Hua et al. Annals of Microbiology (2024) 74:36 Annals of Micro b|o|ogy
https://doi.org/10.1186/513213-024-01781-8

UNIVERSITA
DEGLI STUDI
DI MILANO

Check for
updates

Belowground plant productivity responds
similarly as soil microbial productivity

rather than aboveground plant productivity
to nitrogen deposition in the Eurasian steppe

Bin Hua'?", Junjie Yang®', Zonghao Hu?", Yi Fan?', Huan Gong?, Jing Wang?, Haiyan Liu?, Rong Mao*, Yang Zhang?,
Yong Zhao', Zhiming Zhang'", Haiming Liu®" and Ximei Zhang?®"

Abstract

Purpose It isa central goal in current ecology to investigate the effects of global changes on ecosystem productivity,
which includes above- and below-ground plant productivity as well as soil microbial productivity, but most

studies focus on aboveground plant productivity. As plant and microbial communities have different attributes, it

is intuitive to hypothesize that belowground plant root productivity will respond to global changes more similarly

as aboveground stem/leaf productivity than soil microbial productivity; however, this hypothesis remains largely
unexplored.

Methods Here we conducted a long-term nitrogen deposition experiment in the Eurasian steppe, manipulating nine
rates (0-50 g N-m~2 yr~') at two frequencies under two management strategies (fencing or mowing).

Results Belowground plant productivity was found to respond similarly as soil microbial productivity rather than
aboveground plant productivity, contrary to the hypothesis. And this pattern was more obvious under mowing than
fencing, because mowing decreased soil water content and caused another pressure beyond the decreased pH
induced by N addition.

Conclusions Overall, our results demonstrated the importance of microhabitat (below- or above-ground) relative
to community attribute (plants or microorganisms) in determining productivity response to nitrogen deposition,
emphasizing the necessity to integratively study the response of both above- and below-ground productivities to
global changes.

*Bin Hua, Junjie Yang, Zonghao Hu and Yi Fan contributed equally to
this work.

*Correspondence:
Zhiming Zhang
zhimingzh@henau.edu.cn
Haiming Liu
609477487@gg.com
Ximei Zhang
zhangximei@caas.cn

Full list of author information is available at the end of the article

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0002-0038-5460
http://crossmark.crossref.org/dialog/?doi=10.1186/s13213-024-01781-8&domain=pdf&date_stamp=2024-11-7

Hua et al. Annals of Microbiology (2024) 74:36

Page 2 of 4

Keywords Belowground productivity, Microbial biomass, Nitrogen deposition

Multiple anthropogenic environmental changes such as
climate warming and nitrogen (N) deposition have been
affecting various types of terrestrial ecosystems, and
investigating their influences on ecosystem functions is
a central goal in current ecology (Gamfeldt and Roger
2017). Ecosystem productivity is the most studied func-
tion over the past two to three decades, although other
functions, especially ecosystem multi-functionality, have
also received increasing attention. Ecosystem productiv-
ity is composed of both aboveground and belowground
parts; however, most previous studies quantified only
aboveground plant productivity, while neglected below-
ground plant productivity (that is, the root productiv-
ity) and microbial productivity (Mittelbach et al. 2001).
Although the roots and microorganisms are in the same
belowground microhabitat, the roots and aboveground
stems/leaves have the same biological attribute of plant;
and thus, it is intuitive for us to hypothesize that below-
ground plant productivity will respond more similarly
as aboveground plant productivity than soil microbial
productivity to global changes. However, this hypothesis
remains largely unexplored yet.

To test this hypothesis, we conducted a N deposition
experiment with nine addition rates (0-50 g N m~2 yr™?)
at two addition frequencies (twice or 12 times every year)
under two grassland management strategies (fencing
(un-mowing) or mowing) in a typical steppe ecosystem
of Inner Mongolia of China (see details in Method S1),
which is representative of much of the Eurasian steppe
region floristically and ecologically (Li et al. 1988). In
each year from 2012 to 2014, we quantified aboveground
plant productivity, belowground root productivity as
well as soil microbial productivity (the amount of phos-
pholipid fatty acids; PLFA) for each of 144 plots, and the
average productivity of the three years was used to rep-
resent the productivity of each plot. Each plot was 8 m
%X 8 m in area. We adopted three-way ANOVA to evalu-
ate the effects of grassland management strategy, N addi-
tion frequency, N addition rate, and their interactions
on these productivities, and the effect of N addition fre-
quency was found to be non-significant (P>0.05). Thus,
we neglected its influence in the following analyses.

Pearson correlation analysis showed that under fenc-
ing, as N addition rate increased (transformed by natu-
ral logarithm first, similarly hereinafter), aboveground
plant productivity increased (Fig. 1a), while belowground
plant and microbial productivity both decreased (Fig. 1b,
¢); accordingly, belowground plant productivity showed
a significantly negative correlation with aboveground
plant productivity (P<0.05; Fig. 1d), but a marginally

significant positive correlation with soil microbial pro-
ductivity (P<0.10; Fig. 1f).

The correlations among N addition rate, above- and
below-ground plant productivity, and soil microbial pro-
ductivity under mowing (Fig. 1g-1) were generally similar
to those under fencing (Fig. 1a-f). However, the absolute
values of these correlation coefficients were generally
larger under mowing than under fencing (e.g., ¥=0.877 in
Fig. 1g versus r=0.817 in Fig. 1a). Consistently, the cor-
relation between soil microbial productivity and aboveg-
round plant productivity changed from non-significant
under fencing (P>0.10; Fig. 1e) to significant under mow-
ing (P<0.05; Fig. 1k), and the correlation between soil
microbial productivity and belowground plant produc-
tivity changed from marginally significant under fencing
(P<0.10; Fig. 1f) to significant under mowing (P<0.05;
Fig. 11).

N addition increased soil available N (NH,*-N and
NO;-N) content but decreased soil pH (Fig. 2), with
the former being beneficial to organisms and the latter
being harmful (Zhang et al. 2014). Thus, the positive cor-
relations between aboveground plant productivity and N
addition rate under both fencing and mowing (Fig. 1a, g)
are likely driven by the elevated soil available N content
(Fig. 2a), the negative correlations between belowground
plant productivity and N addition rate under both fenc-
ing and mowing (Fig. 1b, h) should be attributed to the
decreased soil pH (Fig. 2b), and the negative correlations
between soil microbial productivity and N addition rate
(Fig. 1c, i) should also be due to the decreased soil pH
(Fig. 2b). Taken together, it was the decreased soil pH that
caused the positive correlations between belowground
plant productivity and soil microbial productivity (Fig. 1f,
1). In other words, the shared belowground microhabi-
tat drove plant root productivity to respond similarly as
soil microbial productivity to N deposition, which was
in contrast with our hypothesis that the shared plant
attribute would drive belowground root productivity to
respond similarly as aboveground stem/leaf productivity
to N deposition.

While these results demonstrated the critical role of
microhabitat in determining the response of productivity
of different biological groups to N deposition, they also
revealed the other side of the complex organism-envi-
ronment (microhabitat) relationship. In particular, the
contrasting responses of above- and below-ground plant
productivity to N deposition showed their effective adap-
tation strategy. The belowground roots could not escape
the negative influence of decreased soil pH induced
by N addition, and thus, their productivity decreased;
the aboveground stems/leaves did not encounter the
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Fig. 1 Results of Pearson correlations among N addition rate (transformed by natural logarithm first), aboveground plant productivity, belowground
plant productivity, and soil microbial productivity under fencing (a-f) or mowing (g-l)
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Fig. 2 Effect of grassland management strategies on soil physicochemical indices along the N addition gradient. The N addition rate was transformed
by natural logarithm

acidified soil directly, and thus, they selectively enjoyed that mowing caused these relationships to be much
only the beneficial effect of elevated available N content,  closer than fencing, which should be due to that mowing

leading to the increased aboveground productivity.

decreased soil water content relative to fencing (Fig. 2c),

The larger absolute values of these correlation coef- causing another selective pressure to both plants and
ficients under mowing than under fencing (e.g., Fig. 1a  microorganisms, beyond the selective pressure of the
versus Fig. 1g) and the more significant correlations decreased pH. In other words, the double selective pres-
(the smaller Pvalues) under mowing than under fencing  sures strengthened the correlations among N addition
(Fig. 1e versus Fig. 1k, and Fig. 1f versus Fig. 11) meant
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rate, above- and below-ground plant productivity, and
soil microbial productivity.

Overall, this study revealed that belowground plant
productivity responded similarly as soil microbial pro-
ductivity rather than aboveground plant productivity,
contrary to the hypothesis. And thus, these results dem-
onstrated the importance of microhabitat (below- or
above-ground) relative to community attribute (plants or
microorganisms) in determining productivity response to
nitrogen deposition, emphasizing the necessity to inte-
gratively study the responses of both above- and below-
ground productivities to various global changes under
different ecosystem management strategies (Wang et al.
2019).
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