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%5 DB . B e FHTESE Mg ks ook % 224 6 ~ 8
AR EE LLIME 2 i PCRIARHEIT 2 . AOA . AOBIH
SERFHE NG EPCR GRS 95 CHIAE 30 s;
95 CAEPE 30 s, 54 CiRk30 s, 72 CIHEH45 s,

40 MEH ., Comammox Clade A. Clade B 52}
P mPCRY ST F95 CHIZAEM:3 min;

95 CAEME30s, 52 CiB k45 s, 72 CIHEMHIT min,

4SRN

1 SEESEERPCRY3Y

Table 1 Real-time PCR Primers used in the study

MEY BlE/ 2] 275 30k
Target group Sequence of the primers (5 -3" ) Reference
AR amoA-1F GGGGTTTCTACTGGTGGT, amoA-2R CCCCTCKGSAAAGCCTTCTTC [15]

AOB
REMNHHE Arch-amoAF STAATGGTCTGGCTTAGACG, Arch-amoAR

AOA GCGGCCATCCATCTGTATGT L6

SR A LA comaA-244f a TACAACTGGGTGAACTA, comaA-659r_a
Comammox Clade A AGATCATGGTGCTATG,
comaA-244f b TATAACTGGGTGAACTA, comaA-659r b
AAATCATGGTGCTATG,
comaA-244f ¢ TACAATTGGGTGAACTA, comaA-659r ¢
AGATCATGGTGCTGTG,
comaA-244f d TACAACTGGGTCAACTA, comaA-659r d L7
AAATCATGGTGCTGTG,
comaA-244f e TACAACTGGGTCAATTA, comaA-659r e
AGATCATCGTGCTGTG,
comaA-244f f TATAACTGGGTCAATTA, comaA-659r f
AAATCATCGTGCTGTG

@ FALMHE 7> B

Comammox Clade B

comaB-244f a TAYTTCTGGACGTTCTA, comaB-659r_a
ARATCCAGACGGTGTG,

comaB-244f b TAYTTCTGGACATTCTA, comaB-659r_b
ARATCCAAACGGTGTG,

comaB-244f ¢ TACTTCTGGACTTTCTA, comaB-659r ¢
ARATCCAGACAGTGTG,

comaB-244f d TAYTTCTGGACGTTTTA, comaB-659r d
ARATCCAAACAGTGTG,

comaB-244f e TAYTTCTGGACATTTTA, comaB-659r e
AGATCCAGACTGTGTG,

comaB-244f f TACTTCTGGACCTTCTA, comaB-659r f
AGATCCAAACAGTGTG

[17]

1.6 #HIBELIE
K Excel 2010HISPSS 13258 F X) B Hie 47
PR . A Origin 8. 5HA4AE A .

2 4 R

2.1 KEATEHMEEFMEKEET KB LB R
R EB R
HELRE ¥ 7K B RO 2 T P A AN T A R /K A

Y FEARPE BT AN 2 i s o K A e v RS BT UK
0K E R 102.59%, 7t T R AL EE 434,07 %
(RBFAT ) o MRS K FARBE A T 7K A v
BREGESMMNIT.77. 4.09 mg-kg™'; THAEM
TR HIN13.86, 4.71 mg-kg'; AT ESHIN
1.76., 0.92 g'kg™ o RBHA T KRG HA DL & it 2
TR KA EE, 4 50°420.51, 17.55 g-kg ™'
R 0Tt I Sk 2 3 T KRS - AR T A, R AR K
FRBEAT KRG £ 50 51°425.0, 2.11 mg-kg™'-d™',
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Table 2 Basic physico-chemical properties of the paddy soils relative to treatment

A FHLR 2R | ) sokd i
Qb F NH,-N NO;-N
Organic matter Total N ' . Soil water content  Nitrification potential
Treatment . . /(mg-kg™) /(mg-kg™) Lo
(gke™) (g'kg™) 1% H(mg-kg™-d™)
PF 17.55+0.53 1.76 +0.13 17.77 £ 0.98 13.86 +0.33 102.59 25.0+0.74
FD 20.51 +1.51 0.92 £0.05 4.09+0.13 4.71 £0.32 34.07 2.11+0.19

e I + FRifEE (n=3) . PFHIFDZ B FAE R K FIKBEL T . T IRl Note: Means + SD (n=3). PF stands for the treatment
of plant rice in summer and keep the field flooded all the year and FD for the treatment of fallow all the year and keep the field dried

up in winter. The same below
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Comammox Clade AFIClade BamoAF& K 1)
EOUR (LT 2k, TR 458 1.30x10°
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PEDLK N 1.88 x 10°copies-g™', Wi FHRHFA T,
KPP KR - AOAM FE LY TAOB,
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Fig.1 Abundance of the ammonia-oxidizing microorganisms in paddy soils relative to treatment
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iMdEClade B, FEPIH MY LI FiA54.1, Lk
BT TR LR R fE2.2 (R3) o F5E
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Table 3 Ratio of ammonia-oxidizing microorganisms in paddy soils relative to treatment

Ab P AOA Comammox  Comammox Clade A Clade A Clade A Clade B Clade B
Treatment /AOB /AOA /AOB /Clade B /AOA /AOB /AOA /AOB

PF 9.2+1.5 8.5+0.9 773 +15.5 54.1+3.8 8.3+0.9 75.9+15.3 0.15+0.09 1.4+0.3

FD 118.3+5.9 4.1+04 490.3 +74.7 2.2+0.3 2.8+0.4 339.8+66.8 1.27+0.01 150.4 +7.8

. M + FR1EZE Note: Means + SD

Jit UL 368 B 1 o 8 e S RO B o A
AL TG Pk o AR K T B S A MR FE IR B 117,77
mg kg™, JEARHFLT KRR LA L R X
S AARTICE W AT 2 B2 R A3 A L AR
B & I Comammox B i 5C B A% BT 4 b3 b T A A
MBI . AR SRR A T KRS L o &)
fyComammox Clade B{amoA3E K )% D1 E -t 7
SEE TR B AR KK o AT
TR MK, IRBRA TOKAE L 4E4—8 Ak, Fh)E
b TP RS o A HEIK ot 2 5 e i A6 S A 0 A
ML ER, 8 A D O, R 4 M [R] 42252 1k
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Abstract

important progress in the study on nitrogen recycling, but further efforts need to be done to elucidate

The discovery of Comammox ( complete ammonia oxidizers ) is considered to be an

environmental driving mechanisms of the coexistence of Comammox with AOA ( ammonia-oxidizing
archaea ) and AOB ( ammonia-oxidizing bacteria ) in the complex soil environment. Soil samples were
collected from a long-term stationary experiment on purple paddy soils, which had two treatments, i.e. PF
(plant rice in summer and keep the field flooded all the year) and FD (fallow all the year and keep the field
dried up in winter), for analysis of effects of fertilization and water management on nitrification potential
and abundance of ammonia-oxidizing microorganisms in paddy soils. The analysis shows that PF was
higher than FD in nitrification potential, which reached 25.0 mg- kg™'-d'and 2.11 mg-kg™'-d™", respectively.
Obviously, the former was 12 times as high as the latter. Real-time quantitative PCR (Q-PCR) shows that
Comammox, AOA and AOB were detected in the paddy soils of PF and FD, and displayed an order of
Comammox> AOA>AOB in abundance. The abundance of Comammox was 8.5 times that of AOA and 77.3
times that of AOB in the PF paddy soil, and 4.1 times that of AOA and 490.3 times that of AOB in the FD
paddy soil. Compared with FD, PF stimulated growth of the Comammox Clade A, AOA and AOB in the

http: //pedologica. issas. ac. cn



4 1 BN AT i AT R KA B K RS - s E A A W B ) 1011

soil, making the three 9, 3 and 42 times higher, respectively, in population. But the Comammox Clade B
dropped 2 times as fast. All the findings in the 28 year-long experiment indicate that compared with FD, PF
keeps ammonia-oxidizing microorganisms in the paddy soils under the long-term stress of O, deficiency and
selectively promotes growth of the Comammox Clade A and AOA in the soils, while fertilization at a high
rate significantly promotes growth of the AOB; and Comammox Clade A and AOA can adapt to a wide range
of ammonium nitrogen substrates. In future, the technique of DNA-SIP (stable isotope probe) may be used
to identify functional significance of Comammox, which is dominant in population in paddy soils and its
relative importance to AOA and AOB.

Key words Paddy soils; Nitrification potential; AOA (ammonia-oxidizing archaea); AOB(ammonia-

oxidizing bacteria); Comammox(complete ammonia oxidizers)

http: //pedologica. issas. ac. cn



