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Differential ~Responses of Rhlzospherlc mrK— and nirS-type Denitrifier

Commumt;es to/Different Phosphoms Lévels in Paddy Soil

ZHAN Yi'?, GAQ Dan-dan'?, SHENG Rong'®, WEI Wen-xue', QIN Hong-ling', ZHANG Wen-zhao', HOU
Hai-jui', TANG Ya-fang’

(1. Taoyuan Agro-ecosystem Research Station, Key laboratory of Agro-ecological Processes in Subtropical Regions, Institute of
Subtropical Agriculture, Chinese Academy of Sciences, Changsha 410125, China; 2. University of Chinese Academy of Sciences,
Beijing 100049, China; 3. College of Life Science and Technology, Hubei Engineering University, Xiaogan 432000, China)

Abstract ; Phosphorus is an essential life element, which can affect the activities and functions of denitrifiers. Both nirK and nirS genes
can code nitrite reductase ; however, it remains unclear whether nirK- and nirS-containing denitrifers respond differentially to changes in
the availability of phosphorus in paddy soil. In this study, P-deficient paddy soil was used to grow rice plants. Three phosphorus levels
established by applying P fertilizer at a rate of 0 mg-kg™ (CK), 15 mg-kg™" (P1), and 30 mg-kg™' (P2), respectively. The
abundance and community structure of nirK- and nirS- containing denitrifers were determined using quantitative PCR and high-
throughput sequencing techniques. Results indicated that nirK- and nirS-containing communities responded differentially to changes in
the P levels. The nirS-containing communities are more sensitive to the changes in P in both rhizosphere and bulk soil samples. In
addition, the abundance of nirS genes was 2-3 times higher in the P2 treatment than in the CK treatment. Furthermore, the nirS
community structure is also clearly differed from the CK treatment. However, P addition only induced partial modification of the
community structure and abundance of nirK-containing denitrifiers. Moreover, compared to the bulk soil with each phosphorus level,
the nirS community structure in the rhizosphere soil changed significantly ; however, only the P2 treatment induced significant increases
in the abundance of the nirS gene. In contrast, no significant differences in the abundance and composition of nirK-containing
denitrifers were detected between rhizosphere and bulk soils under different phosphorus levels. Collectively, application of phosphate
fertilizer in P-deficient paddy soil could significantly increase the abundance of nirK- and nirS-containing denitrifiers, changing their
community structures, with nirS-type showing a greater sensitivity than nirK-type denitrifiers. In comparison, the denitrifying
communities in the rhizosphere were more sensitive to variable P levels than that in the bulk soil. Compared to bulk soils, rice growth
shifted the community structure of nirS- and nirK-containing denitrifiers in rhizosphere soils at each level of P, but failed to induce
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significant changes in their abundance (except for P2) that could cause a significant increase in nirS abundance. These results could

provide a theoretical basis for exploring the effects of fertilization on soil denitrification.

Key words: P-deficient paddy soil ; phosphate fertilizer; rhizosphere; nirK; nirS
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Y Olsen-P % 1t 43 5| Lt P1-B il P2-B {IX 0.45
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TEARAR PR T3 rh ) 2 DT AL B DOC & &
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ULBARERE S, KRS RIS 2 B 4 S AR PR 3 DOC
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b, ANEBE K200 T MR PR L ENH, N &
HEAG, ELREE 8K 08w, Hom A i iR
R, U BB Y S T AR PR - HENH, N
Ak,

NO; N REFERR PR ANEARIRAY 3 ARk TF-Ab 8
HREA B L (P >0.05). |

Table 2 Nutrient concentrations of thréeiphosphorus levels in rhizosphere /and bulk paddy soils/mg-kg = F-
T J T i
5 MR o e PR
CK-R PI-R ; P2-R CK-B | PIB P2-B
Olsen-P A.89+0.27 ¢  5.99£0.37 cd , 7.02#0.34 b 5.2620.21 de  6.44.£0.11 be 9.10 £0.45 a
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NOy-N =~ [ 1149+0.10 a .36 #0.31,a’ ¥ 146720.16 a 1.38 4010 a 1945 £0.23 a 1.93+0.50,a
1) R B AR AL B A T AT (9T IO + BRI 5 R IR JBRR 22 5 38 (P <0.05) & =
- 1 ! J i

2.2 ik A njrséitﬂlafﬁ“%{k ‘

S RS 5 ik R 2 A S [ 2 4 . AR T
CK, MBS 2 = B A0 BEAY nirk 55 P94 DB Tin i
/N, B P2-B > P1-B > CK-B. H:f P1-B 5 CK-B
ZE TR FE2ZS(P>0.05), {H P2-B A0 ¥ #) nirk
FENE DR 29 CK-B 1 167% , 153 8 %K
F[P<0.05, Bl1(a)]. 5 CK-B #It, P1-B 1Y
nirS FEPRPE DL TC i £ 224k (P > 0. 05) , {HJE P2-
B ALY nirS FEH FE R CK-B 2 2 [KE 1
(b) 1. AREIEEAFERPE L AH L, P2-R B9 nirK F
B, HORJE CK-R FI P1-R, {H P2-R 5 CK-R LA
K CK-R # PI-R ZRI¥ LR EZEF(P>0.05). 5
nirK AN[A), PL-R A9 nirS £E 5 CK-R LREER
(P>0.05), {H P2-R ¥ nirS FJF2 CK-R 19 3 {54
F[P<0.05, B 1(b)]. HSHAEMPRHELL, KRR
AR 3 CK MR BR + B AR S 1 nirk 5, HAE
TRBE RSB ST, ARBRANAEAR PR 2 7] G i 2% 22 5+
(P>0.05). 5 nirk A6, 7EAKBEAT CK AbFEHAR >
PRAFEARER nirS BFERETCRE 2257 (P >0.05) , {HTE
ERTEA B R ARBR t nirS PR HE LB IR BRI
2.46 5. LIRS AL ULIITE SR AR T ARBRIATE XS &

0 Lp ik R nin S RO B R,
R TS S M L

nirS FREEM N EHURR. AL, nirK F nirS B2 25 5
Olsen-P MG/ BT s (3R 3) , AERMRPRIE 2
EMRPR A, nirS LR BT Olsen-P (AH MR
BET K, nirK F nirS 7ERRBR A0 19 A 56 R 505
S 0.273(P >0.05) F10.519(P >0.05) , {EIFARER
R AASE R M 0.791 (P <0.01) F110.919( P
<0.001) , FE—E UL nirS Fife 2 5 % 4 SRk Uk i
145 A 1 B AR,
F3 HHENLERS nirk T nirs BEEEN
Pearson 18X Z %"
Table 3  Pearson’s correlation coefficients for the relationships
between nutrient concentrations and the abundance of nirkK

and nirS in rhizosphere and bulk paddy soils

nirK nirS
iH = - - —
MR LR BR it LR PR
Olsen-P 0.273 0.791 " 0.519 0.919 ™
DOC -0.591°" -0.444 -0.650* -=0.399
NH," -N -0.571 0.113 -0.670" 0. 136
NO; -N 0. 535 0. 499 0.411 0.387

1) * F/R P<0.05; * * /R P<0.01

2.3 & nirK AV nirS FORS AN AR R ES AR AL
nirK F nirS 45 %L F 5 53 5] 41894 856 F1881 424
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Table 4  High- lhroughpul sequencmg and a-diversity index of nirk and nirS glenes

5 4151 arioilecA : Jo s e 4
ol ﬁa&f?ﬂéﬂ; %.Sobs™ Chao/ v , Shanpon Simpsons
o (;K' R I 326432230 b) /[ 108dom 153.92£6F ab ol 2.28 40,27 ab 0.20 0.0
CPIR L 3527455042 b ‘9/1‘3‘938 a 159.04 +18.5( ab | 2.35 0,18 a 0.19:40.05a =
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