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Microbial community and functional prediction during the processing of salt
production in a 1000-year-old marine solar saltern of South China
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HIGHLIGHTS GRAPHICAL ABSTRACT

Mud solarization and brine crystallization
on basalt platforms are two key steps of
traditional techniques.

The richness and diversity of bacterial and
fungal communities changed dramatically
during salt-making processes.

The traditional salt-making techniques se-
lected and maintained highly specialized
microorganisms.

Seawater Mud Brine Solar

storage solarization concentrating crystallization
ARTICLE INFO ABSTRACT
Article history: In Hainan Island, South China, a 1000-year-old marine saltern has been identified as an intangible cultural heritage
Received 21 October 2021 due to its historical complicated salt-making techniques, whereas the knowledge about this saltern is extremely lim-

Received in revised form 15 November 2021
Accepted 23 November 2021
Available online xxxx

ited. Herein, DNA sequencing and biochemical technologies were applied to determine bacterial and fungal commu-
nities of this saltern and their possible functions during four stages of salt-making, i.e. seawater storage, mud
solarization, brine concentrating, and solar crystallization. The results showed that both of bacterial and fungal com-
munities were suffered from significant changes during processing of salt-making in Danzhou Ancient Saltern, whereas
the richness and diversity of bacterial community dominated by Proteobacteria, Bacteroidota and Cyanobacteria was

Editor: Frederic Coulon

Keywords: considerably greater than that of fungal community dominated by Ascomycota, Basidiomycota and
Hainan Island Mortierellomycota. Additionally, the succession of bacterial community was closely associated with both of salt phys-
Microbiome community icochemical properties (Na*, Cl~, total phosphorus, total nitrogen, Ca>* and Mg?*) and bacteria themselves, whereas
Salf‘/\{orks ) fungal community was more closely associated with physicochemical properties than fungi themselves. Importantly,
Salinity quality Cyanobium_PCC-6307, Synechococcus_CC9902, Marinobacter, Prevotella and Halomonas as dominant bacterial genera
Traditional techniques

respectively related to the metabolisms of amino acid, carbohydrate, terpenoids/polyketides, lipid and nucleotide
were correlated with salt flavors. Saprophytic and saprotroph-symbiotroph fungi dominated by Aspergillus, Mortierella,
Amanita, Neocucurbitaria and Tausonia also played core roles in the formation of salt flavors including umami and
sweet smells. These findings revealed the highly specified microbiome community in this 1000-year-old saltern that
mainly selected by brine solarization on basalt platforms, which is helpful to explore the underlying mechanisms of
traditional salt-making techniques and to explore the useful microbes for nowadays food, medicine and chemical in-
dustries.

* Corresponding author at: Ministry of Education Key Laboratory of Genetics and Germplasm Innovation of Tropical Special Forest Trees and Ornamental Plants, Hainan University, Haikou
570228, PR China.
E-mail address: renmx@hainanu.edu.cn (M.-X. Ren).
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Impacts of nitrogen pollution on corals in the context of global climate )
change and potential strategies to conserve coral reefs s
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HIGHLIGHTS

Anthropogenic nitrogen and phospho-
rus increase in the oceans and seas.
Nitrogen can directly affect corals, or in-
directly through algae and viruses.
Nitrate enrichment and ammonium en-
richment have different effects on
corals.

The tolerance thresholds for nitrogen
can greatly differ among corals.
Reducing nitrate input and CO, emis-
sions are promising conservation
strategies.

ARTICLE INFO

Article history:
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GRAPHICAL ABSTRACT

NOTE: Correlation between coral and symbiodiniaceans is partially referenced to the literature (Morris et al.
2019).
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ABSTRACT

Ocean warming has severe impacts on coral reef ecosystems with frequent incidences of coral bleaching. In ad-
dition, eutrophication poses an increasing threat to coral reef environments and has been found to increase the
vulnerability of corals to thermal bleaching. Eutrophication has accelerated in recent years with coastal nutrient
loads expected to continue to increase under global change. However, the mechanisms by which nutrient pollu-
tion affects corals and coral reefs are still under debate, in particular with regard to nitrogen. The main objective
of this paper is to review mechanisms by which nitrogen pollution affects coral health and corresponding strat-
egies to reduce the impact of nitrogen pollution. Different coral species possess varying tolerance thresholds for
nitrogen enrichment and corals show differential responses to enrichment with nitrate and ammonium. Nitrate
assimilation increases oxidative stress in corals, promotes growth of the phototrophic symbionts in corals, and
induces phosphate starvation in these symbionts, which further impairs the symbiosis. In contrast, a moderate
supply of ammonium is mostly beneficial for coral development. In addition, combined nitrogen and

** Correspondence to: H. Zhao, Center for Eco-Environment Restoration of Hainan Province and State Key Laboratory of Marine Resource Utilization in South China Sea, Hainan

University, Renmin Avenue 58, Haikou 570228, China.

E-mail addresses: hwzhao@hainanu.edu.cn (H. Zhao), Ixh@tju.edu.cn (X. Liu).

https://doi.org/10.1016/j.scitotenv.2021.145017
0048-9697/© 2021 Elsevier B.V. All rights reserved.
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HIGHLIGHTS

Selective degradation of paclobutrazol

enantiomers was probably due to Pseu-

domonas and Mycobacterium.

Paclobutrazol enantiomers showed sig-

nificant enantiomeric effects on soil mi-

crobial community.

fungal community greater
bacterial.

Paclobutrazol enantiomers affected soil

than
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ABSTRACT

Paclobutrazol is a triazole plant growth regulator with a wide range of applications in crop and fruit tree produc-
tion. Paclobutrazol is used as a racemic mixture in agriculture. However, the effects of paclobutrazol enantiomers
on soil microbial community structure and diversity are unclear. In the present study, lllumina high-throughput
sequencing was used to study the enantioselective effects of two paclobutrazol enantiomers on soil microbial
community. S-paclobutrazol was more persistent than R-paclobutrazol. The half-lives of the S- and R-isomers
were 80 d and 50 d, respectively. No interconversion between the two isomers occurred in soils. In addition,
the enantiomers had significant enantiomeric effects on soil microbial community and the paclobutrazol degra-
dation was probably attributed to the presence of Pseudomonas and Mycobacterium. Notably, the relative abun-
dance of Fusarium, a genus of filamentous fungi producing gibberellins, could be enantioselectively affected by
the chiral enantiomers. Paclobutrazol enantiomers exhibited greater effects on the fungal community structure
than bacterial community structure due to the fungicidal activity of paclobutrazol. Finally, R-paclobutrazol had
a significant effect on the microbial networks. The findings of the present study suggest that the use of S-
paclobutrazol may accomplish both plant growth regulation and the minimization of effects of paclobutrazol
on soil microbial communities.

© 2021 Elsevier B.V. All rights reserved.
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ARTICLE INFO ABSTRACT

Keywords:

Antioxidant enzymes
Hydrogen peroxide
Melatonin

Oxidative damage
Solanum lycopersicum L.
Pigments
Photosynthesis

Stress response

Tomato is considered an important vegetable crop for studying the response to abiotic stresses, which deteriorate
the growth and development of plants, particularly salt stress. Melatonin is a crucial pleiotropic nontoxic
signaling molecule that has a various role in modulating of plant responses to environmental stresses. The
purpose of the study was to reckon the alleviating effects of melatonin on tomato plant growth and development
in salinity condition. The results exhibited that the pretreatment of tomato seedlings with 100 pM melatonin for 3
days effectively improved the root architecture, photosynthetic pigments, photosynthetic assimilation and
growth status of plants under subsequent salt stress (150 mM). The pretreatment slashed sodium ions concen-
tration in leaf and stem by checking sodium ions transport from roots to shoot. Furthermore, melatonin notably
surged potassium contents. Melatonin pretreatment (3 days) followed by salinity exposure (7 days) efficiently
lowered the oxidative stress by checking the over accumulation of superoxide (037) and hydrogen peroxide
(H205), reducing the malondialdehyde (MDA) content and electrolyte leakage (EL). This was associated with
increased activities of enzymatic antioxidants [superoxide dismutase (SOD), catalase (CAT), glutathione
reductase (GR) and ascorbate peroxidase (APX)] and non-enzymatic antioxidants [ascorbic acid (AsA) and
glutathione (GSH)]. In conclusion, melatonin pretreatment significantly escalates the salinity tolerance of tomato
seedlings by scavenging the excessive ROS and improving cellular membrane stability of, thus mitigating
salinity-induced oxidative damage.

1. Introduction

Global agricultural production gets limited by salinity in the soil. The
potassium ion (K) absorption gets inhibited due to the excessive pres-
ence of sodium ion (Na™) in the soil, which ultimately abates the growth
and yield of a particular crop (Zhu, 2003). Reactive oxygen species
(ROS) are formed in considerable amounts in plants under Salt stress
(SS). An excessive amount of ROS damages cells of plants and imparts
oxidative stress when plants’ scavenging capacity is reached beyond a
certain limit. Plants form an intricate antioxidant system in response to

* Corresponding author.
E-mail address: renmx@hainanu.edu.cn (M.-X. Ren).

https://doi.org/10.1016/j.scienta.2021.110145

environmental stresses to regulate redox homeostasis, including SOD,
CAT, APX and POD (Peroxidase), as well as other free radical scavengers
(Liang et al., 2017). The physiology of plants gets disturbed by SS
through various mechanisms, including the damage of cellular organ-
elles in response to higher concentrations of Na* ions which results in
the inhibition of enzymatic activities and proteins formation and dis-
torting the process of respiration and photosynthesis. It also causes an
imbalance in nutrients which ultimately causes a decline in transport
and uptake of nutrients from root to shoot. Besides, plants suffer from
physiological drought as SS limits the water uptake and minimizes the

Received 12 September 2020; Received in revised form 19 March 2021; Accepted 20 March 2021

Available online 3 April 2021
0304-4238/© 2021 Elsevier B.V. All rights reserved.
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Annual Population Dynamics and
Their Influencing Factors for an
Endangered Submerged Macrophyte
(Ottelia cordata)
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Due to wetland loss, Ottelia cordata (O. cordata, Wallich) Dandy has been categorized as
an endangered species on the List of Key Protected Wild Plants in China. Quantifying the
relative importance of demographic (i.e., growth, survival, and reproduction) and habitat
preference traits on the population dynamics (abundance) of O. cordata could guide how
to develop the best recovery strategies of O. cordata, yet currently, there are no studies
that investigate this. By monitoring monthly changes in O. cordata abundance and
demographic traits (plant height, leaf area, flower sex ratio, and seed number) that were
highly correlated with growth rate, photosynthetic rate, and water depth, we identified
several relationships. Linear mixed-effect models and variance partition quantified the
specific effects of four demographic traits and water depth on O. cordata abundance
in three habitat types (paddyfield, stream, and spring). The linear mixed-effect models
indicate that among the four demographic traits, height could be significantly positively
correlated to abundance in all three habitat types. In contrast, other three traits (leaf
area, sex ratio, and seed numbers) were non-significantly associated with abundance
across each habitat. Height was determined by water depth, so water depth rather than
photosynthetic rate and reproduction rate may promote the development and recovery
of O. cordata populations. Variance partition results showed that water depth mediated
the positive influence of growth rate on the abundance of O. cordata in the living habitats
(paddyfield and spring). In contrast, water depth but not growth rate determined the
abundance of O. cordata in the living habitat (stream). However, water depth had a
significantly negative impact on the abundance of O. cordata in stream habitats, likely
because all of the streams were shallow. Altogether, in the short term for avoiding the
potential harm or even extinction of O. cordata, keeping appropriate water depth or
transplanting O. cordata to spring should be an effective strategy because the water
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Spatial factors and plant attributes influence soil fungal
community distribution patterns in the lower reaches of
the Heihe River Basin, Northwest China
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Summary

Inland river basins include critical habitats and pro-
vide various ecosystem services in extremely arid
lands. However, we know little about the distribution
patterns of soil fungal communities in these river
basins. We investigated the distribution patterns of
soil fungal communities from the riparian oasis zone
(ROZ) to the circumjacent desert zone (CDZ) at the
lower reaches of the Heihe River. The results indicated
that soil fungal communities were mainly dominated
by the phyla Ascomycota and Basidiomycota across
all samples. The dominant soil fungi taxa were signifi-
cantly different between ROZ and CDZ habitats at both
the phylum and genus levels. Fungal alpha diversity
was mainly affected by spatial factors and plant func-
tional traits, and Pearson correlation analysis revealed
that fungal alpha diversity was more closely related to
plant functional traits than soil properties. Further-
more, fungal community structure was best explained
by spatial factors and plant attributes (including plant
diversity and plant functional traits). Together, our
findings provide new insights into the significance of
spatial factors and plant attributes for predicting distri-
butions of fungal communities in arid inland river
basins, which will help us better understand the func-
tions and services of these ecosystems.

Introduction

Soil fungal community is regarded as one of the most
important components in multiple ecosystems, given that it

Received 26 November, 2020; revised 13 March, 2021; accepted 15
March, 2021. *For correspondence. E-mail liingwenhy @bjfu.edu.cn;
Tel. 8610-62336985; Fax: 8610-62336724.

© 2021 Society for Applied Microbiology and John Wiley & Sons Ltd.

plays a critical role in regulating biodiversity and processes
of ecosystems as major plant litter decomposers and
mutualists or pathogens of specific plants (Bardgett and
van der Putten, 2014; Li et al., 2019). Furthermore, the soil
fungal community is sensitive and responds rapidly to
environmental changes, making it a more reliable indicator
of environmental health (Astudillo-Garcia et al., 2019).
Therefore, exploring distribution patterns and key ecologi-
cal drivers of soil fungal communities is crucial to enhanc-
ing our understanding of the ecosystem responses to
widespread environmental changes.

In recent decades, there have been considerable
debates on the distribution patterns of soil fungal diversity
and its main drivers in various ecosystems (Tedersoo
et al., 2014; Vetrovsky et al., 2019; Guo et al., 2020).
However, no consensus has been reached on the rela-
tionship between soil fungal communities and environ-
mental factors due to different geographic scales and
environmental gradients among studies (Hendershot
et al., 2017). Generally, changes in soil properties may
directly affect the composition and diversity of soil micro-
organisms because of their important roles as complex
habitats for the life on earth (Lauber et al., 2008; Thakur
et al., 2020). Compared with bacteria, soil fungi are more
likely to be affected by plants due to their closer associa-
tions with plants (Bonfante and Anca, 2009). Previous
studies have indicated that plant characteristics are
important factors in determining the distribution patterns
of soil fungal communities (Canini et al., 2019; Koyama
et al., 2019). In addition, there is growing evidence that
soil fungi are the initial consumers of belowground inputs
from plants (Hannula et al., 2012; Ballhausen and de
Boer, 2016) and the primary decomposers of recalcitrant
organic matter (Treseder and Lennon, 2015), such as
cellulose and lignin. Thus, plant variation may substan-
tially influence soil fungal communities by providing dis-
tinct plant litter sources, creating more heterogeneous
niches for fungi (Nguyen et al., 2016). For instance, a
recent study on forest ecosystem has demonstrated that
soil fungal beta diversity is highly positively correlated
with plant beta diversity, and woody plants exert greater
impacts on soil fungal communities than herbaceous
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Abstract

In recent decades, global crop production is being threatened by contamination of arable lands with vanadium (V). Among
many stress-relief substances, melatonin (ME) is a widely studied biomolecule acting as an antioxidant under stress condi-
tions. The current study was aimed to investigate the response of tomato seedlings towards vanadium stress, along with the
circumventing role of ME by promoting V stress tolerance in tomato seedlings. Our results revealed that accentuated inhibi-
tion of growth and biomass were caused by V (40 mg/L) stress, mainly due to impairments of photosynthetic systems, root
traits, and mineral homeostasis. Conversely, notable reinforcement of plant growth parameters was seen with ME (100 uM)
application, with improved chlorophyll content, root morphology, mineral nutrient homeostasis, and gas exchange param-
eters, along with reduced V accumulation. Further, ME efficiently triggered the antioxidant enzymes activities, by restoring
cellular integrity [reduced electrolyte leakage (EL) and malondialdehyde] and restricted production of superoxide (O,°")
and hydrogen peroxide (H,0,) radicals, mainly through regulation of antioxidant enzymes. The present study highlighted
the potential role of ME in tomato, for circumventing V-induced phytotoxicity, mainly by boosting photosynthesis, biomass
production, redox balance, nutrient uptake, and root traits. In conclusion, ME application restricted the V availability in
plant, improved plant growth and, thus, provided an improved V stress tolerance.

Keywords Abiotic stress - Root growth - Heavy metal - Plant growth - Food security - Nutrient fluxes
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Abstract

Globally, crop production has been widely threatened by contamination of arable lands with heavy metals including Nickel (Ni).
Stress-relief molecule melatonin (ME) has been widely used to mitigate the phytotoxicity induced by heavy metals. The current
study aimed to explore the response to Ni stress and the alleviating role of ME in boosting Ni-stress tolerance in tomato seedlings.
The roots of tomato seedlings pretreated with ME (100 uM) for 3 days, followed by applied Ni (50 uM) for 7 days. The
treatments were composed of (1) control (CK); (2) melatonin (ME, 100 uM); (3) nickel (Ni, 50 uM); and (4) melatonin and
nickel treatment (ME+Ni, 100 uM + 50 uM). Nickel toxicity noticeably inhibited plant growth and biomass production by
impairing the root architecture, photosynthesis process, nutrient uptake, and antioxidant enzymes. Conversely, ME-
supplementation inhibited Ni-induced growth damage, improved root architecture, nutrient uptake, pigment contents, and leaf
gas exchange parameters, and decreased Ni-accumulation. Furthermore, the electrolyte leakage (EL), malondialdehyde (MDA)
content, and reactive oxygen species (ROS) accumulation were significantly reduced in ME-treated seedlings via improving
antioxidant enzyme activity as well as upregulation of their encoding gene expression. In conclusion, our findings provide a shred
of substantial evidence that ME improved Ni-induced phytotoxicity in tomato seedlings, mainly by improving the root archi-
tecture, biomass production, mineral homeostasis (reducing nickel accumulation in plants), and photosynthetic efficiency.

Keywords Environment - Melatonin - Nickel - Tomato - Nutrient uptake - Plant growth - Photosynthesis

1 Introduction

Amidst major threats to living organisms and the environ-
ment, the most dramatic one is the heavy metal pollution
(Wo-Niak and Basiak 2003). In plants, heavy metal presence
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can interfere physiological changes, such as free radical for-
mation, water status disturbance, enzyme activity variations,
and photosynthesis inhibition (Pal et al. 2006). Heavy metal
application adversely affected physiological attributes
(Shafeeq-ur-Rahman et al. 2020; Viciedo et al. 2019).
Alloway (1995) described that Ni lies amidst ubiquitous trace
metals emitted through both anthropogenic and natural
activities, causing environmental pollution. Hussain et al.
(2013) marked this element as an important trace metal, as it
is the 22nd most abundant element found in the earth’s crust.
In plant growth, developmental and biological functions, Ni
plays a vital role in trace amounts (~0.01 to 5.0 ug g "' of dry
weight) (Rizwan et al. 2017). Contrarily, Ni has adverse ef-
fects on plant growth and leads to phytotoxicity at elevated
levels, mainly due to decreased root activity, unbalanced os-
mosis, hindered mineral homeostasis, impaired photosynthe-
sis and destroyed photosystem, and membrane integrity
(Jahan et al. 2020). As narrated by Valivand et al. (2019),

@ Springer
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ABSTRACT. Radula sect. Epiphyllae is a pantropical section of subg. Metaradula, often growing on the
surface of living leaves and with occurrence of gemmae on leaf lobes. Its taxonomic status was once in
controversy centered on which subgenus it belonged to and whether it was monophyletic. We describe
Radula subacuminata, a new epiphyllous species from China and Vietnam based on morphological and
molecular evidence. Phylogenetic analyses of combined molecular datasets (trnG, trnL-F, rps4 and atpB-
rbcL) with maximum parsimony, maximum likelihood and Bayesian methods reveal that R.
subacuminata belongs to sect. Epiphyllae and has close relationships with R. acuminata, R. grandilobula
and R. protensa, three other epiphyllous species all bearing gemmae on the surface of leaf lobes. A PCA
analysis of morphological traits indicates these four taxa are distinctive groups. The results also confirm
that sect. Epiphyllae is monophyletic and should be retained. A preliminary key to 18 species in sect.
Epiphyllae is provided.

Keyworps. Molecular phylogeny, new taxon, Radulaceae, Radula subg. Metaradula.
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Radula Dumort. is one of the largest genera of
liverworts and the only genus of the family
Radulaceae Mill.Frib., belonging to the order
Porellales Schljakov. (Soderstrom et al. 2016). It is
almost world-wide in distribution and has the center
of species diversity in tropical regions (Devos et al.
2011). Radula, with 250 currently accepted species
(Pocs 2017; Promma et al. 2018; Promma &
Chantanaorrapint 2015; Soderstrom et al. 2016;
Zhang & Zhu 2016) often occurs on soil, rocks,
decayed logs, and more often, on tree trunks and
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leaves of vascular plants. On the basis of previous
molecular and morphological investigations (Devos
et al. 2011; Patino et al. 2017), the infrageneric
classification for Radula was defined as seven
subgenera (namely subg. Amentuloradula Devos,
M.A.M.Renner, Gradst., A.J.Shaw et Vanderp., subg.
Cladoradula Spruce, subg. Dactyloradula Devos,
M.A.M.Renner, Gradst., A.J.Shaw et Vanderp., subg.
Metaradula R.M.Schust., subg. Odontoradula K.Ya-
mada, subg. Radula, and subg. Volutoradula Devos,
M.A.M.Renner, Gradst., A.J.Shaw et Vanderp.).
Among them, subg. Metaradula (Schuster 1984)
was established for those taxa whose perianths bear a
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Abstract: Mosses are critical components of tropical forest ecosystems and have multiple essential
ecological functions. The drying and rehydrating and often hot environments in tropical regions
present some of the greatest challenges for their photosynthetic activities. There is limited knowledge
available on the physiological responses to the changing environments such as temperature and
water pattern changes for terrestrial mosses. We examined the seasonal dynamics of photochemical
performance of PS II through the measuring of chlorophyll fluorescence of 12 terrestrial mosses in
situ from five different elevations by Photosynthesis Yield Analyzer MINI-PAM-II, along with the
seasonal changes of climatic factors (air temperature, dew point, relative humidity and rainfall),
which were collected by local weather stations and self-deployed mini weather stations. The results
showed a great seasonality during observing periods, which, mainly the changes of rainfall and
relative humidity pattern, presented significant impacts on the photochemical performance of PS II
of terrestrial mosses. All these tested moss species developed a suitable regulated and non-regulated
strategy to avoid the detrimental effect of abiotic stresses. We found that only Hypnum plumaeforme,
Pterobryopsis crassicaulis and Pogonatum inflexum were well adapted to the changes of habitat tempera-
ture and water patterns, even though they still experienced a lower CO, assimilation efficiency in the
drier months. The other nine species were susceptible to seasonality, especially during the months
of lower rainfall and relative humidity when moss species were under physiologically reduced PS
IT efficiency. Anomobryum julaceum, Pogonatum neesii, Sematophyllum subhumile, Pseudotaxiphyllum
pohliaecarpum and Leucobryum boninense, and especially Brachythecium buchananii, were sensitive to
the changes of water patterns, which enable them as ideal ecological indicators of photosynthetic

acclimation to stressed environments as a result of climate change.

Keywords: chlorophyll fluorescence; ecophysiology; environmental stress; photosystem II; terres-

trial mosses

1. Introduction

Photosynthesis is particularly sensitive to adverse environmental factors, such as high
air temperature and vapor pressure deficits [1], making photosynthetic measurements an
important component in environmental and ecological studies. To avoid the abiotic stresses,
land plants have developed photoprotective mechanisms that enable them to dissipate
excess excitation energy as heat via the so-called non-photochemical quenching (NPQ)
mechanism [2—4]. Even though bryophytes (liverworts, hornworts and mosses) are the
earliest diverging lineages of the extant land plants [5-7], they still face great challenges of
the cycle of drying and rehydrating and often high temperatures in tropical regions. Given
the poikilohydric nature of their water relations, bryophyte carbon dynamics are affected
by the respiratory demands of desiccation and rehydration as well as by the photosynthetic
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Abstract: Ecotypes are the result of ecological differentiation at the early stages of speciation. Adapta-
tion to soil conditions offers arguably the best examples of local adaptation in plants. Two sympatric
ecotypes, with either a red or green abaxial leaf surface, were found without clear geographical
isolation in Phalaenopsis pulcherrima, a Southeast Asia endemic and endangered orchid. The soil of
the red leaf ecotype has a higher water content and nutrient content than the green ecotype. What is
the genetic structure of the two ecotypes? Is there complete or partial reproductive isolation between
the two ecotypes? In this work, leaf reflection of the two ecotypes in P. pulcherrima were compared,
to illustrate their difference in leaf color. The genetic differentiation between two ecotypes was
examined, using ISSR and SRAP markers to determine the genetic structure of the populations. Our
results showed that the green ecotype had reflectance spectrum peaks at 530 nm and 620 nm, while
in the red ecotype, the peak at 530 nm was absent. A total of 165 ISSR and SRAP loci showed a
high level of genetic diversity within the green ecotype, and analyses of the population structure
revealed two genetic clusters that corresponded to the red and green ecotypes. The percentage of
variation between the two ecotypes (24.55%) was greater than the percentage of variation among the
populations (16.54%)—indicating partial reproductive isolation, high genetic differentiation, and that
ecological differentiation has been more important than geographical barriers among populations
within ecotypes. Most pairwise Fst values between the populations within either ecotype on Hainan
Island were less than 0.15; however, the Fs1 between both the Thai and Malaysian populations and
the Hainan Island population was greater than 0.25, due to South China sea isolation. Ecotypic
differentiation is an important part of speciation; therefore, we must take into account the axes along
which lineages sort, when formulating protection strategies.

Keywords: adaptation; differentiation; metapopulation; natural selection; conservation strategy

1. Introduction

Ecotypes refer to groups of individuals within a species, with distinct phenotypic
and genetic variations [1,2]. Typically, ecotypes are geographically well separated, but
sometimes ecotypes co-exist at the local scale [3,4]. It is widely recognized that ecotypes
are the result of ecological differentiation at the early stages of speciation [5,6]. This early
stage is often characterized by the formation of partial reproductive isolation [7-11].

Adaptation to soil conditions (edaphic adaptation) offers a classic example of local
adaptation in plants [12,13]. Soil attributes, including water content, nutrient status, and
toxicity, provide especially rich conditions for divergent natural selection, resulting in
divergent morphology, phenology, and, more generally, life history [2,14,15]. Among them,
divergence in flowering time is a common cause of reproductive isolation. Inland and
coastal ecotypes of the yellow monkeyflower Mimulus guttatus represent an excellent model

Diversity 2021, 13, 446. https:/ /doi.org/10.3390/d13090446

https:/ /www.mdpi.com/journal/diversity


https://www.mdpi.com/journal/diversity
https://www.mdpi.com
https://doi.org/10.3390/d13090446
https://doi.org/10.3390/d13090446
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/d13090446
https://www.mdpi.com/journal/diversity
https://www.mdpi.com/article/10.3390/d13090446?type=check_update&version=2

o oy 4
<@ sustainability m\p\py

Article

Seasonal Differences in Water-Use Sources
of Impatiens hainanensis (Balsaminaceae), a Limestone-Endemic
Plant Based on “Fissure-Soil” Habitat Function

Weixia Huang 12, Yunfang Zhong !, Xigiang Song **, Cuili Zhang !, Mingxun Ren ! and Yanjun Du -3

check for

updates
Citation: Huang, W.; Zhong, Y.;
Song, X.; Zhang, C.; Ren, M.; Du, Y.
Seasonal Differences in Water-Use
Sources of Impatiens hainanensis
(Balsaminaceae), a
Limestone-Endemic Plant Based on
“Fissure-Soil” Habitat Function.
Sustainability 2021, 13, 8721.
https:/ /doi.org/10.3390/su13168721

Academic Editor: Bernhard

Huchzermeyer

Received: 3 July 2021
Accepted: 30 July 2021
Published: 4 August 2021

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Key Laboratory of Genetics and Germplasm Innovation of Tropical Special Forest Trees and Ornamental
Plants, Ministry of Education, Hainan University, Haikou 570228, China; Huangweixial210@163.com (W.H.);
kitty@hainanu.edu.cn (Y.Z.); 15008092531@163.com (C.Z.); renmx@hainanu.edu.cn (M.R.);
993801@hainanu.edu.cn (Y.D.)

College of Life and Pharmaceutical Sciences, Hainan University, Haikou 570228, China

College of Forestry, Hainan University, Haikou 570228, China

*  Correspondence: songstrong@hainanu.edu.cn

Abstract: The southwestern mountains of Hainan Island are the southernmost region with tropical
karst landform in China. The frequent alternation of dry and wet seasons leads to the loss of the
mineral nutrients of limestone, creating karst fissure habitats. Plants living in karst fissure habitats
for long periods of time have developed local adaptation mechanisms correspondingly. In the paper,
hydrogen—oxygen stable isotope technology was applied to determine the water-use sources of
Impatiens hainanensis in the dry and wet seasons, hoping to expound the adaptation mechanism of
I. hainanensis in karst fissure habitats to the moisture dynamics in the wet and dry seasons. In the
wet season (May to October, 2018), the air humidity is relatively high in the I. hainanensis habitat; in
the dry season (November 2018 to April 2019), there is a degree of evaporation. In the wet season,
fine-root biomass increases with soil depths, while coarse-root biomass decreases with soil depths;
in the dry season, fine-root biomass is lower and coarse-root biomass is higher compared with the
wet season. It was found that the average rainfall reached 1523 mm and the main water-use sources
were shallow (0-5 cm) and middle (5-10 cm) soil water, epikarst water, and shallow karst fissure
water during the wet season; the average rainfall reached 528 mm, and the deep (10-15 cm) soil
water and shallow karst fissure water were the main water-use sources during the dry season. Fog
water has a partial complementary effect in the dry season. The differences in the distribution of
root biomass and each source of water in the wet and dry seasons of I. hainanensis also reflect the
different water-use strategies of I. hainanensis in the wet and dry seasons. In both dry and wet seasons,
I. hainanensis formed a water-use pattern dominated by soil water and shallow fissure water (0-15
cm) under the influence of the “fissure-soil-plant” system in the karst region.

Keywords: Impatiens hainanensis; karst; shallow fissures; hydrogen—oxygen stabilized isotopes;
water utilization

1. Introduction

The environment governs the geographical distribution, growth, and developmental
status of plants, but the environment is influenced by plants at all times [1]. In the soil-
plant-atmosphere continuum, plant water is influenced by environmental physical factors
such as soil, air moisture limitation, and the regulation of organisms themselves [2]. Water
is the most important limiting factor for ecosystem processes and functions in deserts and
ecologically fragile areas [3], and it plays a critical role in plant growth and development,
survival, and distribution [4]. The intensity and frequency of precipitation determine the
survival, composition, structure, and functional assemblage of plant species in ecosys-
tems [5]. In the context of global climate change, changes in precipitation patterns, in
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1 | INTRODUCTION

Hopea hainanensis Merrill & Chun is a large evergreen tree that can
grow up to 20 m. Itis found in tropical lowland forest of Hainan Island
and northern Vietnam (Li et al., 2007). Hopea hainanensis is known
for its highly valued timber which is extremely durable and suitable
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Abstract

Microsatellite markers were isolated and characterized for Hopea hainanensis Merrill
& Chun, an endangered tree species with scattered distribution in Hainan Island and
northern Vietnam. Twenty-six microsatellite markers were developed based on next-
generation sequencing data and were genotyped by capillary electrophoresis on an
ABI 3730xI DNA Analyzer. Twelve markers were found to be polymorphic in H. hain-
anensis. GENODIVE analyses indicated that the number of alleles ranged from 2 to
6 per locus, and the observed and expected heterozygosity varied from O to 0.755
and from 0.259 to 0.779, respectively. Primer transferability was tested with Hopea
chinensis Hand.-Mazz. and Hopea reticulata Tardieu, in which 3 and 7 microsatellite
markers were found to be polymorphic, separately. The results showed that H. reticu-
lata and H. hainanensis had similar levels of genetic diversity. A neighbor joining den-
drogram clustered all individuals into two major groups, one of which was exclusively
constituted by H. hainanensis, while the other consisted of two subgroups, corre-
sponding to H. reticulata and H. chinensis, respectively. The 12 polymorphic microsat-
ellite markers could be applied to study genetic diversity, population differentiation,
mating system, and fine-scale spatial genetic structures of H. hainanensis as well as
its close relatives, facilitating the conservation and restoration of these endangered

but valuable Hopea species.
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for making boats and building bridges and houses (Li et al., 2007).
As a result, adult trees of this species had been overly logged, lead-
ing to a reduction of 50%-70% population in the last three hundred
years (Ly et al., 2018). The remaining population of H. hainanensis
is severely fragmented and isolated in a few reserves in Hainan

Island. This species is scarce in its natural habitat and is assessed as
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Palm tree peroxidase has greater catalytic activity, stability and broad application prospects in comparison with
horseradish peroxidase. However, slow growth, ecological destruction and high costs prohibit isolation of native
peroxidases directly from palm trees. Bioreactor production of palm tree peroxidases would therefore be
preferred to overcome such production limitations. Comparison of different recombinant glycan-free palm tree
peroxidases would allow understanding the criticality of total glycans to the functions and characteristics. In the
present study, African oil palm tree peroxidase expressed by Escherichia coli showed similar stability and 30-100-
fold greater activity than that of recombinant royal palm tree peroxidases, but both of their comprehensive
indexes were superior to the commercial, native horseradish peroxidase. Recombinant Chamaerops excelsa
peroxidase showed no activity possibly due to incorrect protein folding. The results confirmed that recombinant
expression by E. coli is potentially an effective means to obtain a mass of palm peroxidases with high activity and

stability.

1. Introduction

Peroxidases are an important class of antioxidant enzymes, are
widely distributed in nature and can catalyze the oxidation of various
electron donor substrates accompanied by decomposing Hy02 [1-3].
Due to its ability to catalyze the oxidation-reduction reaction of multiple
substrates, peroxidases are considered to be one of the important en-
zymes in biocatalytic conversion [4-6], enzyme-linked immunosorbent
assay [7,8], wastewater treatment [9], electrochemistry [10,11].
Horseradish peroxidase (HRP) has become one of the most studied plant
peroxidases because of its advantages (e.g., wide applications) and
disadvantages (e.g., low stability and inability to achieve catalytic effi-
ciency required by biotechnology) [12]. Therefore, chemical modifica-
tion, genetic manipulation and other methods had been used to improve
its stability and catalytic efficiency [13,14]. Another option is to search
for peroxidases with better properties than HRP.

Sakharov et al. first isolated highly stable peroxidases from African
oil palm tree leaves, indicating that the palm leaves may be a promising

* Corresponding author.
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source of commercial peroxidase [15]. Subsequently, palm peroxidases
with high activity and stability were found in leaves of other palm
species, such as royal palm tree (Roystonea regia) [16], date palm tree
(Phoenix dactylifera) [17], windmill palm tree (Trachycarpus fortunei)
[18], and Chamaerops excelsa tree [19]. Isolation and purification of
native peroxidases from palm trees can obtain peroxidases with high
stability and activity. However, this production method faces a practical
problem of slow growth of most palm tree species and thus shortage of
palm tissue supplies. High cost is a major hurdle for use of native palm
peroxidases. Heterologous expression might be a potentially effective
way to achieve high-yield with a low cost. Pichia pastoris is a common
heterologous eukaryotic expression system that can be used to produce
engineered enzymes with glycosylation. P. pastoris had been used to
produce windmill palm tree peroxidase (WPP), but the output was only
0.14 mg/L [20]. Escherichia coli expression system is a common heter-
ologous prokaryotic expression system, which has been used in the
production of various enzymes due to its high yield and short production
cycle [21-24], such as production of active manganese peroxidase [25],
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Abstract: Biowaste materials could be considered a renewable source of fertilizer if methods for
recovering P from waste can be developed. Over the last few decades, there has been a high
level of interest in using biochar to remove contaminants from aqueous solutions. This study was
conducted using a range of salts that are commonly found in biogas slurry (ZnCl,, FeCls, FeCl,,
CuCly, NapCO3, and NaHCOs3). Experiments with a biogas digester and aqueous solution were
conducted at pH nine integration with NHy4™, Mg2+, and PO,3~ molar ratios of 1.0, 1.2, and 1.8,
respectively. The chemical analysis was measured to find out the composition of the precipitate, and
struvite was employed to remove the aqueous solutions. The study found that the most efficient
removal of phosphate and ammonium occurred at pH nine in Tongan sludge urban biochar and
rice biochar, respectively. Increasing the concentration of phosphate and ammonium increased the
phosphate and ammonium content. Moreover, increasing the biochar temperature and increasing the
concentration of phosphate and ammonium increased the efficiency of the removal of ammonium
and phosphate. The removal efficiency of ammonium and phosphate increased from 15.0% to 71.0%
and 18.0% to 99.0%, respectively, by increasing the dose of respective ions K, Zn?*, Fe3*, Fe?*,
Cu?*, and CO52.The elements were increased from 58.0 to 71.0 for HCO;~ with the increasing
concentration from 30 mg L~! to 240 mg L.~!.This study concluded that phosphate and ammonium
can be recovered from mushroom soil biochar and rice biochar, and phosphate can be effectively
recovered via the struvite precipitation method.

Keywords: co-precipitation; removal efficiency; phosphates; ammonium; biochar; struvite

1. Introduction

Phosphorus and ammonium recovery are significant from an environmental manage-
ment perspective as they contribute to eutrophication [1-6] and can be found in numerous
wastewaters at variable concentrations [3,7-12]. Struvite (MgNH4PO4.6H,0) is approxi-
mately12% nitrogen (N) and 51.8% phosphorus (P). A P,Os content greater than 30% is
considered phosphate-rich. Therefore, a large amount of P recovery in struvite is particu-
larly value added [4,13,14]. Additionally, struvite is also a comprehensive nutrient fertilizer
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The corrosion of concrete materials in urban sewage pipes by microorganisms is a serious issue in wastewater
networks around the world. There has been no systematic study conducted on material corrosion by microor-
ganisms, particularly for high-salt environments in coastal cities. This study compared and analysed reactors
under different salinities, and the 16S ribosomal ribonucleic acid gene sequence method was used to analyze the
bacterial communities associated with concrete corrosion. Redundancy analysis demonstrated that chemical
oxygen demand, volatile fatty acids, and sulphate altered the structure and distribution of the microbial com-
munity. The predominant bacteria, Proteobacteria, accounted for 41.85% of the seawater group. Among them,
the sulphur functional microorganism, Desulfomicrobium, accounted for 4.14%. These bacteria can decompose
macromolecular organic matter to provide energy for reproduction. Furthermore, they continue to provide
sulphur for the eosinophilic sulphur-oxidising bacteria attached to the surface of the high alkaline concrete
sample. The aggregated sulphur-oxidising bacteria produce biological sulphuric acid, leading to corrosion and
damage to the concrete structure. Salinity promoted the aggregation of corrosion-inducing bacteria, accelerating

the growth of corroding microorganisms on the concrete material of coastal urban sewage pipes.

1. Introduction

Concrete structures in sewer systems are one of the most critical
components in drainage networks (Anbari et al., 2017); these structures
suffer from serious corrosion during long-term service (Wang et al.,
2016; Li et al., 2020). The annual costs associated with structural failure
from microbial corrosion have caused huge economic losses (Fytianos
et al., 2020; Li et al., 2020). A sewer system is a vast and complex mi-
crobial ecosystem, and the corrosion of concrete is often impacted by
microbial activities from multiple environmental factors (Li et al.,
2019). Previous studies have reported that approximately 40% of con-
crete failure in sewer systems may be directly attributed to
microbial-induced corrosion (Moreno et al., 2015). However, there is a
lack of knowledge on this process for coastal city sewer systems. A
high-salinity environment creates a resilient microbial community in-
side the micro-ecosystem, exacerbating microbial corrosion of marine
concrete structures. Concrete structures in coastal city sewer systems
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experience distinct sewage conditions, including elevated temperatures
and high salinity. These conditions alter the kinetics of sulphur oxida-
tion and reduction, providing a suitable environment for microbial
colonisation (Li et al., 2020). Specific microbes easily corrode concrete
by secreting biogenic acids, resulting in increased porosity of concrete
(Jiang et al., 2016; El Gamal et al., 2017).

Some studies have shown that different environmental changes
significantly impact bacterial abundance (Zhao et al., 2017). At present,
there are many studies on freshwater areas, analyses of freshwater areas
have indicated that Proteobacteria, Cyanobacteria, and Campylobacter
were the dominant bacterial groups. They are microbial communities
with a great risk of corrosion (Li et al., 2019).Proteobacteria and Acti-
nomyces were considered the dominant bacteria in biofilms formed on
concrete in freshwater environments (Kong et al., 2018). The pH of the
concrete surface was the key factor influencing bacterial composition
(Maresca et al., 2016). Bacteria related to the metabolism of nitrogen
and sulphur accounted for 70% of metabolising bacteria, which were
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The present study was designed to produce a new adsorption efficiency, cost-efficient, and recoverable
cementitous adsorbent (FSC) and study the removal and recovery of phosphorus (P). The result of Langmuir
isotherm revealed the maximum capacity is 46.8 mg/g. Interference by competitive ions (CI~, NO3, SO3~, and
HCO3) was weak, and P adsorption reached 95% of the optimum value in a wide pH of 3.0-7.0. The results of
batch experiments, SEM-EDS, XRD, and FTIR suggested that the adsorption of phosphate obviously facilitated the
release of SO%~ from the FSC hydration products via SO3~ exchange, and formation of metal-P precipitates was
the predominant P removal mechanism. The column filtration results showed the number of bed volume before P
breakthrough was 1564-2112, and the effluent pH stabilized at 8.0. The P-loaded FSC was used to cultivate
Ipomoea aquatica Forsk in the hydroponic boxes, the sample plant dry weight using adsorbed FSC as P-source was
(0.40~0.41) + 0.05 g, which was dramatically increased comparing with the non-P source samples (0.19 g +
0.07 g). Our present study firstly employed the sulfoaluminate cement-based material for eutrophic water
remediation and presents a comprehensive study combining P removal mechanisms, influencing factors, and
application. Insights gained from adsorption mechanisms and P recovery approach can further our understanding

on the practical application of FSC.

1. Introduction

Excessive phosphorus (P) leads to the rampant growth of bacteria
and algae, which deplete oxygen levels and deteriorate the quality of the
aquatic ecosystems, resulting in environmental as well as economic
damage [1,2]. On the other hand, as a non-renewable natural resource
that cannot be substituted with other sources, the natural source of P is
dwindling and geopolitically imbalanced [3,4].

Up to present, a variety of materials have been evaluated for phos-
phate removal, including natural minerals (e.g., mineral, zeolite, rock,
and crab shell) [5-7], industrial byproducts (e.g., steel slag, fly ash, and
waterworks sludge residuals) and artificially synthesized products (e.g.,
organic polymer adsorbents, biochar, and ceramsite) [8,9]. However,
the direct use of raw materials will have shortcomings such as small
adsorption capacity, poor mechanical strength, and low chemical sta-
bility. On the other hand, the high costly of specifically synthesized
adsorption materials makes its implement challenging. Several

* Corresponding author.
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adsorbents mentioned above, for example, the powdered materials
(carbon-based composites and natural mineral, etc.) and the materials
with poor swelling property, may cause secondary pollution due to the
difficulty of solid-liquid separation.

Sulfoaluminate cement (SC) has been widely used in architecture due
to its early strength, low alkali and less CO2 release characteristics in
recent years [10,11]. It contains elements including Ca oxides (36%-—
43%), Al oxides (28~40%) and Fe oxides (1~3%) [11], which opens up
the possibility of adsorption and precipitation of P. In the process of SC
hydration, the amorphous calcium silicate hydrate and aluminum hy-
droxide are generated, which have been used to remove heavy metal
ions such as Cr(III), Pb2+, and cd** [12,13]. Concrete (fabricated with
SC and bottom ash aggregates) was testified can remove 70% of the
dissolved P, however, the implementation of the SC cement was
inhibited by the clogging effect [14]. The cement and concrete waste
were also employed for phosphate removal, and the mechanism
involved was formation of the Ca3(PO4)y precipitate according to ion
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Abstract: Lavandin, as an important cash crop, is cultivated in Kunming, Yun-Gui Plateau of China.
For the special growing environment, Lavandin was grown here and used to investigate the changes
in the yield and chemical compositions of essential oils extracted from the flowers in different seasons.
The essential oils were extracted by hydro-distillation and analysis by gas chromatography-mass
spectrometry (GC-MS). Results indicated great changes in chemical composition depending on the
season of harvesting. The yields of essential oils ranged from 2.0% to 3.8% among the seasons, and
the highest yield was in the summer. Chemical composition data showed that the extracted oils
were rich in oxygenated monoterpenes (55.4-81.4%), eucalyptol (38.7-49.8%), camphor (8.41-14.26%),
a-bisabolol (6.6-25.5%), and linalool (4.6-12.5%). The contents of eucalyptol and «-bisabolol changed
in a contrary trend with seasonal variations. The results provided new insight for Chinese Lavandin
germplasm to be used in application and development, and reference to the researcher, the farmer,
and investor for sustainable industrialization of the plant grown in the Yun-Gui Plateau of China,
but also the similar plateau area of the sustainable developments.

Keywords: Lavandin; essential oil; Yun-Gui Plateau; monoterpenes; eucalyptol; camphor

1. Introduction

Lavandula species are outstanding members of the family Lamiaceae, which are native
to the Mediterranean region and south to tropical Africa, with a disjunction to India, and are
currently widely cultivated in many regions of the world [1]. The genus is an ornamental
and aromatic shrub, which is valuable for the production of essential oils of commercial
value as a fragrance, pharmaceutical preparations, and cosmetic products, and is also used
in the food industry and ecological agriculture [2-7].

These essential oils have been obtained from the flowers, stems, and leaves of the
species L. angustifolia, L. hybridia, and L. latifolia, and are classified into three groups on
the basis of their content of linalool, linalool acetate, and camphor [8]. Due to their wide
economic exploitation, there are many reports on the fragrances of essential oils and
identification of constituents from the Lavandula species. These studies demonstrate a
high degree of intraspecific differences of chemical constituents in the oil, as influenced
by genotype, age, development periods, organ, climate, geography, season, and even
extraction method, etc. [9-17].

Yun-Gui Plateau is a subtropical monsoon climate region with favorable environ-
mental and edaphic conditions for ornamental, aromatic, and medicinal plants. Since
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Abstract: Reuse of waste from Hami melon (cantaloupes) straws (HS) mingled with polypropylene
(PP) ropes is necessary and beneficial to mitigate environmental pollution. The objective of this
study was to investigate the characteristics and mechanisms of Cd? adsorption on biochars pro-
duced by co-pyrolysis of HS-PP with various mixing ratios. N2-sorption, scanning electron micros-
copy (SEM), energy dispersive X-ray spectrometer (EDS), elemental analysis, Fourier-transform in-
frared spectroscopy (FTIR), X-ray diffraction (XRD), thermal gravity, and differential thermal grav-
ity (TG/DTG) were applied to evaluate the physicochemical properties of materials. Batch adsorp-
tion experiments were carried out for investigating the effects of initial pH, Cd?* concentration, and
adsorption time. It was found that the Langmuir and pseudo-second-order models fitted best for
the experimental data, indicating the dominant adsorption of co-pyrolysis biochars is via monolayer
adsorption. Biochar derived at 4/1 mixing ratio of HS/PP by weight percentage had the highest ad-
sorption capacity of 108.91 mg-g™'. Based on adsorption isotherm and kinetic analysis in combined
with EDS, FTIR, and XRD analysis, it was concluded that the main adsorption mechanism of co-
pyrolysis biochar involved the surface adsorption, cation exchange, complexation of Cd?* with sur-
face functional groups, and chemical precipitation. This study also demonstrates that agricultural
wastes to biochar is a sustainable way to circular economy.

Keywords: Hami melon straw; polypropylene; co-pyrolysis; biochar; Cd?

1. Introduction

China is a large agricultural country; accompanied with agricultural production, the
generation of solid waste continues to grow rapidly. The agricultural waste production
increased with the human demand for food and other agricultural products. According
to the China Statistical Yearbook, the yields of crop straw are over 750 million tons every
year in China. Extensive studies have been conducted on agricultural waste management
worldwide, but the total utilization rate of agricultural waste in most villages of the world
is less than 30% due to poor economic returns and low environmental awareness, which
is a waste of these resources [1].
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HIGHLIGHTS

e Plastic mulch film residues (PMFR)
affect the rhizophere bacterial
communities.

e Microbe significant correlations with
SOM and SOC when response to
PMEFR.

e Negative effects of PMFR on rice
growth were stronger under acidic
conditions.

e SOC declined significantly more in
alkaline soils with PMFR
concentrations.
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ABSTRACT

Plastic mulch film residues (PMFR) accumulated throughout mulching years can result in serious envi-
ronmental problems, especially in hotter areas with frequent farming (e.g. the tropics). The effects of
long-term mulching on the soil-microbe-plant system, however, are largely unknown. As mulching years
is positively correlated with PMFR concentrations, we used a controlled pot experiment to investigate the
effects of mulching years (20a: The concentration of PMFR is about 2 g kg™, 60a: About 6 g kg~1) on rice
growth, rhizosphere bacterial communities, and soil organic carbon (SOC) under different soil pH con-
ditions. Mulching years reduced rice growth; 20a showed more negative effects than 60a on rice tillers
number and biomass. PMFR changed the composition, diversity, and metabolic function of the rhizo-
sphere bacterial communities. The content of SOC decreased as mulching residues increased; total
organic carbon (TOC), soil organic matter (SOM), Fn (355), and humification index (HIX) declined by
30.24%, 55.97%, 59.74%, and 70.24%, respectively. Furthermore, significant correlations between bacterial
communities and SOC were observed in the soil-microbe-plant system. PMFR showed stronger negative
effects on rice growth in acidic soil (pH 4.5); however, in basic soil (pH 8.5), there were stronger
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HIGHLIGHTS

The proportion of P was increased by
plastic mulch debris (PMD) up to
110.34%.

PMD increased the total OTUs of bacte-
ria by 0.03-17.05%.

PMD reduced the diversity and even-
ness of bacterial (Shannon) by
0.69-7.55%.

The rank of impact degree of PMD on
factors were, “soil > microbe > plant”.
Specific influence mechanism of PMD
on agroecosystem is indicated to be
complex.
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ABSTRACT

Large amounts of plastic mulch debris (PMD) accumulated in the soil can endanger agroecosystems. However,
little is known about the interactions between PMD and soil-microbe-plant systems. In this study, a pot experi-
ment (four replicates) in tropical greenhouse was conducted to investigate the effects of PMD (polyethylene) at
different concentrations (0, 0.4, 0.8, 4.0, 6.0 g kg~ !) on soil nutrients, rhizosphere bacterial communities and rice
growth. This study further explored the interactive mechanisms between PMD and environmental factors based
on correlation analysis and previous studies. The results showed that PMD continuously reduced the soil capabil-
ities to store nutrients (C, N, P, humic-like substances) and increased the proportion of P and biodegradable dis-
solved organic matter (DOM). At the full ripening stage of rice growth, total organic carbon (TOC), total nitrogen
(TN) and total phosphorus (TP) in all PMD treatments significantly decreased by 60.86, 52.51 and 34.83% respec-
tively as compared to CK (p < 0.05). Furthermore, PMD increased the total abundance of bacteria but reduced the
diversity and evenness of bacterial communities, which further affected microbial metabolic functions. Total
OTUs and Shannon decreased 0.02-17.05% and 0.69-7.55% in treatments. At harvest-time, PMD reduced the bio-
mass and yield of rice with 11.34 and 19.24% (all treatments on average) lower than CK. Under the influence of PMD,
the order of correlation size between PMD and one environmental factor was PMD-soil > PMD-microbe > PMD-
plant, and the order of correlation between two environmental factors was soil-microbe > microbe-plant > soil-
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ARTICLE INFO ABSTRACT

Handling Editor: X. Cao Microbial mediated iron cycling drives the biogeochemical cycling of carbon, nitrogen, sulfur, and phosphorus.

However, the fate of the microbial community and the relative metabolic pathways in paddy soil after the

Keywords: addition of biogas slurry are poorly understood. In this study, the response of functional genes was investigated

TQC by growing one-season rice in paddy soils in a pot experiment. Seven treatments were prepared: 1) control (CK);

PMl;gobes'l 2) organic carbon (OC); 3) fertilizer (F); 4) 5% of biogas slurry (B05); 5) 10% of biogas slurry (B10); 6) 15% of
addy soil

biogas slurry (B15); 7) 20% of biogas slurry (B20). In the biogas slurry treatments, Geobacter increased more than
in the other treatments during rice growth, which were structured by TOC. Particularly, in the B10 treatment, the
relative abundance of Geobacter was 1.6 and 14.8 times higher than that of CK at the heading and mature stages,
respectively. At the heading stage, the addition of biogas slurry and OC shifted the microbial phosphorus-
transformation communities differently. There were no significant differences in the carbon, nitrogen, and sul-
fur metabolic pathways between the two treatments. At the mature stage, the carbon: nitrogen: phosphorus
balance was significantly influenced by the regulation of functional gene expression and metabolic activities.
These findings provide insight into the key factors affecting carbon, nitrogen, sulfur, phosphorus, and iron during
rice growth after carbon inputs.

Nutrients cycling

1. Introduction

Paddy soils are characterised by fluctuating redox conditions caused
by waterlogging and drainage regimes (Itoh et al., 2013), which provide
suitable habitats for a wide range of microbes (Sun et al., 2018). Fluc-
tuating redox reactions shift the microbial community and the sequen-
tial reduction of terminal electron acceptors, such as NO3, Fe3" and
SO%~. Many studies have focused on studying microbes to understand
the biogeochemical cycling of paddy soils (Wei et al., 2019; Li and Zhou,
2020). However, there is a knowledge gap among the microbial com-
munity, metabolic pathways, and identification of functional genes in
the paddy soil.

Phosphorous is an essential element for all biota (Rodriguez and
Fraga, 1999), and microbes play an important role in soil phosphorus
cycling (Richardson and Simpson, 2011). Forty genes involved in
phosphorus transformation have thus far been identified, including
those involved in phosphorus-starvation response regulation (group 1),
inorganic phosphorus solubilisation and organic phosphorus minerali-
sation (group 2), and phosphorus uptake and transport (group 3)
(Bergkemper et al., 2016).

Iron fluctuation (Fe™-Fe" redox wheel) with carbon, nitrogen, sul-
fur, and phosphorus drives global biogeochemical cycles (Li et al., 2012;
Kappler et al., 2021). Microbes play an important role in the formation
and transformation of iron minerals (Luu and Ramsay, 2003). Iron acts
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Abstract: Waste cement is a construction and demolition waste produced from old buildings’ de-
molition and transformation. In recent years, the recycling of recycled concrete is limited to the
use of recycled aggregate, and the research on the utilization of waste cement in waste concrete is
scarce. This study explored the effective application of waste cement for the adsorption of cadmium
(Cd?*) from an aqueous solution and the bioavailability and immobility of Cd?* in soil. Results
showed that the maximum adsorption capacities of ordinary Portland cement(OPC) paste, fly ash
cement (FAC) paste, and zeolite cement (ZEC) paste for Cd?* were calculated to be 10.97, 9.47,

check for 4.63 mg-g~!, respectively. The possible mechanisms for Cd** adsorption in the solution by waste ce-

updates
ment mainly involve precipitation by forming insoluble Cd?+ compounds in alkaline conditions, and
Citation: Ding, X.; Wang, J.;

Huang, Q.; Hu, S.; Wu, Y,; Wang, L.
The Effects of Waste Cement on the

ion exchange for Cd?* with the exchangeable calcium ions in waste cement, which were confirmed
by XRD and SEM. Results from diethylene triaminepentaacetic acid (DTPA) extraction and toxicity
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ijerph18168885

Academic Editors: Yunhui Zhang,
Fan Yang and Xiao Yang

characteristic leaching procedure (TCLP) implied reduction of the Cd?* mobility. DTPA-extractable
Cd?* decreased by 52, 48 and 46%, respectively, by adding 1% OPC, FAC and ZEC. TCLP-extractable
Cd?* decreased by 89.0, 80.3, and 56.0% after 1% OPC, FAC, and ZEC treatment, respectively. BCR
analyses indicate that OPC, FAC, and ZEC applications increased the percentage of Cd?* in residual
fraction and induced a high reduction in the acid-soluble Cd?* proportion. The leaching column test
further confirmed a reduction in Cd?* mobility by waste cement treated under continuous leaching
of simulated acid rain (SAR). Therefore, waste cement exhibited a significant enhancement in the
immobilization of Cd** under simulated acid rain (SAR) leaching. In summary, the application of

alkaline waste cement could substantially remove Cd?* from wastewater and reduce Cd>* mobility
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and bioavailability in contaminated soil.
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P P 1. Introduction

Cd?* is widely distributed throughout the world due to its high toxicity and long
biological half-life [1]. Cd?* cause harmful effects on human and plants due to its high
mobility and toxicity [2-4]. Soil Cd?* contamination has become a serious environmental
problem with the development of mining exploration, metallurgy industry, solid waste
disposal, paints pigments, and wastewater irrigation [5,6]. Acid rain in southern China
makes the Cd?* in the soil unstable and spreads to the surrounding environment through
surface runoff or leaching to groundwater [7]. The restoration of Cd** contaminated soil to
minimize the risks to human and ecological health needs attention.

Attribution (CC BY) license (https:// Soil remediation by in situ immobilization is a promising technique that stabilizes
creativecommons.org/licenses /by / potentially toxic elements in the soil by adding natural or artificial materials. It is a rapid,
40/). cost-effective, and environmentally friendly remediation technology [8,9]. In recent years,
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Abstract: Dissolved organic matter (DOM) greatly influences the transformation of nutrients and
pollutants in the environment. To investigate the effects of pyrolysis temperatures on the composition
and evolution of pyroligneous acid (PA)-derived DOM, DOM solutions extracted from a series of
PA derived from eucalyptus at five pyrolysis temperature ranges (240-420 °C) were analysed with
Fourier transform infrared spectroscopy, gas chromatography-mass spectroscopy, and fluorescence
spectroscopy. Results showed that the dissolved organic carbon content sharply increased (p < 0.05)
with an increase in pyrolysis temperature. Analysis of the dissolved organic matter composition
showed that humic-acid-like substances (71.34-100%) dominated and other fluorescent components
(i.e., fulvic-acid-like, soluble microbial by-products, and proteinlike substances) disappeared at high
temperatures (>370 °C). The results of two-dimensional correlation spectroscopic analysis suggested
that with increasing pyrolysis temperatures, the humic-acid-like substances became more sensitive
than other fluorescent components. This study provides valuable information on the characteristic
evolution of PA-derived DOM.

Keywords: pyroligneous acid; dissolved organic matter; two-dimensional correlation spectroscopy;
pyrolysis temperature

1. Introduction

Pyrolysis is increasingly becoming the most attractive technology for converting
biomass waste into bio-oil or biochar [1]. Pyroligneous acid (PA), a by-product of biomass
biochar, contains organic substances such as phenolics, aldehydes, ketones, esters, and
acids [2,3]. PA has been widely applied as a bacteriostatic agent, plant growth promoter,
antioxidant agent, and feed additive because of its complex composition [4,5].

PA and biochar, which are carbon-rich substances with abundant functional groups,
have been produced through the pyrolysis of biomass including agricultural and forestry
residues in the absence of oxygen [6,7]. Previous studies indicated that biochar-derived
dissolved organic matter (DOM) shows significantly different environmental behaviours
and recalcitrance because of its abundant reactive functional groups, including phenolic,
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RTHe, BRI, AN, TEKA, B, TkERAE, BRIk, KGR, 2R (2021) iR SRR EESS M) S ARAREEVE AR A EE R R AR B RETE, 29,
1461-1469. doi: 10.17520/bi 0ds.2021150.

Wu EH, Li DH, Yang XB, Zuo YL, Li L, Zhang PC, Chen L, Tian LJ, Li CD (2021) Populatiom structure of Cycas hainanensis and its relationship with forest
canopy density. Biodiversity Science, 29, 1461-1469. doi: 10.17520/bi0ds.2021150.

Population structure of Cycas hainanensis and its relationship with forest
canopy density

ErhuanWu', Donghai Li?", Xiaobo Yang®, Yongling Zuo?, LongLi?, PeichunZhang?, LinChen? LujiaTian?, Chendi Li?

1 School of Life and Pharmaceutical Sciences, Hainan University, Haikou 570228
2 Schooal of Ecology and Environment, Hainan University, Haikou 570228

ABSTRACT

Aim: Cycas hainanensis, an ancient species of Cycas, is a top priority plant species in China and is also classified as
endangered by the International Union for Conservation of Nature (IUCN) Red List. We aim to study the relationship
between population structure and forest canopy density of C. hainanensis in the Baomeiling Provincial Nature Reserve
of Changjiang County, Hainan Province.

Methods: After an investigation of the C. hainanensis population and its community by utilizing the sample survey, we
analyzed community characteristics including structure and species diversity, and population characteristics such as age
structure, survival curve, spatial patterns, and population density. We also studied the relationship between C.
hainanensis and forest canopy density.

Results: The vertical structure of the community of C. hainanensis was divided into two tree layers, shrub layer and
herb layer. The species diversity index of the community was high and the community species composition was rich.
The distribution of C. hainanensis was uneven in al quadrats and formed clusters in the undergrowth as well as the
forest edge at an elevation of 500 m. The population dynamics belonged to growth type, and the population renewal
ability is strong. The population survival curve of C. hainanensis tended to the Deevey-I1 type. The population mortality
increased with age, which indicated that the population of C. hainanensis was in a state of stable growth. The
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Biogeographical patterns and floral evolution of
Oreocharis ( Gesneriaceae)

Jin Xuan' Ling Shao-Jun' Wen Fang®® Ren Ming-Xun"

(1. Center for Terrestrial Biodiversity of the South China Sea Hainan University Haikou 570228 China; 2. National Gesneriaceae
Germplasm Bank of GXIB Gesneriad Committee of CWPCA Guangxi Key Laboratory of Plant Conservation and Restoration
Ecology in Karst Terrain Guangxi Zhuang Autonomous Region and Chinese Academy of Sciences Guilin 541006 China;
3. Gesneriad Conservation Centre of China Guangxi Institute of Botany Guilin 541006 China)

Abstract: We examined the geographical distribution ranges and floral traits of Oreocharis and
used nuclear ITS1 ITS2 and chloroplast trnL-4rnF sequences of 58 Oreocharis species to
construct a phylogenetic tree. We then analyzed the adaptation and evolution of floral traits
based on the above data. Results showed the Oreocharis could be separated into two clades.
Clade A was mainly distributed in Southwest China and predominantly showed yellow corollas
with four stamens; Clade B was mainly distributed in South and Southeast China and
predominantly showed purple corollas with several species evolving two stamens. Corolla
evolution from zygomorphy to actinomorphy was also detected. All four Hainan —endemic

1 202011410 . 20210327,

: ( HD-KYH-2020008) ; (41871041) ; (
AD20159091) ; 21 “ 7 ; ( Hyb2019-06) .
This work was supported by grants from the Comprehensive Scientific Research in Hainan Tropical Rainforest National Park ( HD-
KYH-2020008) National Natural Science Foundation of China ( 41871041) Guangxi Science and Technology Project ( Guike
AD20159091) 21%! Talent Project of “Ten-Hundred-Thousand” of Guangxi ( Candidates of Second Level) and Hainan Provincial
Innovative Research Projects of Postgraduates ( Hyb2019-06) .

(1992-) ( E-mail: 18071001210003 @hainanu.edu.cn) .
* ( Author for correspondence. E-mail: renmx@hainanu.edu.cn) .
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ZHANG Z, REN MX, XIANG WQ, et al. Species diversity, habits and pollination system of Orchidaceae in Southeast Asia
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Species diversity, habits and pollination system of
Orchidaceae in Southeast Asia

ZHANG Zhe'?, REN Mingxun', XIANG Wenqian', SONG Xigiang”"

(1. Center for Terrestrial Biodiversity of South China Sea / College of Ecology and Environment, Hainan University ,
Haikou 570228, China; 2. Key Laboratory of Biology of Tropical Flower Resources of Hainan Province /
College of Forestry, Hainan University, Haikou 570228, China )

Abstract: Orchidaceae, widely distributed in various terrestrial ecosystems except for Antarctica, Arctic and extreme
desert areas, comprises more than 28 000 species in more than 800 genera of 5 subfamilies. As one of the hotspots of
orchid biodiversity in the world, Southeast Asia accounted for about 1/3 of all orchid species. In this paper, we reviewed
the species diversity, evolution and dispersal history, as well as classified the habits and pollination systems of orchid
species in Southeast Asia. The results are as follows: (1) A total of 8 855 orchid species, which belongs to 5
subfamilies, 17 tribes, 26 subtribes and 240 genera in Southeast Asia, were enumerated and evaluated. (2) The main
habits of orchids in Southeast Asia include more than 6 000 epiphytic species of 127 genera, more than 2 000 terrestrial
species of 97 genera, about 100 saprophytic species of 13 genera and more than 40 vine species of 4 genera. (3)
According to the pollination system of 79 genera of Orchidaceae in Southeast Asia, 44 genera contained automatic self-

pollination species. Rewarding pollination systems involve the forms of pollen (only found in subfamily Apostasioideae ) ,

Wris B 2021-10-20
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TR H (2020070708) [ Supported by Natural Science Foundation of Hainan Province (321QN188) ; Hainan Institute of National Park
Project (KY-21SK08) ; Survey Project of Orchid Resources of National Forestry and Grassland Administration (2020070708) ],
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Study on Distribution Characteristics and Population
Dynamics of Wild Cycas Hainanensis in Hainan Island

1 2 . 2 . 2 . 3
WU Erhuan ,LI Donghai”, YANG Xiaobo™,ZUO Yongling”, YANG Ning
(1. School of Life Sciences, Hainan University , Haikou 570228, China; 2. School of Ecology and Environment, Hainan University , Haikou
570228 , China; 3. College of Tropical Crops,Hainan University , Haikou 570228 , China)

Abstract: In order to recognize the distribution characteristics and population dynamics of Cycas
Hainanensis resources in Hainan,a general investigation of wild Cycas Hainanensis was conducted in 56
sites and 62 quadrats in Hainan Island. The geographical distribution, population characteristics,
population distribution pattern and the influence environmental factors of wild Cycas Hainanensis
population were studied. The results showed that: 1) the investigated regional distribution of Cycas
hainanensis mainly included Wuzhishan city, Baoting county and Qiongzhong county etc in central and
southern mountain cities and counties, and the southeast mountain areas of Changjiang county;2) Cycas

Hainanensis was mainly distributed in tropical rainforests with a medium and high elevation range of 400 ~
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