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Bibliometric analysis of 1-aminocyclop ropane-1-carboxylate
deaminase research based on Web of science
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Abstract: As the soil environment is increasingly deteriorating, the potential use of ACC deaminase
in improving plant tolerance and bioremediation has received significant attention in recent years.
Our aim is to objectively analyze the current development of ACC deaminase studies worldwide,
thus to promote the development of related research work and their utilization in bioremediation of
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contaminated soils in China. Based on Web of science database, the countries, institutions, authors,

research fields, journals and key words of ACC deaminase literatures published during 1991-2016

are quantitatively and qualitatively analyzed. The ACC deaminase publications have witnessed a

continued increase in recent years all over the world. India, Canada and Pakistan are in a leading
position in the ACC deaminase research field. Both of the number and influence of the ACC

deaminase publications of Canada rank the first. The ACC deaminase study in Canada has focused

and strong research strength. The ACC deaminase research in China initialized late. Although the
number of published paper of China ranks the fourth place worldwide, the influence is low. The
worldwide research area of ACC deaminase mainly focused on agricultural production and

environmental remediation. The research area in China mainly concentrated on microbial ecology,

plant-microbe interaction and phytoremediation, which are worth focusing and tracking in the future.
The research strength of ACC deaminase in Canada ranks the first all over the world. This research

field in China started late, but has been developing rapidly during the recent five years. The hot
topics of attention are also unique and forward-looking. Nevertheless, more efforts are still needed to
publish high level papers, at the same time strengthening the cooperation with high level research
institutes, thus to drive the overall improvement of the research strength of ACC deaminase in China.

Keywords: ACC deaminase, Bibliometric analysis, Web of science
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Table 1 The top 10 countries of literatures on ACC deaminase

H
Rank Country Number of(arti)cles Percentage (%)  Total citations  Average citations per paper  H-index

1 India 121 19.36 1590 13.14 21

2 Canada 112 17.92 6 343 56.63 44

3 Pakistan 84 13.44 1431 17.04 18

4 China 65 10.40 529 8.14 11

5 USA 59 9.44 1584 26.85 20

6 South Korea 54 8.64 836 15.48 17

7 Japan 24 3.84 594 24.75 12

8 Germany 23 3.68 505 21.96 10

9 Italy 19 3.04 660 34.74 9

10 Russia 19 3.04 884 46.53 9
Klee ® Plant Cell “Control
of ethylene synthesis by expression of a bacterial

70.68% enzyme in transgenic tomato plants”
ACC 255 1994
1939%  17.95% Glick Bl Canadian Journal of
Microbiology “1-aminocyclopropane-1-carboxylic
6 343 56.63 ;(r:(i)(rinogzzmhrlﬁis;ob;l;triﬁtr; (:veJSZmoil;? t_izgat’z
65 GR12-2 do not stimulate canola root elongation”
10.42% 132 2007

529 Jio o “Effects of
8.14 plant growth-promoting rhizobacteria on the seedling

H H H growth of oat and annual ryegrass under salt stress”

H H 0 2004
H
276.30
1 1 ACC
Web of science ACC
2006 22 HARWESHF
2008 2010
1991 2 10 257
ACC 2 41.12%
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Figure 1 Tendency of ACC deaminase literatures in the
world, India, Canada and China
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Table 2 The top 10 research institutes of literatures on ACC deaminase

() () %
Rank Research institutes Number of Percoentage Total .A\ferage Nu1jnber ,Of Perc_ent?ge 9f H-index
articles (%) . citations per articles in publications in
citations
paper recent 5 years  recent 5 years (%)

1 100 16.00 5564 55.64 28 28.00 43
UNIV WATERLOO

2 54 8.64 966 17.89 32 59.26 15
UNIV AGR FAISALABAD

3 26 4.16 637 25.48 10 38.46 14
CHUNGBUK NATL UNIV

4 14 2.24 691 49.36 7 50.00 9
ALL RUSSIA RES INST
AGR MICROBIOL

5 12 1.92 251 20.92 8 66.67 7
UNIV LANCASTER

6 12 1.92 246 20.50 10 83.33 6
NANJING AGR UNIV

7 12 1.92 78 6.00 9 75.00 6
INDIAN AGR RES INST

8 10 1.60 211 21.10 6 60.00 6
TAMIL NADU AGR UNIV

9 9 1.44 39 4.88 7 77.78 3
CHONBUK NATL UNIV

10 8 1.28 50 6.25 7 87.50 5
UNIV TEHRAN
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Table 3 The top 10 authors of literatures on ACC deaminase

() H
Rank Authors Country  Number of articles  Percentage (%) Total citations  Average citations per paper  H-index
1 Glick BR 97 15.52 5428 55.96 43
2 Zahir ZA 33 5.28 671 20.33 12
3  Arshad M 29 4.64 795 27.41 12
4  Belimov AA 16 2.56 822 51.38 9
5  Madhaiyan M 16 2.56 494 30.88 12
6 SaT 16 2.56 427 26.69 9
7  Naveed M 14 2.24 306 21.86 10
8  Safronova VI 13 2.08 796 61.23 7
9 Shah S 13 2.08 503 38.69 9
10  Shaharoona B 12 1.92 432 36.00 8
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Table 4 The main research fields involved in ACC deaminase studies

()
Subject Number of articles Percentage (%) Bar chart
- 191 30.56 I
Microbiology
, - 168 26.88 I
Biotechnology & Applied Microbiology
| 162 25.92 I
Plant Sciences
) 130 20.80 -
Agriculture
) . 68 10.88 -
Environmental Sciences Ecology
. . . 58 9.28 -
Biochemistry & Molecular Biology
26 4.16 I
Immunology
. . . .. . 20 3.20 I
Life Sciences Biomedicine Other Topics
. . 19 3.04 I
Science Technology Other Topics
12 1.92 I

Engineering

®5 ACCREBEMMARESHER+RMET

Table S The top 10 journals of literatures on ACC deaminase

()
H
Rank Journals Impact Numjber of Percoentage Total . AYerage nghest c.1ted Heindex
factor Articles (%) . citations per  times of single
citations .
paper articles

| Canadian Journal of 1.221 25 4.00 1 645 65.80 183 21

Microbiology
2 Plant and Soil 2.952 21 3.36 945 45.00 580 12
3 Plant Physiology 2756 21 3.36 877 41.76 274 11

and Biochemistry
4  World Journal of Microbiology , ;5 18 2.88 321 17.83 143 9

Biotechnology
5  Applied Soil Ecology 2.644 18 2.88 232 12.89 42 9
6  Journal of Basic Microbiology 1.823 16 2.56 93 5.81 21 6
7  PLoS One 3.234 14 2.24 185 13.21 60 8
8  Pakistan Journal of Botany 0.822 14 2.24 63 4.50 11 6
9  Annals of Microbiology 0.990 13 2.08 277 21.31 193 7
10 Microbiological Research 2.561 11 1.76 246 22.36 163 4
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Table 6 The top 10 most cited papers on ACC deaminase

Rank Title Authors (ST 7l MG Total Average Journal
the first author . citations per
citations
year

1 Plagt grox.;v'th promoting rhizobacteria Vessey JK 580 41.64 Plant and Soil
as biofertilizers UNIV MANITOBA
Cadmium-tolerant plant growth- Belimov AA,
promoting bacteria associated with Hontzeas N, Soil Biology &

2 . 279 23.42 . .
the roots of Indian mustard Safronova VI, ALL RUSSIA Biochemistry
(Brassica juncea L. Czern.) RES INST AGR
Plant growth-promoting bacteria Mayak S, .

3 confer resistance in tomato plants to Tirosh T, 274 21.23 E;Zn]giil;}s:i)?gy
salt stress Glick BR HEBREW UNIV Y

JERUSALEM
Methods for 1splat1ng anq cbaractenzmg Penrose DM, Physiologia

4 ACC deaminase-containing  plant Glick BR 262 18.71 Plantarum
growth-promoting rhizobacteria ML A TR
Phytoremediation: synergistic use of .

5 plants and bacteria to clean up the Glick BR 255 18.21 i?‘:zil;zsl()gy
B UNIV WATERLOO
Control of ethylene synthesis by Klee HJ, Hayford

6  expression of a bacterial enzyme in MB, Kretzmer 255 9.81 Plant Cell
transgenic tomato plants KA, Monsanto CO, USA

) . ) Idris R, ARC )

, Bz.lc}:ertl]al C(?mmurllltles z;sszlcmt;q T s 654 gpp.lled and |
wit! owering plants of the Ni Puschenreiter M 0 nvironmenta
hyperaccumulator Thlaspi goesingense " ARC SEIBERSDORF Microbiology

RES GMBH
Plant growth-promoting bacteria Mayak S,

8 that confer resistance to water stress Tirosh T, 204 15.85 Plant Science

in tomatoes and peppers Glick BR HEBREW UNIV
JERUSALEM
. Fems

g  Modulation of plant ethylene levels by .\, \ pp 196 16.50  Microbiology

the bacterial enzyme ACC deaminase UNIV WATERLOO oo
. . . . Hayat Rifat, Ali PMA
10 Soﬂ beneficial bacterla. and thelr. role Safdar, Amara 193 2814 Ar.mals .of
in plant growth promotion: a review U Microbiology
mmay, PMAS ARID AGR UNIV
“Plant and Soil” ACC
580 7
41.64 8 2003-2005 C ) (PGPR/PGPB)
5 195 ACC
ACC ACC
ACC Pseudomonas
27 MRABRSKERRSH Bacillus
271 2R REXROSMXREIA: ( )
1991-2016 (Phytoremediation)
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Table 7 The top 10 keywords with highest frequency in ACC deaminase research papers published in the
world, India, Canada and China

Global India Canada China
Rank () () () ()
Keywords Frequency Keywords Frequency Keywords Frequency Keywords Frequency
1 PGPR/PGPB 195 Siderophore 18 Salt stress/Salinity 29 He.avy metal- . 19
resistant bacteria
2 Salinity/Saltstress 60  Brassica 17 PGPB/PGPR 14  FPlantgrowth 19
promotion/PGP
3 Pseudomonas 58  Phytoremediation 13 Agriculwral 10 PGPB/PGPR 18
biotechnology
4 Ethylene 53 PGPR/PGPB 12 Ethylene jo ~ Plant-microbe 18
interactions
. Plant growth-
5 End()p.hytlc 51 Saline/Salt stress 11 promoting bacterial 15 Nitrogen fixation 15
bacteria
endophyte
6  Phytoremediation 45 Metal tolerant bacteria 10 Biopesticides 9 Phytoextraction 14
7  Rhizobacteria 45 Ethylene 9 Bacillus 9 MlCI‘Obla.l . 13
communities
8 Plant gI:OWth 43 Plapt grow.th-promot.lng 9 Biofertilizers 9 ACC 13
promotion traits of rhizobacteria
9 Bacillus 38 Wheat 9 Iturin A 9 Rape 12
10 TAA 30 Field conditions 9 Surfactin g  Ninhydrin 10
reaction
2001-2005
PGPB
2006—2010 ACC
272 AEBEARXEIRS T  1991-2016 PGPR
ACC 5
1991-1995 1996-2000 2001-2005 PGPR
2006—2010 2011-2016 2011-2016
PGPR/PGPB
ACC 8
1991-1995 7
PGPR ACC
1996—-2000 PGPR ACC
ACC ACC
ACC PGPR
ACC
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2.7.3 FREIFEBWXIASH: ACC ACC
PGPR
ACC
(Pseudomonas) (Bacillus)
1991-2016 ACC (Rhizobium) 58 38 27
ACC
ACC ACC
9 62 47 26

*8 SAHHAN ACC REMMRXEFXFIRGEITER

Table 8 The keywords and their frequency in ACC deaminase research papers published during
H4 1991-1995 4F 19962000 4F 2001-2005 4F 20062010 4F 20112016 4
rop REE BOK(K) KR BIKGK) | REW B | REER WK R BIKK)
Keywords Frequency  Keywords Frequency  Keywords Frequency Keywords Frequency Keywords Frequency

1 PGPR 10 ACC 40 Ethylene 14 PGPR/PGPB 31 PGPR/PGPB 24
2 ACC 10 PGPR 23 PGPB pp  Hhosdons 14  Rhizobacteria 16
solubilization
Bacterial .. Endophytic
3 fertilizer 5 Ethylene 19  Heavy metal 10  Azospirillum 11 bacteria 10
4 Comtimuous 460 gynthase 14  Rhizobacterial 10 Bacillus 10 Oilseed rape 10
assay communities
Adenosine Penicillium Metal-resistant Rice (Oryza
J deaminase 1 citrinum L PGPB i By 2 sativa) 12
. Lycopersicon . .
. . Mechanisms oT Multple FGE
6 Dudoxal 1 Soil bacteria 10 coafammmo g Mechanismsof -, Muliple PGP,
phosphate Heinz 902 — —
7 751te-d1rect§d 1 —Inqole-3-acetlc 9 LR 9  Biofertilizers 10  Antioxidant 10
mutagenesis acid tomato plant
St Endophytic
8 adventitious 9 Growth 9 b_p_y_ 9 Drought stress 9
- acteria
roots
9 Mung bean 9 Fruit 9 Diversity 9 VOCs 9
10 Phytoremediation 4 AL"S{’M 8  Nodulation 9 LapA 9
brasilense
1 Transgenic 4 Carnation ] Plant gr'owth 9 PS 9
tomato e promotion =
12 Heavy metals 4 Cuttings 8 16S rRNA 9 Biofertilizer 9
13 Stress 4 Rooting 8 —Halotqlerant 8 Biofungicide 8
bacteria
14 Biocontrol 2 Biocontrol 5o el 8 Inqole-3-acetlc 8
elongation acid
y .. poon-
15 Et S— 2 Phytoremediation 7 Canola 8 L 8
biosensors sundew
16 Enterobacter 1 Pseydomonas 7 Salt stress 3 Sus.talnable 3
cloacae putida E—— agriculture
Leucine
responsive . . Endophyte
17 rerulato 1 Bacillus sp. 7 Biocontrol 8 communit 7
protein
13 Scotch Bonnet 7 Exudate 7 Plant stress 7
pepper = tolerance
19 Brassica napus 7 Phytohormones 7 L 7

suppression
(GG
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(8:3R)
Solanum Salvia
20 it nigrum L. officinalis ©
21 Copper Phytoextraction Essential oils 6
Polycyclic
22 aromatic 1AA Cis-Thujene 6
hydrocarbons
Alginate . . .
23 encansulation Siderophores Antibacterial 6
24 ACC Hungarian 5
vetch
Burkholderia_ S
29 phytofirmans Swcaed 2
26 Ethylene Salinity 5
Autochthonous
27 Nitrogen 4 mycorrhizal 4
fungi
Rhizosphere Autochthonous
28 3 - - 4
competence bacterial strain
29 Organic acids 3 Water stress 4
30 Rhizobium o  Opidative 4
damage
31 Sugarcane 2 Yerba mate 3
.. Nitrogen
< Symbietic I ertilizer z
33 Non-symbiotic 1 Lt 2
uptake

Note: The underlined words are the new key words occurred during this period.

R9 ACC BRRABBARNERFRLEAIRINERT+ 2 B KR

Table 9 Different types of top 10 keywords with highest frequency occurred in ACC deaminase research papers

Plant Microorganism Environmental stress
Rank () () ()
Keywords Frequency Keywords Frequency Keywords Frequency
1 Rice 31 Pseudomonas 58 Salinity/Salt 62
2 Wheat 22 Bacillus 38 Heavy metal 47
3 Canola/Brassica 21 Rhizobium 27 Drought 26
4 Maize/Zea mays 14 Burkholderia 14 Waterlogging 6
5 Tomato 14 Enterobacter 13 Petroleum 5
6 Arabidopsis 10 Azospirillum 12 Hoypoxic 4
7 Switchgrass 7 bl 9 VOCs (volatile organic :
compounds)
8 Soybean 6 Agrobacterium 8 Air pollutants 2
9 Pepper 5 Methylobacterium 8 Osmotic 1
10 Cucumber 5 Mycorrhizal fungi 7 Low-temperature 1
3 NG
PGPR 2010
ACC ACC
PGPR

ACC
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