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Effects of long-term application of chlorinated fertilizer on nitrification
and ammonia oxidizing microorganisms in brown soil

MA Ling-yun, WANG Yue’, CAI Fang-fang, ZHANG Shi-yu, LUO Pei-yu, YANG Jin-feng, HAN Xiao-ri"
( College of Land and Environment, Shenyang Agricultural University/National Engineering Laboratory of High Efficient Use
on Soil and Fertilizer Resources/Monitoring &Experimental Station of Corn Nutrition and Fertilization in Northeast China,
Ministry of Agriculture, Shenyang 110866, China )

Abstract: [ Objectives ] Ammonia-oxidizing microorganisms are the main drivers of ammonia oxidation
process. Ammoxidation process as a rate-limiting step of nitrification plays an important role in nitrogen cycle.
We used the soil of a long-term experimental site in the brown soil of Shenyang Agricultural University, the
effects of continuous application of high chloride and low chlorinated fertilizer on the nitrification and ammonia
oxidizing microorganisms. [ Methods ] The long-term experimental was carried out using equal amounts of N,
P and K with high and low chlorine treatment, with a total of 8 treatments: T1, no fertilization control; T2,
application of urea; T3, urea + potassium chloride; T4, urea + calcium superphosphate; TS, urea + calcium
superphosphate + potassium chloride; T6, urea + monoammonium phosphate + potassium chloride; T7, urea +
chloroammonium phosphate + potassium chloride; and T8, nitrophosphate fertilizer + superphosphate +

potassium chloride. Among them, urea + chloroammonium phosphate + potassium chloride was high chlorine
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treatment. The 0-20 cm soil samples were collected and the abundance of ammonia-oxidizing bacteria (AOB)
and archaea (AOA) was determined by the real-time PCR. Combined with soil nitrification potential and basic
chemical properties, analysis was conducted on the effects of long-term application of chlorinated fertilizer on
the abundance of microorganisms and the main environmental factors affecting the abundance of ammonia-
oxidizing microorganisms. [ Results ] Long-term fertilization reduced soil pH, especially with the high CI
treatment. In the high Cl treatment, soil nitrification potential was also significantly lower than other treatments.
The nitrification potential of soil treated with phosphate fertilizer was significantly higher than that without
phosphorus treatment. The abundance of AOA in each treated soil was significantly higher than that of AOB and
the abundance of AOA and AOB in high CI treated soil was significantly lower than other fertilization
treatments, and the soil nitrification potential was significantly and positively correlated with AOA and AOB.

[ Conclusions ] After 34 years of continuous application of high chloride fertilizer, the abundance of AOA and
AOB in brown soil was significantly reduced, and the nitrification potential was inhibited. The test results can
provide a reference for rational application of chloride fertilizers to regulate AOA and AOB, which in turn
regulates soil nitrogen cycle.

Key words: brown soil; chlorinated fertilizer; long-term fertilization; nitrification; ammonia oxidation archaea;

ammonia oxidizing bacteria
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Wi, WAL AT RS & R
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1.1 X3t

AHIFGE IR AR F DR PR AR K A A 5 S Ak
HEK 3 5 AR B 1 (40°48'N . 123°33'E), NE + 1%
B A B WA, i E TR R S
WA, RS 7~8.1°C, AEMEM RN 574~
684 mm, ZIRIIA T 1984 4F, FHAUERIEY R K-
Tok-KEEAM, H 2009 FEIFMHW N TR
1B, —4F—7, HE 8 NGB T1 (NIEE); T2
(BRI ER); T3 JRE + &), T4 JRE + I wER
5); T5 JRE + W BERRES + #L8); Te JRZE + W
R —%k + EALER); T7 JRFE + & + & 1ei); T8
(FEPRBEAE + i BERRES + SUAkB). BR CK Ab, #4b3
FEFHS AL B, A, Hd T, T2, T4 ARHIELbHE,
T3. T5. T6. T8 MRGEALHE, T7 AEgbrr., & #.
PR SIS, HMEEIR—EA . XA 2 o0,
FAAMHIES 3 Kk, SEbEPLXAHES] . 2009 45
K Ab P ELAHE AL BN 1,
12 TEHGRRESHE

2017 AEFEAEA:, APl AER 2075 2018 FiE
K, SARN KB 6531, T 2018 4F 4 R RTR
£ 0—20 cm HEEFESL . BAS/NX “ST JEELS st
FESEIR A, 3 ATCTR SRS P9 VK & OR R
7 SE B0, [R]EE HAR AR A R A HEAT K
o WA LBRAE YRR S I S L 2 mm B, 4L
=AY AR E T -80°C UKAE, HIT DNA #2IU A%

1 2009 FFEHHEER/ALEFHELOIBRNER 2

Table 1 Application rates of fertilizers in maize/peanut of
each treatment after 2009 (kg/hm?)

AbFE Treatment N P,O K,0 Cl
Tl 0/0 0/0 0/0 0/0
T2 120.1/37.5 0/0 0/0 0/0
T3 120.1/37.5 0/0 60/37.5  47.7/29.8
T4 120.1/37.5 60/112.5 0/0 0/0
TS 120.1/37.5 60/112.5  60/37.5  47.7/29.8
T6 120.1/37.5 60/112.5  60/37.5 47.7/29.8
T7 120.1/37.5 60/112.5  60/37.5 321/162
T8 120.1/37.5 60/112.5  60/37.5  47.7/29.8

JE SR FAHE D BN E s —&85 T 4°C UKAR IR
12, FERU E S A (NH,-N) . S %A (NO,-N)
o N IR AR KT, HTIE +
AT (C) i RS A A T
1.3 W HE

3 pH i LKt 2.5 - 1124, FpH it (1
M TERE, PHS-3C) #HA7I5E

TP EE T ER RN E, LD
NH,-N, NO,-N i 0.01 mol/L & k45 Gtk =10 : 1)
25, M AA3 ZaE s (#8E SEAL,
AutoAnalyzer3) WiE o HAhFEA Y27 P 574 JE 8 R 7
BTN o A ALV A R R ER A
B0 DK 4 105 g HIEFIAS 1 mmol /L
(NH,),SO, Wy B2 +h 2% bk (NaCl 8.0 g/L, KC10.2
g/L, Na,HPO, 0.2 g/L, NaH,PO, 0.2 g/L; pH i
7.4), FFIA 10 mmol/L KCIO, 1 B I Vil BREh iy
Ak HAETF 25°C BERERE SR 24 h JFA 5 mL 2 mol/L
KCl 22 NO,-N, NO, DA N-(1-Z53)-2 — e i
i, 7F 540 nm YA T IE o A ALV A BT S ] Py
BN A3 ) NO, N IR,

+3E 5 DNA $#2H. >R Dneasy PowerSoil 133
4 DNA $2HGX7] & (QIAGEN GmbH, Germany)
PEHL, JIT5 DNA FE 5T -20°C vKAS HORAF AR

AT A TR R e DL AL
4 (AOB) amod HHFZ A L H (AOA) arch-
amoA K=K 1)¥E VLU0 478 AOB Hl AOA I+,
FI S92 6 € B PCR (Real-time PCR) 3 A K
amoA 1 arch-amod IERFE B, BIMEEMELR 3
. AOB 5414 amoA-1F (5-GGGGTTTCTACTG-
GTGGT-3') Fil amoA-2R (5-CCCCTCKGSAAAGCCTTCT-
TC-3'), SNFRF ATAEE 95°C 30's, 94°C A5k 108,
55°C ik 30s, 72°C #EfH 30s, 340 MEH; AOA
151491~ arch-amoAF (5-STAATGGTCTGGCTTAG-
ACG-3') Fil arch-amoAR (5'-GCGGCCATCCATCTGTAT-
GT-3"), WP RHIASYE 95°C 30's, 94°C ZEHE 10
s, 53C iRk 30s, 72°C #E# 1 min, Ft 40 PMEH.
K H TB Green™ Premix Ex Taq™ (2 x) (Takara, Ki%)
K3 &, Real-time PCR WK Z N 20 pL, Hr
DNA #5247z 1 pL, 19 pL SOW, SWIEAFE 10 pul 2 x
TB Green., [ FUE5I94 1 uL, KEEBLEK 7 ul,
s o 1l 2 DA R R VT A SR HUAY DNA B Al k47
AOA arch-amoA F:KF amod BN vE i #& Fokr , B
JTRL SRR 6 MR IAE Abai, b AOA 74
WEH 0.9, AOB FHIZE N 1.04,
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1.4 HEEAIE
P FH PASW statistics18. Excel. Canoco %
AT G AL L
2 R0
2.1 AEIHEABAL IR IR E A F M RAIS N
AN [ il AR Ak 36T - 398 6 AR A o 1 5 i A K
(F£2), Hrb, WtG1h 1984 4EHHZ 13, 255 34 4F
LN & AALIE, I CLA R m A 3 > (R
AbEE > RN EE, A CI R B E R TA
Jiti A AL B, Horb g A AL B 4 HE CE Rl 43.62
mg/kg, WE R THAMLE, & T1AHKA 3545, 5
T A, FrA AL EE A + 358 pH ¥ W E AL, H
AL FE A+ pH B 5.27, KT I A AL
HWIE T2, T3 4bBE, Flhtd R ss % T4, TS, T8
AN Z A pH 2R ARE, HEBEEET T2, T3
AP TEAEAL PR AR . APLEHE T T 4
it A AR XX 2 R IR A AN,
FAAL A R A . BRSO S R B
#, A0l 91.01, 24.88, 131.05 mg/kg, HA#ERL
WAtk b 3 v T LA 3
2.2 FEIHEABACIE T 1 RE LA A B9S2 0
2.2.1 AIAliE AL AL BEXT - e AN . A A AR
B 1R, BR TS, T8 AbBEAN, HAWMEACLHE NH, N

TR A TAMACAEE, Forh T8 9 NH,-N & &
A, 5 T1ABMLTRET 15.2%. mALE T7
B NH,'-N & i o 3.40 mg/kg, J& T1ALBEAY
2%, HS5HAE 25 63,

AN Ta] it A Ak B F 4 38 NO, -N & 5 R i Ak,
NO, -N %} 10.02~15.38 mg/kg, H:H T4 kbB
NO, -N &itfe s, 5 T1 B S T 10.17%.
T3 43 NO,-N & it i & m T HARE LR, 5
T1. T4 kb2 5 A%, mLELR TS, T6 Al
I EAEER TT7 0] NO, -N S HREA B FHE LR,

2.2.2 ANEIGEAEALFXT R g A gy I
Tl Al v A mT L ok R AF - 3 i Bk RE Ty . A 2
AU, ORTRIAh B - S A i G Ry 1.48~4.48
mg/(kg-d), AbFRRIZES BE . Hphmadhs 77 1+
SRR, BERTHAMARE, 5 T4 ML
X7 74.6%, 5 T1AHE, T2, T3 AbFRAYAL S
K, HERARE; R ALmA, B st
T4, TS5, T6. T8 JLAMALFHAG AL v B 3 o T K it
BEACEY T1, T2, T3 4b¥E, H T4 kb + AL
Pl 4.48 mg/(kg-d), 5 T1 ARFEAH LS T 60%.
23 ATEIFEAEALIEN 1% AOA. AOB FE ST

i i S 9O E i PCR HAR X AOA 5 AOB Y
amoA Fk [R5 DUEGHAT T 0. AIE 3 nT LR
h, KAt AOA FEH BT AOB
£, ERTR]iAE b 3 4 56 b S A S E ) 25 7

R2 TRLEHTREAUFMR

Table 2 Basic chemical properties of the tested soil in different treatments

i Crr 24 (g/kg) AYUE (ghkg)  BAARA (mgke) HEWE (mgke) HAAN (mg/ke)
Treatment (mg/kg) PH Total N SOM Alk-hydr. N Available P Available K
4R+ Initial soil 24 6.11 0.90 16.2 99 6.5 125.85
Tl 1233+£039e  6.77+0.08a 0.82£0.005¢ 1650+0.14c  72.65+12d 172+£0.08d 8330+14c
T2 13.12+£038¢  5.66+006d 0.84=00l4bc 17.02+037bc  83.61+2.1bc 248+0.04d 8043+32¢
T3 1755+0.74d  559+0.03d 0.87=0012ab 17.19£027bc  79.94+0.8 ¢ 135+£005d 12288+6.1a
T4 1422+057¢  6.10+0.04bc  0.86+0.009ab 18.09+0.37ab 8697+28ab  2273+0.7b  76.05+25¢
T5 225+0.76bc  5.95+0.009¢c 0.88+0.02a 1893+0.71a  9021+19a  22.62+09b  106.70+4.4b
T6 227+029b  6.15+0.07b 0.85+0.013ab 18.01+£044ab 84.01=15bc 1096+04c 11040+1.7b
T7 4362+1.02a 527+006e 0.88+0.006a 18.70+028a  91.01+1.7a  2488+06a 131.05+3.8a
T8 20.64+0.57¢c  599+003¢c  0.85+0.007abc 17.73+021ab 88.76+1.8ab  21.22+0.7b  110.98+3.2b

# (Note) : [RFIEIRGEAE TR 2257 B3 Values followed by different letters in the same column are significantly different among the
treatments (LSD method, a = 0.05); T1—AJififil No fertilization control; T2— i [k & Application of urea; T3—JRZE + FfL#l Urea +
potassium chloride; T4—JRZE + L BEHL%S Urea + calcium superphosphate; T5—JRZE + i BEHRES + A ALE Urea + calcium superphosphate +
potassium chloride; T6—pRE + MR —4#% + Z LA Urea + monoammonium phosphate + potassium chloride; T7—JR & + &% + FALEN Urea
+ chloroammonium phosphate + potassium chloride; T8—RHRRBENE + L BEARES + & fLH Nitrophosphate fertilizer + calcium superphosphate +

potassium chloride.
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Fig.1 Contents of soil ammonium and nitrate nitrogen in

different treatments
[ (Note) : i EARIVNG | KEFRHIRRESR . HE
A AL FRAAE 0.05 7K F-24 5% I 3 Different lowercase and capital
letters above the bars represent significant differences of NH,'-N and
NO, -N contents among treatments (a = 0.05); T1—AJifi i No
fertilization control; T2—Hujifi jR & Application of urea; T3—JR 2 +
SALH Urea + potassium chloride; T4—JRZE + jE#EMRSS Urea +
—RE + L BEMRES + FALHH Urea +
calcium superphosphate + potassium chloride; T6—JKZE + BER—% +
SALA Urea + monoammonium phosphate + potassium chloride;
T7—RFE + &AW + S LT Urea + chloroammonium phosphate +
T8—fi MR WEAL + i BEARES + SALED
Nitrophosphate fertilizer + calcium superphosphate + potassium
chloride.]
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Fig. 2 Soil nitrification potential in different treatments
[ (Note) : HE EARRFBEFRRS I 0.05 K25 7 W 2F
Different letters above the bars indicate significantly different among
the treatments (o = 0.05); T1—AJfifill No fertilization control;

—Hujifi Jk & Application of urea; T3—JRZE + F{bL% Urea +
potassium chloride; T4—JRZE + i BifiZ45 Urea + calcium super
phosphate; T5—JR%E + i BEfR4S + LA Urea + calcium super
phosphate + potassium chloride; T6—JRE + Bl —& + F LA
Urea + monoammonium phosphate + potassium chloride; T7—JFRZE +
FWEEE + @ ALH Urea + chloroammonium phosphate + potassium
chloride; T8—MSMRBENL + i3 WERRES + S AL41 Nitrophosphate

fertilizer + calcium superphosphate + potassium chloride.]

WE. AOA FH 1.53 x 10'~5.53 x 107 copies/g T
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Fig. 3 Abundance of archaeal and bacteria amoA gene
in soils in different treatments

[ (Note) : FHEEARR/NG . KEFHHIE ACA
AOB F L AFLAITE 0.05 /K F-2£ 57 3% Different lowercase and
capital letters represent significant differences of AOA and AOB
abundance among treatments (o = 0.05); T1—ANjifii No fertilization
control; T2—FjififR & Application of urea; T3—JRE + LA
Urea + potassium chloride; T4—JRE + i BifRES Urea + calcium
superphosphate; T5—JRZE + I BERES + EALA Urea + calcium
superphosphate + potassium chloride; T6—JRZE + Bilia—4% + &1k
#fl Urea + monoammonium phosphate + potassium chloride; T7—/JK
K+ E Wik + E AL Urea + chloroammonium phosphate +
potassium chloride; T8—fHMR N + W WS + A Lo
Nitrophosphate fertilizer + calicium superphosphate + potassium
chloride.]

F AL T7 19 AOA - J fefik H W &AL T HAth
AbER, 5 T1MIEERRIR T 71.9%. T2, T3 AbFE AOA
FREERAEL T1 A AL, 7 RIBEAR T 39.9% Fi
30.2%, T4 4bFRS T1 MRS R B3, Bim kb
Ah, A it FH B AE ) TS . T6. T8 —AM4b
AOA FEEHET T1 4bH, HEFEET T2, T3 4k
H, 5 TUAE, BRe@AbEs, &Ik FE 2
BT 4 AOB MR, AL FE) AOB FJE
A, 5T1 25 ARE%E. 5 AOA K, T4 4bHM
+ 3 AOB FE N 1.99 x 10° copies/g T 1,
5 T5 2R AME, (AR THMAAR, kT A
PRI T 151%.

24 AOA. AOBEES5HIEUWFMR. HHLE
BHIMER M

H 2% 3 AT, AS[E]GE AR Ab B 1 4% AOA £ .
AOB F 5 H B HH 2 B E EAHCCR, B
5 AOA B E EACCR . AOA F 5 14 pH
IR EASE, MSCRECH 0.835, 1 AOB FJE
543 pH TC R EHEHE:, 13 AOA FJE . AOB F
JE 55 A A 8 A 2 Y G S A DG

HICA T () 4) hnl B, it SRR 34
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Table 3 Correlation coefficient among AOA and AOB abundance and soil chemical properties

FHE TR fire T G . BHL 2R BT SR MR THILIE S
Abundance Alk-hydr. N Avail. P Avail. K p SOM Total N ClI- NH,*-N NO,-N PNR

AOA -0.291 -0.047 -0.499 0.835"  —0.177 -0.421 -0.679 -0.638 0.308 0.835™

AOB 0.497 0.407 -0.334 —0.048 0.353 0.295 -0.362 —0.201 0.002 0.741"

7 (Note ) : PNR—Potential nitrification rate. *—P < 0.05; **—P <0.01.

0.6
pH
Avail. K
ClI-
CAQA T TN
NH;-N
Potential K
nitrification rate ," S:OM Total N
':' Alk-hydr. N
| 4
-1.0 AOB
-1.5 1.0

4 HREAUNMENSERUEERMT RN

Fig. 4 Relationship among soil cochemical properties and
ammonia-oxidizing microorganisms in soil described with
redundancy analysis
[ (Note ) : BRI IE =2 Iia] (1 £ A B0 £ I F7s AN BRBE R 72
[ R IEAHKCK R, A& AM KR Acute and obtuse angles
between any two factors indicate the positive and negative correlation
of them, respectively; FMERE TR, BLHHZRE M E T 15
M F2 FE#% K The longer the radiation of the environmental factoris,

the greater the impact of the impact factoris.]
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ARSI EY AL E R T TR
i G A, Kt A SRR R T 124 pH,
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LN+ pH A1 FRE#asy, S timit, 54K
WaR—8, HhmE g RaEL, RERT
HABALFE, 5 T1AHILEIRT 22.16%, X5 R4

SRR EE R, W IR A IR, — T
ST AR A B R AR, K & B
+48 pH TR S —Jrminl g2 TEBEMH AR
HIREARAE @, TS e S R TR, B
MKEAE T, f2m T HRNIRE . B Enrsh,
e i B IS 1 LA b PR 22 i T AR Ak . AR .
B, ESALE i PR I R, 2R S )
PRz, & EIEA R T H b MR A . .
PR,

AT, ALY+ NH, N &5 8
T AR, HASHE A RAR, F Wi S S E T
THERAER, 2N AR DENIERFE, X
SRARREOIF LR X RZIE T A
P44 pH WAL, S 1 b Al AT A M T
PEFEEALAE DRSS, B0 m kB Iz A1k
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