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Abstract; This papers aims to explore the response of ammonia oxidizing bacteria ( AOB) and ammonia oxidizing archaea
(AOA) communities to elevation changes in the dry-hot valleys of Panzhihua City, China, and further reveal the nitrogen
biogeochemical cycling of this area. Soil samples were collected from the tobacco cultivation field of different altitudes (e.g.
1600 m, 1800 m, and 2000 m) in the dry-hot valleys of Miyi county, Panzhihua City, China. Chemical analysis and

terminal restriction fragment length polymorphism ( T-RFLP) were used to analyze the soil physicochemical properties and
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community structures and diversity of AOB and AOA, respectively. The variation of AOA and AOB communities and the
driving factors in farmland soils at different altitudes were also investigated. The results showed that the pH value of soils
from the three different elevations were below seven which suggests that the soils being studied were acidic soils. The
contents of soil organic carbon (SOC) , total nitrogen (TN) , available potassium (AK) and ammonium nitrogen ( NH}-N)
decreased along the increase of elevation. The contents of alkali-hydrolyzable nitrogen (AN) , available phosphorus (AP)
and nitrate nitrogen (NO;-N) first increased and then decreased along the increase of elevation. The highest contents of the
AN, AP, and NO;-N were detected in the 1800 m elevation while the lowest were detected in the 2000 m. The diversity
index of AOA community increased along the increase of altitude while the diversity index of AOB peaked in 1800m, and
both the lowest diversity index of AOA and AOB were detected in 1600 m elevation. Nitrososphaera and Nitrosospira were the
dominant species of AOA and AOB in the dry-hot valleys of Panzhihua City. Redundancy analysis (RDA) showed that the
SOC, AK, and NO;-N were key factors in shaping the AOA and AOB communities. In total, both of the composition and
diversity of soil AOA and AOB community varied significantly along the increase of altitude in the dry-hot valleys in
Panzhihua City, and closely related with SOC, AK, and NO;-N. The results provide a theoretical basis for revealing the

altitude distribution pattern of nitrogen cycling related microorganisms in red soil in dry- hot valley.
Key Words:; dry-hot valleys; elevation; ammonia-oxidizing bacteria; ammonia-oxidizing archaea; community structure
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BERCAE A T IR A LU TR DX DX 006 AR AN 1 SV i Vi A S O e R A 28 Ak, [T
LA AR X, PR HE T A 2 T B bR Aah, DI EAL, I BTN R, AR AR
IS A S SRS BRI A 7 i BR A R EEAPE, B AOA 5 AOB 3K 8l i As Ak A H]
FERFEMEA IR AR DR, B A AN TR 8 45 A 2118 IX R JF J AOA (AOB 5 b
FEAE It T AR AT IELRE R AR SR PR A AR T RE XS AOA 15 AOB A= 473 1oy P
TEVE S = A — e RS BRI SCLABE R AR K 5y B HAGT 25 Ml X A B 2T R B SE % 42 328 AR 22 430
FIAR S BR 1 e Be A B 2 351 ( T-RFLP ) 2312 X WA [ H:45 m FE AR FHZLE AOA 1 AOB RE PR 454 14 22 57 e
HFRITERB R T, RN FEIZ DA [ T A 1 20 SRR G P R A A S 5 M A P A5 S (A A
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101°41'—102°15", W IHF T IR 480 , AR, SR RE IS4 2217.3—2413.5 h, #iE DEIEFE R | AERE TR 2
1100 mm, FEK 50 E 5+ ERRON IR £ 5

T 2019 4F 4 A1ek 5 B S 3 MR B . 1600 m, 1800 m, F1 2000 m LT HER HAHHE X 47 +FER
£ FPAE I BE M 2= (4—9 A ) P, R 2SN (10 H 25 4R 3 H) B F =08 87, FERAN K &
BE S BIBEE 6 D RAFEX RAE X K/NA R 50 mx50 m, H2Z [0 Z /D[ FF 100m,, 7654 SRR X 5« T R FEE”
JEN AT R IZ EHE(0—20 em) BREE , RAERT e L BRAR MR R G 2 0T | 78 /0T 5T, SR 5 6 A TR AR I
BFKG DA RIS E W2 0, — 0 AT R SRR 20 B 5 T £t Bt , 50—
SHTEERE S A7 B RS T 585 DNA B2,

2 MEEAEE

2.1 HERAR R T E

Fie B A AR BIT) 7 R D A R A M 5T, R R A PE T 1 pH (UK R L6 2.5:1) , R Bl
(SOC) & K FH B B TR P AEAL -2 B ik 5 384 20 (TN 5 B oR P HE A R - T T 1 12 0 5 B A R
(NH;-N) FIEAZA (NO3-N)RH 2 mol/L KCL, BUE R 435Il FH e W L (.35 F1 58 1 73 60 BE 11 I 5 o A5
(AK) KM 1mol/L BSRREHR - M CEETHEI E ; A 800 (AP ) SR B R = SRR TH & -SH B bt Lb e 0 0 5 33k
RCA(AN) SR By Sk e
2.2 3 DNA AUHEHL

FIFH Fast DNA® SPIN Kit for Soil 7] & , ¥ izl & Ul B B 45 e B0 BREAT 148 5L DNA (4R L, &8
BB R I HL VARG DNA ¥R BT, BT 20 C VKA PR A7E & H
2.3 RumPREIM: R B2 544501 (T-RFLP)

K H ABI PCR 9700 4 ¥4 A#EATH 1S . BEXTIE M 519 5 K A 6-FAM 2¢56ARic., AOA Fl AOB 54947
K Arch-amoAF/Arch-amoAR ( 5'-ATGGTCTGGCTAAGACGMTGTA/ GCGGCCATC- CATCTGTATGT- 3') #i
amoA- 1F/amoA- 1R (5'-STAATGGTCTGGCTTAGACG/ GCGGCCATCCATC-TGTATGT-3")"" . AOA ZhfER R~
B WA ZR (25 L) WF :2xPCR Master Mix( ABI,USA)12.5 pL, 5%/ 0.5 pL,DNA BikR 3 pL, TCE WK
FMEZE 25 pl, AOB INAERENP HIIA R (25 wL) UNF :2XPCR Master Mix( ABI,USA) 12.5 wL,51#14% 0.5 plL,
DNA BEHZ 3 wL, JCB XS KA 2 25 wL, PCR P8 S FEFE R .94 C HAEYE 5 min;94 C A8k 1 min,
53 °C B K 1 min,72 CHEM 1 min, 3t 34 NMEFR ;72 CHZIEM 10 min,

P45 19 PCR 74 IR M N ) B ( Hhal ) SEATEGY), BEVIVR R . PCR 774 10 pL, TCHEMZEK 18 pL, 10
x Buffer Tango 2 wL,Hhal 2L, 37 CHEEY] 16h, Z J57E 80 °C 421G 30min, KFEEYI =4k 24 T A A BRA A
HEAT B 40 A HL UK A
2.4 FdmhbrE

Wi SPSS25.0 F (B R J7 22 0 HT (ANOVA ) KU AS [R]E44 e B - E BRAL M R 1 25 57 ( P<0.05) , 3B
J Excel 2010 5%} AOA Fl AOB Ay ZHREMEFS RO AEIK 4547 . (fiFl CANOCO5.0 4% AOA 5 AOB #E47
A & 248 R 4347 ( Non-metric Multidimensional Scaling, NMDS) K U437 (redundancy analysis, RDA) ,

3 ZBRE5S

3.1 VR R RN A SRR AR TR ) R

P 1 AT, BV R B A3, A R - BRI R B R - Y R 5 R
PE(pH5.5—6.5) , 5k 1600 m 1+ 3FEAH Lb, pH Bl g 4k w55 BE 3G i 36  H 4 Rk B g 2 22 5 0 HIHEA L
T 4 R SO B B B TR SR T v T FRARG , ELAE 1600 m 5 2000 m fY 33355 | 95 5 (P<0. 05) . Blfift & A0
A e B TR ) T v S SR S R AR A A (R IR B R 25 L B R S B EARIE KR (1600 m) Y
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g s e (R IR R A T 3 25 5 (P>0.05) | A AS &S 78 TR (1800 m) 19 138 rp & fE i
i, A5 AP R 22 5 B2 (P<0. 05) o Ik B A — @ RS 1 b2 1 AR5, JE R X £
AT HLRR A O S S RO RO . BT, v ATk Y S BAT B i 1K

F1 BREETHASARERSERBLEHELER

Table 1 Physicochemical properties of soil samples collected from different altitudes in Panzhihua dry-hot valleys

itk At 25 A AR A {EEAl BAR
, pH S0C/ TN/ AN/ AP/ AK/ NO3-N/ NH:-N/
Elevation/m
(g/ks) (g/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
1600 5.540.04a 34.15£2.13a 1.210.10a 59.27£5.71a 329246932 141.91:14.56a  15.232.85h 23.90+2.39a
1800 6.06:0.38a 29.02+3.87ab 1.1220.16a 62.77+7.42a 39.74+8.45a 99.50+20.47ab  28.60£2.01a 23.471.71a
2000 5.79+0.23a 23.57+2.43h 0.9120.09b 49.47+5.89 28.68+7.44a 68.25+6.99h 11.86+1.83b 22.82+4.188a

RPBAR NI AR s RIR/NG TR 7 —FEBRTE A IR AL 2R ] 1 22 5 1835 ( P<0.05)

3.2 VR AR AT A MU AU o TR N 2 ST A R A 5 R T
3.2.1 N[ i B b A AR R R A R A R R s S A AR A

ARV E AOA [ AOB Bf7% NMDS W45 SR AnF 1 fizs , AOA 5 AOB Ff 74 455 v Wi Vi ¢ 2 i A8 A e R
AR AR AL, AOA FIRFIS S5 H9%E AOB 435 I . AOA HET 764 1R N RAEARXTEE i 7E = MR 1Y)
TETE 25 R AR X ST, e IS RV 0 B T AOA FEVE S5 4> S I . 78 R [RE 3 S T AOB 2y AR fb i
K, 1600 m 1 1800 m (1) AOB #E¥45 4 P H /> 2 , 76 2000 m I}, AOB #E745 1600 m A1 1800 m [A] fA%E Kk,
ST E AN EER = BE T AOA FEVE S5 HIHE AOB FEE 451 43 5 W] i

BEALEH AOA REAAE AOB
15[ 2.0
4k /m A
10 L O 1600 L5r
A 1800
& 2000 10 F
X 05 S
o <
) < L O
< m 5z o8 0
g ¢ 00 N S A
a a o0 )
> > & Q
Z s | o z A A <
-0.5r A A
-1.0 } ol
-15 -15
CL 1 1 1 1 1 ] 1 1 1 1 1 1
-15 -10 05 0 05 10 15 -15 -10 -05 0 05 10 15 20
NMDS1 (46.25%) NMDS1 (80.28%)

1 RiEKSET AOA 71 AOB B X EHMERE

Fig.1 Community structure variation of AOA and AOB at different elevations

3.2.2 U RE AR AR ZU AR A T TR N 2 T R T PR RS

B 2 v AR R AR ALY I 1 AOA A AOB BEVE I ZFEME . 3k AOA I 5, 2R F8 B bl 4k = B
BYXG NG AN, 76 =4 (2000 m) By T3 ik B R, SR (1600 m) (1) - 5840 [E , Shannon Z 145
BAE 2000 m B 353 3 25 5 (P<0.05) , 35 FETE 1800 m M ik 3] i 35 25 5 (P<0.05) , 34157 B BE R 14 i G
AR, MR BT AOB Z R AR E 52 e A e AN [A], AOB 1Y Shannon Z2 P48 KRN 345 2 Fifi i
PR3 0 52 SR 0 5 R AT R A FE IR (1800 m) HHEH d5e iy, 8 3 = TRk 1 58 (P<0.05) , 1 &
BEEEA IR HE 0 5 20 AV S 3 ) A, HE AR (1800 m) B v R AR, W 3 IR T A P A i A Y - 45
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(P<0.05) , Mok, =R E R H3E T AOA 2RSS T AOB,

xR2 AREGESETOES AOA 71 AOB T RIS
Table 2 Diversity indices of AOA and AOB genes in red soil at different altitudes

AT AOA SE LN AOB

273 - N5 (H . FIR-BANFEE(H -

. WD e (a) o) T SAIREOUD g a) T (E)
Elevation/m Shannon- . X Shannon- . N
. . Richness Evenness . . Richness s Evenness
wiener index wiener index

1600 2.26+0.10b 15.13+0.46h 1.16£0.05a 1.09+0.10b 4.06+1.11a 0.85+0.02b
1800 2.26+0.21b 16.10£0.78a 1.15£0.11a 1.49+0.23a 3.65+0.22b 1.16+£0.16a
2000 2.49+0.08a 16.27+0.82a 1.26+0.03a 1.39+£0.21a 4.02+0.79a 1.05+0.08a

FPEAR R HARE 2 ; AF/ING TR Rl — 5 RTEAS ) 4 B 0] fr 22 53 1. 25 (P<0.05)

3.2.3 A TR R SR 2 TR 2L O VA e B AR A R i

XS )V 1 B ) - 438 AOA il AOB BEVEZ5FEAT T-RFLP 4387 (W&l 2) 855K, 78 =Mk &
Byt AOA [ T-RFs £ T AOB, H:¥, 260bp .270bp Y T-RFs J& AOA R 43 B, X = B 4 5l
2%—11% 5%—12% , 270bp ) T-RFs a8 -5 30 G 18 hn 5 b #3260 bp A9 T-RFs Bl 35 it
TR S 5 BN (Y B, 38 o AN NCBI 3 TR 5008 e 19 e X 2 3,270 bp (9 T-RFs J& T 0 fiF§ 535K 13 s
( Nitrososphaera) , M A4 T-RFs F BERBEFL BN BB ZS5] . AOB BV 553 6 ) T-RFs A B ,60 bp Y
T-RFs J& = /MRS EE O3 B AR 25 20 3N 45.60% 45.51% 43.84% , 65bp i T-RFs {E 3 Nk
FYAEXT = BE A 19.52% . 17.45% . 25.77%, H:H, 60 bp,65bp 1 80 bp A T-RFs 43 %1 A W i 1k 12 B J&
( Nitrosospira) JEAEAL SR ( Nitrosomonas ) FEALINEE & ( Nitrosovibrio)

BEMAEH AOA HEATH AOB

100 = p— — — 8 270bp 100 —
== - = D 260bp
0 250bp
0 170bp
B 130bp
W 110bp
95bp
90bp 40
84bp
75bp
68bp 20 -
53bp
HAt

80 - 0 132bp
0 80bp
B 65bp
8 60bp
| 53bp

a HAb

60 |-

(TS
[T R 1)

HHXF
Relative abundance/%

20 -

DOoo@eOo

2000
¥#§#4 Elevation/m

B2 AEEEEET AOA #1 AOB EE iR M4 5 B (T-RF) B8 3T = EEXT bE

Fig.2 Comparison of relative abundance of AOA and AOB terminal restriction fragment ( T-RF) under different treatments

3.3 ORI[RIVEA s B LT A TR RN S A A DR R T S A ARG = B AR B ) Y O R

XF AOA F1 AOB FEI& 25 FAH X 2 58 5 3 HAb M 5 = [B) %) RDA 25 5N 1E] 3 i, B v iy Sk R 3745 B
+, B3k T Ak 1 G BRI 3% 43 IR - 55 HE e il 1] 09 1 SRR DG 1 | 5 Sk % 2K BE R R %97 0 TRl - SRR AR 43 A A G
FRREAYR/IN, 73 1 2R 1) B I F AR R 35 40 IR F IR A G RR D™ ) S — S5 58 il o R B T 16.449%
14.70% AOA FYREVE 45 AT E 25 4L 61.94% F11 6.95% AOB REI& 45 F A X F ARk . A& AOA IR &
AOB, Y5 -3 sl dl A7 HLBR A S EUR B ARG (A 3) , o Sl A5 0 s AT ML S 5 i A A T
PO HELHE AOA Fl AOB BV 4510748 S5 ) 2520 A1
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A HH AOA EAALMTH AOB
1.0 1.0

ik /m © A

O 1600 >

A 1800 )

05t < 2000 . o 0.5 A NO;™-N
NH, N ¢ ol A
= - A A
S o S 8
S x <o
0 Q Ta AP . =7 . G 7 AR
~ Py H a o) AN
p A
5 AR T 5o AN & é o NH-N o
= soc o <
A o}
-0.5 A 0.5 ™NOsocAK
ANO;™N c
_] 0 _l .0
-1.0 -0.5 0 0.5 1.0 -1.0 -0.5 0 0.5 1.0
RDAI1 (16.44%) RDAI1 (61.94%)

B3 FEBESELEPFSENMEY AOA 7 AOB 555 ETEZEWXH RDA HiFE
Fig.3 RDA sequencing of AOA and AOB and nutrient factors in red soil at different altitudes
SOC JAHLR, TN 4, AN N HfE A, AP SHA R, AK 8  NOS -N WA A, NH, -N 285 A

4 itig

AN TRV o R A0 2 DR 2R 1 2 i 30 o e - R B SR A2 T AOA (AOB TR T4 485 W) A B S B
WFgE e, LA P pH AR A R0 BT R0 S B bR 38 SV IR S B ARG ZE MR S
WFFEAS )R g B T A L R 180k R B O AR AR 2R, 2 TP AL S5 4k R B B A B L
B4 o G 2 S I BRI B 3 F2 SR R g e B VA v R I, - S R A BRI, FLAR R T T
Fidh A R T8 E BRI R |, B VAR 0 B3Ik A3 B LR A, - Stk 3% h %
0], AT AP R eah, A WU & RS2 ol D AR, AR S Bl VA e A, -
A WL G BTREAG  X AEAR KRR bt 2 ph P IEBR T R el s T - 393 8 K 43 & i, i S 3 R A ML R
fiX, HHEAVUTRMN AL S H ISR E TR & &, AL R R R KRR A, L, B
VAR 0 B A T A R Bt S PR AR A R A Y (B S B AR P AR L S W R
5 - PR P AT A A0 1 8 A Bt s 39 Y 2 RO BT 4 5 B G 0 G S AR AR AR SO A R
WA A2 vy FEE T S ST s A H A P EAR (1800 m) 5 =144 (2000 m) FIARIEEHK (1600 m) 25 57 8.3 .
X AT B PR 7 H IR 5 BE RN D IS BN G B i 2, I3 B07E i b i JE I P i S A s B i
HAh gtk 22 7 W2 28 DR W3R m AR o) 3B AL TR i K

Zhang ZEWF5E KB, HEH AOA [ AOB & 2 A R AR X = B Rk B M 3 Tt o S AN [R) A AR fR R, TR 3RIR
TR 4 AOA FEVE& AL SAR XS 3= B2 WA B = T AOB 5 1T 7E S V4K R HE ) AOB B 2 B0 SORE X = B P I8 e
T AOA™ T el Xof BT L AN [R] VA 44 Ao B - 398 SR AL ol A W B 25 TR) 4 SR AR AE R R, AOA L AOB
eI L C 5 22 53 (A7 R R L3 b AOA Bl W i T AOB!™ | A e =Nk R+,
AOA BEJE LR I ARXT EFEIY B T AOB, Leininger S 5140 1E 5 5% & BRAE K 2501k 3 b ) AOA BYRETE 4
MR T AOB ) ASCr 3 pH BB IRYE , N AOA XTIRVEFREE FAH L AOB H.BA i 1 3 4 {4,
MTETS AOA FREHE AOB Wiy, b, AOA ZAEVEFE BBEEAR T im THG 0, 1T AOB Z2 R BE VAR FA v 2 15
B RhE b TE Di ZERFSE R R I AOA T AOB R K i 3R & RO A], AOA i 5] T 0 B0 455 T
AOB Xt B MM A I ) AR SC e AU A BBV AR T R T R A, — R X AOA T s A (R AU B4 o 422
T 5 A AS U VR (1800 m) 5 V& (2000 m ) FIMECTAFHK (1600 m) 2253 3 | HL KGR T i 52 ek s b
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ok e 4k (1800 m) BF BRI AOB e W& A A B, SR 5, AOA B 7% 4 iy JAH X =F B 4
AOB 5 | MK = RN, AOA (AOB Z2REE 52 R[] (A8 AL A

oI, RIS AOA L AOB FF V5 45 46 SR X =F B A — 5 AR O, O FLEERS 52 i 1 AOA |
AOB HY%it " a3 vh it 80 AT DL4R &5 AOA H1 AOB (% =5 55 1 K ZREPES | 4% 30 - 76 00T 5 i 8 %o 4
A6 D A 498 S S A A T R oy TR S RV S AL s M R IR B A A R R S T AOA Fll AOB F B 75 25
P HLXT AOA BCE (MR 04 & 252 0 1 Di 98 IA A AOA A HI i AN 25 it 25 0 245 /0N 4 it fin i 28 4k, {5
AOB $ri S S A S RE B FIEHXE, AChild LA (RDA) £, RIEJE AOA if & AOB HIREVE
SERFARXT RS PSS A S R B E A, SRR EE R —5, Subrahmanyam 5055 &
AOA X AR TIEE AOB 5, /R AOA & A b fe vp B B s e i 10, AR Bt vig 4k v 8 34
It e SR R IR, AOB A KT 35743 & Sl b, NI AOB [ V% 45 R A X =F B AIR, 31X
5 AOB X E A A2 S WS —30, B REFSAE 5 KW AR X FE e AOA L AOB 3= 8 Y52 i) i & B 5%
B 5 AOA AOB R R IEASEN o SRR B it T 255 4 FH A 398 04 fh 2 M I 7= A e 2 | DA
ST AOA AOB [ REVE 2540 KRR =F BEXT A BE A R RIS AR 58 45 SR A B, /s S A0 EP [R5 i 1
PO XA FHZTHE AOA Fll AOB BEIS 45 R B I EE 0 1

5 it

ARSIz P2 3 e R A s R 1 B 88 22 A8 M X B R A T AT 4 XA (] T 4 A P 2138 1 33 3 R P R
AOA K AOB BEFEZEIIHEAT T 4007, 45 R iz X e 282 S S R Pk, + 40857 3 L AOA 2 AOB B4 45
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