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A bibliometric analysis of status and trend of international research on field

nitrogen application effects on nitrogen losses and water quality
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Abstract: A bibliometric analysis method was used to identify the developmental trend of international research on nitrogen
losses in farmlands as affected by nitrogen applications, based on peer-reviewed studies available in the ISI Web of Science
since 1957. We also reviewed control and prevention measures for farmland nitrogen loss, with the same method. The
bibliometric analysis showed that the current focus of research regarding nitrogen losses worldwide involved assessing and
monitoring of the effects of nitrogen fertilization on water pollution and quality. Keywords included Groundwater, Water
quality, Surface water, Nitrate pollution, Eutrophication, Contamination, Nonpoint source pollution, Lysimeter, Runoff,
and Subsurface drainage, etc. Research institutions that contributed to a large number of research findings are mainly

resided in large agricultural countries, including China, United States, and Canada, and the mainstream journals that
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included most relevant papers are published in the Netherlands, United States, and China. Literature analysis showed that
nitrogen losses are site-specific because it can be influenced by precipitation, topography, soil properties, and forms, rates,
timing and placement of fertilizers, as well as other management practices. Nitrogen losses in China ( 13.7—347 kg/hm’)
was significantly higher than that of countries in Europe and North America (4—107 kg/hm”). On average, the fertilizer
use is 357.3 kg/ hm’ and nitrogen rate is 165.1 kg/hm” in China, which was much higher than the world average
application rates (fertilizer rate: 87.5 kg/hm’; nitrogen rate: 52.9 kg/hm’). As a result, nitrogen use efficiency during
one crop growth period in China (17% ) was significantly lower than the world average (58% ). These results indicated that
excessive fertilizer application and underutilization of nitrogen were main reasons for nitrogen losses to surface and ground
water. By comprehensively analyzing prevention and control measures for farmland nitrogen losses, we found that reducing
nitrogen losses from the source was the most effective measure. Optimizing agronomic management practices and intercepting
nitrogen migration could reduce nitrogen losses by 15% to 82%. Among a large diversity of studies, the largest group of
studies focused on optimizing nitrogen applications. However, faced with resource shortage, water quality deterioration, and
food production pressure, future research focus should shift from nitrogen balance to study of the nitrogen cycle in the entire
farmland ecosystem. Further, there is an urgent need to determine nitrogen fertilization thresholds ( critical nitrogen levels
resulting in risk of pollution) for water quality protection. Effective prevention and control measures for nitrogen losses will
provide theoretical and technical supports to balance the conflicts among food demand, resource conservation, and

environmental protection.

Key Words: farmland nitrogen; Web of Science; water quality; N loss; prevent and control measures; critical

nitrogen rate
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Table 1 Top 20 word frequency of keywords on the topic of water quality

o A K A 1) T AR TR AG Sk i) EET]
High frequency keywords Word frequency High frequency keywords Word frequency
Groundwater 63 Subsurface drainage 8
Water quality 50 Contamination 7
Lysimeter 23 Nonpoint source pollution 6
Runoff 13 Nitrogen pollution 5
Nitrate pollution 12 NO3-N 5
Eutrophication 11 Wastewater 5
Nitrate concentration 10 Nitrates Directive 4
Nitrogen availability 10 NO3-N leaching 4
Nitrate nitrogen 9 Surface water 4
Nitrate—N 9
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Table 2 Top 10 affiliations with the most published articles on the topic of water quality
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5 Lincoln Univ LNEPNES 7 oG =
7 Univ Florida W Bk R 6 ESE|
8 Towa State Univ P =D VA N 5 EH
8 Oregon State Univ XM 37 K2 5 XKH
8 Zhejiang Univ i RINES 5 s
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Fig.1  Affinity diagram on the topic of water quality
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Table 3 Top 10 journals of published articles on the topic of water quality
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Rank Journal name Number of articles  Impact factor in 2013 Country
1 AGRICULTURAL WATER MANAGEMENT 21 2.333 faf 2%
1 AGRICULTURE ECOSYSTEMS & ENVIRONMENT 21 3.203 faf 2%
3 NUTRIENT CYCLING IN AGROECOSYSTEMS 13 1.733 fif 2%
A l(igrﬂuiﬁgggs IN SOIL SCIENCE AND 0 0.423 -
4 PEDOSPHERE 10 1.379 w
4 PLANT AND SOIL 10 3.235 faf 24
7 FERTILIZER RESEARCH 8
8 JOURNAL OF SOIL AND WATER CONSERVATION 7 1.811 ESE|
9 TRANSACTIONS OF THE ASAE 7 0.843 KH
10 WATER SCIENCE AND TECHNOLOGY 7 1.212 E S|

Table 4 Top 20 published articles of citation rates on the topic of water quality
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Rank The first author Source Citation rates Country
1 Valiela, 1 ECOLOGICAL APPLICATIONS.1997,7(2) :358. 220 XH
2 Di, HJ 6N£IJ(T;P;IE21\;"£ CYCLING IN AGROECOSYSTEMS. 2002, 152 g
3 Ju, XT ENVIRONMENTAL POLLUTION.2006,143(1) :117. 124 i
4 Liu, XJ FIELD CROPS RESEARCH.2003,83(2) ;111. 103 L RlES|
5 Shaviv, A FERTILIZER RESEARCH.1993,35(41641) ;1. 101 DRuRl
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Table 5 Difference of farmland nitrogen losses for typical planting system in China and abroad

H %R el FiAB AR 2 Jiti A/ (kg/hm?) WA/ (kg/hm?) SCHRAC TR

Country Soil type Planting patterns Nitrogen application rate Loss amount Source
#1 [ China KFE L IKFE-/NAE 330+245 48 [2s
Kig+ IKREN/INZE 210+180 12—14 [26]

B - N - K 300+300 149—212 (27]

5+ U\ TE S 360+360 58 (28]

K FE A INF 360 16 [29]

g6+ INFE-F K 150+130 44 [30]

YEE UK gL BINAE 200 17—87 [31]
g KN 175 4—45 [31)

Wt K INA 170 62 [32]

Hit KN 100—179 20 (3]

2 [H America i+ ES 200 11—107 [34)
3 g+ ok 200 8—77 [35]

Bt EPN 168 11.9 [36)

Bt ESP SEF 120 27—59 [37]

i+ ok 185 10 (38)

Hit Fok 67 38 [39]

A+ EPN 135 45 (39

Hit ok 202 60 [39]

At NG 67 13 [39)

Hit PN 35 16 [39]

Hit NG 202 26 [39)

% [# France AR ZINFE 120 10—14 (18]
fillsie 120 10—14 (31]

Bt + G AR 150 5 [40)
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Fig.2 Fertilizer rate and food production of per hectare farmland (1979—2102) ( China Statistical Yearbook, 2013)

H i B EUIL AT HE b — e 5 1 100 4%, b 60% (9 R BOH T EER BRI A AT,
F1 2050 4F- i FEA FUREAF] 93 42, XA ET AT RFHEIN 50%—70% , AR ENEA R AR W $25 , R 4
AT ZAE HETAORERN L PN — (54 BRI R A X BR[O AR RUIE A A A T 5
TR A BT AR H Fe T/ 22 0K RUIE A T3 50 289 F1 269 T 53 F- 349 K -y 549% il
63% "5 AR M, T AU SR B AR (R AR SR B I R R A A RS RS B R AR
HACH], AR SRS RGN RER G, HAIT, Al T A i 25 38 G T B0 R HEROR, 2 R 4
T WIA K R3S e R 2 — I, | Lafond, 2014 #1096 | 4 F 2038 it 2 ML B By 42 5 0t BT 5 1z 52 %)
R

4 RHERRKMEZER

KW F A A F R K 2 H i 22 /K AR T A Fi 2 S AL Sk 4 o P R B a2 R s i Ak
MR E TR EZRME, oA 288 BRAS I , 7 VR Sk 1 b 5+ 38 Bl i LA 7K 3 8 v/ AN & B R 15
A L HEAK o n] Bl D R Rk R AR B A K EE R R RN TR 28 ity 5 TR it
AT A2 1E A KR U, ST 2R, A B AR FEAS B it 0 8 ARG A AR ABL 2548 PR3P i 1 7K
RS/ 15%—92% R R A%, g why N\ T30 A8 2 8 S A i R s i 8 it vl 02> 509%—77% 1Y
REPK (R 6) o M TATFREE R BCR AT I B T A PN R IE . 2R A R il il it KB 2 TR
FEARNE it , e e, TR AR T AR, R 2 2%, 28 iy L N TR A5 S 3 R ok R LI TR i
MERERAR DR ) B b R B B A P A B i, JC R AR A it AT O A bR 2854 P e R A 1 K



20 SRRV A5 A G 00T 7K SR 8038 U 2k R 2 i) 9

W S S A

®6 BMEMKMIZIETE

Table 6 Prevention and control measure of nitrogen loss

x5 iy TR FEAR L £ SCHRAR

Category Measures Reduction rate Source
A WA FRAS T AFIE L Y SRMEY AR 82% (3]
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Controlling the migration AT 4 b B N R 1 77% [67]
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Table 7 Identification method of the optimal farmland nitrogen application

T2 A FREMETT A SCHR AR
Identification rules Representative methods Characteristic Source
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