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Impacts of different carbon and nitrogen managements on the
structure and function of denitrifier community in a greenhouse
vegetable cropping system
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Abstract: [Objective] Based on a 6-years greenhouse cropping field, the objective of the present
study was to find out the differences of the structure and function of denitrifier community under
different carbon and nitrogen managements. [Methods] We used terminal restriction fragment length
polymorphism (T-RFLP) and denaturing gradient gel electrophoresis (DGGE) methods to analyze the
structure of microbial communities containing nirK/nirS and nosZ, respectively, a robotized
incubation system to measure NO/(NO3; +NO, ) and N,O/(N,O+N,) product ratio and an acetylene
inhibition method to determine denitrification enzyme activity. [Results] Conventional N
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management (CN) significantly changed the structure of denitrifier communities containing nirK and
nosZ and increased the NO/ (NO; +NO, ) and N,O/(N,O+N;) product ratio. nirS-denitrifiers were
less affected by carbon and nitrogen managements. Reduced N (RN) and reduced N plus straw
(RN+S) management had significant changed the denitrifier communities containing nirK and nosZ
and reduced NO/(NO3; +NO; ) and N,O/(N,O+N,) product ratio compared with CN treatment. In
contrast to CN and RN treatments, RN+S significantly increased denitrification enzyme activity.
[Conclusion] Conventional N management significantly changed the structure and function of
denitrifier community, and promoted the formation of NO and N,O. RN and RN+S managements
could form new denitrifier community structure and reduced the risk of NO and N,O emissions. In
addition, straw application promoted potential denitrification rates and reduced the risk of NO;
leaching in greenhouses.
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Table 1 Soil characteristics of 0-20 cm soil layer under different treatments
Treatment . . . N
Organic C (g/kg) Organic N (g/kg) NH4 -N content (pg/g) NOs -N content (ug/g) pH
CK 8.9+£0.5 1.2+0.0 6.1+0.3 22.3+1.3 7.56+0.2
RN 11.1+0.5 1.6+0.1 7.1£0.9 70.6+13.5 7.52+0.0
RN+S 12.3£0.5 1.7+0.2 5.840.2 57.6+9.1 7.52+0.1
CN 12.2+0.3 1.7+0.1 5.7+0.9 107.0+15.5 6.93+0.2
CK CN (],

Note: Data of the soil characteristics under CK and CN treatments from Song et al'¥.
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Figure 1 T-RFLP analyses targeting the functional gene
nirK of denitrifiers under different C and N treatments

(P<0.05).
Note: Different small letters for a dominant species are
significantly different at the 0.05 level.
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Figure 2 T-RFLP analyses targeting the functional gene
nirS of denitrifiers under different C and N treatments
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Figure 3 DGGE analyses targeting the functional gene
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1 2 3 4 5 6 7
8

Note: 1, 2: Control; 3, 4: Reduced N treatment; 5, 6:
Conventional N treatment; 7, 8: Reduced N plus straw (RN+S)
treatment.
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Table 2 Effects of different C and N treatments on the Shannon-Weaver of denitrifier community

nirS nirkK nosZ
Treatment Shannon-Wc_eaver di've?rsity indices of Shannon-Weaver diygrsity indices of Shannon-Weaver divve'rsity indices of
nirS-denitrifiers nirK-denitrifiers nosZ-denitrifiers
CK 1.41+0.18a 1.41+0.02b 2.72+0.01b
RN 1.20+0.54a 1.60+0.01ab 2.92+0.00a
RN+S 1.25+0.06a 1.60+0.14ab 2.62+0.01b
CN 1.30+0.58a 1.68+0.01a 2.44+0.01¢c
(P<0.05).

Note: Different small letters are significantly different at the 0.05 level.
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Figure 4 Effects of different C and N treatments on
denitrification enzyme activities

(P<0.05).

Note: Different small letters are significantly different at the 0.05
level.
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Figure 6 Principal component analysis of communities of nirK (A) and nosZ (B) denitrifiers

3 4

5 6

7 8 A1-25 nosZ-

Note: O: 1, 2: Control; 3, 4: Reduced N treatment; 5, 6: Reduced N plus straw treatment; 7, 8: Conventional N treatment. A 1-25: Bands

of nosZ-denitrifiers.

A
20
S
1.23 bp
3 225 bp Organic C|
pH Y54 b ﬂgamc N
7 214 bpa
o L i
NHN /588 249 bp
Ay
171 bpS NO,-N
<
= y :
'-1.0 1.0

O 1 2

0.6

Organic N

DL SN

| 5
= 26327

| 1
-1.0 1.0

7 nirK (A)#A nosZ (B) & f§ . B B¥LA AL 5 T 1E H FHY CCA 747

Figure 7 Canonical correspondence analysis for communities of nirK (A), nosZ (B) denitrifiers and soil factors
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