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Abundance of ammonia oxidizers in apple orchard soil at different growth stages
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Abstract; [ Objectives] Soil acidification caused by over application of N fertilizers has posed a great challenge for
apple security production. Nitrification is a central process of soil nitrogen cycle, which is driven by ammonia-
oxidizing microorganisms, including ammonia-oxidizing bacteria ( AOB) and ammonia-oxidizing archaca ( AOA).
Studying the correlation of the abundance of gene fragment amoA with the potential nitrification (PN) , as well as

the soil physical and chemical properties, will be of help to objective evaluation of soil ammonia-oxidizing
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microorganisms in soil ecological system. [ Methods] Two apple orchards in east of Liaoning Province were used for
investigation, in both of the orchards, apple cultivar was ‘ hanfu’. In one orchard, the weeds had been removed
every year (D1) and in the other the weeds had been cut and returned to soil (D2). Soil samples were collected
on April 28" (budding period) , July 24™ ( young shoot-stop growing period) and October 23™ ( deciduous period).
Soil PN and properties were determined, and the abundance of AOA and AOB was measured by real-time PCR
using amoA gene copies. [ Results] The highest contents of NO, -N, available P and readily available K all
appeared in April and those of NH, -N in July, the lowest contents of NO, -N, NH, -N, available P and readily
available K were in October in both orchard soils mostly. The pH of all soil samples was in the range from 4. 25 to
6. 09. The soil pH in D2 was significantly higher than in D1 in the same growth stages, while the NO; -N and
NH, -N contents in D2 were lower than in D1 in different degrees. Soil samples collected in April had the highest
PN rates and those collected in July had the lowest rates. Compared to D2, the PN values of D1 groups were
significantly higher in April and October, while there were opposite results in July. Although the AOA and AOB
abundances changed with the growth stages, the abundances of AOA were significantly higher than the abundances
of AOB in all tested soils. In the same period, the AOA and AOB abundances of D2 soils were significantly higher
than those of D1 soils, which might be related to soil pH. The correlation analysis showed that there were
significant correlations between soil pH, NO; -N and AOA and AOB, but the soil PN was only positively correlated
with the AOA abundance. [ Conclusions] The long-term fertilization leads to low soil pH, which is an important
factor affecting the abundances of AOA and AOB. The nitrification process in apple orchard soils is mainly related

to AOA, and closely related to soil temperature and environmental factors. Fertilization and the returning of mowed

weeds affect soil nitrogen contents and forms, slow down the acidification process of orchard soils.

Key words: ammonia oxidizer; abundance; orchard acidic soil; environmental factor; real-time PCR
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FRELS g @14 3 17, 0 BIE T 100 mL =,
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FABERENEBERL F Ik % € DNA &, -20C{RTF,
1.4 HHEEPCR

AOA F1 AOB B72 Yt & PCR ¥ ¥R amoA
HERFERW(EDY MR 3 KER, R
Fi SYBR® Premix Ex TaqTM(2x) ( TakaRa, K% ) i
7 & ,7E iCycleriQ 5 thermocyclersystem ( Bio-Rad)#~
HAX b EfT 4% E & PCR 43#7, 906 ER PCR
MHZ 20 wL, A 10 wL SYBR® Premix Ex TaqTM
(2x) 0. JE514% 0.8 pL (10 pmol/ L, IR
TRAR, E¥)M6. 4 pL KE#EL/KF 2 pL DNA
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Table 1 Primers and conditions of real-time PCR of AOA and AOB

Y 51975 Fr BB (bp) RT - PCR #&ff
Microbe Primer sequence( 5’ -3’ ) Fragment length Thermal profile for real-time PCR
AOA Arch-amoAF; 624 bp I4CTRAEE 5 min, 94C A4 30 s, 55C B K 1min,
TAATGGTCTGGCTTAGACG 72CHEH 1 min, 45 MER; BB HEERE 55 ~

Arch-amoAR : GCGGCCATCCATCTGTATGT

AOB amoA —1F: GGGGTTTCTACTGGTGGT

amoA —2R: CCCCTCKGSAAAGCCTTCTTC

484 bp

95C, N 0.5C, 0: 05 + %M

5 min at 94°C , followed by 45 cycles of 94°C for 30 s,
559C for 1 min, 72°C for 1 min; Melt curve 55 —
95C, 5 8/0.5C

94CTZAE 5 min, 94°C 21 30 s, 53C 3B k 30s,
T2CHEf 30s, 45 MEF; WM KRR E S5 ~
95C, N 0.5C, 0: 05 + %M

5 min at 94°C , followed by 45 cycles of 94°C for 30 s,
53%C for 30 s, 72C for 30 s; Melt curve 55 —95C, 5
8/0.5C
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5,10 ATESKE &R, AT 10 A DI R 1%
i NO; -N, NH, -N S8 &M, 5 DI R+
b, D2 RfE 39 NO; -N, NH, -N, AP, AK fI&
KB 4 A BEMET DI R+ 4%; B DI
REE5 D2 RE HRAIEIRE 10 AZLHBE

04-18 07-24 10-23
K% H I Sampling date (m—d)

H1 FE4EEMPERELTRHEALEEHEL
Fig.1 Potential nitrification of soils at different
growth stages of apple

x2 FELEHEMPERELRELER
Table 2 Characteristics of orchard soils at different growth stages of apple

SRAF 3 - HER BAER B R oH BKE
Sampling date mH NO; -N NH, -N Available P Available K Water content
Sample No. (H,0)

(m-d) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (%)
4-28 D1 45.45+2.41a 0.59+0.03b 433.28 +4.46 a 587.59+£63.77a 4.82+0.14d 21.21+0.37 a
D2 23.35+0.36 b 0.37+0.05c 366.04 +1.03b 490.66 £7.21b 5.17+0.13¢ 18.14+0.34 b
7-24 D1 30.88+4.24a 1.10+0.08a 220.75+7.01 e 250.37+0.99d 4.25+0.10e 14.39+1.34 ¢
D2 19.91 £1.34b 0.56+0.03 b 310.57 +3.06 ¢ 531.22+3.06ab 5.27+0.01 be 14.61 £1.36 ¢
10-23 D1 21.92+1.22b 0.42+0.01 ¢ 294.63 +7.19d 422.75+30.64¢ 5.52+0.3b 22.07+0.29 a

D2 20.50 +2.84 b

0.28 £0.01d 296.19+9.32d 401.94 £48.11 ¢

6.09+0.02a 22.53+0.52a

E(Note) : D1—RE 1 Orchard 1; D2—R [ 2 Orchard 2. RPN FIHE + IRERZE, JUERARTBFR A ARERLERN Z5 B

# Data are mean = standard error. Values followed by different letters indicate significant differences among treatments of different sampling dates (P <

0.05).
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amoA R F KA F ALK Jeig /50, D2 R T +3EH
RIH—E K LT

2 T, 3R amoA PR ¥E I B AR



434

ER5,%: FREFHERE L REEMMEYFEDIR

1153

o0

B AOA-DI1
OAOA-D2

b

b

~
T

Copies of AOB amoA gene
(o))

REAIN B amo AR #2 N (x10%g)

L

10-23

w

A B amo AR R #2 THL (x10%g)
Copies of AOA amoA gene

04-18 07-24 04-18

250

@ AOB-D1 a B AOA/AOB-D1
OAOB-D2 =2 O AOA/AOB-D2

B & 200}

m

el Q

<

< - 150}

g8

IS

23

2 S 100f

E

S

< & ¢

L ol £ |

04-18 10-23

07-24
KA H A Sampling date (m—d)

10-23

B2 FEEEMPERELENSENRED ancA EEMFEESLE
Fig.2 Abundances and ratios of amoA gene of AOA and AOB in soils at different growth stages of apple
[ (Note) : D1—RE 1 Orchard 1; D2—R[E 2 Orchard 2. J7iE P ARIFRRFAEFE0.05 K FERBE

Values followed by different letters are significantly different among treatments at 0. 05 level. ]

BB AE R F L 557 x10° ~6.68 x10°, 40
amoA EHRE M BHEE G T 1 5.24 x
10°~7.96 x10°, P TBAES P & amoA RE
KEEHBESTHR, S HSHEE emoA R
-2 D0 LA TE R 2 8. 94 — 228. 63, R IAFE W
FRPE R 1+ 58 AOA BREEMBEYH FELE
23 FE4AEHHSEAMEYEES TBEHL
SEE (PN) fi BB RAOEXXER

RE 5 AOA £F 5+ B R E B2 IEM

K(FR3), T AOB £ BN J0 B & M Kk, AOA Al
AOB¥ 5+ pH HEBFEMXK, M5 L&
NO; -NEBERMX, SHEMBE, EUHMTKE
HXRMEARE, J8H 1% pH 5 NO;-N F&EXt+
RASNMEYHEY T -EN B, 2S5 AOB
HHIE,AOA BRR M+ P MR EESEE,
Besh, R NHS -N S8 5+ AOA LA B AR
¥, 415 AOB R R BE MR

R3 [IEUREVFENLRHLER. BUEROEXES

Table 3 Pearson’s correlation coefficients between abundance of ammonia oxidizers and

soil potential nitrification and physicochemical properties

| AR HER BAER HRBE R H BKE
Item PN NO; -N NH, -N Available P Available K P Water content
AOA 0.482° -0.638"° -0.372 -0.177 0. 008 0.516" -0.209
AOB -0.223 -0.809° -0.644° " -0.089 0.032 0.630° 0.014

¥ (Note) ;: PN— 137 {L3R & Potential nitrification; * — P <0.05; % *+ —P< 0.01.

3 g
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28 REERAREREL" .,
KERIEHAE RN EESRER., R
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FKSRE R R , M REREIEH
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BRI AT LIS, D1 RE YR HAE R, Al
JEMEARD, B3R A SHE B, T D2 55 Tl
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THRERE, ATXHIEH, X TR D2 REE—
ERE FBETRRARNTESMHE, BET LT
BRALI R ERIRH Mo, K™ A 1 138
BRAHER, TR, . M. 8. BFEFTREN
B Wk, & MR A, BEM R A
FERM S LR ER . ABRWAHHERE
&, pH EEEAT D1 RERMHEAERSHE /T
D2 R, Z&ER SRR HRERUTIFE M E
BT 5 R R R B A — B

W, RN ARE HRPHSREEY
TR TEAR, RV B LM Re BT
FERRMBTFE A AOA 1 AOB By & B A Mg 2
ERMGEEZVER, M HERTRERS XAk
YRR BB REEZ IR T TN
%, Shen 5, RKIR & b ,pH HEWKSIE
SV Z R RIS EEE T, 13 pH
{B B7KESFH RN YR Y 5 e 2 Rk
REBBUERWE, RB5EH,RE LB RER
A7, RIHIAE SRR 3 &K B EAMIR , TI4F
W pH FE—ERZLLIEE (D1 4.86 + 0.64; D2
5.50 + 0.50),HTATHE5 AOA 5 AOB ZE4L A K,
POtER PCR &R B, A AR B R R
F,AOA ERHBERT AOB F£F, “FEMHE1 ~
2B R, amoA FPRE N A WAH H =™ W5
228.63, AR —BILELT LRETREF
AOA A E R HEE "™ . Msh,AOA 5 AOB F
JEE I SRR A T B SRR Bl (XA [ TG 4% 7 , 1R AL T
REDRI LT H3RIRE | pH EEBUREE AR, BETi R
AR R K. AT+, T8 pH 5 AOA
(r=0.516, P <0.05) f1 AOB(r=0.630, P <0.05)
FEMRIYBE X, W L% pH BREMAR
WY FE B EZEE T, H AOB X pH HHUR~E
W ET AOA,

A, ERE TR AOA FE 5 +HIRIEFEM LR
B (PN) £ B3 1EM,AOB R N5 PN JLH B4
K, RERA—-PRWRME LIRS ACA B+

HACER EE TR E . Zhang 51 Wang 053
R HIBANAIESFESRSG, IME HBRE L EPH
SN EBRAREE T BHEMABREHERRAED
R REEEEENERTY, BRI, 28
&R AMO HERYE A (NH,) , A REKE T
(NH, ), Btk 189 NH, S2RIFA—EEWRE
AFAEY NH, 208 (RI\EAXNH, +H" =
NH," , pKa=9.25,25C) "™ H I, 715 pH {E 7
RPAAES2E0RESEMNT AOB MR
B, B EF TR AR EEM K AOA 4
B, KEBIIES:, £ R R 1 5, AOA 7
AOB X HIBRAEMNMER R ENERAR, —EHE
Z&BAM pH T 5 IEARAERR ™, AOA £ AOB
B8 ) M) S RIR B BRI IR AR, FF7ER
g T ERERYY, 52 MK, AOB N
ZEFWHENEREFERTH P LB
P, AP, £ NOS -N 5 AOA F & (r =
-0.638, P<0.01)#1 AOB £ (r=-0.809, P<
0.01) HfFE BE HA A X, 138 NH, -N N{X5 AOB
R (r=-0.644, P <0.01) FHH BE RH X,
RERE—EBE LR BRI FEESAS
21T AOB EEMEEE AR, 555k, A8
FRACHERAELE T &SR8 T 9
R, TAERRE A T A MEY EEEL
wr? H5RREFRRRNM? NifE—BRAR
rREAENMEYE T BREREFLPIER,
AENBEYRIHILERE, TIBERFSAR
P R ER F A RIEAIH =8 ZEHEEER,
FEUIMR. MAEYA BN ERERREAN
BEERNZ,EEL, A FE S RHR R A B
Fe 1358 B 1 2 R AR IE B R D RR R A )
VR, AT 2 T R R BE . BARREE IR BRSNS
BASEM, TIRAR MBI R, —sifiE
PN ERZEMEY, RE— it BB K -1
DigmtmIENMAFNEE, 5 AOB ik, At
AHUIE ., FoHLAE S 6 3F S Bt , AOA 2% + 35
WALE B . B, ZERRR R - Witk
WA - R HERER RS, KSR S &5 H
REF ST EED R U BRI, W T 25
LAt B R S M R 5 05 e, HET B T AR
BEMRERKFAAE. BT AOA fl AOB HHER
AF pH &4 T HERRB AL, MR E pH
BESHER TR EHEAFTNRR, HI, Ed
Kl AOA 5 AOB FpEEZsH ., EEFEE S EME
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