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Abstract: [ Objective ]Soil denitrification potential (SDP) is generally higher in paddy field than in upland field. However, as the
effect of fertilization on SDP in paddy field and upland field varies with climatic and soil type, accuracy of its assessment is often
affected by external conditions. [ Method ] In this study, two adjacent fields, one paddy field and one upland field, both derived
from the same parent material of Quaternary red clay, in a long-term field experiment were selected for exploration of effect of
fertilization regime on SDP and its association with abundances of functional genes (narG, nirS, nirK, and nosZ) and community
composition of nirS-type denitrifiers with the aid of in-lab incubation, real-time quantitative polymerase chain reaction (qPCR),
and high-throughput sequencing technology. [ Result ] In the paddy field, compared with Treatment NPK, Treatment NP and PK
was significantly or 33.01% and 23.57%, respectively, higher in SDP, while Treatment NK was 35.76% lower in SDP. The effects
of Treatments NP and NK were related to the abundance of nirS gene, and the changes in content of soil available P (AP) and N :
P ratio, while that of Treatment PK was associated with the community composition of nirS-type denitrifiers (Azospira sp.
NC3H-14). In the upland field, compared with Treatment NPK, Treatment NP, NK and P was 13.94%, 26.51%, and 25.41%,
respectively, higher in SDP. The effects of Treatments NK and P were significantly related to the abundance of narG gene and of
nirS-type denitrifiers (Azospira sp. NC3H-14 and Ideonella sp. NC3L-43b for NK treatment; Azospira sp. NC3H-14,
Rhodanobacter sp. D206a, Rubrivivax gelatinosus for P treatment). The content of amorphous iron oxide (Feo) was probably the
main factor affecting the abundance of narG gene. [ Conclusion ] The above listed findings indicate that planting system affects
the effect of fertilization on SDP. The variation of SDP in paddy field is mainly attributed to nirS-type denitrifiers, while that in
upland field primarily to the abundance of functional gene and the community compostion of nirS-type denitrifiers.

Key words: Paddy field; Upland field; Soil denitrification potential; Functional genes; Community composition of nirS-type

denitrifiers
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Fig. 1 Soil denitrification potential in the paddy field (a) and upland (b ) relative to fertilization regime
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Fig. 2 Abundances of narG, nirS, nirK and nosZ genes in the paddy field and upland field relative to fertilization regime
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Table 2 Spearman’s correlations analysis of SDPs of the paddy field and upland field with functional genes
JKH Paddy field Ui Upland field
i H Item
narG nirS nirk nosZ narG nirS nirk nosZ
SDP 0.252 0.783" 0.531 0.217 0.592° -0.035 -0.524 -0.049
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Table 3 PERMANOVA analysis of community composition of
nirS-type denitrifier in the paddy filed and upland

L N B3] KM Paddy field 5.4 Upland field
AEEREZES (£ 3); M EHME, X NP4 ; , ; B
PR nirS-TURCRHAC AN A TS 2 AS NPK Ab 3 H]

e N e NPK vs. NP 1.77 0.846 3.70 0.270
BFEXS, NK AP AL 5 NPK Kb F [H] 35 17 45 it 3% v
NPK vs. NK 1.66 1.000 6.98 0.018
%5 (P<0.05). "
HE— 25 3R I J L1 R L 43 7 A I G S A ] NPRvs. P 692 0.018 - -
nirS TR LB RG22 52 . Z5SRRI, fEK T, NPKwP - o 10 oo
a) NP vs. NPK 8 - b)NK vs. NPK ¢) PK vs. NPK ® Enriched: 1
al 4l o Depleted: 11
L]
4L
ok
ok
0F o o
4L 000
-4 -4} o
1 1 1 | 1 1 1 ] ,8 Il L L ]
g 4 0 4 8 12 4 0 4 8 12 -4 0 4 8 12
=1

s d) NP vs. NPK 8re)NKvs.NPK o Enriched:3 | f)Pvs.NPK  ® Enriched: 72

) o Depleted: 1 8T oo © Depleted: 83

o 4+ ,00 v 1

ooo 4r 4+ 40"
3 ° ) y O
0 0k 0k
c % o
-4 -4+ ° A4 %% go iso%o
-8l Q’o ooo
1 Il 1 ] _8 1 1 1 I 1 1 1 1
-4 0 4 8 12 -4 0 4 8 12 -4 0 4 8 12

Log2 average abundance

e BARERFEERYR, KOSRRBEEBYR, SO08REBRERYF. (a). (b). (c) /S HEKH NP, NK, PK 5
NPK XL, (d), (e). (£) 433 240 54 NP, NK ., P 55 NPK X} [t Note: Black point represents OTUs enriched, gray point represents
OTUs depleted, and the hollow point represents the stable OTUs. (a ), (b), and ( ¢ ) stands for NP vs. NPK, NK vs. NPK, and PK vs. NPK
in the paddy field, respectively. (d), (e), and (f) are NP vs. NPK, NK vs. NPK, and P vs. NPK in the upland field, respectively.

B3 KRR T K HF R4 OTU 7K nirS-BY 2 Gl A 20 18 25 5 P Fh
Fig. 3 Volcano plots showing enrichment ( black ) and depletion ( gray ) of nirS-type denitrifiers at the OTU level in the paddy field and upland

relative to treatment
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PHIE] Y = 222 3R P A SR rh B W i R R Y 72
™~ OTUs, EAFEZIAIN Azospira sp. NC3H-14
Rhodanobacter sp. D206a Fl Rubrivivax gelatinosus
(& 3f),

3 3 ®

3.1 JkEFEH SDP SEEEREMNX R

S A AL D BE 3 R 3 B X5 SDP 5% M — B LUK AT
AR E M. ARFNH R Re R S
SDP ¥ A EE MR, A W48 st oh g
BN E AR LR W E R SDPI Pl AHE 5 E i
Spearman MO Hr A A MK SDP 22465 nirS
FEDN P i E IEA L (7=0.7837), TS5 narG. nirk
N nosZ FEHRF A BEMEHE (£ 2), X5%
v FCR BT 25 SR — B, HRgT 45 SR R it e
KM SDP 284k 5 nirs FER EEA K. 5 NPK
AbEAHEL, NP AMEEE R T nirS 3L 3B
SDP, 1fif NK b B[R] FEAS T nirS K 322 F1 SDP,
R gE R R, 5 NPK ZbFEAHLL, NP AZRFERT NK
AL PRIY SDP 225+ 5 nirS FEH F BB A & 115
T 0 A Wy i SRR ) LA AR N/P,
Bl A ) T 2% 5 % B0 BRI P . Mori 2 PO R
Hartman F1 Richardson®'i 1 % i a1 39 52 hid fk. 1
WFoE B, H4E AP & A9 R ] LAJE o - A
IR A e A, DA 4R v 9 S g kR
R, Wei st R B, @it o 3 /P A
N/P, W] LI 2 45 g SR Ay g BRI = B o R a4 D
NP Ab# H 5 1) AP 7 2 LA SCBEAIR Y N/P AT RE S5
8 nirS FEH FRERYIE N, 0L SDP 35 & TF- i it
JEE NPK. 1fif NK AP HARAYT AP & it DL R Y
N/P W REREAR T nirS ZERFFE, MIMAIGES NK 4b
PR SDP A7 56 (1),

EKHARR, ARG, 51 SDP 41k
Y narG JEHERE BFIEHE (7=0.592") (£ 2),
X5 Dong P MFsT A RARE MM, HAFE KB
narG FEHFERE B E LN E K-/ PDEESRZFET N0
AIHERC . 5 NPK ZRBEAREL, PR NK Ab B[R] A 42
T narG FERFEFEF SDP, £ narG FFH =F FH)AE
1k P Al NK AbBEEY SDP 22 554 Ko ANl AR A2

T, NPK il NP 4b¥Hf) Feo & &M & 55T NK 1 P
AbBE . Feo JKEAAXT I BH B 14 W5 B BIR A sz oy s ot
AR, Bl SOC WA R, MIMFEAR narG
PIEREECS, MK, NK AP ARFR AR AY Feo MTfE
S narG FEP B % 5 T NPK Ab#, AIfiff P
I NK 4hBEEA #5189 SDP.

3.2 KHEFEHMENE SDP 5 nirS-B KELMAE

TEK W, Azospira sp. NC3H-14 & PK Hl NPK
Qb BRTA) FLAT 25 22 S A0 SR AR T 0, T NP AT NKC
AbFES NPK A B8] S il A 20 T R Vi 28 ) A 22
5t (K 3¢ ). Azospira W& ANBEF ARG, B
AIA A PLR . ARG i, AR ERE N
At T2 AR Li U R B, 5 NPK AL,
AP S 2 IR DL EE AL, HLR oA RO
Fe oy S A s e R B, PKOEAE AT
RS 1 1 A ALK 45 4 i L B8 25 5 9k Azospira
NC3H-14 FIH, WMi#E T Azospira sp. NC3H-14 f
FRE, IS T PKIEAL ) SDP,

R, 5 NPK ARBEAHLL, NK 4b 3
Azospira sp. NC3H-14 il Ideonella sp. NC3L-43b F
BET g, I P AN Azospira sp. NC3H-14 .
Rhodanobacter sp. D206a F1 Rubrivivax gelatinosus
BAEKFRE (K 3), AOF5RERY, fEREFNT
™, Rubrivivax gelatinosus T VL3 15 K5 VAl iR £ 14 J
A Ny R AR SDPY . 134 I Al Ak 41 B = B 14 38 Jn
55 NK K P A3 525 0028 nirS-7 52 G A 240 TR R 41
WA (% 3), BEmifee NK AP AR BEAY SDP, 7
Hi NP 4b3 SDP 472 Ak 5 A58 I € 19 D RE AL P =
JERN nirS-BYRAEAL AR TR 2H I TEOC, X AT e HA
ARBFFEARME W SEBA K, e, SR
P2 JH ¥ SDP AR b i & 2 R N e,
Chee-Sanford 26195y R PL, JE4ESH1ME nosz B
(Clade I nosZ) BHFFFYEY IR nosZ ALY
TEASRG CRplle B3Erh ) SERA . Wik,
JERE A nosz BRI AEK H | S A [F) g LR AT
e X SDP A AFRR I . MADIF R nosZ
Ry M5 1 Tevk ROV AER P nosZ UK A
AWy BRI, 2K AT R SDP ARk i AL EAE
it — LRI
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e 59 &

4 45

T ) LA A () - BB BT RN A A SR A T YK
A1 54 SDP 240 & B, 5% HP- i NPK AH
I, JKH NP Al PK Ab#Hf) SDP 425, 1 NK
b3 SEREAR, o NP ORI NK (1) SDP 8L 2 5
nirS FEH FEEAEAOC, T PK ALBREL S ) SDP 5
JAHAL AN TE Azospira sp. NC3H-14 B 3 JEHE A % ;
iME S, NP, NK, PAREEAY SDP 24 @ 5,
b NK AP AbEEEY SDP b narG L1
EIEASC, [FIAY 5 NK A S S AL A T Azospira sp.
NC3H-14 Fll Ideonella sp. NC3L-43b =E i Il Z 41,
P Ab ¥ Azospira sp. NC3H-14, Rhodanobacter sp.
D206a F1 Rubrivivax gelatinosus 3= & i, 2 B4 A 5
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