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Abstract; Plant functional traits, a bridge between plants and the environment, significantly influence the function of

the ecosystem and can reflect the corresponding changes of plants to the environment. The bibliometric method which is a
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common research tool used in various fields for systematic analysis, which can help us understand the research progress
of the relation between plant functional traits and environments and provide reference data for researchers. An effective
bibliometric analysis based on the Web of Science database, was carried out to provide insights into research activities on
functional traits and environment from 1992 to 2017, especially recent nine years. Thomson Data Analyzer (TDA) and
Ucinet, Netdraw, Excel were used for data mining, quantitative analysis and visualization mapping. Analyzed aspects in-
cluded the number of publications per year, the subject category, main countries and institutes and their comparisons,
peridical distributions and highly cited papers. The results were as follows: (1) In the past 26 years, the number of pa-
pers on plant functional traits and environmental research increased steadily, especially in the last nine years, the growth
accelerated. (2) Research topics mainly centered on specific leaf area, leaf area (index), photosynthesis ( photosyn-
thetic characteristics) , leaf thickness, leaf shape, leaf nitrogen content, chlorophyll and chlorophyll fluorescence, spe-
cific root length, and environmental factors of light, temperature, water (water use efficiency and drought, etc.) , ferti-
lizer (nitrogen, phosphorus), CO, and so on. Stoichiometry was widely used in this field. (3) During 2009-2017, Eu-
ropean and American developed countries were the main force in this field. The number of American publications and the
quality of documents led the world. China ranked the second in the number of articles in the field, ranked only the sec-
ond to the United States, but the cited frequency and H index of all literatures were low. The Chinese Academy of Sci-
ences ranked the first in the number of publications with absolute advantages, but the quality of the literature needed to
be further improved. (4) Top 10 periodicals in this field were of high quality, among these publications eight were JCR
division Q1, and the other two were JCR division Q2. Plant and Soil and Plant Ecology ranked the first and the second
respectively in terms of article quantity. (5) Top 10 highly cited papers published in eight kinds of periodicals, and the
first authors respectively from United States, Netherlands, Canada, Germany and France.
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Table 1

®1 EHYHEEKEREXRRLRIR

Retrieval type of plant functional traits and environment research

£ 7% Name

23X Retrieval type

LR

Result number

(1) PR

Leaf character and climate

(2) MR-k 44

Root and leaf characters and soil

(3) MR M-PEAR G

Root and leaf characters and topography

(4) HRAEAR 5

Root character and climate

TS=[ ( “leaf thickness” or “leaf lifespan” or “specific leaf area” or “leaf tissue density”
or “leaf carbon concentration” or “leaf nitrogen concentration” or “leaf phosphorus concen-
tration” or “leaf N : P” or “leaf carbon content” or “leaf nitrogen content” or “leaf phos-
phorus content” ) and ( precipitation or rainfall or air temperature or temperature or evapo-
ration or solar radiation or radiation or insolation duration) ] AND PY =(1992-2017)

TS=[ ( “leaf thickness” or “leaf lifespan” or “specific leaf area” or “leaf tissue density”
or “leaf carbon concentration” or “leaf nitrogen concentration” or “leaf phosphorus concen-
tration” or “leaf N : P” or “leaf carbon content” or “leaf nitrogen content” or “leaf phos-
phorus content” or “specific root length” or “root tissue density” or “fine root nitrogen
concentration” or “root nitrogen concentration” or “root phosphorus concentration” or “fine
root carbon content” or “rootcarbon content” or “root nitrogen content” or “root phosphorus
content” or “root N : P” or ( “root mechanical composition” ) or “plant ecological stoichi-
ometry” ) and (soil nutrient or soil organic matter or soil nitrogen or soil total nitrogen or
soil available nitrogen or soil phosphorus or total phosphorus or soil available phosphorus or
soil carbon or soil aggregate structure or soil moisture or soil bulk density) | not TS= (apple
or “white yam” or rice or maize or barley or soybean or potato or wheat) AND PY = (1992~

2017)

TS=[ ( “leaf thickness” or “leaf lifespan” or “specific leaf area” or “leaf tissue density”
« S . e
or “leaf carbon concentration” or “leaf nitrogen concentration” or “leaf phosphorus concen-
tration” or “leaf N : P” or “leaf carbon content” or “leaf nitrogen content” or “leaf phos-
y o« e o« . AT .
phorus content” or “specific root length” or “root tissue density” or “fine root nitrogen
concentration” or “root nitrogen concentration” or “root phosphorus concentration” or “fine
» y h P

root carbon content” or “root carbon content” or “root nitrogen content” or “root phosphor-
us content” or “root N : P” or (“root mechanical composition” ) or “plant ecological stoi-
chiometry” ) and (terrain or “terrain location” or topography or altitude or altitude gradient
or elevation or “elevation gradient” or aspect or slope or latitude or “slope position” or
“slope location” ) ] AND PY =(1992-2017)

TS=[ (“specific root length” or “root tissue density” or “fine root nitrogen concentration” or
« . T« S wp ”
root nitrogen concentration” or “root phosphorus concentration” or “fine root carbon content

« R . D » .
or “root carbon content” or “root nitrogen content” or “root phosphorus content” or “root N :
P” or “root mechanical composition” or “plant ecological stoichiometry” ) and (precipitation or
rainfall or air temperature or temperature or evaporation or solar radiation or radiation or insola-

tion duration) ] AND PY =(1992-2017)
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Fig. 1 Number and percentage of SCI articles on plant
functional traits and environment research

during 1992-2017
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Fig. 2 Social network analysis of keywords on plant functional traits and environment research during 2009-2017
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F 2 2009—2017 EEYER EHEHR Top 10 ERRIBENEEETL
Table 2 Annual change in the number of papers published in the Top 10 countries on plant

functional traits and environment research during 2009-2017

EE S i A 1 ey tE &S| [ mEx filf 2% Y [x
Year USA China Australia German Brazil France Spain Canada  Netherlands UK
2009 40 17 16 9 4 9 6 7 9 9
2010 28 19 19 5 14 5 8 8 6 6
2011 39 31 13 19 12 5 14 14 11 11
2012 43 29 15 13 15 12 13 5 7 3
2013 65 33 9 14 19 13 10 11 9 9
2014 48 43 23 15 21 19 14 8 7 7
2015 44 62 18 21 16 17 18 9 13 12
2016 52 71 23 23 13 22 13 16 16 12
2017 62 75 32 27 19 19 21 13 11 15
Mt

Total 421 380 168 146 133 121 117 91 89 84

F 3 2009—2017 FEYWER SHET R Top 10 IHIEXHENEETL
Table 3 Annual change in the number of papers published in the Top 10 institutions on

plant functional traits and environment research during 2009-2017

eHE| K IH el P PYBESF fiif 2% A WA g K IH
China USA France France Spain Netherlands USA Australia USA USA
13k
FF S I = pu. puu— \ S %EE% B J& 75 ik
TE qmpeen T mggenr e pann RHER R Mk pEiR
’ (K)o RRE o SRS K ARME 5Tl R4 A
. 2 e N S
System of o e WF3E b FHE 2 X S o 201 N System of
CAS Californi WHFE B CNRS CSIC Wageningen USDA WEEHL System of Minn
( University) aornia INRA University CSIRO Florida |nne
University . . University
University
2009 13 6 6 3 2 4 5 6 3 5
2010 13 2 2 2 2 5 3 4 5 3
2011 24 5 2 1 9 6 6 3 9 1
2012 25 10 8 3 5 3 2 4 4 2
2013 20 9 8 5 5 4 8 3 2 1
2014 27 12 8 9 6 5 6 4 3 6
2015 46 15 7 12 10 6 3 5 3 5
2016 46 10 11 11 6 11 4 7 5 5
2017 35 12 8 11 12 5 6 4 7 8
it
s 249 81 60 57 57 49 43 40 41 36
Total

LRFAET SN 6 AR RIY), WA FREBTEIK & T B LA 22 Pooter H T 2009 4 & 3R AE
F,S WA T 2000 4 3 FAFT 2010 45,1 f  New Phytologist | H y Causes and consequences
KT 2011 48 50 1 R kR T 2012 4%, B 5| 0 of variation in leaf mass per area (LMA): A meta-
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Fig. 3 Comparison on scientific research strength on plant functional traits and environment

research between major countries and between major institutions
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Table 4 Top 10 journals on plant functional traits and environment research and their impacts
b LEA B () EWEHET (IF) EP JCR 43X
Number Journal Number of articles Impact factor Country of publication JCR partition
1 Plant and Soil 63 3.306 faf 2% Q1
Netherlands
2 Plant Ecology 49 1.759 fap 2% Q2
Netherlands
3 PLoS ONE 43 2.766 ESE| Q1
USA
4 Journal of Ecology 41 5.172 FH Q1
USA
5 Tree Physiology 41 3. 389 e [ Q1
UK
6 Functional Ecology 35 5. 491 B3| Q1
USA
7 Journal of Vegetation Science 33 2.658 FH Q1
USA
8 New Phytologist 33 7. 433 B Q1
USA
9 Global Change Biology 31 8. 997 ESE| Q1
USA
10 Oecologia 31 3.127 FEH Q2
USA
e W E YR 2017 AE8HE
Note ; Impact factor data were published by JCR in 2017.
x5 Top10 5#3liLx
Table 5 Cited times of Top 10 papers on plant functional traits and environment research in WOS
P SRR H B SCHROR IR UEIEIRN RN
Number  Title First author Source Citation Published year
1 Causes and consequences of variation in leaf mass Poorter, H New Phytologist 803 2009
per area (LMA) : A meta-analysis faf 24 Netherlands
2 Community assembly and shifts in plant trait dis- Cornwell, WK Ecological Monographs 481 2009
tributions across an environmental gradient fl%& K Canada
in coastalCalifornia
3 A global study of relationships between leaf traits, Ordonez, JC Global Ecology and 323 2009
climate and soil measures of nutrient fertility faf 2% Netherlands Biogeography
4 Differential responses to changes in growth tempera- Way, DA Tree Physiology 303 2010
ture between trees from different functional groups FE[E USA
and biomes; A review and synthesis of data
5 Resource stoichiometry elucidates the structure and Johnson, NC New Phytologist 265 2010
function of arbuscular mycorrhizas across scales FE USA
6 Ecoenzymatic stoichiometry of microbial organic Sinsabaugh, RL Nature 230 2009
nutrient acquisition insoil and sediment FE[H USA
7 Quantifying photosynthetic capacity and its rela- Kattge, J Global Change Biology 228 2009
tionship to leaf nitrogen content for global-scale & Germany
terrestrial biosphere models
8 Intraspecific ~ functional ~ variability:  Extent, Albert, CH Journal of Ecology 226 2010
structure and sources of variation (£[§| France
9 Inferring community assembly mechanisms from Spasojevic, MJ Journal of Ecology 186 2012
functional diversity patterns; The importance of FE[H USA
multiple assembly processes
10 Soil warming, carbon-nitrogen interactions, and Melillo, JM Proceedings of the National 172 2011

forest carbon budgets

£ USA

Academy of Sciences of USA
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