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Abstract: [Objective] Nitrous oxide (N,O)-reducing microbes are the only known microbial group
capable of eliminating N,O. The abundance, diversity, community structure, and influencing
factors of their functional gene (nosZ) are critical for N,O removal. Cunninghamia lanceolata is a
widely planted timber species in southern China, and its rhizosphere represents a hotspot for both
N,O production and reduction. However, the spatial distribution pattern of nosZ I genes and their
driving factors in the rhizosphere soils of C. lanceolata plantations remain unclear.[Methods] We
investigated the rhizosphere soils of C. lanceolata plantations from five state-owned forest farms—
Qiujiashan, Wuyi, Guanzhuang, Xiayang, and Xiapu—in Fujian Province. Quantitative PCR and
amplicon sequencing were employed to analyze the abundance, diversity, and community structure
of nosZ 1 genes and to identify their key environmental drivers.[Results] Dissolved organic carbon
concentrations in rhizosphere soils ranged from 6.91 mg/kg to 23.52 mg/kg, being significantly
lower in Guanzhuang and Xiayang than in Wuyi, Qiujiashan, and Xiapu. The nosZ 1 gene
abundance ranged from 4.76x10° copies/g to 36.50x10° copies/g, reaching 36.50x10° copies/g and
29.08x10° copies/g in Guanzhuang and Xiayang, respectively, which significantly exceeded those
in Qiujiashan, Wuyi, and Xiapu. Dissolved organic carbon emerged as the primary driver of nosZ 1
gene abundance, which implied that low dissolved organic carbon may promote the proliferation of
N,O-reducing bacteria. The Shannon index of nosZ I genes ranged from 4.41 to 5.67, being
significantly higher in Xiayang than in Wuyi and Xiapu and the lowest in Xiapu. Total carbon was
the key factor affecting the Shannon index. The nosZ I community structures in Qiujiashan,
Guanzhuang, and Xiapu were similar, whereas that of Xiayang was significantly different from the
others. Soil pH was identified as the main driver of community structure, and Xiayang had a
significantly higher pH than the other sites. The dominant bacterial class in the rhizosphere soils of

P4 actamicro@im.ac.cn, 7 010-64807516



AR | MR, 2025, 65(12) 5471

all five forest farms was Gammaproteobacteria. Xiayang had significantly lower relative

abundance of Gammaproteobacteria but significantly higher relative abundance of
Alphaproteobacteria than other farms. [Conclusion] Soil carbon content and pH are key
environmental factors regulating the abundance, diversity, and community structure of N,O-
reducing bacteria in the rhizosphere soils of C. lanceolata plantations, potentially influencing N,O
removal and mitigation potential. Therefore, the management strategies for C. lanceolata

plantations should consider regulating soil carbon content and pH to optimize N,O mitigation

effects and alleviate global climate change.

Keywords: Cunninghamia lanceolata; nosZ 1 gene; abundance; community structure
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Table 1 Basic information of different forest farms

LS ARV AP Tk i 235 3

Forest farm Mean annual Mean annual Altitude (m) Latitude (N) Longitude (E)

temperature (°C) precipitation (mm)

Ti— Wuyi 17.98 1 592.00 376.00 25°08’ 117°27'
B¥Z 11 Qiujiashan 19.25 1 565.00 202.50 25°43' 116°54’

B FE Guanzhuang 19.75 1597.00 228.50 26°30' 117°41'

Ik P Xiayang 15.71 1918.00 567.00 26°48' 117°59

I Xiapu 20.08 1266.00 405.19 26°50' 119°55'
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nosZ 1 K& R Y i I FHE VR S5 52 . 2 [BITE
Origin 2022 3K /FH 52 AL

2 ERG599

201 HIEIBUMER

AN IR BRI 22 ) 8 4 S AR o A7 A 3 2%
5 (P<0.05) (% 2). WBH 11 pH K 5.05, W3
mTEHRIL, BE. A—KER. BERILME
B BB & 5 0k 37.93 g/kg Fl 34.85 g/kg,
BERHTH—. BE. W BB A r %
PEA LB & 55354 6.91 mg/kg Al 10.62 mg/kg,
BEMTH—. BRI, Eil. SHNEES
e, 3210 gke, M —MER S ERMK.

R HIREARIBUMR

Table 2 Soil physicochemical properties

(s pH S A PLR 2R BASH A E ARk FIEEK

Forest farm Total carbon Dissolved Total Ammonium Nitrate Auvailable # Soil

(g/kg) organic nitrogen nitrogen nitrogen phosphorus  moisture

carbon (g/kg) (mg/kg) (mg/kg) (mg/kg) content
(mg/kg) (%)

Ti— Wuyi 4.53+0.38b 24.84+2.04b 21.43+5.17a  1.94+0.16¢c 7.13+3.76a 1.51+2.28¢  0.56+0.43d  30.3£3.3b

HZR11Qiujiashan 4.06+0.30c 37.93+10.18a 23.52+5.35a  2.51+0.66b 3.59+2.86b 6.82+4.54ab 3.41+2.61ab 40.6+4.4a

B Guanzhuang 4.20+0.29c 22.60+£3.64b  6.91+2.05b 2.05+£0.27bc 3.44+3.69b 6.63+3.92b  4.04+£3.50a  32.0+3.7b

2 fH Xiayang 5.05+0.22a 20.20+3.21b 10.62+3.43b  2.10+0.36bc 3.69+2.16b 0.21+0.21c  0.94+0.14cd 24.6%l1.1c

B3I Xiapu 4.06+0.16c 34.85t5.46a 21.54+7.31a  3.21£1.00a 2.00+1.29b 9.46+3.84a  2.38+1.06bc 31.0+5.3b

LB Y EAREL (n=12), FFIARR/NG PR 245 8 3 (P<0.05).

Mean+SD (n=12). Different lowercase letters in the same column indicate significant difference at 0.05 level.
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Figure 1

AP: HRLHE; MC: THES/KE,; MAP: W KE; MAT: 4FE¥HE. &~

Copy number of nosZ I gene and random forest analysis with environmental factors in different forest

farms. A: nosZ 1 gene copy number in different forest farms; B: Random forest analysis of nosZ 1 gene copy

number and environmental factors. TC: Total carbon; DOC: Dissolved organic carbon; TN: Total nitrogen; NH,'-

N: Ammonium nitrogen; NO; -N: Nitrate nitrogen; AP: Available phosphorus; MC: Soil moisture content; MAP:

Mean annual precipitation; MAT: Mean annual temperature. Different lowercase letters indicate significant
difference at 0.05 level. *: P<0.05; **: P<0.01. The same below.
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Figure 2 Shannon index and random forest analysis with environmental factors in different forest farms. A:

Shannon index of different forest farms; B: Random forest analysis of Shannon index and environmental factors.
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Figure 3 Spearman correlation coefficients between nosZ 1 gene abundance (A), Shannon index (B), and soil

physicochemical properties of denitrifying microorganisms in soil. *: P<0.05; ***: P<(.001.
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Figure 4  Non-metric multidimensional scaling
(NMDS) analysis of nosZ I gene community structure
in the rhizosphere soil of different Cunninghamia

lanceolata plantations.

=3 TEREUMEDInesZ IREEEEME T
1EIR (L M4 R E) A Mantel 5
Table 3

microorganisms nosZ | gene community structure and

Mantel analysis of soil denitrifying

soil physicochemical properties

TR T R IR FRR 5 W IR SR g

Soil factors Pearson test Spearman test
r P r P

pH 0.390™" 0.001  0.354™" 0.001

Sk 0.019 0367 -0.010 0.530

Total carbon

ATV HLER 0.054 0.144  0.065 0.077

Dissolved organic carbon

e -0.095 0.834 -0.072 0.811

Total nitrogen

BEASA -0.034  0.621 -0.053 0.769

Ammonium nitrogen

[IEESE 0.216™ 0.002  0.180" 0.002

Nitrate nitrogen

PR -0.023  0.580  0.076 0.161

Auvailable phosphorus

5 oy & 0.140° 0.013  0.109" 0.034

Soil moisture content

*: P<0.05; **: P<0.01; ***: P<0.001.
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