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Genome-wide RAD sequencing data suggest predominant
role of vicariance in Sino-Japanese disjunction of the
monotypic genus Conandron (Gesneriaceae)
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Abstract Disjunct distribution is a key issue in biogeography and ecology, but it is often difficult to determine the
relative roles of dispersal vs. vicariance in disjunctions. We studied the phylogeographic pattern of the monotypic
Conandron ramondioides (Gesneriaceae), which shows Sino-Japanese disjunctions, with ddRAD sequencing based
on a comprehensive sampling of 11 populations from mainland China, Taiwan Island, and Japan. We found a very
high degree of genetic differentiation among these three regions, with very limited gene flow and a clear Isolation
by Distance pattern. Mainland China and Japan clades diverged first from a widespread ancestral population in the
middle Miocene, followed by a later divergence between mainland China and Taiwan Island clades in the early
Pliocene. Three current groups have survived in various glacial refugia during the Last Glacial Maximum, and
experienced contraction and/or bottlenecks since their divergence during Quaternary glacial cycles, with strong
niche divergence between mainland China + Japan and Taiwan Island ranges. Thus, we verified a predominant role
of vicariance in the current disjunction of the monotypic genus Conandron. The sharp phylogenetic separation,
ecological niche divergences among these three groups, and the great number of private alleles in all populations
sampled indicated a considerable time of independent evolution, and suggests the need for a taxonomic survey to
detect potentially overlooked taxa.

Key words: demography, ecological niche differences, isolation by distance, phylogeography, relict plant, species distribution

model.

1 Introduction

Due to its vast extension, stretching from boreal to tropical
ecosystems, East Asia is a key region for relict species/
lineages that survived the Cenozoic climatic deterioration,
and thus often presents complicated species distribution
patterns, for example, disjunctions (Qiu et al., 2009, 2011; Qi
et al., 2014; Tang et al., 2018). Traditionally, two alternative
explanations have been proposed to explain species disjunct
distributions (Tallis, 1991), that is long-distance dispersal
across pre-existing geographical barriers, or the fragmenta-
tion of a widespread ancestral range (vicariance) by the
formation of geographical barriers such as mountain uplifts
and marine transgressions. The role of dispersal vs. vicariance
has for decades fascinated scientists in the fields of
biogeography and evolutionary ecology, but the relative

Month 2022 | Volume oo | Issue 0o | 1-16

contribution of these diversification forces to current species
geographic patterns is still debated, partly due to the
elusiveness of extinction and the high numbers of biotic,
abiotic and stochastic factors that overlap throughout
the geological ontogeny of each region (Caujapé-Castells
et al., 2017).

Conandron ramondioides Siebold & Zucc. is the only species
of the genus Conandron Siebold & Zucc. (Gesneriaceae), with
a disjunct distribution in mainland China (in four provinces:
Anhui, Fujian, Jiangxi, and Zhejiang), Taiwan Island, and the
Japanese islands (Honshu, Kyushu, Shikoku, and the
Ryukyus) (Wang, 2004; Wang et al., 2010; Xiao et al., 2012).
This monotypic genus is distinctive for its radially sym-
metrical corolla with four fertile stamens and cohesive
anthers (Wang et al.,, 2010). The molecular data available
indicate that C. ramondioides is a relict taxon that probably

© 2022 Institute of Botany, Chinese Academy of Sciences.
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Mud solarization and brine crystallization
on basalt platforms are two key steps of
traditional techniques. Bacteria}
The richness and diversity of bacterial and

fungal communities changed dramatically

during salt-making processes. Fungi
The traditional salt-making techniques se-

lected and maintained highly specialized

microorganisms.
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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 ited. Herein, DNA sequencing and biochemical technologies were applied to determine bacterial and fungal commu-
Accepted 23 November 2021 s . . . . . . .
- . nities of this saltern and their possible functions during four stages of salt-making, i.e. seawater storage, mud
Available online 28 November 2021 L. . . . .
solarization, brine concentrating, and solar crystallization. The results showed that both of bacterial and fungal com-

Editor: Frederic Coulon

Keywords:

Hainan Island
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Saltworks

Salinity quality
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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
considerably greater than that of fungal community dominated by Ascomycota, Basidiomycota and
Mortierellomycota. Additionally, the succession of bacterial community was closely associated with both of salt phys-
icochemical properties (Na™, C1 ™, total phosphorus, total nitrogen, Ca>* and Mg?*) and bacteria themselves, whereas
fungal community was more closely associated with physicochemical properties than fungi themselves. Importantly,
Cyanobium_PCC-6307, Synechococcus_CC9902, Marinobacter, Prevotella and Halomonas as dominant bacterial genera
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.
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+ DOM and PTEs (potential toxic elements)
in different sections of MSWI plant were
analyzed.

DOM was detected in fly ash and signifi-
cantly increased in deacidification tower.
PTEs were gradually released and
enriched in the burn section, except for
As.

Fe-Mn hydroxide-bound fractions of PTEs
increased in deacidification tower mark-
edly.

Humic-like substances increased the effec-
tive fraction of PTEs in bottom ash and fly
ash.

ARTICLE INFO ABSTRACT

Article history: The content of dissolved organic matter (DOM) and potentially toxic elements (PTEs) were investigated in the bottom
Rece%ved 16 N°f’ember 2021 ash (BA) and fly ash (FA) of different sections of the municipal solid waste incineration (MSWI) plant. BA and FA were
Received in revised form 22 February 2022 collected from the dry (BA1-BA2), burn (BA3-BA4), and burn-out (BA5) sections of the grate incinerator; FA was col-
Accepted 2 March 2022

lected after denitration (DNFA), and from the deacidification tower (FA1) and bag-type dust remover (FA2), respec-
tively. The DOM concentration in BA was higher than that in FA, the highest concentration was in BA3 (556.18
mg/kg), while the lowest concentration was in DNFA (17.53 mg/kg). DOM in BA was mainly composed of protein-
like, fulvic-like, tryptophan-like, and humic-like substances, of which humic-like substances accounted for more
Keywords: than 40%. DOM in FA consisted of tryptophan-like and humic-like substances, of which humic-like substances ac-
Dissolved organic matter counted for more than 80%. DOM still existed in BA which may be related to the incomplete combustion, and the
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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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Crop biomass and yield reduction
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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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Abstract

Background Agroforestry is a promising approach
for sustainable agriculture due efficient resource
cycling and improved soil fertility. Bombax ceiba
(Malvaceae), a tall tree with red flowers blooming in
spring, is traditionally planted in rice fields in tropi-
cal Asia. However, the role of B. ceiba in the agrofor-
estry systems remains unexplored.

Methods We collected 81 soil samples at different
distances to B. ceiba (0 m (D0), 1 m (D1), and 5 m
(D5)) at a typical B. ceiba-rice agroforestry system in
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Supplementary Information The online version
contains supplementary material available at https://doi.
org/10.1007/s11104-022-05542-x.
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Hainan Island (south China) during three reproduc-
tive stages of rice- booting, heading and maturity. We
assessed spatiotemporal variations of soil nutrient
properties (by a soil nutrient analyzer (YT-TRXO03)),
and soil bacterial and fungal communities (by
sequencing 16S rRNA gene and internal transcribed
spacer (ITS) region, respectively).

Results B. ceiba improved the soil nutrient condi-
tions in a rice field, particularly the availability of
potassium and soil organic matter. Soil microbial
communities were significantly affected by the dis-
tances to B. ceiba and the reproductive stages of rice.
Available potassium was the principal driver of soil
bacterial diversity and structure. In contrast, fungal
diversity was negatively correlated with total nitro-
gen, while soil organic matter was the main factor
shaping fungal community structure.

Conclusions. Our results show that B. ceiba has posi-
tive impacts on abiotic traits of rice-growing soils. B.
ceiba can change soil microbial community structure,
however, the principal soil driver varied according to
microbial taxa. These findings support the ecological
basis of traditional agroforestry systems prevalent in
tropical Asia.

Keywords Rice field - Agroforestry - Microbial
diversity - Traditional farming practice

@ Springer


http://orcid.org/0000-0002-4707-2656
http://crossmark.crossref.org/dialog/?doi=10.1007/s11104-022-05542-x&domain=pdf
https://doi.org/10.1007/s11104-022-05542-x
https://doi.org/10.1007/s11104-022-05542-x

',\' frontiers
In Plant Science

ORIGINAL RESEARCH
published: 25 February 2022
doi: 10.3389/fpls.2022.806217

OPEN ACCESS

Edited by:

Stefan Wanke,

Technical University Dresden,
Germany

Reviewed by:

Sissi Lozada Gobilard,

Tel Aviv University, Israel
Alyssa Stewart,

Mahidol University, Thailand

*Correspondence:
Ming-Xun Ren
renmx@hainanu.edu.cn

Specialty section:

This article was submitted to
Plant Systematics and Evolution,
a section of the journal

Frontiers in Plant Science

Received: 31 October 2021
Accepted: 25 January 2022
Published: 25 February 2022

Citation:

Xiang W-Q, Malabrigo PL Jr,
Tang L and Ren M-X (2022)
Limited-Distance Pollen Dispersal
and Low Paternal Diversity in a
Bird-Pollinated Self-Incompatible
Tree. Front. Plant Sci. 13:806217.
doi: 10.3389/fpls.2022.806217

Check for
updates

Limited-Distance Pollen Dispersal
and Low Paternal Diversity in a
Bird-Pollinated Self-Incompatible
Tree
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Bird pollination in Asia is regarded as an uncommon phenomenon and, therefore, only a
few investigations on mating pattern and paternity in fruits of Asian bird-pollinated plants
have been conducted. Here, we examined spatial genetic structure, pollen dispersal,
and multiple paternity in a natural population of Bombax ceiba (B. ceiba) (Malvaceae) in
Hainan Island, South China, using simple sequence repeat (SSR) markers. A low genetic
diversity (He = 0.351 £ 0.0341 and 0.389 + 0.043, respectively, for adults and offspring)
and bottleneck effects were observed. Genetic kinship was significant within 400 m or
in 1,800-3,800 m. Both the mating pattern and paternity analysis confirmed obligate
xenogamy and a low multiple paternity in B. ceiba. There was a strongly negative
relationship between the frequency of matings and the distance between mating pairs.
The average pollen dispersal distance was 202.89 + 41.01 m (mean + SE) and the
farthest distance of > 1 km was recorded. Realized mating events showed an extremely
leptokurtic distribution within 1,200 m, suggesting that the pollen dispersal distance
was consistent with the optimal foraging theory of generalist birds such as Zosterops
spp. and Pycnonotus spp. Paternity per tree ranged from two to six and the average
effective number of pollen donors per maternal plant was 3.773, suggesting a low
level of paternity diversity as compared to other bird-pollinated plants. We concluded
that optimal foraging behavior by generalist birds could explain the leptokurtic pollen
dispersal distribution and predominantly near-neighbor matings in B. ceiba. The limited
pollen dispersal distance and low multiple paternity were consistent with low fruit setting
rate (3.27 4+ 0.93%) in this self-incompatible tree, which was caused mainly by the
restricted flight distance of birds and human disturbances. Low genetic diversity and
significant spatial genetic structure might have largely resulted from logging and human
collection of fruits.

Keywords: mating system, paternity analysis, pollen flow, microsatellite DNA, genetic diversity, Bombacoideae
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plant growth and determining plant resistance and distribution patterns in wetland
ecosystems. One of the basic steps for wetland restoration is to plant trees to ensure a
quicker recovery and prevent erosion. Plant survival and adaptation are considered criteria
of principal priority for the screening of plant species for wetland ecosystem restoration.
WL influences plant species in wetlands via the deterioration of the plant root environment
which leads to oxygen deficiency that affects plant growth, photosynthesis, respiration,
and other metabolic processes. A suitable plant species was determined according to
tolerance to WL during wetland vegetation recovery activities. Thus, two tree species
(Cleistocalyx operculatus and Syzygium jambos) that showed a certain waterlogging
tolerance were chosen to study their behaviors in different planting model and environmental
conditions. Given that interspecific relationship should be considered during plant
community construction, the eco-physiological adaptable mechanisms between these
woody plants under well-watered condition and waterlogging stress were explored. Results
showed that both species were waterlogging-tolerant species due to their ability to adapt
to submergence conditions for 120days. Moreover, C. operculatus possessed stronger
tolerance to waterlogging stress because of a significant adventitious roots biomass
accumulation. A competitive relationship was found between C. operculatus and S. jambos
under well-watered condition, and C. operculatus showed better growth performance
benefited from morphological responses (plant height, number of blade and leaf area)
and endogenous hormone variations. In comparison, S. jambos suffered some negative
effects when the well-watered mixed planting was used. However, the competitive
relationship under well-watered condition was transformed into mutualistic relationship
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Sphingomonas sp. Hbc-6 alters
physiological metabolism and
recruits beneficial rhizosphere
bacteria to improve plant
growth and drought tolerance

Fang Wang?, Yali Wei?, Taozhe Yan®, Cuicui Wang®,
Yinghui Chao*, Mingyue Jia*, Lizhe An**

and Hongmei Sheng™

*Ministry of Education Key Laboratory of Cell Activities and Stress Adaptations, School of Life
Sciences, Lanzhou University, Lanzhou, China, 2Center for Terrestrial Biodiversity of the South

China Sea, Hainan University, Haikou, China, *The College of Forestry, Beijing Forestry University,
Beijing, China

Drought poses a serious threat to plant growth. Plant growth-promoting
bacteria (PGPB) have great potential to improve plant nutrition, yield, and
drought tolerance. Sphingomonas is an important microbiota genus that is
extensively distributed in the plant or rhizosphere. However, the knowledge of
its plant growth-promoting function in dry regions is extremely limited. In this
study, we investigated the effects of PGPB Sphingomonas sp. Hbc-6 on maize
under normal conditions and drought stress. We found that Hbc-6 increased
the biomass of maize under normal conditions and drought stress. For
instance, the root fresh weight and shoot dry weight of inoculated maize
increased by 39.1% and 34.8% respectively compared with non-inoculated
plant, while they increased by 61.3% and 96.3% respectively under drought
conditions. Hbc-6 also promoted seed germination, maintained stomatal
morphology and increased chlorophyll content so as to enhance
photosynthesis of plants. Hbc-6 increased antioxidant enzyme (catalase,
superoxide, peroxidase) activities and osmoregulation substances (proline,
soluble sugar) and up-regulated the level of beneficial metabolites
(resveratrol, etc.). Moreover, Hbc-6 reshaped the maize rhizosphere bacterial
community, increased its richness and diversity, and made the rhizosphere
bacterial community more complex to resist stress; Hbc-6 could also recruit
more potentially rhizosphere beneficial bacteria which might promote plant
growth together with Hbc-6 both under normal and drought stress. In short,
Hbc-6 increased maize biomass and drought tolerance through the above
ways. Our findings lay a foundation for exploring the complex mechanisms of
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ABSTRACT

Filament union is a widely distributed characteristic in angiosperms where the stamens in a flower are united by
filaments in diverse modes. Yet, its adaptive significance has remained empirically unexplored. Bombax ceiba
(Malvaceae) has large red flowers with two whorls of stamens differing in degrees of filament union, and
therefore provides an opportunity to explore the adaptive significance of filament union. We observed floral
visitors in a large wild population of B. ceiba in Hainan Island, south China. We manipulated the filament union
and dyed pollen grains for two whorls of its stamens to explore effects of filament union on bird visitation and
pollination consequences. We found that the main floral visitor to B. ceiba was Zosterops palpebrosa, which
foraged for nectar via landing on stamens, petals, and branches. When filaments were separated, bird forage
attempts and visit durations decreased due to weakened support for bird landing. Consequently, pollen removal
was also decreased significantly. Filament union may help in generating the landing sites for the visiting birds to
drink nectar, and thus, increases the frequency of their contact with the nearby five-branched stigmas, facili-
tating pollen deposition from other flowers. Therefore, filament union in B. ceiba may function as an efficient
mechanism of cross-pollination by low-frequency but high-efficiency pollinators through stabilizing the anther
position and by providing the united stamens as landing sites for birds, and increasing both pollen removal and
deposition.

1. Introduction

phenomenon in angiosperms, occurring in about 40 families (Ren,
2008), and shows considerable diversity in growth patterns and degrees

In many flowers, anthers and/or filaments are united (Foerste, 1888;
Ren, 2008), resulting into synantherous stamens (e.g. Asteraceae and
Orobanchaceae), anthers united in two pairs (mostly in didynamous
stamens of Lamiales), and monadelphous stamens (Malvaceae) or
diadelphous stamens as in Papilionaceae (Foerste, 1888; Mani and
Saravanan, 1999). Such united growth of stamens may alter spatial
positionings of anthers and anther-stigma separation (herkogamy),
which may affect the pollination process (Ren, 2008). For example,
anther union could promote pollen removal because aggregated anthers
increase contact precision of pollen with pollinators and decrease the
pollen wastage (Henslow, 1888; Mani and Saravanan, 1999; Ren and
Tang, 2010).

Filament union, in which the stamen’s filaments are connate, but the
anthers are separate from each other, is a widely distributed

Edited by Timotheus van der Niet

of union. Despite the frequent occurrence of filament union, its effects
on the pollination process are poorly understood, with only a few inci-
dental descriptions associated with monadelphous stamens in Malva-
ceae (Ruan et al., 2004; Johri and Raghuvanshi, 2014; Rasoamanana
et al., 2019) and diadelphous stamens in Papilionaceae (Galloni et al.,
2008). Theoretically, filament union can enhance the strength of sta-
mens, protect the pistil and stamen itself from being damaged by floral
visitors, or help to keep the anthers at a relatively stable position
(Harder and Barrett, 1993; Kudo, 2003; Zhang, 2004). In Theaceae,
Euphorbiaceae, Aegiceras spp., and Durio spp., filament union might
gather slender stamens together to support the moving pollinating birds,
and keep anthers at the center of the flower, which may promote pollen
removal by birds with low visiting frequency but high pollination effi-
ciency (Ren, 2008; Ren et al., 2016; Song et al., 2019). In this scenario,
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Abstract

Oreocharis hainanensis, a new species of Gesneriaceae is described and illustrated from low-altitudual karst areas in Hainan
Island, South China. The new species is easily distinguished from its closely-related O. jasminina by campanulate floral tube,
zygomorphic corolla and exserted stamens. It also shows different habitats from the four currently-recognized Oreocharis
taxa on the island. Molecular phylogeny analysis based on plastid #nL-rnF and nuclear ITS1/2 sequences supported the
delimitation of the new species, which forms a monophyletic clade with all the other Oreocharis taxa from Hainan Island.
The roles of habitat and floral isolation in the evolution of the new species and its affinities are discussed. The species was
assessed as Vulnerable (VU C1 and D2) according to [UCN Red List Categories and Criteria.

Keywords: Morphology, Molecular, New taxon, Karst

Introduction

Oreocharis Bentham (1876: 1021) was recently re-delimited to include ten small or monotypic genera and the species
number reach to over 160 species, based on extensive molecular phylogenetic studies (Moller et al. 2011, Weber et
al. 2013), while Bournea Oliver (in Hooker 1893: 2254) was re-instated as an independent genus (Chen et al. 2020).
Oreocharis belongs to tribe Trichosporeae Nees (1825: 143), subfamily Didymocarpoideae Arnott (1832: 121) of
Gesneriaceae, and it is phylogenetic closed to Aeschynanthus Jack (1823: 42), Cyrtandra Forster & Forster (1776: t. 3)
and Agalmyla Blume (1826: 766). Oreocharis is predominantly distributed in China with approximately 147 species,
and some species distributed in the Indochinese Peninsula and Japan (Chen et al. 2018, Jin et al. 2021, Kong et al.
2021). The Oreocharis underwent early and rapid explosive radiation in Miocene (Kong ef al. 2021), it can be divided
into two clades. One clade is mainly distributed in Southwest China and characterized by yellow corolla with four
stamens, and another clade is mainly distributed in South and Southeast China and characterized by purple corolla,
some species evolved with two stamens (Jin ef al. 2021). All species are rosette plants with spirally arranged leaves,
axillary inflorescences, and showed a strikingly-high diversity in floral syndromes with limited differences in habit
and fruit structure (Li & Wang 2005, Wei 2010, Jin ef al. 2021), and the evolution from zygomorphy to actinomorphy
in corolla was detected (Jin et al. 2021).

As a distinctive part of the globally important Indo-Burma biodiversity hotspot (Myers et al. 2000), Hainan Island
in South China harbors 14 genera and 25 species of Gesneriaceae, including two endemic genera and ten endemic
species (Li & Wang 2005, Ling ef al. 2017, 2020b). Currently, four taxa of Oreocharis were recognized in Hainan
Island, i.e., O. dasyantha Chun (1946: 287) var. dasyantha, O. dasyantha var. ferruginosa Pan (1987: 283), O. flavida
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Abstract

We summarize the knowledge on taxonomy and distribution of the genus Parnassia in Vietnam. Two species of the genus
are found in Vietnam. We report additional records of P. wightiana, which appears to inhabit the provinces Ha Giang and Yen
Bai. We provide detailed morphological description of the Vietnamese populations of this species, and discuss their deviation
from the known variation range of P. wightiana. We report for the first time the second species of Parnassia from Vietnam,
and provisionally identify it as P. procul. Our discovery of this species in Lam Dong Province in southern Vietnam is the first
record of the genus outside the northern highlands within the country. We illustrate both Vietnamese species of Parnassia
with analytical photographs, and show their distribution on a map. Additionally, we present an updated checklist of the fam-
ily Celastraceae in Vietnam, which reflects the most recent views on taxonomic boundaries of the family and its genera, and
includes discoveries of the last years as well as some earlier reports absent in the previous works. In total, 17 genera and 93
species are accepted in the checklist.

Keywords: Celastrales, flora, Indochina, Parnassia procul, Parnassia wightiana, Parnassiaceae, plant taxonomy

Introduction

The history of inventory of Celastraceae in Vietnam shows several significant steps. Pitard (1912a, 1912b) listed 12
genera and 45 species from the territory of modern Vietnam, assigned by him to Celastraceae and Hippocrateaceae. A
significant amendment of Pitard’s treatment was made by Tardieu-Blot (1948a, 1948b, 1948c). Pham (2003) accepted
17 genera and 72 species. The most recent checklist by Nguyen (2003a, 2003b) comprises 13 genera and 80 species
currently considered in Celastraceae and assigned by the author to Celastraceae and Siphonodontaceae. The difference
in the number of genera accepted in these treatments is largely related to different views on the intergeneric boundaries;
the views on taxonomic identity (and, therefore, synonymization) of the species also varied significantly.
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Abstract: Tomato is an important vegetable that is highly sensitive to drought (DR) stress which impairs
the development of tomato seedlings. Recently, melatonin (ME) has emerged as a nontoxic, regulatory
biomolecule that regulates plant growth and enhances the DR tolerance mechanism in plants. The
present study was conducted to examine the defensive role of ME in photosynthesis, root architecture,
and the antioxidant enzymes’ activities of tomato seedlings subjected to DR stress. Our results indicated
that DR stress strongly suppressed growth and biomass production, inhibited photosynthesis, negatively
affected root morphology, and reduced photosynthetic pigments in tomato seedlings. Per contra, soluble
sugars, proline, and ROS (reactive oxygen species) were suggested to be improved in seedlings under DR
stress. Conversely, ME (100 M) pretreatment improved the detrimental-effect of DR by restoring chloro-
phyll content, root architecture, gas exchange parameters and plant growth attributes compared with
DR-group only. Moreover, ME supplementation also mitigated the antioxidant enzymes [APX (ascorbate
peroxidase), CAT (catalase), DHAR (dehydroascorbate reductase), GST (glutathione S-transferase), GR
(glutathione reductase), MDHAR (monodehydroascorbate reductase), POD (peroxidase), and SOD
(superoxide dismutase)], non-enzymatic antioxidant [AsA (ascorbate), DHA (dehydroascorbic acid),
GSH (glutathione), and GSSG, (oxidized glutathione)] activities, reduced oxidative damage [EL (elec-
trolyte leakage), H,O, (hydrogen peroxide), MDA (malondialdehyde), and O,°~ (superoxide ion)] and
osmoregulation (soluble sugars and proline) of tomato seedlings, by regulating gene expression for
SOD, CAT, APX, GR, POD, GST, DHAR, and MDHAR. These findings determine that ME pretreatment
could efficiently improve the seedlings growth, root characteristics, leaf photosynthesis and antioxidant
machinery under DR stress and thereby increasing the seedlings’ adaptability to DR stress.

Keywords: tomato; photosynthesis; root growth; oxidative damage; melatonin; drought; gene expression
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Abstract

Crop production has been extensively affected globally due to heavy metal pollution. Cadmium (Cd) toxicity is a major
abiotic factor that reduces crop yield via reducing plant growth, nutrient losses, and root morphological changes. Melatonin
(ME) is a well-studied strong antioxidant and nontoxic biomolecule, enhancing plants’ tolerance to environmental stresses.
In this study, we examined the response of tomato genotypes to Cd toxicity and the potential functions of ME in improving
Cd stress tolerance. Roots of three tomato genotypes (Fenli, Badli2, and Shidun 197) were pretreated with ME (100 uM)
for 3 days, followed by application of Cd (35 pM) for one week. The treatments were as follows: (1) CK (control); (2) Cd
treatment; and (3) ME 4 Cd treatment. Cd was applied in the form of CdCl,. The results revealed that seedlings with ME
pretreatment (100 uM for 3 days) exposed to Cd (35 uM for 7 days) had better plant growth and root activity. ME sup-
plementation significantly enhanced root architecture and boosted mineral nutrient uptake. Moreover, pretreatment of ME
reduced leaf Cd levels by decreasing root-to-shoot transport of Cd. In conclusion, ME application modifies the root growth
pattern as well as increases mineral nutrient homeostasis in tomato genotypes under Cd stress. Our results showed that ME
reduced Cd-induced phytotoxicity in all tomato genotypes by enhancing biomass production, root system architecture, and
macro and micro nutrient uptake by decreasing Cd uptake in all tomato genotypes.

Keywords Tomato genotypes - Root architecture - Mineral homeostasis - Cadmium - Melatonin

1 Introduction

Heavy metals are major pollutants of the environment that
affect every living being on the earth (Altaf et al. 2021a).
Moreover, heavy metals are well known to be necessary
microelements for plants to develop and complete their
life cycles. Increased levels of these metals, on the other
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hand, maybe harmful to plants and impede different meta-
bolic processes (Hasan et al. 2009; Valivand et al. 2019;
Shahid et al. 2021; Shakoor et al. 2021). Notably, Cd is a
severe environmental contaminant that has a detrimental
effect on crop growth and possible health risks linked with
food chain pollution (Ajjimaporn et al. 2012). Moreover,
Cd is not an essential nutrient, for the plants; however, it

Department of Horticulture, Bahauddin Zakariya University,
Multan, Pakistan

College of Tropical Crop, Hainan University, Haikou 570228,
China

ICAR-Indian Agricultural Research Institute,
New Delhi 110012, India

9 ICAR-Central Potato Research Institute, Shimla 171001,
Himachal Pradesh, India

Department of Environment and Soil Sciences, University
of Lleida, Lleida, Spain


http://orcid.org/0000-0001-7257-479X
http://crossmark.crossref.org/dialog/?doi=10.1007/s42729-021-00720-9&domain=pdf

DNA Research, 2022, 29(2), 1-10
https://doi.org/10.1093/dnares/dsac005

Advance Access Publication Date: 16 February 2022
Resource Article: Genomes Explored OXFORD

Resource Article: Genomes Explored

A chromosome-scale genome and transcriptomic
analysis of the endangered tropical tree Vatica
mangachapoi (Dipterocarpaceae)

Liang Tang'*", Xuezhu Liao?", Luke R. Tembrock?, Song Ge*, and
Zhigiang Wu?*

1Center for Terrestrial Biodiversity of the South China Sea, Hainan University, Haikou, Hainan 570228, China,
2Shenzhen Branch, Guangdong Laboratory for Lingnan Modern Agriculture, Genome Analysis Laboratory of the
Ministry of Agriculture, Agricultural Genomics Institute at Shenzhen, Shenzhen 518120, China, *Department of
Agricultural Biology, Colorado State University, Fort Collins, CO 80523, USA, and *State Key Laboratory of
Systematic and Evolutionary Botany, Institute of Botany, Chinese Academy of Sciences, Beijing 100093, China

*To whom correspondence should be addressed. Email: ecotang@163.com (L.T.); wuzhigiang@caas.cn (Z.W.)
"These authors equally contributed to this work.

Received 7 December 2021; Editorial decision 10 February 2022; Accepted 12 February 2022

Abstract

Vatica mangachapoi is a tropical tree species native to Southeast Asia. It has long been valued
as a timber species because the wood resists decay, but it is now considered vulnerable to ex-
tinction due to habitat loss and overexploitation. Here, we present the first chromosome-level
genome assembly of V. mangachapoi that we created by combining data from PacBio long read
sequencing with Hi-C proximity ligation and lllumina short-read sequencing. The assembled ge-
nome was 456.21 Mb, containing 11 chromosome and a BUSCO score of 93.4%. From the newly
assembled genome, 46,811 protein-coding genes were predicted. Repetitive DNA accounted for
53% of the genome. Phylogenomic and gene family analyses showed that V. mangachapoi di-
verged from a common ancestor of Gossypium raimondii 70 million years ago. Transcriptome
analyses found 227 genes that were differentially expressed in the leaves of plants grown in nor-
mal soil relative to plants grown in dry, coastal, sandy soil. For these genes, we identified three
significantly enriched with GO terms: responses to organonitrogen compounds, chitin-triggered
immunity, and wound response. This genome provides an important comparative benchmark
not only for future conservation work on V. mangachapoi but also for phylogenomics work on
Dipterocarpaceae.

Key words: dipterocarp forests, genome assembly, whole-genome duplication, tree genomics, conservation biology

1. Introduction accounting for over 90% of the species in the family.! Species of the

Dipterocarpaceae is a pantropically distributed family of trees Dipterocarpoideae provides the foundation on the establishment of
known for producing high-value timber and for being a species of ecosystems in tropical forests.” In Southeast Asian tropical forests,
ecological importance, including ~500 species. Dipterocarpoideae is Asian dipterocarp forests provide a variety of ecosystem services, in-
the largest and most diverse subfamily, comprising 13 genera and cluding global carbon balance, regional climate regulation, and

©The Author(s) 2022. Published by Oxford University Press on behalf of Kazusa DNA Research Institute.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https:/creativecommons.org/licenses/by/4.0/), which permits
unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited. 1
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ARTICLE INFO ABSTRACT

Keywords:
Farmland
Agro-ecosystem
Mulching
Social factors
Land use

Agro-ecosystem contamination with microplastics (MPs) is of great concern. However, limited research has been
conducted on the agricultural soil of tropical regions. This paper investigated MPs in the agro-ecosystem of
Hainan Island, China, as well as their relationships with plastic mulching, farming practices, and social and
environmental factors. The concentration of MPs in the study area ranged from 2800 to 82500 particles/kg with
a mean concentration of 15461.52 particles/kg. MPs with sizes between 20 and 200 pm had the highest
abundance of 57.57%, fragment (58.16%) was the most predominant shape, while black (77.76%) was the most
abundant MP colour. Polyethylene (PE) (71.04%) and polypropylene (PP) (19.83%) were the main types of
polymers. The mean abundance of MPs was significantly positively correlated (p < 0.01) with all sizes, tem-
perature, and shapes except fibre, while weakly positively correlated with the population (p = 0.21), GDP (p =
0.33), and annual precipitation (p = 0.66). In conclusion, plastic mulching contributed to significant contami-
nation of soil MPs in the study area, while environmental and social factors promoted soil MPs fragmentation.
The current study results indicate serious contamination with MPs, which poses a concern regarding ecological

and environmental safety.

1. Introduction

The use and production of plastics on a large scale, especially single-
use plastics, has resulted in an abundance of plastic debris in the envi-
ronment. It has been investigated and accepted widely that micro-
plastics (MPs) in the aquatic environment are serious threat and have
the potential to negatively affect marine ecosystems and even humans
(Sharma and Chatterjee, 2017). However, less scientific attention has
been paid to the terrestrial environment especially the agro-ecosystem
(Wang et al., 2021a). Around 63,000-430,000 tons and 44,000-300
000 tons of MPs are annually introduced to agricultural land in Europe

and North America respectively (Nizzetto et al., 2021), which is much
greater than the global annual input (93,000-236,000 tons) of MPs in
the ocean (Van Sebille et al., 2015). The application of plastic mulch,
tunnels, sewage sludge, fertilizer bags and shade, flood and street runoff,
and atmospheric fallout are the main sources of high MPs distribution in
the terrestrial ecosystem (Blasing and Amelung, 2018; van den Berg
etal., 2020; Yang et al., 2021). Among these sources, plastic mulching is
the major source due to its worldwide practice in agriculture (Ali et al.,
2021; Huang et al., 2020). Plastic mulching is extensively used in agri-
culture to improve microclimatic variables suitable for enhancing crop
growth and production and to use water efficiently (Guo et al., 2020).
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HIGHLIGHTS GRAPHICAL ABSTRACT

e Carbon storage increase was similar in
paddy and upland soils at 20% slurry
rate.

e Dominant components of dissolved
organic matter differed between the two
soil types.

e Macronutrients accumulated in the
grain produced by rice in upland soil.

e Rice quality was enhanced in slurry
treatments of upland soil compared to Function
control. : e

Agriculture processing plant Human health
- °

e Soil microbial community improved
with slurry compared to chemical
fertilisers.

ARTICLE INFO ABSTRACT

Handling Editor: T Cutright In the context of carbon peak, neutrality, and circular agricultural economy, the use of renewable resources from
agricultural processing for plant cultivation still needs to be explored to clarify material flow and its ecological

Keywords: effects. Paddy-upland rotation is an effective agricultural strategy to improve soil quality. This study evaluated

Biogas slurry the effects of biogas slurry application against those of chemical fertilisers in these two typical Chinese cropping

Ecological circular agriculture

Carbon stock soils. The application of biogas slurry increased total carbon content in paddy soil by 73.4%, and that in upland
arbon stoc

Mineral elements soil by 65.8%. Conversely, application of chemical fertiliser reduced total carbon in both soil types. There were
Microbial diversity significant positive correlations between total carbon and Zn, Cu, and Pb in rice husks grown in paddy soil (R? =
Amylose and protein 0.95, 0.996, 0.95; p < 0.05). The content of amylose in biogas slurry treatment of paddy soil increased by 35.9%,

while that in upland soil decreased by 19.2%. After biogas slurry was applied, the contents of fulvic acid- and
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ABSTRACT ARTICLE HISTORY
Arecoline, the dominant alkaloid existing in areca nuts, is an Received 6 December 2021
addictive substance and classified as a Group 2B potential human Accepted 30 December 2021

carcinogen. Currently, the detection of arecoline is mostly

dependent on chromatography-based approaches, which are Arocoline: caidine:
time-consuming and expensive. We used arecaidine as a hapten monoclonal antibé)dy;
to produce a highly specific monoclonal antibody (mAb) against icELISA; immunoassay
arecoline. An indirect competitive enzyme-linked immunosorbent

assay (icELISA) was developed using the mAb-A5H12, to detect

arecoline in traditional Chinese medicines and fresh areca nuts.

The icELISA indicated that the half maximum inhibition

concentration (IC50) for arecoline was 67.9 ng/mL, with a working

range of 10.1-502.6 ng/mL and a limit of detection (LOD) of

3.6 ng/mL. High-performance liquid chromatographic (HPLC)

confirmed the accuracy and the working range of icELISA,

suggesting that the icELISA approach based on the arecoline

specific antibody could be a widely applicable and easy operation

method in detection of arecoline in foods and medicines.

KEYWORDS

Introduction

Arecoline is the predominant alkaloid in the areca (betel) nut, which is considered as the
world’s fourth most common human psychoactive agent, after alcohol, nicotine, and
caffeine (Papke et al., 2015). Arecoline has multiple effects on the central nervous
system (including elation and anxiolysis) and is considered as an addictive substance
(Heatubun et al., 2012; Volgin et al., 2019). However, arecoline has been proposed as a
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e Carbon storage increase was similar in
paddy and upland soils at 20% slurry
rate.

e Dominant components of dissolved
organic matter differed between the two
soil types.

e Macronutrients accumulated in the
grain produced by rice in upland soil.

e Rice quality was enhanced in slurry
treatments of upland soil compared to Function
control. : e

Agriculture processing plant Human health
- °

e Soil microbial community improved
with slurry compared to chemical
fertilisers.

ARTICLE INFO ABSTRACT

Handling Editor: T Cutright In the context of carbon peak, neutrality, and circular agricultural economy, the use of renewable resources from
agricultural processing for plant cultivation still needs to be explored to clarify material flow and its ecological

Keywords: effects. Paddy-upland rotation is an effective agricultural strategy to improve soil quality. This study evaluated

Biogas slurry the effects of biogas slurry application against those of chemical fertilisers in these two typical Chinese cropping

Ecological circular agriculture
Carbon stock

Mineral elements

Microbial diversity

Amylose and protein

soils. The application of biogas slurry increased total carbon content in paddy soil by 73.4%, and that in upland
soil by 65.8%. Conversely, application of chemical fertiliser reduced total carbon in both soil types. There were
significant positive correlations between total carbon and Zn, Cu, and Pb in rice husks grown in paddy soil (R? =
0.95, 0.996, 0.95; p < 0.05). The content of amylose in biogas slurry treatment of paddy soil increased by 35.9%,

while that in upland soil decreased by 19.2%. After biogas slurry was applied, the contents of fulvic acid- and
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Exogenous ABA and IAA modulate e

physiological and hormonal adaptation
strategies in Cleistocalyx operculatus and
Syzygium jambos under long-term waterlogging
conditions

El-Hadji Malick Cisse'*', Juan Zhang'", Da-Dong Li', Ling-Feng Miao'?, Li-Yan Yin? and Fan Yang'*’

Abstract

Background: The mechanisms of abscisic acid (ABA) and auxin (IAA) in inducing adventitious root (AR) forma-
tion, biomass accumulation, and plant development under long-term waterlogging (LT-WL) conditions are largely
unexplored. This study aimed to determine the roles of exogenous application of ABA and IAA in two woody plants
(Cleistocalyx operculatus and Syzygium jambos) under LT-WL conditions. A pot experiment was conducted using a
complete randomized design with two factors: (i) LT-WL and (ii) application of exogenous phytohormones (ABA
and IAA) for 120 d.

Results: Results revealed that exogenous ABA and IAA promoted LT-WL tolerance in both species. In C. operculatus
and S. jambos, plant height, the number of blades, leaf area, and fresh shoot weight were increased by exogenous IAA
under LT-WL. However, exogenous ABA affected more the adventitious and primary root in C. operculatus compared
to S. jambos. LT-WL decreased drastically the photosynthetic activities in both species, but adding moderate amounts
of exogenous ABA or IAA protected the photosynthesis apparatus under LT-WL. Exogenous phytohormones at certain
levels decreased the superoxide anion level and malondialdehyde accumulation in plants under LT-WL. Also, the
increase of the peroxidases and superoxide dismutase activities by exogenous phytohormones was more marked in
C. operculatus compared to S. jambos. Meanwhile, the catalase activity was down-regulated in both species by exog-
enous phytohormones. Exogenous ABA or IAA positively regulated the jasmonic acid content in ARs under LT-WL.
Moderate application of exogenous ABA or IAA in plants under LT-WL decreased the ABA content in the leaves. Lower
accumulation of IAA and ABA in the leaves of C. operculatus under LT-WL was positively correlated with a decrease in
antioxidant activity.

Conclusions: Lastly, C. operculatus which has greater morphology indexes was more tolerant to waterlogging than
S.jambos. Moreover, the adaptive strategies via exogenous ABA were more built around the below-ground biomass
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Abstract: The diverse utilization of pyrolysis liquid is closely related to its chemical compositions. Several
factors affect PA compositions during the preparation. In this study, multivariate statistical analysis was
conducted to assess PA compositions data obtained from published paper and experimental data. Results
showed the chemical constituents were not significantly different in different feedstock materials. Acids
and phenolics contents were 31.96% (CI: 25.30-38.62) and 26.50% (CI: 21.43-31.57), respectively, accounting
for 58.46% (CI: 46.72-70.19) of the total relative contents. When pyrolysis temperatures range increased
to above 350 °C, acids and ketones contents decreased by more than 5.2-fold and 1.53-fold, respectively,
whereas phenolics content increased by more than 2.1-fold, and acetic acid content was the highest,
reaching 34.16% (CI: 25.55-42.78). Correlation analysis demonstrated a significantly negative correlation
between acids and phenolics (1> = —0.43, p < 0.001) and significantly positive correlation between ketones
and alcohols (12 = 0.26, p < 0.05). The pyrolysis temperatures had a negative linear relationship with acids
(slope = —0.07, % = 0.16, p < 0.001) and aldehydes (slope = —0.02, > = 0.09, p < 0.05) and positive linear
relationship with phenolics (slope = 0.04, * = 0.07, p < 0.05). This study provides a theoretical reference of
PA application.

Keywords: pyrolysis liquid; acetic acids; phenolics; pyrolysis temperature; multivariate statistical
analysis

1. Introduction

Thermal pyrolysis is one of the most promising ways for the conversion of abundant
biomass residues into the biochar, pyrolysis liquid and various volatile gases [1,2].

Pyrolysis liquid (PA), also named pyroligneous acid, is a crude condensate gener-
ated from the distillation of smoke produced during biomass pyrolysis, and is highly
oxygenated organic smoke liquid, comprising organic acids, phenolics, aldehydes, ketones
and alcohols [3,4]. PA can be used as antimicrobial and antioxidant agents to improve
plant growth and enhance soil nutrient health conditions because of its advantageous
physical and chemical properties [5,6]. The application of PA is attributable to its chemical
compositions directly [7-9].

The chemical compositions of PA depend on multiple factors influencing pyrolysis
(e.g., feedstocks and pyrolysis conditions). When pyrolysis temperatures increased from
300 °C to 600 °C, acids and aldehydes content decreased, whereas phenolics and ketones
obtained from giant reeds increased [10]. Wei et al. [11] reported that the PA components
were prepared by pyrolyzing walnut shells within three temperatures ranges. The results
from their study indicated that the acids content at 151-310 °C was 4-fold higher than that

Molecules 2022, 27, 5656. https:/ /doi.org/10.3390/molecules27175656 https:/ /www.mdpi.com/journal/molecules
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ARTICLE INFO ABSTRACT

Article history: Environmental pollution of microplastics (MPs) is known to be anthropogenically medi-
Received 10 July 2021 ated menace to biosphere and becoming a debatable concern globally. Large quantities
Received in revised form 10 October 2021 of plastic fragments are left behind after crop cultivation. The leftover plastic debris,

Accepted 6 February 2022

radually degrade into minute fragments with a diameter of less than 5 mm, known as
Available online 12 February 2022 & y des &

MPs. MPs are responsible for many changes in the soil physicochemical characteristics,

Keywords: including porosity, enzymatic activities, microbial activities, plant growth, and yield.
Waste plastics Because of their ubiquitous nature, high specific surface area and strong hydrophobicity,
Microplastics MPs play an important role in the transportation of toxic chemicals such as plasticisers,
Toxic effects polycyclic aromatic hydrocarbons (PAHs), antibiotics, and potentially toxic elements
Soil enzymatic activities (PTEs). MPs may be transported deep into the soil and can pollute underground water.

Crop production This review paper investigates the deleterious effects of MPs on the soil environment,

enzymatic activities, soil microbes, flora, fauna and crop production, and highlights the
general concept of MPs contamination as well as its possible environmental conse-
quences. The review also converses some of the key areas for future research and for

key stakeholders concerned with policymaking
© 2022 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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The use of the herbicide paraquat has been banned in many countries due to its high toxicity. However, there is
an issue that illegal addition of paraquat in herbicide products. Therefore, a rapid, sensitive, and portable method
will be useful to detect paraquat in adulterated herbicides for regulation purpose.

In the present study, an indirect competition enzyme-linked immunosorbent assay (icELISA) was developed
with a new paraquat-specific monoclonal antibody (mAb) for paraquat detection. The icELISA results showed a
50% inhibitory concentration (ICsg) of 7.63 ng/mL with a working range (IC29-ICgp) of 1.68-33.1 ng/mL. In
addition, a lateral flow immunoassay (LFIA) with a cut-off value of 20.0 ng/mL was also developed. The LFIA
showed no detection of the herbicides diquat, glyphosate and glufosinate up to 50 ug/mL. Nine herbicide samples
were collected across Hainan province, China and analyzed by the LFIA dipsticks. One out of the nine samples
was tested positive, which was confirmed with icELISA and HPLC. The accuracy of the LFIA was further verified
through onsite tests in different places in China. Forty-seven commercial herbicide products were tested via the

LFIA dipsticks, of which 9 samples were positive and confirmed with HPLC analysis.
The paraquat LFIA exhibited the most promising potential as the point of care (POC) device for the rapid
screening of paraquat in adulterated herbicide products.

1. Introduction

Paraquat (PQ, N, N’-dimethyl-4,4’-bipyridinium dichloride) is a non-
selective herbicide to control broad-leaf weeds since the 1960s [1,2]. As
the most highly toxic pesticide with no specific antidote, PQ has caused
more deaths than any other herbicidal agents with the lethal dose (LDs)
about 20-40 mg/kg of body weight in humans [2,3]. PQ cytotoxicity
involves with reactive oxygen species (ROS) generation, inflammation,
and improper epithelial to mesenchymal transition (EMT) [4]. Many
reports showed that multiple organ dysfunction syndrome (MODS)
caused the mortality of patients induced by paraquat ingestion [5]. With
the lack of effective regulations, acute paraquat self-poisoning becomes
a significant issue in many parts of the world [6]. More and more
countries have realized the risk of PQ usage [2,7]. In some countries like

* Corresponding authors.

China, Malaysia, Finland, Sweden and Austria, usage of paraquat in
agricultural production is illegal and banned [8-10]. However, surveys
in some countries still showed paraquat related poisoning incidents
every year even though the paraquat sales have been prohibited [11,12].
A study indicated that left-behind children in rural areas are at a higher
risk of paraquat poisoning. The retrospective analysis of the report
showed at least 123 children were admitted to the hospital between
2012 and 2017 with paraquat poisoning [13]. The responsibility for
these accidents of PQ rested on the manufacturer that produced illegally
[14]. Low manufacturing cost and high effectiveness of herbicides which
contain paraquat compared with other non-paraquat products normally
is the main incentive for the manufactures to hide the usage of paraquat
in production. As a result, people are poisoned after exposure to the
products contaminated with paraquat. Hence, the demand for effective

E-mail addresses: hwzhao@hainanu.edu.cn (H. Zhao), wbaomin@263.net (B. Wang).
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Nitrogen is an essential nutrient in aquaculture. It is also an important factor in coastal and river eutrophication.
We present an island-scale model to study the nitrogen flows in different aquaculture systems in Hainan Island
during 1998-2018. The result indicated that nitrogen losses associated with pond sludge, wastewater discharge
and gaseous emission increased by a factor of 1.4, 4.6 and 3.2, respectively. Sludge and wastewater account for
84% of the total losses to the environment. During the past 20 years, aquacultural yields and the nitrogen use
efficiency (NUE) improved considerably in Hainan Island. Nevertheless, nitrogen losses to the environment
increased significantly as well, with negative effects for local ecosystems. In the future, sustainable aquacultural

practices are needed to improve NUE and to reduce nitrogen losses to the environment.

Rapid population growth and dietary changes have greatly increased
the demand for meat protein in China (Luo et al., 2018a). Aquatic
products are known for their high quality proteins. However, natural
aquatic systems have a limited productivity. As a result, aquaculture
gained more and more attention. In recent decades, China has made
great achievements in aquaculture. China has become the world’s
largest producer, consumer, processor and exporter of aquatic products
(Zou and Huang, 2015). The rapid development of aquaculture industry,
however, has caused serious problems in the local ecological environ-
ment through water pollution, eutrophication, and acidification
(Edwards, 2015; Shi et al., 2015).

Nitrogen (N) is necessary for the biosynthesis of key cellular com-
ponents such as proteins and nucleic acids (Kuypers et al., 2018). There
are different forms of N that cause pollution, including ammonium
(NH%), ammonia (NH3), different nitrogen oxides (NO3, HNO3, NO3)
and organic N. In recent years, studies have been published on global
and country-scale aquaculture from the perspectives of economics, food
security, climate change and the environment (Merino et al., 2012;

Gentry et al., 2017; Wang et al., 2015; Golden et al., 2021; Edwards,
2015). In addition to these studies, models to analyze temporal and
spatial changes in aquaculture can provide new perspectives on N bal-
ances and losses. Most available N-related modeling studies on aqua-
culture focus on the national scale, and on quantifying N production and
losses from a process-based perspective. For example, Bouwman et al.
(2011) established a model to evaluate the N and phosphorus (P)
emissions from aquaculture for shellfish and algae production. Guo et al.
(2008). conducted a study to evaluate the effects of cage aquaculture on
the dynamics of N and P in shallow lakes in China. Papatryphon et al.
(2005) used a nutrient balance model to assess environmental emissions
from trout farming. Xia et al. (2004) reported on N and P cycling in
shrimp ponds in Taihu region of China. Gu et al. (2013,2015) studied
China’s N footprint, in which the contribution of aquaculture was dis-
cussed, Zhang et al. (2015) reported the N and P discharge from China’s
aquaculture industry and associated environmental impacts by collect-
ing the data from 51 peer-reviewed publications. However, modeling ni-
trogen flows in aquaculture at the global or country (China) scale does not
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ARTICLE INFO ABSTRACT

Keywords:

Pyrolysis liquid

Chemical components
Antioxidant activities
Organic solvent extraction
Multi-step pH adjustment

The complexity of the components in pyrolysis liquid causes serious problems for its downstream utilization. In
order to increase the added value and commercialization of pyrolysis liquid, a novel method was developed by
combining the sequential multi-step pH adjustment and organic solvent extraction methods to separate the
chemical components of crude pyrolysis liquid. The chemical composition of crude pyrolysis liquid was deter-
mined by fourier transform infrared spectrometry and gas chromatography-mass spectrometry. The results
showed that acids (17.54%) and phenolics (57.44%) were the major constituents. The neutral compounds (e.g.
ketones) (38.57%) were enriched at pH 14. Methoxyphenols (e.g., 2,6-dimethoxyphenol) were separated at pH
11, accounting for 63.4%. Phenol and maltol were mainly found at pH 9 and 7, with relative contents of 11.30%
and 10.09%, respectively. At pH 6 and 4, acetic acid was the most abundant compound, with contents of 17.23%
and 20.72%, respectively. The main compound at pH 2 was 2-methyl-propanoic acid anhydride (35.05%).
Principal component analysis (PCA) results showed that the PC1 and PC2 components explained 38.8% and
26.2% of the chemical variance, respectively. The DPPH free radical scavenging rate showed positive correlation
with the phenolic component, and was negatively correlated with the acid component. The highest DPPH free
radical scavenging rate (88%) was obtained at pH 11. This study provided a theoretical reference for the sep-
aration of target components in pyrolysis liquid.

1. Introduction

Pyrolysis liquid (PA) is a brownish-yellow smoky aqueous liquid
formed by the condensation of vapour from the pyrolysis of wood
products and other agricultural residues, and is a by-product of ther-
mochemical pyrolysis [1-3]. PA contains a complex mixture of organic
acids, phenolics, alcohols, vanillins, furans, pyrans, carboxaldehydes,
alkyl aryl ethers, nitrogenated derivatives and ketones [4]. PA has been
utilised as a plant growth promoter, soil additive [5], adsorbent [6],
antioxidant agent [7] and pollutant remediation additive [8], because of
its excellent physical and chemical properties. Although many previous

studies have focused on the application of PA because of its chemical
composition and physical properties [9]. Few have been carried out on
the direct separation of chemical components from PA. The separation
of PA components could make related technologies more efficient and
improve the isolation of valuable chemicals.

Distillation, adsorption, column chromatography, and solvent
extraction are commonly used separation methods and fractionation
technologies [10]. Distillation requires high energy to separate compo-
nents based on differences in boiling points [11]. distillation perfor-
mance is influenced by temperature and pressure. Because the chemical
components of PA have similar boiling points, the exclusive separation
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Temporal variation of the coupling relationship between methanogens and
biogeochemical process in soil-microbes-rice system
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HIGHLIGHTS GRAPHICAL ABSTRACT

e Primary methanogens changed from
acetotrophs to hydrogenotrophs in the
treatments.

e Methanogen composition was predomi-
nantly shaped by biogas slurry at head-
ing stage.

e The contents of dissolved organic car-
bon in biogas slurry groups were
significantly increased.

e The dominant phylum in the treatments
was transformed from Proteobacteria to
Bacteroidetes.

Rice life history

DUR
Vi

ARTICLE INFO ABSTRACT
Handling Editor: T Cutright Microbial community were most resilient option for methane associated mitigation strategies. Biogas slurry
provides plant nutrition and affects microbial community. However, little is known about the changes of the
Keywords: functional guilds (methanogen and methanotroph) in the geochemical context after addition biogas slurry. For
T‘?mpmal differentiation this purpose, a pot experiment was conducted. Six treatment groups were included in this study, four with biogas
i :ﬁzirilu;ry slurry: water ratio (1:4, T02; 2:3, T04; 3:2, T06; 4:1, T08), one with a chemical fertilizer (F), and a control (CK).
pAas The effective tiller and biomass significantly increased by 1.9 times and 2.1 times in TO2 relative to CK. The
Hydrogenotrophs

Methanotrophs relative abundance of Bacteroidetes in the biogas slurry treatments was 31.5%, while that in CK was 11.4%. The
Biogeochemical cycle dominant methanogens in CK, F and treatments were different at heading and mature stages. CK and F were
hydrogenotrophs with relative abundance of 0.09% and 0.06%, and the treatment group was acetotrophs with
mean value of 1.21% at heading stage. Compared with CK, the number of methanotrophs in the treatments at
heading stage increased by 4.1 times, while that at mature increased by 10.3 times. The methanogenic com-
munity in the treatments may be shaped by the amount of biogas slurry applied rather than by biogeochemical
processes at heading stage. Nevertheless, there may be existed synergistic interaction in the soil-microbes-rice

* Corresponding author. Key Laboratory of Agro-Forestry Environmental Processes and Ecological Regulation of Hainan Province/Center for Eco-Environmental
Restoration Engineering of Hainan Province/College of Ecology & Environment/State Key Laboratory of Marine Resource Utilization in South China Sea/Key
Laboratory for Environmental Toxicology of Haikou, Haikou, Hainan University, Hainan, 570228, China.

E-mail addresses: ¢h425806@163.com, huangqing@hainanu.edu.cn (Q. Huang).

https://doi.org/10.1016/j.chemosphere.2022.135099

Received 1 April 2022; Received in revised form 11 May 2022; Accepted 22 May 2022
Available online 23 May 2022

0045-6535/© 2022 Elsevier Ltd. All rights reserved.


mailto:qh425806@163.com
mailto:huangqing@hainanu.edu.cn
www.sciencedirect.com/science/journal/00456535
https://www.elsevier.com/locate/chemosphere
https://doi.org/10.1016/j.chemosphere.2022.135099
https://doi.org/10.1016/j.chemosphere.2022.135099
https://doi.org/10.1016/j.chemosphere.2022.135099
http://crossmark.crossref.org/dialog/?doi=10.1016/j.chemosphere.2022.135099&domain=pdf

Tree Physiology 42, 971-988
https://doi.org/10.1093/treephys/tpab165

Research paper

Comparable and adaptable strategies to waterlogging stress
regulated by adventitious roots between two contrasting species
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Cleistocalyx operculatus and Syzygium cumini possess a certain waterlogging tolerance. However, the comparable and
adaptable strategies to waterlogging stress between these two species on the basis of waterlogging adventitious root
(AR) regulation were still unclear. In this study, the plant performance in response to AR regulation based on AR removal
(AR-R) and exogenous hormone application was investigated in terms of plant morphology, physiology, photosynthesis
and AR traits. Results showed that C. operculatus possesses stronger waterlogging tolerance than S. cumini based on
waterlogging tolerance coefficient, which is mainly due to the higher root biomass, root porosity and length, and activity
of ARs, and shorter emergence time of ARs in C. operculatus than in S. cumini. The AR-R treatment increased activity
and porosity of primary root, and induced a large amount of up-vertical ARs from the primary root systems in C.
operculatus, while similar adaptive morphological changes in roots did not occur in AR-R-treated S. cumini. Exogenous
abscisic acid (ABA) application had better effects on alleviating waterlogging damages than exogenous auxin (IAA) in
balancing endogenous hormones (ABA and zeatin riboside), promoting AR development (porosity and activity, and the
ratio of cortex area to stele area), improving the photosynthesis process and the antioxidant system (soluble protein, free
proline and peroxidase). Moreover, under waterlogging conditions, exogenous ABA application induced greater increases
in net photosynthesis rate, stomatal conductance, chlorophyll b and carotenoid in S. cumini than in C. operculatus, which
suggested that S. cumini responded more positively and efficiently to exogenous ABA application than C. operculatus
under waterlogging conditions. Thus, the findings provided new insights into the waterlogging adaptable strategies in
waterlogging tolerant woody species on the basis of ARs and could provide scientific guidance for the application of
these two species during revegetation activities in wetlands.

1. Cleistocalyx operculatus could alternatively form a majority of up-vertical adventitious roots (ARs) from the primary
roots after removing the normal ARs, but Syzygium cumini could not.

2. Cleistocalyx operculatus possessed positive strategies to waterlogging stress, while S. cumini used traditional passive
strategies.

3. Exogenous abscisic acid (ABA) application had better effects on alleviating waterlogging damages in both species
than exogenous auxin application.

4. Syzygium cumini could more positively and efficiently respond to exogenous ABA application than C. operculatus.

5. Waterlogging tolerance coefficient was significantly controlled by the chlorophyll contents and AR factors in C.
operculatus and the AR factors and O, in S. cumini.

© The Author(s) 2021. Published by Oxford University Press. All rights reserved. For permissions, please e-mail: journals.permissions@oup.com
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Landscape dynamics and ecological risk of the expressway crossing section in the

Hainan Rainforest National Park
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Abstract: Hainan Rainforest National Park is cut across by the Middle-line Expressway of Hainan Island from northeast-
southwest direction, which might affect the landscape pattern and ecosystem integrity and functions, and cause potentially
ecological risk. In this paper, we chose the regions within 3 km at two sides of the expressway as the study area, and
quantitatively evaluated their landscape patterns for three years, i.e. 2013 ( before expressway construction), 2016
(expressway under construction ), and 2019 ( expressway completed ), based on GIS, Fragstats and landscape ecology
theories. We found that the expressway (including construction areas) in 2016 was 325.51 hm’, forest cover decreased
slightly but forest patch density increased. Farmland dominance decreased as a result of increased farmland fragmentation,

although its area increased slightly. In 2019, when the expressway completed, the expressway area decreased slightly and
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Pollination network and seasonal dynamics of Yangshan Wetland in Hainan Island, China
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Abstract

Aims Wetland is a typical ecotone between terrestrial and aquatic ecosystems, with very high levels of habitat
heterogeneity and biodiversity. The complex community structure and species interactions may have unusual pol-
lination networks as compared to other ecosystems such as meadows and forests, which will affect species coex-
istence and community assembly. Our objective was to determine the pollination network and its seasonal dynam-
ics in a tropical wetland.

Methods In this research, we studied pollination networks in four plots of Yangshan Wetland on Hainan Island,
in dry seasons (May) and rainy seasons (August) respectively. Two 10-m-long walked line transects were set in
each plot to sample pollination events. Both pollinators and their visitation times on each flower (plant) were rec-
orded to determine the pollination networks.

Important findings The results showed that the species of plants and pollinators in the dry season were richer
than that in the rainy season. The pollination network structure was not different between two seasons, and the
visitation relationship between plant and pollinator species was relatively stable in the two seasons. There was no
seasonal difference in connectance, nestedness and network specialization (H5) on pollination network. The nes-
tedness and Hj of Plot 4 with higher species diversity fluctuated less in seasonal dynamic, and species relation-
ships was stable in the community of 4 plots.

Key words wetland; pollination adaptation; species diversity; conservation; edge effect
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Macrofungal diversity in different vegetation types of Hainan Tropical Rainforest
National Park

Guohua Li', Xiangyang Guo', Linming Li*, Mingxun Ren'”, Ling Wan', Qiong Ding'*", Juanling Li"*

1 Key Laboratory of Genetics and Germplasm Innovation of Tropical Special Forest Trees and Ornamental Plants (Hainan
University), Ministry of Education, Haikou 570228

2 School of Life Sciences, Hainan University, Haikou 570228

3 College of Ecology and Environment, Hainan University, Haikou 570228

ABSTRACT

Aims: To reveal macrofungal diversity and how different vegetation types affect the fungal community, an inventory of
macrofungal diversity was carried out in seven management units within the Hainan Tropical Rainforest National Park
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A& R o ¥ 7~ X TR AR R 25 T I R R AETE L R 8 I FE S FH A R i AL
ZOCH E R JE B & (Gyrocheilos chorisepalus) ~ T B[ JE B & (G. retrotrichus) M € H & &
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Style lateral bending and its pollination adaptation in

Gyrocheilos (Gesneriaceae)

SUN Haoran'2, LING Shaojun'?, REN Mingxun'->"

(1. Ministry of Education Key Laboratory for Genetics and Germplasm Innovation of Tropical Special
Forest Trees and Ornamental Plants, Hainan University, Haikou 570228, China; 2. Center for
Terrestrial Biodiversity of the South China Sea, Hainan University, Haikou, 570228, China)
Abstract: Gyrocheilos is a small genus of Gesneriaceae endemic to mountains in southwest China,
with only five species and two varieties. This genus is characterized by laterally bending style, which
curves at the top of the style and positions the stigma right at the mouth of floral tube. This unusual
floral trait had never been described elsewhere and its pollination mechanism remains unexplored. In

this paper, three Gyrocheilos species, i.e. G. chorisepalus, G. retrotrichus, G. microtrichus were
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