
i=1
E =/H = H/In N

C, =2j/(a +b)
o, P FE UK IE 5 0 4% 7 1 ot B o i R (9K )
T A AT L SR K B 5 IV Fi R A Ab BT A A%
B C, 45 2 A (A FB) JKIE 6] i AR DAV R 4, @
HUb 5 R 2 VKIE A FIUKIE B 23 5l FAT ) 4% 0 S8
fRUKiE A FVKIE B AT (1 40 4.
BTS2 56 %05 1 Microsoft Excell 2000 FiI SPSS
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11.0 geil, BA5KF N 95% (p <0.05).
3 H@iR5NH

3.1 bR EUE ALK pH H

RV VG 5 A JEU R AR AR AR O ~ 20 em (1) LA C
N JE (A LB 4 N) S 25 e 1 AR 5 Ja 338 R AR [T
EERGE. HAENTID N RBAES RS D, L%
NO; -N SR B FEm FARARANE R (R 2).

A A o 4R L R 2 AL AR D AR
WIKENH, -NE: 46 g NOS =N ffy d5 K g ) . 74 8 v Jit
AR H L 358 TR R A A DR 24 43 il 2 AR PR R L J L R 1) 9
AL A B m TR L (F2). &2
A AL AR 2 2 B 1 A R B0ud W, T e DR
A% FH = 8 0 A A0F P S 2 T R PR g
Bom 2 K L IER O RS, &0 40 R
BHE ALk 7 3 B A A A T AN RS AL g 0. 78 el &
JR IS4G AR AR T R pH E 2 3 N TR SRR B -
LR SR R pH R AR FE (K 2).

T2 VU RN R A R P 7 2 s RS R A A
Table 2 Carbon and nitrogen pools and nitrification potential

of soil soils from different LUT in Tibet plateau

EBERY JEL U AR L A< H
AL SOC/g » kg ™! 83.3" 34.2" 53.9%
4% Total N/g + kg ™' 2.20° 0.93" 1.61*"
Y2 % NO; -N/mg - kg ™' 1.00" 0.57" 8.19°
e AENH, -N/mg « kg ™! 3.3 1.4 1.2
fi§ 4k, % Nitrification potential | o4b 1 59" 18. 20°

/mg -+ (kg™' +d) !
pH [H,0] 5.28" 6.02° 6.13*
1) 28 3Ol R T I, ) A7 R A ) 7 B 0 2 R B3, bR AN 1)
RN EREE (p<0.05, n=5)

3.2 SN (AOB) BB ) 3t 1 22 1 1 23
DGGE &3 % vk i 4 i £ H A5 BE Re s LWL
St 3gErh AOB BEVE I AL 2 FEIE, £ 5 12
FEAN 2 R T e, R W TURE v 4 P B R 3 A% AL
(K 25 5 . AR X G e e S 3 A A AR Y A ]
A 75 £ 3%16S rDNA ) PCR- DGGE 8] 4% rf 2%
VKO A A B B H RS LR A (I 1), e 5 B %
TR S L AOB B VR 1R 38 1% 22 AR K R R
P RERN 2 BEPE SR KL S5 R AR, VG R J AR AR AR
R AOB 1 B A 24 50 BB AR T A LA AR
B, R URUA LR AOB. () B B 2 50 B2 A7tk %
ZS. 3 AN ARG AOB W REM Fw BN 2 2
FRHE(R3) . 2 M2 REESR A T R o,
PO R AR AR Ak R AOB [ BEZ FEIE B H R T

B AN AR - 485 1] Shannon #i§ BOPP AT LR W, R AR
L HE R AOB | R 2 R R L i A
Simpson $§ BT LNy, KRR &5l 13 AOB 1 4
HEZAEPE S AR AT W3 22 52

1 2 3 4 5 6 7 8 9 10 11 1213 14 15

L~d: AR 5 ~9: B )55 10 ~ 15K I
B 1 G R S5 AR PR L R A B g S A
414 ff) DGGE &3 ")
Fig.1 DGGE analysis for AOB fragments retrieved from soil

samples at Tibetan forest, grassland and crop field

3 PG SR AN [ A 7 R R A
AN I 3 AL 2R D
Table 3 Analysis of genetic diversity for AOB of soils

from different LUT in Tibetan plateau

MK BaE FEE Shannon’s $§%(  Simpson’s 5 %
ER/EECYIN 0.87b 10¢ 1.97¢ 0.81b
5 0.95a 24.2a 3.05a 0.95a
A 1 0.91ab 18.4b 2.67b 0.92a

1) 2 B0d P B8, ) — B0 b v AR TR - BE G 22 5 AN S, AR R TR
FRAZEFREE (p<0.05, n=5),

3.3 AR (AOB) [ 353

L KA FluorChem 4.2 73 Ar B X e 4% )i 14
FL UK P A A E & BT, AN A A AOB f¥) DNA
Y FVEE R R KA UPGMA (] 2) . &5 1L &
ST R 3 NMER RS, RRE R SRR
ARY AOB ARLUYE R Ff K, R WL 2K 400 R fie
. JRUR AR AR R AR T Ji 10 SR A A T A ABL R
CREGRAIRZ, IR AR5 A H 3K AOB A BL 1
BN RGRARBIE. I R E S RS AOB 7]
S5

4 e

RAR 5 Ui AR MRN8 Jgt il T B SR DL N T T
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1 ~4 JURARM; 5 ~9: 7155 10 ~ 15 R H
P2 G 0 JB JE A AR PR L TR A P 3 Ak Al A 1
DGGE % 253 17, B A 807 o SEI0 FE i O 5
Fig.2 Dendrogram structure of DGGE pattern for AOB
fragments retrieved from soil samples at Tibetan native
forests, natural grasslands and croplands,the numbers

on right line of the dendrogram is for soil samples

POARRS B /b A 8 (¥ fe 20 3% T DL I R e 7 A
Rk 2 A R TR, IR AE L b g AT L
(IR SR 5 P8 30 A AR AT B 1 R S Al A A
SRGURMKHERAMLELZNEL. HARE
& RGOTT B AR W5 I 52 20 E ) AR AR 3
(T BEAE it A RE K ), R R R R R AR
SRR P R K AR T B
B AR 40 Z4E Ja , IR AT LK & R T R A
SERKREREFEM(R2). W ARESREWIN
SN IR e 4 A B 2 T B IR A A el B AT K
AR D I T80, A 3 1 A B AR R TR RS I, 4
SR IABE ARG 1. JF B, g A EOR B AR m
L Ji DALt A T P A 34 8 2 3

L RBIE N, LR R WA A A I R
AL A AE TR TR AR AR I R AR B e A Ok
BRI S T AR R AT 0 R 4
F JURS AL P B AN B4R w0 AW SUE T 4 7R
Y)°¢: )51k PCR-DGGE [{)7) #r 45 R R W], £ VU R = Jat
pH 55 A PR Ji ik R AR 98 v iy S A 8 R A AR R
HREE 2 S NS SN SR ) SRR TE X (M Ry R
P2 3) L 3 S Jit 4y Ak AR L 38 il 25 5025 & R b 4
P49 G AT b R AR H A A

PCR- DGGE &3 73 # 3 GE W1 , 74 J ey 5t K 4R e

JFASRAMA A MBI LR L, F 5L 2
Fig RN 38 5 AR e . AR IR AR P A ) B e B
Ji, S R A AL ) 2 AR T
TR AR 5 LT B B A g AT R s 1 A L
(R3). W RESN R, R AET RS AOB
HEJEI) AOB SR 40 R, 5 IR 4A AR AR 13 AOB
KGR FBIT(E ). ABFRE RS RHHRGE 3,
HRAESRAEW N LR SRR G 5k
PIRETR IO A 2 R T, B PR BT ) AR A T g
AH N 95 55 .

LA A RS AOB [ £ B E T
AHAR [ R R A2 R 40, (B A B 388 i A A A = A
LA B TR (£ 2) " R - B KA
T E M. Kb EARG B, LR IR dET A 1
AOB # B A AL 35 P , X — s Hermansson 2517 LA
iE. EABFT, R 1) nested PCR-DGGE £ K,
B IEASRE L0 AOB 41 Jil A2 3% PE 38 S KR 1,
BRI 4 38 = Bk A7 >k B T3S 7 AOB 40 g, A7 3k 1A
TR PR ) BCE KA K AOB 41 B, 1 B 4% 5% e -+ 158
A A IR L RE A H A W& PR 2 AOB 1R . B
JR R IR ) AOB gl LS B H £, 2 FEME
o, (IR A B AOB [ Ao M & = A e, R
HARM LR AOB AW 2 FE PR T 5 R (H M
8 1 A1 A BRI 2 0 & mT AHE T RS A g i
AOB 5 P f iy, B %5 AOB % & Je K. B R 4 T B
JARH G 40 24k, N R R E B (A
A it A5 7 B ) 2% M0 9 5 A R B A 1k T,
ol A B 5 K L pH fE W R R OR BE
W40 Fob ) £ S 46 B IR 2L % AOB Sk, BLSR AOB
SRR 2R B H RS LA AOB B JE 75 8 1) FR
B A R ok A B R O
(1) 55— A )L, Ay 4] 75 AR FE 4 48 v (1) 2 48 A 41 1R T
WP A, RS RS E KIS M 45 R i 2
fEfE e RN, T B gk gt — Dot

VY 9K e s LS AR AR g T ) AOB B B 5K i A
D W) 2 R B IS, AR TR R BA B X L b
1% P 2 A8 AL 40 T T RE A AR, 3 PEARAG , DL S+
e it [ N OB SE A, B50AE S A A A R A L 5,
K 2 AR A B A A A SR A I AR A B AT ATk AR XA
B FRVE, A A X RS LR 1
FOCER M A 200, i I 40 W, %) - S8 A o A2 k2 G
BEAE I H A S TR A

5 e

A 7 SR /A R G e T B R
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BEFIA A A A 35 o, T ey JR 3 MRS R
AR B, AR FH 38 B A A UK AR AL B W
THFASREMERAET R, A RK R
S8 S A AT ) R T R B BRI, i A A A
BFEACT AR ) EEE R KRS RS
e AR S 3 A R TR R S R s A A A
B AL A T R 2 R 1 2 BRAIG, RE AR A
R0 3% R A 1) 4 v A A5 AR b S P A AL AR A A RS
S« VU AR S Bt 5% I AT IR I SRR R
e [ AR Ml K 27 I A B 2 R Il T 0 B AL S R P
EEIE L
2% SR
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