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Effects of Temperature and Nitrogen Addition on Abundance of Denitrifying Functional

Genes in Upland Ultisol

FENG Mengmeng'?, LIN Yongxin'**, FAN Jianbo®, HE Jizheng'~

(1 Cultivation Base of State Key Laboratory for Subtropical Mountain Ecology, Fuzhou 350007, China; 2 School of
Geographical Sciences, Fujian Normal University, Fuzhou 350007, China; 3 Institute of Soil Science, Chinese Academy of
Sciences, Nanjing 210008, China)

Abstract: Investigating how the abundance of denitrifying functional genes nirS, nirK, nosZ I and nosZ Il respond to
temperature and nitrogen addition in upland Ultisol can provide guidance for agricultural nutrient management and environmental
protection in this region. In this study, soils were sampled from a long-term fertilization experiment and used for a microcosm
incubation experiment under the conditions of three nitrogen addition treatments: N 0, 25, and 50 mg/kg, and three temperature
levels at 15, 25, and 35 °C. Soils were incubated in the dark and destructively sampled on days 7 and 30 of incubation. After
sampling, soil DNA was extracted, and the abundances of denitrifying functional genes were determined by real-time quantitative
PCR. Results showed that the abundances of nirS, nirK, nosZ I and nosZ Il genes were the highest at 25 °C after 7-day
incubation. However, after 30-day incubation, the abundances of nirS, nirK, nosZ | and nosZ 1l genes were the highest at 15 'C
and were decreased with increasing temperature. Moreover, nitrogen addition had no significant effect on the abundances of all
the denitrifying functional genes. In addition, three-way ANOVA showed that the interactions of temperature, nitrogen addition
and incubation time significantly influenced the abundances of denitrifying functional genes. Overall, the abundances of
denitrifying functional genes are substantially influenced by temperature but less affected by the nitrogen addition. The
abundances of denitrifying functional genes may vary considerably on both a daily and seasonal basis, and this should be taken
into consideration during soil sampling and nitrous oxide emission measuring.

Key words: Ultisol; Temperature; Nitrogen addition; Denitrifiers
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Table 1  Soil properties of tested soils

Ab3 pH socC DOC TN NH,-N NO;-N AP
a:s (g/kg) (mg/kg) (g/kg) (mg/kg) (mg/kg) (mg/kg)
W HLENE 4.91£0.01 6.62+0.21 11.48 £ 0.57 0.75 £ 0.01 1159 +3.31 10.10£0.36  29.97+2.34

T R REAE R R R P « AR R SOC {RZ MG ML ; DOC (R T H HEA HLEK ; TN ARE A NH,-N [UEREBA; NO,-N

RFREA; AP INEARE

IRFEAT RIS U R 25 1, AR B i b e 57
AR PR K Sy . TEREFREY 7 F0 30 d JEEAE
KRB, FEHREN IR A7E-80 C T T+
2 DNA 21,
1.3 LTIEZ DNA REUANSLR L E & PCR

+ 35 DNA 4£HU# ] FastDNA SPIN Kit for
Soil (MP Biomedicals, Santa Ana, CA, USA)i&#|
&, U BEAEL IR T, NirS. nirK. nosZ1
N nosz 11 BYHEH 4= B2k HE i PCR(qPCR) J %Al
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PEAE S AT Z AT AT IR0 R 25 43 A A SR FH AR
% (Duncan’s test)iff 1722 5 i Z MK K (0=0.05) . RH
OriginPro 2021 #K{4F4: .

2 ZER591h

2.1 REMERMIT nirS 0 nirk EE FEERIRIN
ME T ATRVE W, ARSI+ nirS SR F 5
h 4.29%x10°~ 6.49x10" copies/g. TEHIE 7 d )5, nirS
SR FRETE 25 °C B, A 3.09x107 copies/g;
MIRBE TR E 35 °C W), nirS FERSF-H R 2 AR
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Fig. 1 Effects of temperature and nitrogen addition on abundances of nirK and nirS genes
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Table 2 Three-factor ANOVA of effects of temperature, nitrogen addition and incubation time on abundances of denitrifying functional genes

Qb nirk nirS NosZ 1 nosZ 11
F P F P F P F P

L 6.263 0.005" 6.013 0.006™ 23.522 0.000™" 3.648 0.036"
ERN) | 2.589 0.088 1.266 0.294 16.415 0.000™" 2.592 0.089
KSRt [A] 0.447 0.508 0.157 0.694 2.798 0.103 0.010 0.921
L < B IR N 2.088 0.103 2.654 0.049" 8.560 0.000™" 1.910 0.130
TRLE < 3 28] 7.183 0.002" 7.364 0.002" 26.657 0.000™" 6.184 0.005"
RIS FG TR 1] 4.166 0.024" 3.727 0.034" 1.586 0.219 0.513 0.603
TRLEE < S I < 55 37 B[] 3.803 0.001" 2.986 0.032" 10.636 0.000™" 3.983 0.009™

: FFIRAE P<0.05 AP F3gm 3, **FIRTE P<0.01 AKF F3gm i3, ***F/R7E P<0.001 /KF Lsgim 3% .
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Fig. 2 Effects of temperature and nitrogen addition on abundances of nosZ I and nosZ 11 genes
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Fig.3 Conceptual diagram illustrating effects of temperature and nitrogen addition on abundances of denitrifying functional genes
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