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Influence of the Invasive Plant Mikania micrantha on Major Soil
Greenhouse Gas Emissions: Fungal-dominated N>O Emissions and Low
CO:-Equivalent Characteristics

ZHOU Weijun, MA Yao, ZHOU Qimeng, WANG Xiaomin, YANG Xue, LI Weihua"

(Guangdong Province Key Laboratory of Biotechnology for Plant Development, School of Life Sciences, South China Normal University, Guangzhou 510631,

China)

Abstract: To reveal the impact of plant growth on soil N>O and CO; emissions, a combined field and pot experi-
ment was conducted to study the soil greenhouse gas emissions of Mikania micrantha and its competing plants,
Pueraria lobata var. thomsonii and Ipomoea batatas. The results showed that the CO; equivalent emissions from
the soil where M. micrantha grew were significantly lower than those from the soil where P. lobata var. thomsonii
and [. batatas grew, indicating a lower greenhouse effect potential. The relative contribution of fungi to N>O
emissions (79.3%) was significantly higher than that of bacteria (58.1%). The random forest model revealed that
total soil nitrogen (TN), nitrate nitrogen (NO3;-N), and ammonium nitrogen (NH4"-N) were the core driving
factors of greenhouse gas emissions (explaining more than 11%), and were significantly positively correlated with
CO; equivalent emissions (R*=0.49-0.82). The greenhouse gas emission effect of the soil where M. micrantha
grows is closely related to the choice of control species. Compared with the local plants P. lobata var. thomsonii
and 1. batatas, the soil where M. micrantha grows shows a lower greenhouse effect potential, which may be

related to the different nitrogen utilization strategies and nitrogen cycling microbial community regulation
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mechanisms of different plants. This provides an important reference for the assessment of the ecological effects

of invasive plants, but further validation is needed by combining more species and long-term observations.

Key words: Mikania micrantha; Greenhouse gas emissions; Microbial community regulation; Nitrogen cycle
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Fig. 1 N,O concentrations from soils grown Mikania micrantha and Pueraria lobata in field experiment
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Table 1 Changes in soil nitrogen and organic carbon contents of three species after 6-month cultivation
o
BB AL TS At IR ay
Physicochemical property Baseline Mikania micrantha . Ipomoea batatas
var. thomsonii
S5 Total nitrogen (g/kg) 1.01£0.02a 0.78+0.01c¢ 0.87+0.01b 0.73+£0.01d
B A% # & Ammonium nitrogen (mg/kg) 42.65+1.07a 30.28+1.69b 43.01+1.37a 30.9442.20b
A% & = Nitrate nitrogen (mg/kg) 50.26+0.60a 44.46+1.34b 50.61+2.18a 39.77+0.71¢
TAEY) AR A Microbial biomass nitrogen (mg/kg) 24.39+0.72¢ 39.55+2.87b 44.47+2.97a 37.49+2.75b
A WAk Organic carbon (g/kg) 48.76+1.11b 46.79+1.33b 51.40+1.52a 44.64+1.38¢c

n=4; [FATHHE )5 A 5 B3R /R Duncan K522 7 2 (P<0.05).

n=4; Data followed different letters at the same line indicate significant difference at 0.05 level by Duncan-test.
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Fig. 2 Effects of bacteria and fungi on N,O and CO: emissions from soils cultivated with three species under bacteriostatic condition. Mm: Mikania

micrantha; Pl: Pueraria lobata var. thomsonii; Ib: Ipomoea batatas; T: Total; F: Fungi; B: Bacteria; O: Others. Different letters upon column indicate significant

difference at 0.05 level by Duncan-test. The same below
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species under bacteriostatic condition. n=4; ***: P<0.001, ns: No signi-
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Fig. 5 Random forest and linear regression analyses of the effects of soil nitrogen and organic carbon on CO, equivalent emissions under bacteriostatic

condition. TN: Total nitrogen; OC: Organic carbon; MBN: Microbial biomass nitrogen.

SRMBEEILF MR T COr HEA R M 35.3%,
R COr HE R Z, ENE T RiE
AR R AR T I = AR PR AR, it
FAEKLEAR. HEER. AR S ERSREE
FH A, XN R A i MR S A R
BRUE E RO TIOR8, JF HAAE YA 3R 3h
A ILEE L R R B b, BRI S

AR Rt 7 A A AR ST, i H s
B, TGS TR A T 0 SR AL R .
BER TR A [ I 3 X R AR I CO,
JBe A i ffe AR AR P I A AT ol A AR
PECY, - Sl hn g A HUBR 73 i S FLRR IR (0 R
L FERY, X5 CO BESE K AR IEA K
—H, ERERR, REAI R =T



54 1

Jil BAREE: NZAEYIRRH 56 5x 3 1 R AR HER A . B % N2O HESC S IR CO2 4L 443

A S () B TR R AN 9.46%, (H i i i %
C/N 2t i b g ma i A AR T 2B Bk
ZEARABIE T NAZ A A 06 SR T ) I, =5 35508 1R A% Gt A
FNBSY, NAZAE A B 2 S HEROR R T R R R A
FREPESFMAEEZE R FEARE T, $0H % B %=
HNIER BB TR EMLE, X fe5 IR
R SRS RN BB 3 51 NoO HEUL A 26 . SR,
X TEEHE, RRIT NN T 2 A
ol RN A DL A TR PPAl AR A A I SRR, o

R FRAATTE L TR — s h e
RN et HE BARCEY = A I ER, HoR
BE 58 4 X 7 1 5 40 1A 19 22 ELAE B R IR = SR HE
IR, R ARSI i IR T R S H AR
BAFAEZE S, MY A KRR R i =2
TR AR E IS TR AR R 5056, R AE S BTy
BNAS A X HEROE = 1K AR o

gr b, AR REY, HH%EKLTECO,
M HE R A AR PR 55 RN 25 53 I B A 39.34%~
65.44%; TCH 46 4 K IR ETE NoO HERAH X DTk
(79.3%) K T 41 (58.1%); T IR KL E =S MHE
FIAZ O IR S R T, fRRE T 35.3%011 CO» A8 55
NAZHE W) ) il 2 SR TBOSURE TR XS R 42 Folt 1) 328 %
MAFTEZE 5 FCH % M HEBUE E R T 8 fa s,
BRI UE A E . A T 4h R X I &
BE R NRHEY) PSR S PGSR AE T B &1k
WG A PR HELE

S5 3R

[1] IPCC. Climate Change 2021: The Physical Science Basis: Working
Group I Contribution to the 6th Assessment Report of the Intergovernmental
Panel on Climate Change [M]. Cambridge: Cambridge University
Press, 2021.

[2] ALSINA M M, FANTON-BORGES A C, SMART D R. Spatiotem-
poral variation of event related N,O and CH4 emissions during ferti-
gation in a California almond orchard [J]. Ecosphere, 2013, 4(1): 1-21.
doi: 10.1890/ES12-00236.1.

[3] LIUH, ZHAO P, LIN Y B, et al. CH4 and N,O fluxes from soil surface
of 2 land use in a hilly area of south China [J]. J Trop Subtrop Bot,
2008, 16(4): 304-314. [XIF, BV, MokiR, 5. HEp KX 2 it
MR 75 30T bR CHy A N,O S A [0]. i W HGH AR F4R,
2008, 16(4): 304-314. doi: 10.3969/.issn.1005-3395.2008.4.1936.]

[4] XIAO X, DELGADO-BAQUERIZO M, SHEN H Y, et al. Microbial

interactions related to N,O emissions and temperature sensitivity from

rice paddy fields [J]. mBio, 2023, 14(1): €0326222. doi: 10.1128/mbio.
03262-22.

[5] BAIS HP, WEIR T L, PERRY L G, et al. The role of root exudates in
rhizosphere interactions with plants and other organisms [J]. Annu Rev
Plant Biol, 2006, 57(1): 233-266. doi: 10.1146/annurev.arplant.57.032
905.105159.

[6] REX D, CLOUGH T J, RICHARDS K G, et al. Impact of nitrogen
compounds on fungal and bacterial contributions to codenitrification in
a pasture soil [J]. Sci Rep, 2019, 9(1): 13371. doi: 10.1038/s41598-
019-49989-y.

[7] SUNF, OU QJ, YU H X, et al. The invasive plant Mikania micrantha
affects the soil foodweb and plant-soil nutrient contents in orchards [J].
Soil Biol Biochem, 2019, 139: 107630. doi: 10.1016/j.s0ilbio.2019.
107630.

[8] PORTIER E, SILVER W L, YANG W H. Invasive perennial forb
effects on gross soil nitrogen cycling and nitrous oxide fluxes depend
on phenology [J]. Ecology, 2019, 100(7): €02716. doi: 10.1002/ecy.
2716.

[91 GAO Z L, GUO Y Q, ZOU J W. Effect of invasive plants (Conyza
sumatrenss and Alternanthera philoxeroides) on soil carbon and
nitrogen processes [J]. ] Agro-Environ Sci, 2011, 30(4): 797-805. [
How, DM, ARERSC. AMRIEMAKAE AR TR T HE R X
A IEMIEM (1] RIRBRLE SR, 2011, 30(4): 797-805.]

[10] SHEN S C, XU G F, CLEMENTS D R, et al. Suppression of repro-
ductive characteristics of the invasive plant Mikania micrantha by
sweet potato competition [J]. BMC Ecol, 2016, 16(1): 30. doi: 10.1186/
$12898-016-0085-9.

[11] DONG W T, ZHU Y Y, CHANG H Z, et al. An SHR-SCR module
specifies legume cortical cell fate to enable nodulation [J]. Nature,
2021, 589(7843): 586-590. doi: 10.1038/s41586-020-3016-z.

[12] YU H X, YUE M F, WANG C, et al. Priority effects and competition
by a native species inhibit an invasive species and may assist restoration
[J]. Ecol Evol, 2020, 10(23): 13355-13369. doi: 10.1002/ece3.6938.

[13] SHEN S C, XU G F, CLEMENTS D R, et al. Suppression of the
invasive plant mile-a-minute (Mikania micrantha) by local crop sweet
potato ([pomoea batatas) by means of higher growth rate and compe-
tition for soil nutrients [J]. BMC Ecol, 2015, 15(1): 1. doi: 10.1186/
$12898-014-0033-5.

[14] LUO X L, LIU J, WANG Q, et al. Temporal and spatial changes in pH
and organic matter and their influencing factors in soils with various
land use types in Guangdong Province since 2016 [J]. Ecol Environ Sci,
2024, 33(12): 1849-1861. [B/NFs, X%, T, % 2016 4Lk
FRAR NI - SR 28 358 pH AN LB I 23 2 10 S FLRE AR 343



444 Hh TR R 4R

34 %

Br [0 AEASIREEEA, 2024, 33(12): 1849-1861. doi: 10.16258/j.cnki.
1674-5906.2024.12.003.]

[15] HEROLD M B, BAGGS E M, DANIELL T J. Fungal and bacterial
denitrification are differently affected by long-term pH amendment and
cultivation of arable soil [J]. Soil Biol Biochem, 2012, 54: 25-35. doi:
10.1016/j.50ilbi0.2012.04.031.

[16] LIU S, WANG C K, XU F. Soil effluxes of carbon dioxide, methane
and nitrous oxide during non-growing season for four temperate forests
in northeastern China [J]. Acta Ecol Sin, 2010, 30(15): 4075-4084. [XI
S, EALTE, VK4 PR ARAMIEA K IR AR BRI
LW REE [J]. £, 2010, 30(15): 4075-4084. doi: 10.20103/
j.stxb.2010.15.014.]

[17] ZHANG W, MO J M, FANG Y T, et al. Effects of nitrogen deposition
on the greenhouse gas fluxes from forest soils [J]. Acta Ecol Sin, 2008,
28(5): 2309-2319. [7k)h, UL, 7B, 5. BUTREX RRL1E
FEREAAGEE R (7] A2, 2008, 28(5): 2309-2319.
doi: 10.1016/S1872-2032(08)60047-5.]

[18] VANCE E D, BROOKES P C, JENKINSON D S. An extraction
method for measuring soil microbial biomass C [J]. Soil Biol Biochem,
1987, 19(6): 703-707. doi: 10.1016/0038-0717(87)90052-6.

[191 BAO S D. Soil and Agricultural Chemistry Analysis [M]. 3rd ed.
Beijing: China Agriculture Press, 2000: 30-56. [fifi+-H.. +3#R{k4
Hr M. 53 AR dbat: s ERO R A, 2000: 30-56.]

[20] VOB L, HEINEMANN K J, HERDE M, et al. Enzymes and cellular
interplay required for flux of fixed nitrogen to ureides in bean nodules [J].
Nat Commun, 2022, 13(1): 5331. doi: 10.1038/s41467-022-33005-5.

[21] VAN DER PUTTEN W H. Impacts of soil microbial communities on
exotic plant invasions [J]. Trends Ecol Evol, 2010, 25(9): 512-519. doi:
10.1016/j.tree.2010.06.006.

[22] SHEN S C, XU G F, MA G Z, et al. Sweet potato (lpomoea batatas)
and hyacinth bean (Lablab purpureus) in combination provide greater
suppression of mile-a-minute (Mikania micrantha) than either crop
alone [J]. Front Plant Sci, 2023, 14: 1070674. doi: 10.3389/fpls.2023.
1070674.

[23] LI J Q, MENG B, YANG X C, et al. Suppression of AMF accelerates
N,O emission by altering soil bacterial community and genes abun-
dance under varied precipitation conditions in a semiarid grassland [J].
Front Microbiol, 2022, 13: 961969. doi: 10.3389/fmicb.2022.961969.

[24] YAO Y Z, SONG Y T, SU P J, et al. Asymmetric responses of func-
tional microbes in methane and nitrous oxide emissions to plant

invasion: A meta-analysis [J]. Soil Biol Biochem, 2023, 178: 108931.

doi: 10.1016/j.s0i1bi0.2022.108931.

[25] WANG T T, CAO X X, CHEN M M, et al. Effects of soil acidification
on bacterial and fungal communities in the Jiaodong Peninsula, northern
China [J]. Agronomy, 2022, 12(4): 927. doi: 10.3390/agronomy120
40927.

[26] ZHU T B, MENG T Z, ZHANG J B, et al. Fungi-dominant hetero-
trophic nitrification in a subtropical forest soil of China [J]. J Soil
Sedim, 2015, 15(3): 705-709. doi: 10.1007/s11368-014-1048-4.

[27] EHRENFELD J G. Effects of exotic plant invasions on soil nutrient
cycling processes [J]. Ecosystems, 2003, 6(6): 503-523.

[28] WANG W J, ZHU Q Y, DAI S Y, et al. Effects of Solidago canadensis
L. on mineralization-immobilization turnover enhance its nitrogen
competitiveness and invasiveness [J]. Sci Total Environ, 2023, 882:
163641. doi: 10.1016/j.scitotenv.2023.163641.

[29] L1J, HE J Z, LIU M, et al. Invasive plant competitivity is mediated by
nitrogen use strategies and rhizosphere microbiome [J]. Soil Biol
Biochem, 2024, 192: 109361. doi: 10.1016/j.s0ilbi0.2024.109361.

[30] LIU M H, WEI Y Q, LIAN L, et al. Discovering the role of fairy ring
fungi in accelerating nitrogen cycling to promote plant productivity in
grasslands [J]. Soil Biol Biochem, 2024, 199: 109595. doi: 10.1016/j.
50i1bi0.2024.109595.

[31] LIU Y, CHEN Q M, WANG Z X, et al. Nitrogen addition alleviates
microbial nitrogen limitations and promotes soil respiration in a subal-
pine coniferous forest [J]. Forests, 2019, 10(11): 1038. doi: 10.3390/
f10111038.

[32] ZENG W J, WANG Z D, CHEN X Y, et al. Nitrogen deficiency
accelerates soil organic carbon decomposition in temperate degraded
grasslands [J]. Sci Total Environ, 2023, 881: 163424. doi: 10.1016/j.
scitotenv.2023.163424.

[33] NI B, ZHANG W, XU X C, et al. Exponential relationship between
N>O emission and fertilizer nitrogen input and mechanisms for improving
fertilizer nitrogen efficiency under intensive plastic-shed vegetable
production in China: A systematic analysis [J]. Agric Ecosyst Environ,
2021, 312: 107353. doi: 10.1016/j.agee.2021.107353.

[34] DAVIDSON E A, JANSSENS I A. Temperature sensitivity of soil
carbon decomposition and feedbacks to climate change [J]. Nature,
2006, 440(7081): 165-173. doi: 10.1038/nature04514.

[35] BEYENE B B, LI J J, YUAN J J, et al. Climatic zone effects of
non-native plant invasion on CHy and N,O emissions from natural
wetland ecosystems [J]. Sci Total Environ, 2024, 906: 167855. doi: 10.

1016/j.scitotenv.2023.167855.



