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On the Path to Improve Colleges and Universities’ Disciplinary Systematization

WEI Lingling, TONG Zaikang

(Disciplinary Construction Office, Zhejiang Agricultural and Forestry University, Hangzhou 311300, China)

Abstract: Colleges and universities’ disciplinary system exists in two forms., substantial and virtual. For the

substantial form, the external driving force for improving disciplinary systematization comes from the
external pressure of competition and evaluation, and the internal driving force comes from the
internal need of colleges and universities themselves, schools, disciplines and components within each
discipline. The hindering force, however, results from the discrete psychology derived from academic
free exploration, unitary standards evaluating individual’s academic achievements, narrow sense of
competition, and the mentality focusing on immediate or short-term interests. The path to improve
disciplinary systematization includes to design an institution conducive to disciplinary organization.,
refine the developmental direction of discipline advantages and characteristics, construct various high-

level discipline platforms, and encourage teachers to improve their academic aspirations.

Key words: discipline; disciplinary system; disciplinary systemization
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The Practice of Modern Information Technology in the Auxiliary Teaching of Core Curriculum in

Local Agriculture and Forestry Universities

Zhong Tailin'* et al.

(1College of Jiyang, Zhejiang Agriculture and Forestry University , Zhuji 311800, China;3College of Garden and Art,
Jiangxi Agricultural University , Nanchang 330045, China)

Abstract: This paper analyzed the difficulties and problems existing in the teaching of plant physiology and land-
scape dendrology under the traditional teaching mode in local agriculture and forestry universities. The necessity and
urgency of improving the auxiliary teaching were put forward under the condition of modern information technology.
In this paper, we also discussed the types, methods and effects of the application of modern information platform,
such as mobile phone, on the auxiliary teaching of plant physiology and landscape dendrology. To promote the teach-
ing effect and improve the interaction and communication between teachers and students in local agriculture and for-
estry universities , some useful attempts and analysis were conducted and good results were achieved.

Key words: Modern information technology ; Plant physiology; Landscape dendrology; Auxiliary teaching; Practice
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Table 2 Examination form of single skill type/s
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PE and PVC MPs inhibited FDAse activity
and stimulated urease and acid phos-
phatase activities.

PE MPs pollution caused a higher OTUs
reduction compared to the PVC MPs
pollution in the soil.

PE MPs promote the abundance of the
bacterial family associated with nitro-
gen fixation in the soil.

High PVC MPs level significantly re-
duced the abundance of family
Sphingomonadaceae in the soil.
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The ecological stress of microplastics (MPs) contamination in agroecosystems raise worldwide concerns. How-
ever very few studies concentrated on the effects of MPs exposure on soil microbial community. The alterations
of enzymatic activities and bacterial communities were assayed by spiking 1% and 5% (w/w) of polyethylene (PE)
and polyvinyl chloride (PVC) MPs in an acid soil. The results showed that both PE and PVC addition inhibited fluo-
rescein diacetate hydrolase activity and stimulated urease and acid phosphatase activities, and declined the rich-
ness and diversity of the bacterial communities. More severe effects were observed in the PE treated soils
compared to the PVC treated soils generally. The relative abundances of families Burkholderiaceae increased sig-
nificantly (p <.05) after MPs addition, suggesting the bacteria associated with nitrogen fixation stimulated by the
MPs input. Meanwhile, significant (p <.05) decline of Sphingomonadaceae and Xanthobacteraceae after addition
of 5% PVC and 1% PE MPs, respectively implied that MPs might inhibit the biodegradation of xenobiotics in the
soil. Mover, the PICRUSt analysis demonstrated that membrane transporter was a sensitive prediction functional
gene of microplastics exposure in the soil. Future studies could be focused on the role of MPs on the regulation of
nitrogen cycling and organic compounds degradation in soils.

© 2019 Elsevier B.V. All rights reserved.
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Pyrolysis temperature of biochar affects ecoenzymatic stoichiometry and
microbial nutrient-use efficiency in a bamboo forest soil
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ARTICLE INFO ABSTRACT

Handling Editor: Mariluz Cayuela A microcosm study was performed to investigate changes in soil enzyme activities and microbial C- and N-use
efficiencies (CUE and NUE) with amendment of biochars prepared at three pyrolysis temperatures (350, 500 and
700 °C) in an acid bamboo (Phyllostachys praecox) forest soil. The results showed that, compared to the non-
amended control, biochars produced at 500 and 700 °C significantly (P < 0.05) increased soil pH, total N, and
dissolved N (DN) concentrations, whereas significantly decreased dissolved organic C (DOC) and exchangeable
acidity concentrations after three months. The microbial biomass C (MBC) and N (MBN) and the ratio of fungi:
bacteria (F:B) were only significantly increased under 350 °C biochar. The ratios of both soil C:N and DOC:DN to
MBC:MBN were reduced under 500 and 700 °C biochars, suggesting a lower C:N imbalance between resources
and microorganism. The ratio of C- to N-acquiring enzyme activities increased gradually under biochars with
increasing temperature. Moreover, microbial CUE increased whereas NUE declined under biochars at 500 and
700 °C, and the threshold elemental ratio (TER) revealed that the microbial nutrient metabolisms were limited
by N in soils amended with residue, but were limited by C under biochars at 500 and 700 °C. Structural equation
modeling indicated that the C:N imbalance had a great impact on microbial CUE, while changes in F:B ratio and
soil pH were closely associated with NUE. This study suggests that changes in microbial nutrient-use efficiency
and ecoenzymatic stoichiometry reveals a clear C-limitation, but a N-availability under short-term amendment
of biochar produced at a high pyrolysis temperature.

Keywords:

Biochar

Pyrolysis temperature
Nutrient availability
Ecoenzymatic stoichiometry
CUE

NUE

1. Introduction microorganisms (Yuan and Xu, 2011; Huang et al., 2018; Bonanomi

et al., 2018; Luo et al., 2018). Such changes exhibit certain benefits on

Biochar amendment to soil has been proposed as an attractive
strategy to enhance soil carbon (C) storage, while, at the same time, to
promote plant productivity through ameliorating soil acidity, reducing
nutrient leaching and increasing water retention in agricultural soils
(Farrell et al., 2013; Dai et al., 2017; Chen et al., 2019). However, a
number of factors can potentially affect the role of biochar in improving
soil quality (Wiedner et al., 2013; Yu et al., 2018). Among them, pyr-
olysis temperature is one of the major determinants of biochar’s phy-
sical and chemical properties as well as the subsequent effects of bio-
char on soil functionality (Zhang et al., 2015). For example, increasing
pyrolysis temperature generally increases biochar pH by producing
more alkaline components, yields more condensed polyaromatic
structures of biochar, and contains less labile C fractions available for

* Corresponding author.
E-mail address: junhui@zafu.edu.cn (J. Chen).
! These authors have contributed equally to this work.
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enhancing the amelioration effects of biochar in acidic soils (Yuan and
Xu, 2011; Dai et al., 2017), but can also affect soil nutrient availability
and C and nitrogen (N) transformations (Ameloot et al., 2013; Nelissen
et al., 2015; Zhang et al., 2015; Luo et al., 2018). However, it remains
unclear how biochar produced at different pyrolysis temperatures alters
the composition of microbial communities and their metabolic function
in terms of enzyme activity and nutrient-use efficiencies.

Soil microorganisms play an important role in organic matter de-
composition and soil nutrient cycling (Kaiser et al., 2014). However,
the microbial biomass and activity are often limited by the availability
of a series of resources, such as C and N (Traoré et al., 2016). Ecological
stoichiometry suggests that stoichiometric imbalance between resource
and microbial biomass is a major cause for C or N limitation of organic
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Source apportionment of heavy metals in farmland soil with application of
APCS-MLR model: A pilot study for restoration of farmland in Shaoxing City
Zhejiang, China
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ARTICLE INFO ABSTRACT

Keywords: The conditions of the sources of heavy metals are essential to assess its potential threats to human health. The
APCS-MLR identification of the origin of heavy metals is essential for planning effective measures to control long-term
Apportionment accumulation of heavy metals. In this study, analysis of pollution sources was performed on 100 soil samples
Geostatistical

with geostatistics and absolute principal component score-multiple linear regression (APCS-MLR) receptor
model. The descriptive statistics revealed that concentrations of heavy metals (Pb, Zn, Cu, Ni) have exceeded the
background value of Zhejiang Province. The coefficient of variation is Pb > Cd > Cu > Zn > Ni > Cr. The
APCS-MLR and geo statistical analysis showed that sources of pollution: PC1 was Ni, Cr, Cu, Zn because of soil
parent material. The contribution rates were 89.42%, 87.19%, 29.64%, and 33.58%, respectively. The PC2 was
Pb, Zn and Cu which were mainly caused by anthropogenic mining activities. The contribution rates were
95.92%, 24.81%, and 40.62%, respectively. The PC3 was Cd, Zn and Cu which was mainly caused by agri-
cultural inputs, and their contribution rates were 91.96%, 41.61%, and 30.14% respectively. According to
Nemero Synthesis Index evaluation method, the Shaoxing City Zhejiang, China is heavily polluted with heavy

Anthropogenic pollution

metals.

1. Introduction

The developing countries such as China are facing the problem of
pollution due to heavy metals (Yang et al., 2018; Zhong et al., 2017;
Wang et al., 2018a, b). The sources of pollution due to soil heavy metals
in China mainly include anthropogenic and natural sources of pollution
(Huang et al., 2015; Liang et al., 2017a). The anthropogenic pollution
includes mining and smelting operations, toxic gases emitted by en-
terprises, agricultural use of fertilizers, sewage irrigation and other
human activities (Yan et al., 2015; Li et al., 2013; Zhang et al., 2019).
The natural pollution includes parent material of the soil and the in-
fluence of topography (Liu et al., 2015; Stafilov et al., 2010). The long-
term mining, transportation of mines, tailings slag and dust particles
generated during random stacking process of slag have caused leaching
of heavy metals under certain conditions (Yenilmez et al., 2011; Wang
et al., 2019). The leaching of heavy metals have caused serious heavy

* Corresponding address.
E-mail address: liudan7812@aliyun.com (D. Liu).
! These authors contributed equally to this work.

https://doi.org/10.1016/j.ecoenv.2019.109495

metal enrichment in the surrounding farmland, soil and plants. The
ecological environment causes pollution and enters the human body
through food chains such as food and vegetables, thus threatening
human health (Fei et al., 2019; Liang et al., 2017a; Liu et al., 2017).

The Zhejiang province is a rapidly developing region with a high
population density which is located in the Southeast of China. The re-
searchers have reported the heavy metal pollution in soils of this region
(Zhi et al., 2016; Zhang et al., 2018a). The woodland and farmland soils
adjacent to lead—zinc mines were seriously polluted (Hua et al., 2018).
Different types of land use have an impact on heavy metals in the soil.
The content of these heavy metals in the soil will exceed dozens or
hundreds of times the limit value (Shikazono et al., 2008). Therefore, it
is essential to precisely investigate the sources of pollution and to take
remedial measures to reduce the degree of pollution.

The existing methods for analyzing sources of heavy metal pollution
include geostatistical analysis, multivariate statistical analysis, and

Received 3 May 2019; Received in revised form 26 July 2019; Accepted 29 July 2019
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Change in composition and function of microbial communities in an acid
bamboo (Phyllostachys praecox) plantation soil with the addition of three
different biochars
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ARTICLE INFO ABSTRACT

Biochar has been known as means to increase soil carbon (C) storage, and at the same time to ameliorate soil
acidity and enhance plant growth. However, how biochar addition affects microbial community composition and
metabolic function in subtropical plantation soils and their linkage with soil quality change is still poorly un-
derstood. We selected bamboo stick, corn straw and peel of Carya cathayensis as feedstocks to produce three
biochars at 350 °C by slow pyrolysis, and added them to an acid bamboo (Phyllostachys praecox) plantation soil.
Changes in soil nutrient and C availability, soil acidity, plant biomass, and microbial function in terms of C
source utilization and soil enzyme activities were investigated after a three-month greenhouse trial. The results
showed that the biochars from corn straw and peel significantly increased plant biomass, soil pH, organic C, total
nitrogen (N) and dissolved organic N contents, while decreased exchangeable H* and exchangeable AI**
concentrations. The concentration of total phospholipid fatty acids (PLFAs) was increased significantly under
biochars from corn straw and peel. The activities of B-D-cellobiosidase, N-acetylglucosaminidase and acid
phosphatase were significantly increased by peel biochar. Soil basal respiration and microbial utilization rate of
carbohydrates, carboxylic acids and amino acids compounds were significantly increased under the three bio-
chars, suggesting a higher capacity of biochar-treated soil to catabolize C sources. Increased plant biomass was
related to the increased N availability and decreased acidity. Our study suggests that biochar—induced changes in
soil acidity and soil nutrient availability are key drivers shaping the composition of microbial communities and
enhancing their catabolic capacity, but the effects on soil microbial function vary depending on feedstock ori-
gins.

Keywords:
Bamboo forest
Biochar

Enzyme activity
Microbial activity
Carbon cycling

1. Introduction

Biochar incorporated into soil has been proposed as an attractive
mean to enhance soil carbon (C) storage and mitigate climate change
(Lehmann, 2007). Meanwhile, the role of biochar in improving plant
growth has also been documented not only in highly weathered tropical
soils but also in temperate fertile agricultural soils (Liang et al., 2010;
Ventura et al., 2013; Yao et al., 2017), due to its positive effects on
increasing water retention, ameliorating soil acidity and reducing nu-
trient leaching (Jones et al., 2012; Farrell et al., 2013; Dai et al., 2017).
However, biochar application to forest ecosystems has received less
attention, and its effect on microbial properties is not well addressed

* Corresponding author.
** Corresponding author.

E-mail addresses: junhui@zafu.edu.cn (J. Chen), ginhua@zafu.edu.cn (H. Qin).

! These authors have contributed equally to this work.

https://doi.org/10.1016/j.foreco.2020.118336

(Mitchell et al., 2015; Li et al., 2018; Zhou et al., 2020). Previous stu-
dies indicated that the effect of biochar on soil quality varied depending
on the feedstock, pyrolysis temperature, soil type and other factors
(Ronsse et al., 2013; Wiedner et al., 2013; Yu et al., 2018). A better
understanding of the potential of biochar as a soil fertility improvement
strategy, requires a full comprehension of its effects on soil chemical
and microbiological functions.

Soil microorganisms play an important role in organic matter de-
composition and soil nutrient cycling, and are sensitive to environ-
mental changes (Zhang et al., 2018; Li et al., 2019). Despite its che-
mically recalcitrant nature overall, biochar additions have been shown
to affect the microbial activities and shift their community composition
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ARTICLE INFO ABSTRACT

Biochar application has been proposed as an effective measure to mitigate greenhouse gas (GHG) emissions from
soil. However, the effects of different biochar application rates on soil GHG emissions and their linkages with
CH,4 biochar-induced changes in soil environmental factors remain unclear in managed plantations. This study ex-
Chinese chestnut amined the responses of soil GHG emissions to different application rates of bamboo leaf biochar in a Chinese

Keywords:
Biochar

;302 + soil chestnut plantation. A two-year field trial was conducted to determine the changes in soil GHG emissions and
orest sol . . . . . . . .
N,O key soil properties over time in BO (control), B2, B5 and B10 treatments, representing biochar application rates

of 0, 2, 5and 10 t ha™ !, respectively. Biochar application significantly (P < 0.05) decreased soil N,O emissions
(from 2.60 to 2.11t ha™! yr™') and increased soil CH, uptake (from 3.13 to 4.22t ha~! yr™!), but did not
change soil CO, emissions. The biochar inhibition effect on soil GHG emissions increased with increasing biochar
application rates, with greater inhibition in the first year than in the second year. Biochar application also
decreased the concentrations of soil NH;"-N, NO5™-N and water-soluble organic N (WSON), but increased the
concentrations of water-soluble organic C (WSOC) and microbial biomass C (MBC). Regardless of the treatments,
the soil GHG emissions were significantly (P < 0.01) correlated with soil temperature, but not with soil moisture
content. Soil CO, and N,O emissions, and soil CH, uptake were positively (P < 0.05) correlated with WSOC
concentration under the BO, B2 and B5 treatments only. A significant relationship (P < 0.05) was observed
between soil MBC and soil CO, emissions (only for the BO and B2 treatments), and soil MBC and soil N,O
emissions (only for the BO, B2 and B10 treatments). The results suggest that biochar application rates can alter
the relationships between GHG emissions and soil WSOC and MBC concentrations. The soil N>O emissions were
positively (P < 0.05) correlated with the NH,*-N, NO;~-N and WSON concentrations in all treatments. This
study demonstrated that the management practice (i.e. biochar application to soil) decreased soil GHG emissions
in a Chinese chestnut plantation via changes in key soil properties, with implications for the mitigation of soil
GHG emissions in subtropical plantations.

1. Introduction 2013). Various measures such as fertilization, tillage and understory

vegetation removal are frequently adopted in plantation forests to en-

Greenhouse gas (GHG) emissions are the critical factor causing
global climate change. The total contribution of three major GHGs
(CO,, CH4 and N50) in the atmosphere accounts for approximately 80%
of the total radiative forcing from well-mixed GHGs (IPCC, 2013).
Plantation forests, with a global area of about 200 million ha, play a key
role in alleviating the problem of decline in undisturbed forests and
mitigating the global climate warming (Liu et al., 2011; Wang et al.,

hance the plant growth and increase the C stock in plants (Ma et al.,
2018). Such practices will also have passive influences on the eco-
system such as decreasing soil organic C (SOC) stock and increasing soil
GHG fluxes (Liu et al., 2011; Li et al., 2018b). Thus, development of
sustainable management techniques that can enhance the SOC stock as
well as decrease the soil GHG emissions is crucial.

Application of non-pyrolysed organic materials can maintain SOC

* Corresponding author at: State Key Laboratory of Subtropical Silviculture, Zhejiang A & F University, Hangzhou, 311300, China.

E-mail address: yongfuli@zafu.edu.cn (Y. Li).
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e Prothioconazole was median toxic to zebrafish embryos.

o Prothioconazole caused severe developmental abnormalities of zebrafish embryos.

e Prothioconazole induced cardiovascular toxicity with deficient heart morphology and function.
o The transcription of cardiac-related genes of embryos changed by prothioconazole.
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Prothioconazole is a fungicide that has been widely used in general agriculture and livestock husbandry.
This study evaluated the acute toxicity of prothioconazole to zebrafish embryos by assessing their
hatching rate and malformation when exposed to different concentrations of prothioconazole. The 96 h-
LCsp value of zebrafish embryos was 1.70 mg/L. Upon exposure to 0.85 mg/L, the mortality rate of the
embryos significantly increased while their hatching rate decreased significantly. At prothioconazole
concentrations higher than 0.43 mg/L, developmental morphologic abnormalities such as heart and yolk-
sac edema, spine curvature, tail deformity, shortened body length and decreased eye area were observed.
The heart rate of embryos decreased in a dose-dependent fashion during the exposure time. Prothio-
conazole exposure also resulted in increased rates of cardiac malformation detected by significant in-
crease in the distance between the sinus venosus and bulbus arteriosus and the pericardium area.
Moreover, the expression levels of genes related to cardiac development (amhc, vmhe, flil, hand2, gata4,
nkx2.5, tbx5 and atp2a2a) were significantly altered after exposure to prothioconazole. Indeed, this study
revealed the adverse effects on the developmental and cardiovascular system of zebrafish embryo caused
by prothioconazole. It further elucidated the risk of prothioconazole exposure to vertebrate cardiovas-
cular toxicity. As such, it provides a theoretical foundation for pesticide risk management measures.

© 2020 Elsevier Ltd. All rights reserved.

1. Introduction

growth has led to an increasing demand for agricultural products
thus necessitating the usage of pesticides (Xie et al., 2019b). Tri-

Application of pesticides in crop fields protects and controls
them from diseases, pests and weeds thus guaranteeing the quality
of agricultural products (WHO, 2010). Worldwide population
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azole fungicides characterized by moderate lipophilicity and long-
term stability (Aladaghlo et al., 2019). As such, when they are used
without wholesome health supervision, they can enter the envi-
ronment and disperse in water bodies, causing toxic effects on non-
target aquatic life. (Kong et al., 2016; Satapute et al., 2019; Tong
et al., 2019). Previous studies reported the toxicity of triazole fun-
gicides, penconazole and imazalil inhibited the survival rate and
hatching rate of zebrafish embryos (Icoglu Aksakal and Ciltas, 2018;
Jin et al., 2016). Triazole fungicides could also lure developmental
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ARTICLE INFO ABSTRACT

Keywords: The safe storage and protection of grain includes the exploitation of plant-based fumigants as a green control
Hlicium verum technology. This study first determined the fumigant toxicity of 12 traditional Chinese medicinal plants against
Cryptolestes ferrugineus

adults of the rusty grain beetle, Cryptolestes ferrugineus (Stephens), one of the most ubiquitous and pestilent grain
storage pests worldwide. Exposure to volatiles released from Illicium verum Hook. f. powder was found to be by
far the most lethal. Illicium verum power and its volatiles eluent were then confirmed to be highly effective in
killing both larvae and adults of C. ferrugineus. Star anise volatiles also showed good biological activity against
Lasioderma serricorne (Fabricius) and Sitophilus zeamais Motschulsky, but not Tribolium castaneum Herbst. No
significant differences were found in mortality of the adults of the rusty grain beetle when exposed at different
temperatures ranging from 15—35°C. Gas chromatography-mass spectrometry (GC-MS) analysis showed that the
main components of the eluent of star anise powder were trans-anethole (62.60%), estragole (23.70%), linalool
(3.66%) and d-limonene (2.15%). In the fumigation test using synthetic standards of these four chemicals, only
trans-anethole showed effective biological activity with exposure to 30 mL/L trans-anethole for 24 h resulting in
100% mortality of rusty grain beetle adults. Estragole did significantly enhance fumigant efficiency of trans-
anethole. We further found that trans-anethole affects the beetles acetylcholinesterase activity, which was
inhibited and decreased by 64.48% within 24 h. The results therefore show that trans-anethole, the major
component of star anise volatiles contributes to its fumigant toxicity against C. ferrugineus by, at least partly,
affecting its insect nervous system. Hence, star anise or its biologically active substances show very good po-
tential to be used as a botanical insecticide to control C. ferrugineus.

Fumigation activity

Stored-Product pests
1-(4-Methoxyphenyl)-1-propene
Functional mechanism of chemicals

1. Introduction rusty grain beetle, ranks as one of the most destructive insect pests of

stored products globally (Cosimi et al., 2009; Zhang et al., 2020).

The safe storage of gain is of great importance for food security.
Currently, significantly grain losses still occur during harvest, storage
and transportation. The FAO (Food and Agriculture Organization of the
United Nations) estimates that the loss of grain after harvest can reach
10%-15%, and the subsequent losses caused by pests during storage can
amount to 50% (Zuo et al., 2016). Chemicals are commonly used to
control pests in storage facilities, which mainly include synthetic pes-
ticides and fumigants, such as methyl bromide and phosphine (Boyer
et al., 2012). Cryptolestes ferrugineus (Coleoptera: Laemophloeidae), the
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Currently, control of C. ferrugineus populations is mainly dependent on
phosphine fumigation (Konemann et al., 2017). However, the beetles
have developed strong resistance to phosphine, and the beetles has
become one of the main stored grain pests in China. In a previous study,
the phosphine resistant population indicated a higher mobility than the
susceptible one, pests resist the damage of phosphine by reducing their
respiration rate, easier to spread across regions (Sakka et al., 2020). The
extreme tolerance of some beetle strains to phosphine, has led to the use
of excessively high doses of fumigants (Wu et al., 2016; Rajeswaran and
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Abstract: The diameter at breast height (DBH) is an important factor used to estimate important
forestry indices like forest growing stock, basal area, biomass, and carbon stock. The traditional
DBH ground surveys are time-consuming, labor-intensive, and expensive. To reduce the traditional
ground surveys, this study focused on the prediction of unknown DBH in forest stands using
existing measured data. As a comparison, the tree age was first used as the only independent
variable in establishing 13 kinds of empirical models to fit the relationship between the age and
DBH of the forest subcompartments and predict DBH growth. Second, the initial independent
variables were extended to 19 parameters, including 8 ecological and biological factors and 11
remote sensing factors. By introducing the Spearman correlation analysis, the independent variable
parameters were dimension-reduced to satisfy very significant conditions (p < 0.01) and a relatively
large correlation coefficient (r > 0.1). Finally, the remaining independent variables were involved in
the modeling and prediction of DBH using a multivariate linear regression (MLR) model and
generalized regression neural network (GRNN) model. The (root-mean-squared errors) RMSEs of
MLR and GRNN were 1.9976 cm and 1.9655 cm, respectively, and the R? were 0.6459 and 0.6574
respectively, which were much better than the values for the 13 traditional empirical age-DBH
models. The use of comprehensive factors is beneficial to improving the prediction accuracy of both
the MLR and GRNN models. Regardless of whether remote sensing image factors were included,
the experimental results produced by GRNN were better than MLR. By synthetically introducing
ecological, biological, and remote sensing factors, GRNN produced the best results with 1.4688 cm
in mean absolute error (MAE), 13.78% in MAPE, 1.9655 ¢cm for the RMSE, 0.6574 for the R?, and
0.0810 for the Theil’s inequality coefficient (TIC), respectively. For modeling and prediction based
on more complex tree species and a wider range of samples, GRNN is a desirable model with strong
generalizability.

Keywords: diameter at breast height (DBH); empirical model; multi-parameters; multivariate linear
regression (MLR); generalized regression neural network (GRNN)

1. Introduction

In forest monitoring, the diameter at breast height (DBH) is the diameter of a cross-section of a
tree trunk 1.3 m above the ground. The DBH is an important factor used to estimate important
forestry indices like forest growing stock, basal area, biomass, and carbon stock. The traditional DBH

Forests 2019, 10, 778; doi:10.3390/f10090778 www.mdpi.com/journal/forests
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ABSTRACT

Plant terpenes are the main functional agents in forest bathing and have great value in several industries. To
uncover the seasonal variation of Cinnamomum camphora monoterpene emission and the difference among the
chemotypes for promoting the development of forest bathing and exploitation of monoterpenes using the species,
the emission of monoterpenes and related gene expression in the camphor chemotype, eucalyptol chemotype,
linalool chemotype and borneol chemotype of C. camphora were analyzed in May (spring), July (summer) and
November (autumn), and the stored monoterpenes and storage structure were investigated. Eleocytes were the
storage structure of monoterpenes in C. camphora, which widely existed in the leaf palisade tissue and spongy
tissue, as well as around the glands and vascular bundles. The 4 chemotypes of C. camphora released different
monoterpene components which mainly derived from the immediate emission after synthesis. Camphor, euca-
lyptol, linalool and endo-borneol showed the uppermost emission rate and were the typical monoterpenes in the
corresponding chemotype, respectively, due to the high expression of the genes encoding bornyl diphosphate
synthase (E5.5.1.8), linalool synthase (TSP14) and (+)-neomenthol dehydrogenase (E1.1.1.208) for the biosyn-
thesis of camphor, linalool and endo-borneol, respectively, and only expression of the gene encoding 1,8-cineole
synthase (TSP-cin) for eucalyptol biosynthesis. Among the 4 chemotypes, the linalool chemotype showed the
highest emission rate of monoterpenes in the same month (without significant difference with the eucalyptol
chemotype in November), due to the high expression of the genes (dxs, dxr, ispF, gcpE, and GGPS) in
methylerythritol-4-phosphate (MEP) pathway, a-terpineol synthase gene (E4.2.3.111) and TSP14. Among the 3
months, temperature was the remarkably varied meteorological condition. The highest monoterpene emission
rate from the 4 chemotypes of C. camphora was detected in July, which should result from the up-regulated
expression of related genes in monoterpene biosynthesis and improved vaporization and diffusion of stored
monoterpenes under high temperature, with the former providing a major contribution.

1. Introduction

monoterpenes and via mevalonate (MVA) pathway for sesquiterpenes
(Penuelas and Llusia, 2003; Zuo, 2019). After synthesis, they are

Plants release a wide spectrum of volatile organic compounds (VOCs)
from above- and underground organs via secondary metabolic pathways
(Niederbacher et al., 2015). To date, more than 30,000 VOCs have been
detected, which are divided into several groups according to the
chemical structures and biosynthetic pathways, mainly including ter-
penes, fatty acid-derived C6-volatiles, phenylpropanoid aromatic com-
pounds, alkanes, alkenes, alcohols, esters, aldehydes, and ketones
(Penuelas and Llusia, 2004; Zuo, 2019). Among these VOCs, terpenes are
considered as the most abundant kind, and are synthesized via
methylerythritol-4-phosphate (MEP) pathway for isoprene and
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released immediately or stored in specialized structures, such as ducts,
glandular trichomes, and intracellular vesicles (Pasqua et al., 2002;
Leguet et al., 2014; Matias et al., 2016). Meanwhile, their emission is
affected by several environmental factors, such as temperature, light,
COo, nutrient, drought, etc. (Loreto and Schnitzler, 2010; Hartikainen
et al., 2012; Xu et al., 2017; Ye et al., 2018; Zuo et al., 2018a,b, 2019;
Peng et al., 2020).

In forest, lots of terpenes are released into the atmosphere, and the
levels of plant-derived terpenes in human blood significantly increase
after forest bathing (Sumitomo et al., 2015). The inhaled terpenes are
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Abstract: Glycosyltransferases (GTs) catalyze the synthesis of glycosidic linkages and are essential in
the biosynthesis of glycans, glycoconjugates (glycolipids and glycoproteins), and glycosides. Plant
genomes generally encode many more GTs than animal genomes due to the synthesis of a cell
wall and a wide variety of glycosylated secondary metabolites. The Arabidopsis thaliana genome
is predicted to encode over 573 GTs that are currently classified into 42 diverse families. The bio-
chemical functions of most of these GTs are still unknown. In this study, we updated the JBEI
Arabidopsis GT clone collection by cloning an additional 105 GT cDNAs, 508 in total (89%), into
Gateway-compatible vectors for downstream characterization. We further established a functional
analysis pipeline using transient expression in tobacco (Nicotiana benthamiana) followed by enzymatic
assays, fractionation of enzymatic products by reversed-phase HPLC (RP-HPLC) and characteri-
zation by mass spectrometry (MS). Using the GT14 family as an exemplar, we outline a strategy
for identifying effective substrates of GT enzymes. By addition of UDP-GIcA as donor and the
synthetic acceptors galactose-nitrobenzodiazole (Gal-NBD), 3-1,6-galactotetraose ([3-1,6-Galy) and
[3-1,3-galactopentose (3-1,3-Gals) to microsomes expressing individual GT14 enzymes, we verified
the B-glucuronosyltransferase (GlcAT) activity of three members of this family (AtGlcAT14A, B, and
E). In addition, a new family member (AT4G27480, 248) was shown to possess significantly higher
activity than other GT14 enzymes. Our data indicate a likely role in arabinogalactan-protein (AGP)
biosynthesis for these GT14 members. Together, the updated Arabidopsis GT clone collection and
the biochemical analysis pipeline present an efficient means to identify and characterize novel GT
catalytic activities.

Keywords: glycosyltransferase; Arabidopsis; plant cell wall; glycosylation; AGP; CAZy

1. Introduction

Glycosylation is one of the most important post-translational modifications (PTMs) of
biological molecules. Most classes of organic macromolecules including polysaccharides,
proteins, lipids, and nucleic acids as well as small molecules are composed of and/or can
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ABSTRACT

Extensive research has been conducted over the years to investigate the diverse effects of seawater on many crop
plants either by irrigation or foliar spray in an attempt to enhance the yield and quality. The purpose of this
study was to quantitatively determine the effects of foliar seawater application on berry quality and ion dis-
tribution of ‘Kyoho’ grape vineyards. A field experiment was conducted using diluted seawater starting at ver-
aison followed by seven-day intervals between the treatments. While leaf contained K* as much as Ca®*, which
was at least eight times higher than Mg?* and Na™, berry displayed different profiles as shown by significant
decreases in K* (22.4%) and Mg?* (30.8%) with almost no changes in Ca®>* and Na*. Concentrations of cations
were much higher than those of anions in control vineyard soil under this study. Foliar seawater treatment did
not change the amounts of K*, Na*, HCO; ™, and NO5 ~ but significantly increased the amounts of Ca®*, Mg>*,
and Cl~ in vineyard soil. Declined ratios of K*/Na* and Mg®*/Na* were observed in both leaf and berry after
foliar seawater application, but percentages in the declined ratios were significantly higher in leaf. In contrast to
berry and leaf, vineyard soil had significantly increased ratios of Mg>*/Na* and Ca®*/Na™ along with an
unchanged ratio of K*/Na™ after foliar seawater application. Substantially decreased activities of antioxidant
defensive enzymes (CAT, POD and APX) were observed in the post-seawater treatment leaves. Foliar seawater
application resulted in high accumulation of proline, soluble proteins, and malondialdehyde (MDA), as well as
an improved soluble solid content (SSC), redness, and color index for red grapes (CIRG) in berries without losing
weight, firmness and yield. Leaf SPAD (chlorophyll value of leaf), soluble sugar and starch in branch were not
affected despite the elevated level of Cl- in soil by foliar seawater treatment. Taken all the results together, foliar
seawater treatment starting at veraison could be useful for improving ‘Kyoho’ grape berry quality without af-
fecting the vegetative growth under the soil conditions used in this study.

1. Introduction

texture, acidification and erosion, salinity is one of the most important
soil qualities because its elevation triggers adverse effects by co-

Soil, which is the place for establishment, germination and growth
of sessile plants, plays a central role in biomass production, biodi-
versity, carbon pool, and storing, filtering and transforming nutrients
and water (Keesstra et al., 2016). Given the dependence of entire life
cycles of plants on soil, maintaining the soil in a good condition is very
important to achieve the sustainable development goals of the United
Nations (Bai et al., 2018; Keesstra et al., 2018a; Obour et al., 2018).
This is especially true for vineyards and citrus orchard soil due to the
very high rates of soil erosion in Mediterranean sloping terrain
(Rodrigo-Comino et al., 2018; Keesstra et al., 2019). Besides soil

ordinately interfering with many intracellular processes of plant phy-
siology and biochemistry (Shabala et al., 2010). Two primary types of
salt stress are imposed on plant tissues: one is an osmotic imbalance
caused by high solute concentrations, and the other is an ionic im-
balance resulting from altered concentrations of Na* and Cl~ along
with changed K*/Na™ ratio. Typically plants under high saline soil
conditions exhibit growth inhibition, biomass decrease and even cell
death (Kibria et al., 2017). This is primarily due to the increased uptake
and accumulation of Na™ by plants (Yang et al., 2013). Previous reports
suggested that high levels of Na™ diminished photosynthetic activities

Abbreviations: CAT, catalase; POD, peroxidase; APX, ascorbate peroxidase; SOD, superoxide dismutase; MDA, malondialdehyde; CIRG, color index for red grapes
* Corresponding authors at: College of Agriculture and Food Science, Zhejiang A&F University, 666 Wusu Road, Hangzhou 311300, China.
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