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Effect of Different Nitrogen Rates on the Nitrification Potential and Abundance

of Ammonia-oxidizer in Intercropping Maize Soils
LU Yu, ZHOU Long, LONG Guang-qgiang, TANG Li"

(College of Resources and Environment, Yunnan Agricultural University, Kunming 650201, China)

Abstract: The objectives of this study were to explore the effects of different nitrogen rates on the nitrification potential in intercropping
maize soils. The experiment included two plantation types ( maize monocropping and intercropping maize and potato) and four nitrogen
levels ( NO: no fertilizer treatment, N1: 1/2 conventional fertilizer treatment, N2: conventional fertilizer treatment, N3. 3/2
conventional fertilizer treatment). Abundance of AOA and AOB was analyzed with real-time quantitative PCR ( Q-PCR) and soil
properties were also measured. Results of this study suggested that the PNF of soils, the abundance of AOA and AOB were increased
with increasing N fertilization in conventional fertilizer range, and there was no significant difference between N2 and N3 treatments.
The influences of intercropping on PNF, AOA and AOB were associated with N application rates and crop growth period, as well as the
benefits of ammonia oxidizer and nitrification of intercropping on N1 level. Fertilization was obviously the main driving force of the
PNF, correlation analysis indicated that water content was the main environmental factor affecting the nitrification potential.
Nitrification potential in maize and potato intercropping soils exhibited significant positive correlations with AOA and AOB amoA gene
abundance. Maize and potato intercropping could decrease the abundance of AOA and AOB, but it resulted in dominance of AOB
among nitrification bacteria in these soils. In conclusion, N fertilizer and intercropping could affect both soil nitrogen internal cycling
process and the abundance of AOA and AOB, which further affected soil environmental quality.

Key words : nitrogen level ; maize intercropping; nitrification potential ; ammonia-oxidizing bacteria( AOB) ; ammonia-oxidizing archaea
(AOA) ; real-time PCR
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E1 FEEKENERTEHUBZ0
Fig. 1 Nitrification potential (PNF) in maize soils with different nitrogen rates
F2 EMENEXRTEHABHZMmD
Table 2 Nitrification potential (PNF) in maize soils with maize and potato intercropping
NO N1 N2 N3
\ b
Pl ERH MM IM MM M MM M MM M

H 0.78 £0.12a
P 0.67 £0.07b

EiligEy] 11.08 +4.06a
A 5.76 £1.03a

0.20 +0.14b 0.95 +0.12a 0.63 £0.28a

0.98 +0.05a 0.86 +0.12b 1.36 £0.04a

2014 MIWLOHT  16.94 £3.36a  6.05 +1.68b 22.57 +1.37a 16.18 +2.82b 23.36 +2.55a 20.66 +4.81a 12.72+1.7a 14.8+1.91a
6
7

—_

.01 £0.25a 0.82+0.22a 0.78+0.22a 0.75+0.14a
.48 +0.25a 1.66 £0.21a 0.78 £0.17b  1.72 +0.10a

—_

.72 +2.91b 16.87 +4.42b 28.57 £4.71la 31.25+1.9a 31.79 +3.38a 25.88 £3.05a 24.44 +4.51a
.08 £1.55a 10.42 £1.56a 14.14 £1.73a 19.15 £2.15a 21.94 £0.73a 20.46 £2.09a 24.79 +1.36a

T 8.42+2.64a 4.24 +0.1a 15.38 £4.56a 17.2+4.42a  9.03 £0.73b 29.64 £4.07a 8.84 +3.15a 14.42 +5.51a
W 9.16 £1.39a 4.82+0.85b23.65+1.78a 23.98 £2.96a 27.6 +£5.82a 21.87 +1.95a 24.46 +4.43a 26.04 +1.78a
2015 BIWUEAHE  11.97 £2.98a 7.08 £1.55a 14.03 £2.47a 14.14 £1.73a 29.19 £5.77a 30.19 £7.2a 29.7 +4.16a 27.84 +6.49a
Eiiipe ] 12.90 £1.32a 5.75 +1.55b 20.24 +12.59a18.89 £3.59a 21.56 +3.16a 24.48 +2.24a 21.03 £5.27a 15.92 +1.43a

R ] 16.8 £0.14a  6.20 +0.58b 17.83 +4.47a 20.02 +9.96a 27.27 +4.71a 30.82 £4.56a 31.44 +0.3a 22.65 +5.04a

1) AR a)NG FREFR R 6] — il 2K 4 T B A Ak BRI 22 5+ R 2% (P <0. 05)

[FIEAE AL R AOA amoA RRFE N E (LI T 1, T
[i]) 7£ 1. 808 x 10* ~ 4. 413 x 10* copies-g~' Z [a],
AOB amoA R #8 DL EU#E 1.223 x 10" ~2.7 x 10°
copies+g ' Z [0, L5 L ANIEI 2. N2 FI N3 ZbEE ) MM
+3Er AOA 1) amoA FE R +% U1 B0 & 35 & T NO Al
NI Ab37E N2 Ab 3T 3k 8 e KA, MM+ 58 AOA

B AE N1, N2, N3 43T 230 5102 NO Y 1.05,
1.67 F11.55 f%. IM 1) AOA B 7E N2 b ¥ T %
i, i R T NO AR FR it UK BRI 2 R
IM £33 AOA B 7E N1, N2, N3 LB 4351 J& NO
91,26, 1.56 F1 1. 40 1.

MM 3£ AOB 1) amoA 3K ¥ U156 % it A
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S HE I I JE R, AE N2 Ab 3R Ik B KA,
3 R T A AR 2352 NO L NT R N3 19 7.62
7.10 A1 1.25 % IM 381 AOB £h & bifi 5 i Al =
(BTN B8 0, 76 N3 b BE R 15 2 B K AE, 45 it LAk
PRIAA 2 B 25 57
2.2.2  [HEXF K IR A A AR B 1 S e
FH & 2 AT, 78 NO AbEETR MM +3EH AOA it
PR DL 25 = F IV, FL B A 1 Bl ok
Z [ AOA it e fq b 25 5 76 NO I N2 514 T,
MM+ AOB A5 DU i 2 /5 T IM, 7553
At AL R W EF AR, R IM J 2 15 T MM
L L R — 1 P W] — it &4 BN B
AOA 1 AOB fBCE AT AL BR T NO 25F T IM 4%
t AOA 0 2 5 T AOB %t 2 4h, HoAth b 31 1
Herp¥oh AOB % 3 T AOA %, AOB FI
AOA it LM AT 34 0. 68 ~9. 76, W L 19l Fiti 25 it 4
AR BRI, IM 72 N3 Ab BN AR ERR,
HIE K R AOA 8 s AL U AE Y B i

5

(a) AOA
Aa
Aa
- 4r O MM lAa _'I'_
%0 am Aab
a2 Aab _.|-_
g st T
= Ab =
X Ab o
= Bb
E 2
®
S
E
1~
1 -
0
NO N1 N2 N3
MK

.
2.3 ASEMMA YR GE | PNF A1 e R0 5T Y
LB S e

# PNF, AOA . AOB A1+ 3 b M i 4740 56
PEOHT (R 3) 450 R . Cw 5 F K 1481 PNF 45
A ARG, AR R TTHLA . AILEAM T S
PNF 2@ #E A, NH-N, TDN, P #1 7 5 MM
() PNF & % fi4i5&; NO,; -N, NH, -N, TDN Al
pH 5 IM %) PNF £ B ZAH0C. KRR AOA |
AOB it 5 T 5 A A AH OGP AT MM A9 A OGP —
H,H 2 Cw 5 AOA 2 3 IF A OC, NOy -N |
DON . TDN Hl P 5 AOA . AOB & & fi A&, i IM
(1) AOA FI 52 M [H 7 B A7 #H G P, IM 1 AOB 5
NO; -N, NH,; -N, DON, TDN & i 2 fi A%

PNF 1 AOA . AOB fi¥ amoA KPR ¥ D1 E i £k
B Hr45 5 R, PNF Fl AOA | AOB 2 [A] 7 7EK
35 2 P IEAE G OC R, B G R B0 ik 3
0.786. 0.845(P <0.01,[& 3).

30
(b) AOB Aa Aa
2s | N %
im Bb
£ 0} Bb T
2
2 T
X 15
E o
=
§§ 10
g Ac
= Be
5+ Ac
[
0
NO N1 N2 N3
HEHAKF

ARG FREFR R R — R A [ 2 B 8] 22 5 .3, AN TR RS PR 3R TR — it S8R 2 T B e VR A B ] 22 57 .3 (P < 0. 05)

&2

AEEAKFMEMEN LERENLEE (ACA) IEELMAE (AOB) BEH M

Fig. 2 Abundance of AOA and AOB in soild with different nitrogen rates and maize intercropping

#3 TIEELME PNF, amoA #E /) Pearson 1< &#H

Table 3 Pearson correlation coefficients between physic-chemical properties and PNF,amoA copies

NO; -N NH; -N DON TDN P K
_ _ -1 -1 Cw _1 1 T pH
/mg-kg™'  /mg-kg™!  /mg-kg /mg-kg /mg-kg /mg-kg
fifk 3 (1IMP) -0.256** -0.319**  -0.227°  -0.435"" 0.428°" -0.120 0.088 -0.225*  -0.131
L (MM) -0.251 -0.299**  -0.249 -0.490"*  0.360" " -0.286* -0.017 -0.359**  0.119
HALE(IM) -0.266 " -0.383"* -0.235 —0.412**  0.496"* -0.027 0.179 -0.099 -0.311°*
AOA(IMP) -0.563"**  -0.240 —0.455"  -0.649"*  0.643" " -0.551"* -0.123 -0.338 -0.057
AOA (MM) -0.791**  -0.458 —0.734"" —0.848"*  0.748" " -0.661* -0.138 -0.089 -0.167
AOA (IM) -0.374 -0.435 -0.375 -0.535 0. 498 -0.457 -0.084 -0.312 0.084
AOB (IMP) -0.799**  -0.395 —0.558"* —0.884**  0.700** -0.619"* -0.006 -0.215 -0.210
AOB (MM) -0.867"* -0.488 -0.695** -0.905**  0.863** -0.725** -0.087 -0. 050 -0.207
AOB (IM) -0.728"*  -0.615" —0.634"  —0.892**  0.477 -0.500 0. 099 -0.345 -0.221
1) # FIR0.05 KFEE, + = FR0.01 KFE3E; DON. BFMMEA VLA ; TDN. B RSE; Cwv. TES/KE; P, SR, K. #3080, 7.

L
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Fig. 3 Correlation analysis between PNF and abundance of AOA,AOB
2.4 FRESPFXF PNF L AOA Fl AOB 3£ Ay A sk
Tm’] l K H ABT (aggregated boosted tree) #1135
o 5 T%F PNF, AOA Fil AOB = & F) 8 ) fife ¢ ik ( €
N 4). HEFAEHT, 1LY R X PNF . AOA 1 AOB
L — W
(@) PNF AR By B2, XE T PNF R, £ 4> BR 52 P X
PON PNF BOAIXT BTk A TDN > NH, -N > Cw > T >
NOy [T
. DON >NO, -N > K > pH > P, TDN FINH, -N43 5l &
: A AR it A] A RE 1Y 26.72% T 16.8% . X F
pp — AOA Fl AOB i3, Cw FINO; -NJ2 Bt ik R 5 K 9 5
S e e ! KRIZ, 7E AOA iy 5 5 %) 33. 1% #132.78% , T
. | 7£ AOB 114351 5 31 23. 189% 11 49. 25% HIf e .
NOs l 3 itig
i E— MR LR | HEAE I R b 2
on —— MU AR, LR MO 2R
r ) (b) ADA ﬁiﬁz%ﬁ%\ (ﬁ‘@'ﬁﬁﬁi%*@?’zﬁiﬁﬁ%ﬂﬁ25’2(”
o AWFFRER KGRI = 7 AEY L3R PNF, X
k ST ABFIE 4 AR —5, 40 Wertz 2577 4001 T K
e o SO A X R 38 B, 0] % BEA
on b SH T IR ALE Cha %0 BRI
L L B M- SR A 3 R TR 13 ~ 21 4%, K 01 e
‘or ] (LRI AT IR - SR AL, S 38
DR S 0t N 3K T AL N, B R
box |——— BT P A A 35088 0 O 507 B A5
oy AT ™ . O FLAS %  BUML AU T A4
e (©A0B + IR TDN -k SR8 3T ABT BF58 % 3, TDN %
NHS T MR o PN R e KA DR 4
x f I TDN &5 5 0955 250 7 A A & s s, A&
pH [l —E ARG P, A A 1h 3 B A it A 093 i
. B, T 5 R R,
0 20 40 60 Fi4h, R T 2O A S e 45 R R
FHRE%

E4 IREETFI PNF, AOA 71 AOB FEHEM S #
Fig. 4 Relative contribution between environmental factor

of PNF and abundance of AOA,AOB
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SRR R S AR B BLEL, A ST R Q-PCR A,
T3 A3 A G B i R DA S TR PR X - g v AOA | AOB
amoA FEPR FEJE WM. BFFT el R 0T, it e (. 35 3
T AOA | AOB BYBEPH F= 2. AHOCHESE R W, i /e
WEMESE AOA Fil AOB AKX FP i 5 HAT — 2 i
P, Song 45PN 5T & PRt A Sk 2 1 0 T KRS A g
1 AOA F1 AOB RYZERI FRE. ABF5E 76 N2 b3
T, B VEEREAR T AOA Fil AOB LR E i, 4%
H AOA 1 AOB = J32 Fifi 25 it 20 5t 34 fim 22 B S 38 n
Je AR g 78 N2 K T Ik B R ME, i B
AOA amoA $ETUBUE T AOB, EMATEIZIR I 140 T
AOA AR, 3 5 /i ABF 58 245 SR — 50> 3+
SR W gkt 2 B A i R DA R R T X A [RD
KRR A AT R R i A A AR R ) 22 7 &
A PR TE SR I AR DT B P g
()2 57 (T30 — Ji PRI 4 0 2 5 5 3L 5 B A
RIS T HEF TR A S

HA IR ST 45 Ak 4 pH 2521 AOA Al
AOB MRS A 2 (HAEARBEIE S5 R,
pH /-F 7.76 ~7. 84 454 [0] +- 45 pH A W%
Z5 FBAN ABT 49081 & B pH X PNF, AOA 1 AOB
FREERTTHERER M 5.98% | 2. 66% F1 1. 08% , 5
FIA RS w0 LA, BRI AEAS I 2 T AN
FEFREF W F F. ABT 4381 & B Cw X} AOA FI
AOB PYfE R AR ' e K, 12 4 [ 3 20 B 7R PNF Al
AOA | AOB Z [HI 716 S 35 I 26 1E AH G, AH 5643
i, Cw 1 PNF, AOA, AOB #B & 3 1IE#H 3¢, 1t
K o3 2 8 A A R £ R [N 7, X 5 0 PR
DOV BRI 45 R — 2, A N I ERRAR T Cw, F
M 52 A 22 S AL T2 E P i Bt e 2 5 30 PN AR, SR
1M AOB Fl PNF /A 5¢ R 4 &y, Ui W] AOB 1Y )i
5 - S A DI B Sk ).

4 it

(1) AN [ jite RS i) 4 oF = B8 s £k 38 LA A B 7
SEMAE 76 Bt 00 R A B Tt 2 1S 1 4
S AL A AERG T, (R 8 2o 5 B AL 2 5 i AL R
TR, FE 3 R A R

(2) bl 25 it 20 A 38 o, BRI oK 3
AOA RILSEHI NG REAL A MM (1) AOB 221k
FF AOA —, M IM Y AOB = Ji2 [ifi 25 it 220 A 448
JmisE s AR K ) 2 A A A P BRI T AR
Fok. EXKIED AOB BFEEE T AOA.

(3)ABT 73 Hr k], &K 8 FMINO; -NX] AOA FiI

AOB [ARXS DTk de . ARG Hr R B i fb 5
FKE AOA | AOB £ i 3 IEHISC, L] PNF #Y
A5 AOA Hil AOB 1Y i AR K.
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