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ABSTRACT

Based on a three-year field experiment under controlled condition in Ji’nan, China, the effects of peanut
growth on the variation in the abundance and community structure of ammonia oxidizing bacteria (AOB)
and archaea (AOA) before and after peanut growth were investigated through quantitative PCR and cluster
analysis of terminal-restriction fragment length polymorphism. Our results show that the community
composition of AOA and AOB was greatly affected by the peanut growth leading to the decreased abundance
of AOA and increased abundance of AOB. Furthermore, AOA and AOB community structures varied before
and after peanut growth. Phylogenetic analysis indicated that all AOA and AOB community sequences were
clustered into the uncultured group. Altogether, the results suggested that the abundance of AOA and AOB in
soil and their community compositions can be greatly affected by the peanut growth.
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INTRODUCTION

Arachis hypogaea Linn. is a kind of important oil-
seed crop. There are affluent fat, protein, carbohydrate,
and other nutrient substances in peanut seeds. It has a
different mechanism to interact with soil bacterial with
respect to other leguminous plant, similar to dalbergi-
oid clade [Lavin et al. 2001]. Due to the higher rate
of nitrification conferred by its special nodule, peanut
was categorized into a separate group of legume-rhi-
zobia symbiosis [Bal et al. 1989]. And different from
most legumes in tropical and temperate region, the
lipid bodies were in close contact with the peribac-
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teroid membrane in peanut root nodules [Abu-baker
and Bal 1991]. It is also found that peanut root cell
surface proteins can inhibit the attachment of micro-
bial [Dardanelli et al. 2003]. Too many clues lead us
to the conclusion: peanut has a different mechanism to
attach/interact microbial community and can alter the
structure of community specially.

With regard to the importance of soil microorgan-
isms in the functions of ecosystem and acquisition of
plant nutrient, the soil resistance and resilience can be
readily affected due to the variation of microbial com-
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munity compositions after crop growth. For peanut,
the continuous cropping can decrease the production
of peanut. The change of microbial community may
account for this kind of decrease partly.

The conversion of ammonia oxidation from am-
monia to nitrite is important to crop growth. Distin-
guishingly the legume plants have the nodules to help
them establish a different way. Ammonia oxidizing
bacteria (AOB) have been usually considered domi-
nantly responsible for ammonia oxidation. It was re-
vealed by Venter et al. [2004] that ammonia monoox-
ygenase (amoA), a kind of ammonia oxidation gene,
was present in archaeca. However, the physiology and
metabolic pathways of AOA and AOB may be greatly
different [Walker et al. 2010]. Moreover, significantly
differentiated ammonia oxidation kinetics in AOA and
AOB strains under liquid culture was also observed
[Martens-Habbena et al. 2009]. In conclusion, this
study aimed to investigate the variation of the abun-
dance and community structure of AOA and AOB re-
lated to peanut growth.

MATERIALS AND METHODS

Experimental design. This study was carried out
from 2012 to 2014 in Ji’nan, Shandong province,
China (36°42'56.25"N, 117°05'09.08"E). Huayu22, a
local variety of Arachis hypogaea Linn., was plant-
ed in April and harvested in September. Pot culture
experiments were conducted each year, 60 replicates
in CK and 60 replicates in treatment separately. The
pot diameter was 0.27 meter and 0.3 meter high. The
composition of soil is local soil loam and sand: lo-
cal soil : sand = 3 : 1, without any known history of
cropping. The soil has been mixed well before plant-
ing. In every pot two seedlings were planted. All the
pots were separated in a closed zone. During the pro-
cess, only local underground water was applied to the
plants, without any fertilizers and pesticides.

Soil sampling. In 2014, at pod-maturing stage of
peanut (September), the soil samples were collected
from peanut growing field and the pots under the con-
trolled environment. All soil samples were taken in a
depth of 5 cm using a soil probe (1.5 cm in diameter).
Three randomly selected replicates in every pot were
combined to form a homogenous sample. 15 samples
were collected from CK and peanut growth pots sep-
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arately. After collection, the samples were mixed with
blender before stored at 4°C and were used for further
analysis as soon as possible.

Soil chemical properties. The experiment was ex-
ecuted in 2014. PNR, and the pH of the soils, water
content, soil ammonium, soil nitrate, were measured
following the methods described by Chen et al. [2014].
The levels of nitrogen, available organic matter, phos-
phorus, potassium, Olsen-P were tested following the
protocols from the University of Minnesota [Proto-
col... 2014], which is popularly used in the world.

DNA extraction and quantitative PCR (qPCR).
DNA extraction from the soil material for each sam-
ple was performed using PowerSoil DNA kits (Mo-
Bio, USA). The quality and quantity of the extracted
genomic DNA were determined by OD(A260/A280).
The quantity of amoA genes of AOA and AOB was
determined by qPCR according to the former literature
[Rotthauwe et al. 1997, Francis et al. 2005]. The qPCR
assays were carried out in an ABI 7500 Real-Time
PCR system with the same procedure. The PCR am-
plification efficiency for AOA or AOB ranged from 90
t0100% and r2 was 0.99.

Terminal restriction fragment length polymor-
phism (T-RFLP) analysis. In the T-RFLP analysis,
gPCR assays were conducted with the primer pairs as
described above, difference existed in FAM-labelled
forward primer. The PCR reactions and the qPCR as-
says followed the same conditions. The next steps fol-
lows the common procedures referred to Prakash et al.
[Prakash et al. 2014].

Cloning and sequence analysis. The primer pairs for
the qPCR were also used to construct two clone libraries
from the treatment soils and control in September. Li-
gation of purified PCR products into Promega pGEM-T
Easy Vector and their transformation into Escherichia
coli JM109 from Takara were conducted with the meth-
ods described in the manufacturer’s instructions. Thir-
ty-four AOA and eighteen AOB positive clones from
CK soil clone library, and sixteen AOA and twelve AOB
positive ones from peanut-growth soil clone library were
randomly selected and sequenced. Homology analysis
of all these sequences was performed using the software
DNAMAN with version 6.0.3.48 (Lynnon Biosoft).
Operational taxonomy units (OTUs) were defined whey
they shared 99% similarity. Phylogenetic analysis with
the representative and BLAST-identified related se-
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quences of each OTU were performed by the construc-
tion of neighbor-joining tree with 1000 bootstrap repli-
cates using the software MEGA (version 6.0) [Tamura
et al. 2007].

Statistical method. Variance homogeneity was as-
sumed by log-transformation of the copy numbers of
amoA gene, and two independent sample tests were
conducted if the test sig was >0.05; if the variance
homogeneity test sig was <0.05, then the rank sum
test (Mann-Whitney U) was used. There was a sig-
nificant difference between treatments if P < 0.05 for
the independent sample t-test and the rank sum test
(Mann-Whitney U); for P <0.01 there was highly sig-
nificant difference, and for P > 0.05 there was no-sig-
nificant difference for test results. The software SPSS
(version 16.0, SPSS Inc., Chicago, IL, USA) was used
for statistical analysis.

RESULTS

Soil chemical properties. Soil property can be
changed by plant growth, usually by root secretion,
rhizosphere microbial community. The related proper-
ties can be found in Table 1 (P <0.001).

Potential nitrification rates (PNR). It was observed
that the rates of potential nitrification decreased from

0.424191 to 0.226978 mg NO?*-N g soil h™! after
peanut growth.

Abundance of AOA and AOB. The copies of ar-
chaeal amoA ranged from 1.95 - 10° to 3.94 - 108 cop-
ies g! soil between control and peanut growth soils.
There exists significant difference in AOA abundance
(P < 0.001). The abundance of AOB was lower than
that of AOA and ranged from 4.15 - 10° to 7.84 - 10°
copies g!' soil. The obvious difference also exists
(P<0.001) (Fig. 1).

Community structures of AOA and AOB. After
peanut growth, we found the communities of AOA and
AOB are almost totally different, we avoid any statis-
tical comparison analysis in such extreme case as it is
meaningless.

Phylogeny of AOA and AOB. Randomly selected 34
AOA and 18 amoA gene clones from the control soils,
and 16 AOA and 12 AOB amoA gene clones from the
peanut growth soils were sequenced. Phylogenetic anal-
ysis revealed that all amoA gene sequences of AOA and
AOB belonged to uncultured archaea and bacteria, re-
spectively (Fig. 2 and Fig. 3). The result indicates that
there is a great part of soil microbe community which
remains being investigated. And the great complexity of
soil microbe community makes us confirm the further
knowledge about soil microbe community.

Table 1. Comparison of results between control and peanut cultured soil

Soil property Control Peanut culture
PNR 0.0041 0.0022**
PH 7.76 7.88%**
Water content (%) 22.78 22.94
Organic (g/kg) 15.33 15.19%**
N 47.19 44.26%*
K 140.7 127.9%*
P 160.33 127.45%*
NH,"-N 143 13.7%*
NOs;-N 25.898 22.496**
Olsen-P 24.96 19.90**
AOA (*10"9) 1.87 3.86%*
AOB (*1015) 3.99 7.99%

** Means that there exists a significant difference between control and peanut-growth group
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Fig. 1. Log number of bacterial amoA copies g! dry soil between control and peanut-growth

DISCUSSION

Effects of peanut growth on PNR and abundance
of AOA and AOB. Former researchers have found that
in different soil circumstance, the responses of AOB
and AOA communities to environment changes are
different. Such research usually focuses on the PH
value of the soil and its fertilization [He et al. 2007,
Yao et al. 2011, Zhang et al. 2012]. However, much
more efforts should be done to investigate the AOB
and AOA communities responding to the plant growth
as the microbe communities shift differently even to
different genotypes of the same plant [Bulgarelli et
al. 2012].

Our study revealed that the number of AOA were
much higher than AOB, which is consistent with other
reports and it seems that this phenomena is popular
in general soils in spite that there still exists contro-
versy [Wu et al. 2011]. However, there is still a lot
of work on the AOA physiology and habitat prefer-
ences remaining undone considering the complexity
of microbe community and the great domain of un-
explored microbe community. Martens-Habbena et al.
[2009] reported that the affinity of bacterial ammonia
monooxygenase (AMO) for substrate was lower than
archaeal. The differences of substrate affinity between
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AOA and AOB may allow them to prefer different eco-
logical niches. Therefore, the relative higher NH',-N
concentrations in the soil can provide an unfavorable
environment for AOA growth [Chen 2014]. In similar
studies AOA also indicated preference to low ammo-
nia substrate and its growth was inhibited by high am-
monium variations [Verhamme et al. 2011].

In our result, PNR decreased after peanut growth.
As PNR is usually related with soil fertility status we
can consider that after peanut growth soil loses some
fertility. This result is correspondent to field investi-
gation: continuous cropping decreases peanut produc-
tion [Sun Xiu Shan et al. 2001]. Some other papers
had reported that allelopathy can inhibit nitrification
[Moore and Waid 1971, Kholdebarin 1994]. In fact, in
our lab we have unpublished data that microbe com-
munity can affect peanut production greatly in spite
that there exists allelopathy. So, we understand that
in our experiment PNR is affected by allelopathy, but
mostly by microbe community.

There are many former reports that bacteria abun-
dance decreases after peanut growth [Feng Haisheng
et al. 1993]. We also confirmed this result many times
(unpublished data). However, we found that abun-
dance of AOB increased after peanut growth. So, we
can arrive at the conclusion: after peanut growth, bac-

https://czasopisma.up.lublin.pl/index.php/asphc



Huang, C., Xu, N., Fu, Z.,, Sun, B., You, S., Ma, D., Yu, J. (2019). Abundance and community structure of ammonia oxidizing archaea and
bacteria in response to peanut growth under controlled condition in Shandong, China. Acta Sci. Pol. Hortorum Cultus, 18(6), 119-127.
DOI: 10.24326/asphc.2019.6.12

GO4_J1022041_AOAT_M13R({-48)
MO0926.1894-A0A3-M13R_48_C10
MO0916.0700-A0A31-M13R_48_E05
2B10165343A0A14-M13-48_Z_COT
GO5_J1022042 AOAZ2 M13R(-48)
M0926.1895-A0A4-M13R_48_D10
J1023058_AOA25_M13R(-48)
J1023057_AOA24_M13R(-48)
M1015.1933-A0A9-M13R_48_A02
J1023052_AOA23_M13R(-48)

o5 [—— A03_J1126042_AOA3_M13R(-48)
L 810 41126061 _AQATE M13R(-48)

- A03 41204062 AOA4 MTIR(-48)
72 MOST6.0707-A0A32-M13R_48 D06
BO9_J1126060_AOATS_M13R(-48)
BO5_J1126056_AOAT1_M13R(-48)
a7 MO0O926.1897-A0A6-M13R 48 F10
{ MT0T15.1828-A0A8-M13R_48 GOT
GO8_J1028067_AOA22_M13R(-48)
i A05_J1126044_AOAE_MI3R(-48)
GO7_J1028066_AOA21_M13R(-48)
A10_J1126049_AOAT_MT3R(-48)
i DO08_J1030143_AOATT_M13R(-48)
57 DOg_J1030144_AOA18_M13R(-48)
M1015.1936-A0A10-M13R_48_C02
. M1015.1937-A0AT 1-M13R_48_D02
ZB10165347A0AT6-M13-48_Z_GO1
MO916.0690-A0A30-M13R_48_C04
AT1_J1126050_AOA8_M13R(-48)
A12_J1126051_AOAI_MT3R(-48)

46

96

i AOT_J1204060_AOAT_MI3R(-48)
M0926.1899-AOA33-M13R_48_G10
4 — M10151939-A0A12-M13R_48 E02

45

BO1_J1126052_AOATO_M13R(-48)

57 AD2_J1204067_AOAZ_MI3R(-48)
o MOS26.1900-A0A34-M13R_48_H10
a5 E£10_J1125015_AOA20 M13R(-48)

MI0T5.1941-AQA13-M13R_48 G022

Nitrosopumilus maritimus(CPO00866)
T Nitrososphaera viennensis{CP007536)

— Nitrosospira multiformis(NC_007614)
7Y Nitrosospira briensis{CP012371)

S Thaumarchaeota archaeon(CP012850)
BO7_J1126058 AOAT3 M13R(-48)
BO8 41126058 AOAT4 M13R(-48)
MO916.0683-A0A28-M13R_48 D03
MOST6.0688-A0A29-M13R_48_A04
AC4_J1204063 AOAS_MT3R(-48)
MOS26.1896-A0AS-M13R_48 E10
MI015.1918-AQA7-M13R_48_A02
BO7_J1105084_AQATZ2 Mi3R(-48)
D10_J1030145_AOATS_M13R(-48)
ZB10165344A0A15-M13-48 Z DOT

J1023060_AOAZ6_M13R(-48)

J1023061_AQAZ7_MT3R(-48)
Fig. 2. Neighbor-joining phylogenetic tree of AOA amoA gene sequences retrieved from

the clone library of the soil taken in a peanut pot and the NCBI gene bank. Filled Bootstrap
values are indicated at branch points
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Fig. 3. Neighbor-joining phylogenetic tree of AOB amoA gene sequences retrieved from the clone library of the soil
taken in peanut pot and the NCBI gene bank. Filled Bootstrap values are indicated at branch points
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teria abundance decreases, in the meanwhile the abun-
dance of AOB increases, which means the bacteria
community shifts a lot.

For archaea, there is not a lot data about its quan-
tity change after peanut growth. As we found that the
abundance of AOA decreases greatly we can reason-
ably conclude that PNR decrease mainly affected by
archaea, not bacteria. Similar result has been reported
by other researchers [Yao et al. 2011]. Controversy
views about AOA or AOB as the substantial communi-
ty in the soils responsible for ammonia oxidation were
reported [Zhang et al. 2012]. In our experiment, we
can think that the abundance of AOA decreases mainly
because of stable (relatively lower than fertilized soil)
N availability and peanut root exudates, at the same
time the abundance of AOB increases also mainly be-
cause of the effect of peanut exudates. The correlation
between AOA and PNR in such case should be sup-
posed to be largely attributed to peanut root executes
and the ammonia substrate availability.

After peanut growth, the relative lower NH,"-N
concentrations in soil with lower PNR leads us to the
conclusion: the lower PNR is mainly affected by mi-
crobe community, especially by Archaeal.

It was reported that the activity of ammonia oxi-
dizers is sensitive to water stress due to the substrate
limitation and dehydration under water stress [Stark
and Firestone 1995]. There are also some data indicat-
ing that PNR can be affected by the climate, such as:
temperature, etc. [Stark and Firestone 1995, Sher et al.
2013]. For such reason we picked up the samples at
the same time for CK and peanut-planted soil avoiding
the affection from the climate.

Some evidences indicate that AOA can also
use organic carbon, which makes them more met-
abolically versatile and heterotrophs or mixotrophs
[Walker et al. 2010]. For AOB, the situation is differ-
ent. The abundance increase of AOB by high levels
of N fertilizers was also reported in many studies
[Shen et al. 2008, Di et al. 2009, Chen et al. 2013].
Di et al. [2010] found it prefers high ammonia sub-
strate. So the distinctness of AOA and AOB in soil
microcosms could be defined by the ammonia con-
centration [Verhamme et al. 2011], which may ex-
plain a higher AOB abundance in this study.

Reponses of AOA and AOB community struc-
tures to peanut growth. As our expectation, AOA
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and AOB soil communities shifted a lot after peanut
growth, which could be a comprehensive effect by
several mechanisms: first of all is that exudates from
peanut roots promote this kind of shift. In recent
years some researches about different plants have
shed light to such mechanism [Chu et al. 2007, Chen
et al. 2008, Bulgarelli et al. 2012, Lundberg et al.
2012, Ai et al. 2013].

Chu et al. [2007] found differences of amoA genes
between the control and treated plots with PK (phos-
phorus and potassium) in 16 years in agricultural soils
with DGGE method. Stability of ammonia oxidizer
communities in P-treated plots suggests us to exclude
the consideration of correlation between P and struc-
ture of AOA.

Different researchers has found that AOB commu-
nity compositions shift responding to N availability
[He et al. 2007, Hynes and Germida 2012]. It was re-
vealed that N fertilization has a great effect on AOB
community compositions, but has a slight effect on
AOA in alkaline agricultural and neutral grassland
soils. However, molecular biology evidences demon-
strated that in various acidic soils AOA were more
sensitive to various fertilization than AOB [He et al.
2007, Chen et al. 2011]. Therefore, the responding
change of community composition of ammonia oxi-
dizers to peanut growth may be determined by the soil
type and its pH scale.

For phosphorus and potassium, there are some
reports that they cannot significantly affect the pop-
ulation and size of AOB [Chu et al. 2008]. So, in our
research we can ignore the affection to AOB from
phosphorus and potassium at this time.

Reasonably, seasonal factors such as temperature
and soil humidity are also pivotal in determining the
compositions of ammonia oxidizers. One of the most
important reasons is that different AOA lineages need
different circumstance to meet their optimal growth
condition. Such experiments have been carried in field
and microcosm experiments [Stres et al. 2008, Tourna
et al. 2008, Gleeson et al. 2010, Chen et al. 2013].

All AOA and AOB sequences were clustered into
the uncultured microbes in this study, indicating that
there still exists a great field in soil microbe community
remaining unexplored and the complexity in soil cir-
cumstance is AOB can also affect PNR, in spite that this
kind of affection can be much compensated by AOA.

125



Huang, C., Xu, N., Fu, Z., Sun, B., You, S., Ma, D., Yu, J. (2019). Abundance and community structure of ammonia oxidizing archaea and
bacteria in response to peanut growth under controlled condition in Shandong, China. Acta Sci. Pol. Hortorum Cultus, 18(6), 119-127.

DOI: 10.24326/asphc.2019.6.12

In conclusion, until now this is the first study to
exploit abundance and community composition of am-
monia oxidizers after the peanut growth in a controlled
circumstance. We clearly demonstrated that peanut
growth (peanut root exudates) played a key role in
affecting ammonia oxidizing communities. The abun-
dance of ammonia oxidizers changed significantly and
AOA and AOB communities varied subtlety, which
should be partly responsible for continuous cropping
obstacle.

On the other hand, the role of AOA in soil N/C
cycling remains unresolved. And the community of
Archaeal and bacteria may interact continuously with
peanut roots. Our data can enrich our knowledge to
such interaction.

CONCLUSION

All in all, our study aims to investigate the com-
munity dynamics of the ammonia oxidizers deeply
after peanut growth. Our results confirm the former
research: AOA and AOB changed a lot after plant
growth, and therefore has implications for exploring
the continuous cropping obstacle.
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