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A bibliometric analysis was performed on a total of 1319 articles and reviews on rice and irrigation 
from the ‘Agronomy’ category based on the Web of Science (WoS) during the period 1965–2018. The 
results showed that the number of publications had grown rapidly over the past years, and English 
was the dominating language (96.437%). The top five most productive authors were E. Humphreys 
(Philippines), B. A. M. Bouman (Philippines), S. Fukai (Australia), J. Z. Xu (China) and A. Kumar  
(India). There were 98 core journals involved in publication; Agricultural Water Management was the 
most productive journal with 273 articles (20.697%), followed by Field Crops Research (176; 
13.343%) and Paddy and Water Environment (162; 12.282%), each with more than 150 papers. India 
was the most productive country with 313 articles (23.73%), followed by China (218, 16.53%), USA 
(163, 12.36%), Philippines (154, 11.68%), Japan (152, 11.52%) and Australia (121, 9.17%). Among 
the institutions working on rice and irrigation, the top 3 were International Rice Research Institute, 
Philippines, Punjab Agricultural University, Pakistan and Chinese Academy of Sciences, China. 
Among 13 ESI top papers, there was one hot paper and four review papers.  
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AS the global population continues to steadily increase, 
staple crop yields must also increase to meet the demand 
for food1. Rice (Oryza sativa L.) is the staple food for 
more than half of the global population. It is the main 
staple in tropical Latin America, and East, South and 
Southeast Asia2. The rice cropping systems are of global 
importance in terms of food security3. Increasing water 
scarcity threatens the sustainability of rice production4. 
The conventional system for irrigating rice is to flood and 
maintain free water in the field. Initial flooding provides 
favourable conditions for land preparation and rapid crop 
establishment through transplanting and efficient weed 
management. However, the conventional system uses a 
large amount of water because of high water loss through 
evaporation, seepage and percolation. A challenge for 
sustainable rice production is to decrease the amount of 
water use and maintain or increase yield through im-
proved water use efficiency5. 
 The system of rice intensification (SRI) is an agroeco-
logical approach to rice cultivation that seeks to create 
optimal conditions for healthy plant growth by minimiz-

ing inter-plant competition, transplanting widely spaced 
young single seedlings, and optimizing favourable soil 
conditions with organic amendments, increased soil aera-
tion by weeding and controlled water management. It is 
also an agricultural system consistent with sustainable 
agriculture as well as conservative agriculture contribut-
ing in the preservation of natural resources like water and 
land, and reducing chemicals applied to crops and envi-
ronmental pollution6–9. These systems include saturated 
soil culture, aerobic rice10, alternate wetting and dry-
ing4,11–13, and drip and sprinkler irrigation. The breeding 
target is a high yield potential under irrigation, an accept-
able grain quality and water consumption reduced by 
about 50% compared with paddy rice. In a water-limited 
environment, a higher level of drought resistance and re-
duced yield loss by drought stress are required14. Currently, 
dry seeded rice (DSR) is gaining popularity among far-
mers in Central China because of reduced irrigation  
requirement and cost for crop establishment, and condu-
civeness to mechanization15. 
 In recent years, bibliometrics has been broadly used as 
a quantitative method of analysis in many scientific re-
search fields, such as water use efficiency in agricul-
ture16, planthoppers17, rice physiology and management 
in China18, water footprint research19, wastewater irriga-
tion20, biomass energy and environment21. In this study, a 
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Table 1. Document type distribution for irrigation on rice research 

Document type Records Ratio of 1319 (%) Citations Average citation h-index 

Article  1265 95.906 20,726 16.38 64 
Review   54 4.094   2,333 43.2 22 
Proceedings paper   35 2.654   1,273 36.37 16 
Book chapter   11 0.834    750 68.18  7 

 
 

bibliometric analysis of 1319 articles reported in the Web 
of Science (WoS) Core Collection were searched using 
the keywords ‘irrigation’ and ‘rice’, during 1900 to 2018 
(up to 5 December 2018). Global scientific research on 
rice with irrigation is analysed from subject category, 
journal, country/region, institution and author. And the 
hotspots were analysed in high-quality journals.  

Methodology 

Web of Science 

The publication counts from the WoS Core Collection 
were derived from the following databases: The Science 
Citation Index–Expanded (SCIE), 1900–present; Social 
Science Citation Index (SSCI), 2005–present; Conference 
Proceeding Citation Index-Science (CPCI-S), 2015–
present; Conference Proceeding Citation Index-Social 
Sciences and Humanities (CPCI-SSH), 2015–present; 
Current Chemical Reactions (CCR-EXPANDED), 1986–
present, and Index Chemicus (IC), 1993–present.  

Data collection 

The study surveyed papers in the SCIE database pub-
lished from January 1900 to July 2018 (retrieval data last 
updated: 5 December 2018). We used the keywords ‘rice’ 
and ‘irrigation’ to search the database, with the query 
TI = (rice and irrigation), in terms of topic to retrieve  
bibliographic records. The document types used were  
articles and reviews, further refined by WoS category 
‘Agronomy’.  

Data analysis 

The selected publications were further analysed with  
respect to language, document type, country and cita-
tions, main journals, journal category and impact factor 
(IF) using Microsoft Excel 2010 with functions. The con-
tributions of different countries and institutions were  
estimated by affiliation of at least one author of the pub-
lished papers. The number of citations has been widely  
accepted as an indicator of impact of paper. IFs were  
taken from the Journal Citation Report (JCR) published 
in 2018.  

Results and discussion 

Document type and language 

The 1319 publications were identified in SCIE between 
1965 and 2018. The document types were articles and re-
views (Table 1). The article was the dominant document 
type comprising 95.906% (1265 of the total 1319), the 
remaining publications were reviews (54, 4.094%), pro-
ceeding papers (35, 2.654%) and book chapters (11, 
0.934%). Here, proceeding papers belong to articles, and 
book chapters belong to reviews. So, the articles and re-
views were the main document types which were usually 
statistics such as the citations and the journal impact  
factor. The citations are always not an indicator of the 
impact of any research; however, they can indicate the 
marker of the work in the research community22. Higher 
citations per publication (CPP) were recorded for book 
chapters (CPP = 68.18) and review articles (CPP = 43.2), 
compared to research articles (CPP = 16.38) and proceed-
ing papers (CPP = 36.37).  
 Among the 1319 publications, 1272 (96.437%) were in 
English, followed by Japanese (19; 1.44%), Portuguese 
(15; 1.137%), French (9; 0.682%), Spanish (3; 0.277%) 
and Hungarian (1; 0.076%). English was the dominating 
language in documents from the WoS22–25. Most papers 
are published in English as SCIE and SSCI mostly consist 
of English journals and scholars tend to publish their  
articles in English for wider acceptance. 

Publication output and scientific descriptors 

All the publications were assessed by the following  
aspects: year, publication, country/region, author, organi-
zation, citation and h-index, average citation per publica-
tion, countries per publication, authors per publication, 
organizations per publication. Table 2 presents the publi-
cation output on rice research with mean citations, refer-
ences and page counts. An absolute growth in rice 
research is evident. There were more than 10 articles 
from 1990 and then the publications increased gradually 
each year; the number was 121 in 2018 (until 5 December 
2018). Almost 37.5% of the articles were published in the 
last five years of the study period (2014–2018) and 
64.3% of the articles were published in the last ten years 
(2009–2018).  
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Table 2. Scientific output characteristics from 1965 to 2018 (till to 5 December 2018) 

PY  TP Ratio of 1319 (%) TC ACPP h-index AU CRT OT AU/TP CRT/TP OT/TP APPP 

1965  1 0.076 7 7.00 1 2 1 1 2.00 1.00 1.00 11.00 
1977  1 0.076 1 0.00 0 2 1 1 2.00 1.00 1.00 3.00 
1978  3 0.227 2 0.67 1 5 3 3 1.67 1.00 1.00 6.00 
1979  2 0.152 6 3.00 1 4 2 2 2.00 1.00 1.00 11.00 
1981  2 0.152 3 1.50 1 4 3 4 2.00 1.50 2.00 6.50 
1982  1 0.076 0 0.00 0 1 1 1 1.00 1.00 1.00 7.00 
1984  1 0.076 69 69.00 1 2 1 1 2.00 1.00 1.00 6.00 
1985  1 0.076 14 14.00 1 4 1 1 4.00 1.00 1.00 12.00 
1986  3 0.227 49 16.33 2 7 3 3 2.33 1.00 1.00 7.33 
1987  5 0.379 6 1.20 2 12 5 7 2.40 1.00 1.40 7.00 
1989  6 0.455 46 7.67 3 21 6 9 3.50 1.00 1.50 11.67 
1990  12 0.910 116 9.67 5 28 13 13 2.33 1.08 1.08 7.33 
1991  17 1.289 92 5.41 5 52 25 25 3.06 1.47 1.47 7.18 
1992  11 0.834 83 7.55 4 31 12 13 2.82 1.09 1.18 7.45 
1993  16 1.213 122 7.63 7 43 18 21 2.69 1.13 1.31 7.38 
1994  12 0.910 218 18.17 6 34 18 19 2.83 1.50 1.58 8.42 
1995  11 0.834 204 18.55 5 37 15 16 3.36 1.36 1.45 6.36 
1996  11 0.834 268 24.36 7 32 15 16 2.91 1.36 1.45 9.73 
1997  13 0.986 537 41.31 6 43 15 17 3.31 1.15 1.31 10.23 
1998  13 0.986 549 42.23 11 57 20 29 4.38 1.54 2.23 12.85 
1999  27 2.047 738 27.33 14 99 44 53 3.67 1.63 1.96 11.22 
2000  19 1.440 691 36.37 12 64 34 42 3.37 1.79 2.21 11.68 
2001  21 1.592 995 47.38 13 68 29 34 3.24 1.38 1.62 11.43 
2002  22 1.668 1157 52.59 17 68 37 44 3.09 1.68 2.00 12.82 
2003  24 1.820 461 19.21 12 74 33 45 3.08 1.38 1.88 10.63 
2004  37 2.805 1503 40.62 18 141 58 82 3.81 1.57 2.22 10.30 
2005  35 2.654 1585 45.29 19 141 57 79 4.03 1.63 2.26 13.54 
2006  41 3.108 1156 28.20 22 161 52 70 3.93 1.27 1.71 11.24 
2007  44 3.336 1588 36.09 20 183 79 110 4.16 1.80 2.50 11.50 
2008  53 4.018 1383 26.09 19 243 77 103 4.58 1.45 1.94 10.21 
2009  67 5.080 1809 27.00 25 282 100 141 4.21 1.49 2.10 11.06 
2010  65 4.928 1918 29.51 24 295 111 165 4.54 1.71 2.54 10.97 
2011  70 5.307 1410 20.14 21 310 118 163 4.43 1.69 2.33 11.84 
2012  61 4.625 790 12.95 16 275 88 130 4.51 1.44 2.13 9.95 
2013  90 6.823 1081 12.01 19 443 146 218 4.92 1.62 2.42 11.21 
2014  90 6.823 800 8.89 16 432 141 207 4.80 1.57 2.30 11.69 
2015  88 6.672 844 9.59 15 504 163 243 5.73 1.85 2.76 12.52 
2016  90 6.823 397 4.41 11 436 136 231 4.84 1.51 2.57 11.97 
2017  106 8.036 299 2.82 7 562 166 261 5.30 1.57 2.46 13.31 
2018  121 9.174 42 0.35 3 639 175 299 5.28 1.45 2.47 11.21 
2019  6 0.455 0 0.00 0 31 9 14 5.17 1.50 2.33 9.33 

PY, Published year; TP, Total publication; TC, Total citations; ACPP, Average citation per publication (TC/TP); AU, Author number; CRT, Coun-
tries/regions occurrence times; OT, Organizations occurrence times; APPP, Average pages per publication.  
 
 
 Figure 1 shows the publication trend and mean citation 
per paper. The data were collected on 5 December 2018; 
number of papers in 2018 was over 121 and six papers in 
2019 were online. The annual number of publications has 
increased over the past 30 years, but with some fluctua-
tions. The growth has been an exponential of rice litera-
ture (R2 = 0.93). The mean citation was not stable and 
mean citation rate was highest for papers published in 2002.  
 Considering the data from 1990 to 2018, the mean page 
counts per year from 7.33 to 11.21, and the most mean 
pages per paper is 13.54 in 2005. There were average 
3.90 authors per paper from 2.33 to 5.28 while the most 
mean authors per article is 5.73 in 2015, and countries/ 
regions per article is 1.49 from 1.08 to 1.45 while the 
most countries/regions per article is 1.85 in 2015, and the 

organizations per article is 1.98 from 1.08 to 2.47 while 
the most organizations per article is 2.76 in 2015, and the 
increase tendency of organizations per article is faster 
than that of countries/regions per article (Figure 2). The 
authorship, countries/regions and organizations per article 
patterns in rice research indicate towards the multi-
authorship and co-operations. All these indicators suggest 
that there was increase in the research activities on rice in 
the last decade. 

Web of Science categories 

The publications were refined by ‘Agronomy’ subject 
categories of WoS. So, the total articles belong to the 
Agronomy category, and then they are also followed by 
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other categories. There are 18 WoS subject categories for 
irrigation and rice research in the science edition, and 
Table 3 lists the top 10 categories. Among these, the top 
five categories include Agronomy (1319 articles; 100%), 
Water resources (374; 28.355%), Agricultural engineer-
ing (166; 12.585%), Plant sciences (135; 10.235%) and 
Soil science (112; 8.491%), each with more than 100  
papers. Journals or papers may be classified into two or 
more categories in WoS. This shows the multidisciplinary 
character of the research field26. 

Core journals  

The analysis of journals helps find the most suitable ones 
to publish relevant studies27. All the 1319 papers  
 
 

 
 
Figure 1. Number of publications with average citations per publica-
tion during 1990 to 2018.  
 
 

 
 

Figure 2. Changes in countries/regions and organizations per publica-
tion during 1990 to 2018.  

were published in 98 journals and book chapters. The top 
13 core journals are shown in Table 4, along with total 
publications, IF according to JCR 2018, total citations 
and average citation per paper (ACPP). These 13 journals 
have published almost 74.9% of the total 1319 rice re-
search papers. Agricultural Water Management was the 
most productive journal with 273 articles (20.697%), fol-
lowed by Field Crops Research (176; 13.343%), and 
Paddy and Water Environment (162; 12.282%), each with 
more than 150 papers. Five journals were published from 
USA, followed by the four from The Netherlands, two 
from England, and one each from Germany and India. 
Plant and Soil, European Journal of Agronomy, Agricul-
tural Water Management, and Field Crops Research were 
for journals with higher IF; Indian Journal of Agronomy 
does not have an IF. Papers published in Plant and Soil had 
the highest citations per article (44.69), as four articles 
were highly cited, i.e. more than 111 times. This indicates 
that the IFs are based on the few highly cited articles and 
this may not be true for all the articles published in the 
journal23. Thus, authors can choose the most suitable 
journal to publish papers related to this research field.  
 Figure 3 shows the changes of the top five journal pub-
lications with each year from 1978 to 2018. The Indian 
Journal of Agronomy mainly published papers from 1987 
to 2005; we only checked IF in 2004. The annual papers 
of the other four journals increased over the years, espe-
cially after the year 2000.  

Publication distribution by authors 

Table 5 reveals that a total of 3832 authors and 5872 fre-
quency times participated in related studies and published 
1319 papers. Thus we get 0.344 articles (1319 publica-
tions by 3832 authors) per author, and the average num-
ber of authors per paper is 4.452 (5872 records of authors 
for 1319 papers).  
 The analysed records listed 3832 authors, among 
whom 2902 (75.73%) had only one publications, 516 
(13.47%) had two publications, 196 (5.11%) had three 
 
 
Table 3. Top 10 Web of Science (WoS) categories for irrigation and  
  rice research 

 
Rank 

 
WoS category 

 
TP 

Ratio of 
1319 (%) 

1  Agronomy  1319  100  
2  Water resources  374  28.355  
3  Agricultural engineering  166  12.585  
4  Plant sciences  135  10.235  
5  Soil science  112  8.491  
6  Agriculture multidisciplinary  41  3.108  
7  Chemistry analytical  33  2.502  
8  Meteorology atmospheric sciences  33  2.502  
9  Forestry  22  1.668  

10  Horticulture  19  1.44  
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Table 4. Top 13 journals indexed using WoS during 1965 to 2018 

Rank  Journal TP Ratio of 1319 (%) TC  ACPP h-index IF Country 

1  Agricultural Water Management  273 20.697 7254 26.57 42 3.182 The Netherlands 
2  Field Crops Research  176 13.343 4803 27.29 39 3.127 The Netherlands 
3  Paddy and Water Environment  162 12.282 1385 8.56 20 1.379 Germany  
4  Irrigation and Drainage  68 5.155 341 5.01 10 0.707 USA  
5  Indian Journal of Agronomy  44 3.336 103 2.34 4  India  
6  Plant Production Science  39 2.957 881 22.59 14 0.875 England  
7  Agronomy Journal  36 2.729 912 25.33 15 1.897 USA  
8  Plant and Soil  36 2.729 1609 44.69 20 3.306 The Netherlands 
9  Communications in Soil Science and Plant Analysis 33 2.502 292 8.85 9 0.54 USA  

10  Irrigation Science  33 2.502 569 17.24 15 1.653 USA  
11  Experimental Agriculture  31 2.350 309 9.97 10 1.68 USA  
12  Archives of Agronomy and Soil Science  29 2.199 67 2.31 5 2.254 England  
13  European Journal of Agronomy  28 2.123 475 16.96 14 3.192 The Netherlands 

IF, Impact factor – 2017.  
 
 

 
 

Figure 3. Changes in annual publications during 1978 to 2018. 
 
 
 

 
 
Figure 4. Distribution of number of authors with different frequen-
cies. 

publications and 88 (2.30%) authors had four publica-
tions. A total of 3418 (89.20%), 3614 (94.31%) and 3702 
(96.61%) authors had ≤ 2, 3 and 4 papers respectively. 
The relationship between relative frequency of authors 
and their corresponding publications was adapted to the 
Lotka’s law, an inverse square law, which describes the 
frequency of publication by authors in any given field; 
and the result was similar to Mesdaghinia et al.28. Table 5 
shows the frequencies of authors and the number of pub-
lications. Further analysis indicated that the number of 
authors versus frequency obeys the power-law distribu-
tion (Figure 4). 
 The top 12 most productive authors (more than 14  
papers per author) altogether contributed 209 papers, ac-
counting for 15.845% of 1319 publications. Among these 
five authors in China were from two organizations, viz. 
Hohai University (S. Z. Peng, J. Z. Xu and S. H. Yang) 
and Yangzhou University (J. C. Yang and J. H. Zhang); 
three (B. A. M. Bouman, E. Humphreys and Sudhir Yadav) 
were from the International Rice Research Institute 
(IRRI), Philippines; two (B. S. Chauhan and S. Fukai) 
were from the University of Queensland, Australia; one 
(A. Kumar) was from the Indian Council of Agricultural 
Research (ICAR) and one author (A. R. Sepaskhah) was 
from Shiraz University, Iran. There are many advantages 
of measuring scientific output using the h-index, which is 
the most popular single measure of scientific output for 
both productivity and impact. The top 12 most productive 
authors not only have more papers, but also have a high 
h-index (Table 6). 

Countries/regions 

There were 88 countries contributing to the 1319 publica-
tions in this study. Table 7 lists the top 15 most produc-
tive countries publishing 117.91% of all papers 
(153.91%). The 1319 papers were analysed by countries 
or regions and sorted in reverse order by their total num-
ber – 26 countries had only one paper each, seven 
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Table 5. Frequency of authors and publications during 1965 to 2018 

Frequency of 
publications  

Number of 
authors 

 
Percentage 

Number of total 
authors 

 
Percentage 

Accumulation 
of authors 

 
Percentage 

1  2902  75.73  2902  49.42  2902  49.42  
2  516  13.47  1032  17.57  3934  67.00  
3  196  5.11  588  10.01  4522  77.01  
4  88  2.30  352  5.99  4874  83.00  
5  47  1.23  235  4.00  5109  87.01  
6  29  0.76  174  2.96  5283  89.97  
7  12  0.31  84  1.43  5367  91.40  
8  9  0.23  72  1.23  5439  92.63  
9  5  0.13  45  0.77  5484  93.39  

10  6  0.16  60  1.02  5544  94.41  
11  5  0.13  55  0.94  5599  95.35  
12  1  0.03  12  0.20  5611  95.56  
13  4  0.10  52  0.89  5663  96.44  
14  3  0.08  42  0.72  5705  97.16  
15  4  0.10  60  1.02  5765  98.18  
18  1  0.03  18  0.31  5783  98.48  
19  2  0.05  38  0.65  5821  99.13  
24  1  0.03  24  0.41  5845  99.54  
27  1  0.03  27  0.46  5872  100.00  

 
 
 

Table 6. Top 12 authors indexed using WoS 

Rank  Authors  Records Ratio of 1319 (%) Citations Average citation h-index Period Country 

1  E. Humphreys  27 2.05 761  28.19 14  2005–2018  Philippines  
2  B. A. M. Bouman 24 1.82 2555  106.46 20  2001–2015  Philippines  
3  S. Fukai 19 1.44 742  39.05 12  2001–2018  Australia  
4  J. Z. Xu 19 1.44 264  13.89 8  2011–2018  China  
5  A. Kumar  18 1.37 364  20.22 9  2007–2018  India  
6  A. R. Sepaskhah 15 1.14 169  11.27 7  2004–2014  Iran  
7  J. C. Yang 15 1.14 457  30.47 11  2007–2018  China  
8  S. H. Yang 15 1.14 182  12.13 6  2011–2018  China  
9  J. H. Zhang  15 1.14 456  30.40 11  2007–2018  China  

10  B. S. Chauhan 14 1.06 213  15.21 8  2010–2018  Australia  
11  S. Z. Peng 14 1.06 229  16.36 8  2009–2015  China  
12  Sudhir Yadav  14 1.06 266  19.00 8  2010–2018  Philippines  
 
 
 

 
 

Figure 5. Comparison of growth trends of the top six productive 
countries during 1977 to 2018. 

countries had two papers each, five countries had three 
papers each, and the remaining 50 countries had from 4 to 
313 papers. From 1990 to 2018, the number of mean 
countries/regions per article is 1.49 from 1.08 to 1.45, 
while the average number of the most countries/regions 
per article is 1.85 in 2015. The average number of coun-
tries/regions per paper was relatively constant, but, it was 
higher in the last ten years, reflecting more international 
cooperation. 
 Table 7 shows the top 15 countries/regions that pub-
lished more than 35 papers. Of these, the top six coun-
tries published more than 121 papers. India was identified 
as the largest contributor, followed by China. Among the 
15 countries/regions, there are nine Asian countries, three 
European countries, one from Australia, one from North 
America and one from South America. For the coun-
tries/regions, there are more publications, and the higher 
h-index. USA had the highest h-index (43) among all the 



GENERAL ARTICLES 
 

CURRENT SCIENCE, VOL. 119, NO. 3, 10 AUGUST 2020 444 

Table 7. Top 15 countries/regions publishing articles indexed using WoS 

Rank  Country/regions Records Ratio (%) of 1319 Citations Average citation h-index Continent 

1  India  313  23.73  5313  16.97  40  Asia  
2  China  218  16.53  5089  23.34  38  Asia  
3  USA  163  12.36  3505  21.5  32  North America 
4  Philippines  154  11.68  5982  38.84  44  Asia  
5  Japan  152  11.52  2249  14.8  25  Asia  
6  Australia  121  9.17  2358  19.49  25  Australia  
7  Bangladesh  55  4.17  1084  19.71  15  Asia  
8  Germany  53  4.02  1299  24.51  19  Europe  
9  The Netherlands  53  4.02  1975  37.26  22  Europe  

10  Brazil  49  3.72  277  5.65  7  South America 
11  France  49  3.72  746  15.22  14  Europe  
12  Pakistan  48  3.64  737  15.35  14  Asia  
13  Iran  46  3.49  221  4.8  8  Asia  
14  South Korea  46  3.49  499  10.85  14  Asia  
15  Thailand  35  2.65  708  20.23  13  Asia  
 
 

Table 8. Top 13 organizations indexed using WoS 

Rank  Organization Records Ratio (%) Citations Average citation h-index Country 

1  Int Rice Res Inst  122  9.25  5355  43.89  39  Philippines  
2  Punjab Agr Univ  63  4.78  1155  18.33  22  Pakistan  
3  Chinese Acad Sci  36  2.73  844  23.44  12  China  
4  Univ Queensland  34  2.58  832  24.47  13  Australia  
5  Univ Agr Faisalabad  31  2.35  446  14.39  11  Pakistan  
6  Univ Tokyo  31  2.35  541  17.45  13  Japan  
7  Hohai Univ  29  2.20  352  12.14  11  China  
8  Indian Agr Res Inst  29  2.20  558  19.24  13  India  
9  IRRI  26  1.97  702  27  12  Philippines  

10  Wuhan Univ  26  1.97  444  17.08  11  China  
11  China Agr Univ  25  1.90  653  26.12  15  China  
12  CIMMYT  20  1.52  812  40.6  14  Mexico  
13  Indian Inst Technol  20  1.52  489  24.45  10  India  
 
 
countries, followed by China (41), Spain (37), Australia 
(36) and India (33). 
 Comparison of growth trends shows the top five coun-
tries which have published 1121 (84.99%) of the total 
1319 articles (153.91%) (Figure 5). China, second in the 
list ranked by total articles, has published 218 (16.53%) 
articles with the fastest growing trend; after the year 2003 
the number has increased sharply to 32 by 2018. This 
could be due to a series of positive policies that propelled 
scientific research in China. China has witnessed a sus-
tained increase in scientific research. It ranks second in 
the world with regard to scientific publications since 
2006, particularly taking the leading position in specific 
fields29. The past decades have witnessed a rapid rise of 
economic development in China, with annual growth rate 
of a gross domestic product (GDP) is averaging about 
10% since 2000. In 2010, China overtook Japan as the 
second largest economy in the world30. 

Organizations and institutions 

We measured the trends of major contributing organiza-
tions, analysing whether certain organizations of interest 

were increasing or decreasing in significance31. Regard-
ing affiliations of authors appearing in the database, 1220 
different organizations from academia, government and 
industry have been identified from a total of 2936 records 
of organizations. Among them, 829 organizations have 
only one paper each, 161 organizations have only two 
papers each, 81 organizations have three papers each, 38 
organizations have four papers each and 26 organizations 
have five papers each. 
 In addition, there are 37.30% of articles (total 
222.68%) produced by the top 13 most productive institu-
tions that published more than 20 papers (Table 8). 
Among these organizations, four are in China, whereas 
India, Pakistan and the Philippines each have two, and 
Australia, Japan and Mexico each have one. In fact, Int 
Rice Res Inst and IRRI in Table 8 are the same organiza-
tions in the Philippines.  
 China had a high growth rate of publications with the 
Chinese Academy of Sciences playing a leading role in 
the country’s research output. The Chinese Academy of 
Sciences was the most productive institute with total  
articles (36) and contributed 16.5% of papers from China 
(218). Hohai University (29), Wuhan University (26) and 
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China Agricultural University (25) were among the top 
13 organizations. Yangzhou University (17), Zhejiang 
University (16), Chinese Academy of Agricultural 
Sciences (14), Nanjing Agricultural University (14), Hu-
azhong Agricultural University (12), University of Chi-
nese Academy of Sciences (11), and Chinese University 
of Hong Kong (10), have published more than ten articles 
and reviews more in the agronomy field of rice and irri-
gation.  

The most frequently cited articles  

The total citation count was obtained from SCIE, which 
shows the total number of times a particular article has 
been cited by journals listed in the SCI database. Al-
though many articles have been published, a relatively 
small number of individuals account for a large propor-
tion of citations within the period. Six most frequently 
cited articles have been cited more than 232 times since 
their initial publication till 5 December 2018; the total  
citations for these six papers were 470, 378, 343, 288, 
254 and 232 respectively, and the average citation per 
year was 26.11, 25.2, 15.59, 19.2, 18.14 and 25.78 re-
spectively (Figure 6). The annual citations of the six  
articles showed an increasing trend during their citation 
history after the published year, that is, over the cited 
half-life about 5–6 years based on JCR 2018. The time 
dependence of a single paper is called its history. In the 
beginning year (zero year here), this was lower because 
all papers appeared in that published year. 

Conclusions 

We analysed 1319 research articles published on rice and 
irrigation from the ‘Agronomy’ category based on WoS 
for the period 1965–2018. We observed that the number 
of publications has grown rapidly over the past years; and  
 
 

 
 
Figure 6. Comparison of citations of the top six articles from their 
initial publications to 5 December 2018. 

English was the dominating language (96.437%). The  
top five most productive authors were E. Humphreys 
(Philippines), B. A. M. Bouman (Philippines), S. Fukai 
(Australia), J. Z. Xu (China) and A. Kumar (India). There 
were 98 core journals involved in publication and Agri-
cultural Water Management was the most productive 
journal with 273 articles (20.697%), followed by Field 
Crops Research (176; 13.343%), and Paddy and Water 
Environment (162; 12.282%), each with more than 150 
papers. India was the most productive country with 313 
articles (23.73%), followed by China (218, 16.53%), USA 
(163, 12.36%), Philippines (154, 11.68%), Japan (152, 
11.52%) and Australia (121, 9.17%). Among the institu-
tions working on rice and irrigation, the top three were 
IRRI, Philippines, Punjab Agricultural University from 
Pakistan and Chinese Academy of Sciences from China.  
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