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Influence of long-term fertilization on abundance of ammonia oxidizing
bacteria and archaea in brown soil
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Abstract: [ Objectives ] Ammoxidation, driven by the ammonia-oxidizing microorganisms, is a rate-limiting
step of nitrogen transformation processes. The aim of this study was to explore the main factors which influenced
abundance of ammonia-oxidizing microorganisms under a corn-soybean rotation system and a long-term
fertilization for 37 years in a brown soil. [ Methods ] Soil samples (0-20 cm) were collected from the nine
treatments of the long-term fertilization trial: no fertilization (CK), low chemical N input (N,), high chemical N
input (N,), chemical N and P input (N,P), chemical N, P and K input (N,PK), pig manure (M,), pig manure and
chemical N (M,N,), pig manure, chemical N and P (M,N,P) and pig manure, chemical N, P and K (M,N,PK). The
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abundance values of ammonia-oxidizing microorganisms were analyzed using qPCR methods. Main factors
influencing the abundance of ammonia-oxidizing microorganisms were found out by the redundancy analysis
(RDA) of soil chemical properties and the abundance of ammonia-oxidizing microorganisms. [ Results ] The pH,
the soil contents of organic matter, total N, alkali-hydrolysable N, available K, available P, ammonium and nitrate
in the organic fertilizer treatments were significantly higher than those in the CK and chemical fertilizer
treatments. The soil organic matter, alkali-hydrolysable N, available K, available P and total N was in order of
manure treatments > chemical fertilizer treatments > CK. Compared with the CK, the pure chemical fertilization
decreased soil pH, while the manure application increased soil pH. The pH values of soil were the lowest in one
with the N, treatment and the highest in the M, treatment. The abundances of ammonia oxidizing bacteria (AOB)
were 0.94 x 10°— 5.77 x 107 copies/g dry soil, and the abundances of ammonia oxidizing archaea (AOA) were
3.56 x 10°— 1.22 x 107 copies/g dry soil in different fertilization treated soils, respectively. The abundances of
AOB and AOA in manure treatment soils were significantly higher than those in the CK and chemical fertilizer
treatment soils. The abundances of AOB and AOA treated with the manure were the highest, while the
abundances of AOB and AOA only treated with the chemical nitrogen were the lowest. The redundancy analysis
showed that the main factors which affected the abundances of AOB and AOA were soil pH, organic matter,
alkali-hydrolysable N, available P and available K, and these factors had positive correlations with the abundances
of AOB and AOA. [ Conclusions ] The long-term fertilization under a rotation influenced the abundances of
ammonia-oxidizing microorganisms most likely by significantly changing the chemical properties of brown soil.
The long-term application of organic fertilizer improved soil nutrient contents and played an important role in
maintaining the abundances of ammonia-oxidizing microorganisms in brown soil. Simultaneously, the results
provide a basis for regulating abundances of AOA and AOB by changing the pH values, the contents of organic
matter, total nitrogen, alkali-hydrolysable nitrogen, available phosphorus and available potassium in the future.

Key words: brown soil; located trial; long-term fertilization; ammonia oxidation microorganism; abundance
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Table 1 Application rates of fertilizer in maize/soybean
season of the treatments

b ALAE Chemical fertilizer (kg/hm?) TR (Vhm?)

Treatment N P,0, K,0 Pig manure
NP 120/30 60/90 0/0 0/0
N,PK 120/30 60/90 60/90 0/0

N, 120/30 0/0 0/0 0/0

N, 180/60 0/0 0/0 0/0
CK 0/0 0/0 0/0 0/0
M,N,P 120/30 60/90 0/0 27.0/0
M,N,PK 120/30 60/90 60/90 27.0/0
M,N, 120/30 0/0 0/0 27.0/0
M, 0/0 0/0 0/0 27.0/0

T (Note) : KIJEMIXIIAT 1979 4F, RHAEAR-F KK
SRR, B 3 4EEE 1 K The long-term fertilization started
since 1979, the rotation system was maize-maize-soybean, the rotation

was repeated every three years.
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Table 2 Basic chemical properties of the tested soil

g HHLUE (g/ke) A (mg/kg)

HET (mg/kg)

A (me/ke) 2R (gke)

Treatment SOM Alk.-hydr. N Avail. K Avail. P Total N pH

CK 156+0.03 g 74.8+0.88 1 107.1+0.80d 1.30£0.10 g 0.83+£0.01f 4.96+0.03 ¢
NP 16.0£0.01 f 86.8+0.44 ¢ 89.4+£0.50 f 9.95+0.16 f 0.85+0.02 ef 4.67+0.01f
N,PK 16.3+£0.04 ¢ 76.7+0.24h 126.1+0.80b 152+0.20¢ 0.88+0.01 de 449+0.04 ¢
N, 159+0.03 f 75.1+£0.32 hi 96.0+0.30¢ 1.86+0.10 g 0.88+0.01d 436+0.02h
N, 15.0+0.03 h 81.9+0.82f 97.0+0.60 e 1.80+0.16 g 0.83+0.02f 420+0.011
M,N,P 20.8+0.03 ¢ 111.9+0.13 ¢ 116.7+0.30 ¢ 655+020b 1.20+0.03b 5.06+0.04d
M,N,PK 214+0.03a 100.3+0.90 d 144.1+£0.60 a 78.7+0.40 a 1.24£0.01a 5.16+0.03 ¢
M,N, 20.6+0.05d 122.5+0.79 a 116.1+0.30 ¢ 56.7+£0.20 ¢ 1.20£0.02 b 526+0.04b
M, 209+0.02b 117.0£0.67b 115.1£0.30¢ 43.7+£0.20d 1.17£0.01 ¢ 5.79+0.04a

¥ (Note) : [F—FEIREAFF R RZEST BE (LSD 7%, a = 0.05) Values followed by different letters in the same column are

significantly different among the treatments (LSD method, and a = 0.05).
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Fig.2 Abundances of ammonia oxidizing bacteria and
ammonia oxidizing archaea in soils in different treatments
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Fig. 3 Abundance of ammonia oxidizing bacteria in soils of
different treatments during various maize growth stages
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Fig. 4 Abundance of ammonia oxidizing archaea in soils in
different treatments during various maize growth stages
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Table 3 Correlation coefficients among ammonia-oxidizing microorganisms and soil physicochemical properties

A7 - Wi FK HHLBT A P HH
Factor P Alk.-hydr. N Moisture SOM Total N Avail. P Avail. K
AOB 0.814* 0.751* 0.178 0.824* 0.769* 0.788* 0.638*
AOA 0.942%* 0.898%* 0.222 0.933%* 0.900%* 0.572%* 0.836%*

i (Note) : *fL3£ AOB. AOA 5L & HI5E (P < 0.05) Represents AOB and AOA were significantly correlated with soil

physical and chemical properties (P < 0.05).
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Fig. 5 Redundancy analysis depicting the relationship among soil physicochemical properties and ammonia-oxidizing

microorganisms in brown soil

[ (Note) : FHELHi LK AOB, AOA i, Sek#i kMR LR PERT, SCERIRE LI A MIARTZIE T E AT A AHCHE GE it 54y
KPP KK, P<0.05) The dashed arrows represent AOB and AOA abundances, the solid lines represent soil physical and chemical properties, and

the cosine of included angles of the solid line and the dashed line determines the correlation among them (Monte Carlo test, P < 0.05).]
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