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Spatio-temporal differentiation and non-point source pollution
environmental risk assessment of fertilization in Shaanxi

GAO Ying' ,SUN Xijun®,LU Shuang’.ZHANG Bo’
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2 Xi’an Agricultural Technology Extension Center ,Xi’an,Shaanxi 710061, China;
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Abstract: [Objective)] This study clarified the status of fertilizers application and evaluated its environ-
mental risk to improve the control of agricultural non-point pollution in Shaanxi Province. [Method]) Based
on statistical data of fertilizers application in Shaanxi from 1987 to 2016, this study analyzed the character-
istics of spatio-temporal differentiation of fertilizers application and used correlation model to evaluate the
environmental risk of non-point source pollution of fertilizers application. [Result] From 1987 to 2013, fer-
tilizers amount and fertilization intensity in Shaanxi showed an overall increasing trend, while they de-

creased steadily after 2013. From 1987 to 2016, the rate of nitrogen (N) fertilizer showed a downward
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trend, while the rates of phosphorus (P) and potassium (K) fertilizers increased steadily. The application
ratio of N fertilizer, P fertilizer and K fertilizer was gradually adjusted from 1 ¢ 0. 20 ¢ 0. 06 in 1987 to
1:0.41:0.46 in 2016. In 2016, the application intensity of fertilizers in Shaanxi reached 799. 48 kg/hm” at
a highly excess level. The application intensities of fertilizers in different cities showed clear spatial differ-
entiation characteristics with a decreasing order in Guanzhong, South Shaanxi and Northern Shaanxi. In
2016, the risk index of total fertilizer application in the whole province was 0. 76 at the serious risk level.
The highest risk was in Guanzhong, followed by Southern Shaanxi and North Shaanxi. [Conclusion) The
fertilization intensity and environmental risk of non-point source pollution in Shaanxi were both high with
clear spatial differentiation. On the basis of ensuring crop yield, to effectively control the environmental risk
of non-point source pollution, existing fertilization intensity can be basically maintained in Northern
Shaanxi, while attention should be paid to reducing N, increasing P and supplementing K in fertilization
structure. The key point of Guanzhong is to reduce fertilization intensity while stabilizing N, increasing P
and reducing K. For Southern Shaanxi, fertilization structure should be continuously optimized and more at-
tention should be paid to reducing N, increasing P and supplementing K.

Key words: fertilization intensity; non-point source pollution; environmental risk; spatio-temporal dif-

ferentiation; Shaanxi
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Variations of fertilizers amount in Shaanxi during 1987 —2016

1991 1993 1995

1997 1999

2001 2003 2005 2007 2009 2011 2013 2015

A Year

Bl 2 1987—2016 4FBR PG 2 40 AT it HH 35 B2 11 42 4k

Fig. 2 Variations of fertilization intensity in Shaanxi during 1987 —2016
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Fig.3 Variations of fertilizers (N,P,K) application rate in Shaanxi during 1987 —2016
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Table 1

i X, 22 B AR O P R X P
JFEXG JaC B R 5 AR M it 58 38 49 2y B i
ML RS, M B DOk L OC b AR I it i
JE R BRI Z L BRAC B IR, i3k 1 a8 AT Bk Y
A AN [7) DX A M it P 45 4 22 7 R 5 & 4K
PR EG L B b B JIE L 5] A R O R B AR 15 L BR R R
BRI

2016 R AW IBIE BB E

Fertilizers intensity of Shaanxi in 2016

b it B3R B / (kg « hm ™ ?) Fertilization intensity
Region BT A e A e N:P:K
Total fertilizer N fertilizer P fertilizer K fertilizer

Hi Ak Yulin 198. 28 136.18 27.18 34.92 1:0.20:0.26
$EZ Yan’an 625.13 271.62 144. 20 209. 31 1:0.53:0.77
VG 4¢ Xi’an 1 050. 48 613. 26 210.51 226.71 1:0.34:0.37
i )1l Tongchuan 788.79 443. 84 208. 65 136. 30 1:0.47:0.31
E 3 Baoji 854.53 438.78 219.70 196. 05 1:0.50:0.45
i H Xianyang 1321.75 653. 08 310. 30 358. 37 1:0.48+:0.55
H T Weinan 1 443. 85 746.13 328.07 369. 65 1:0.44:0.50
M H Hanzhong 679. 56 373. 34 153.76 152. 45 1:0.41:0.41
2 JE Ankang 571.57 370. 31 91. 14 110.12 1:0.25:0.30
T Shangluo 445. 74 262. 63 84.56 98.55 1:0.32:0.38
et North Shaanxi 310. 99 171. 91 58. 08 80. 96 1:0.34:0.47
5 Guanzhong 1199.41 624. 83 277.08 297.51 1:0.44:0.48
B R South Shaanxi 581. 30 344. 50 113. 41 123. 39 1:0.33:0.36
B PG4 Shaanxi Province 799, 48 427.29 176. 47 195.72 1:0.41:0.46

2.2 BRPE L AEKE R RS R IR 5 XU T A
H &L 4 TR0, B 7Y A A B B BT AL B Y

TR 15 Yk PR 5% XU R #8 20 1 AN 1987 4EH) 0. 34,

0.43,0.24,0.09 8K 5] 2012 4E(% 0. 77,0. 79,
0.74 F1 0. 76,2012 4FJ5 £ Wi 45 brfa b A B, HAk
ﬂé%muﬂlﬂﬂfi&n “/*Elﬁ:«]: 1992 @ﬁbﬁﬁélﬂﬁ
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Variations of environmental risk index of fertilizer application in Shaanxi during 1987 —2016

IRV 25 9% 5 74 22 A )1 X8 R BH L TE B 5 T AR AE T
YL T R A B S, BARRTE . ik 2
RIS 3 R T U AT BRI L G i X 45 2R Ak
JE Tt JH 25 358 XU 4 K034 O 4 Ok BRI 2 BRAE iR
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R 2 2016 FRBRF A L AEIE R IR G XURG 18 4

Table 2 Environmental risk index of fertilizer application in Shaanxi in 2016

o Jrym— AR B LA T AERRIRR
Region Total risk index is 1nd§x of Risk mfigx of P Risk 1nd?x of
N fertilizer fertilizer K fertilizer
i AR Yulin 0.45 0.52 0. 30 0. 36
$EZ Yan’an 0.70 0.68 0.70 0.77
PG 4¢ Xi’an 0. 81 0.83 0.77 0.78
i )1l Tongchuan 0.77 0.78 0.77 0. 69
3 Baoji 0.78 0.78 0.78 0.76
Ji FH Xianyang 0. 84 0. 84 0. 83 0. 85
JH ¥ Weinan 0. 85 0. 86 0. 84 0. 86
Wt Hanzhong 0.74 0.75 0.71 0.71
ZFf¢ Ankang 0.70 0.75 0.59 0. 64
T % Shangluo 0. 65 0.68 0.58 0.61
B4t North Shaanxi 0.55 0.58 0.48 0.56
% Guanzhong 0.83 0.83 0. 82 0. 83
B R South Shaanxi 0.70 0.73 0. 64 0. 66
BG4 Shaanxi province 0.76 0.77 0.74 0.76
3 Wi 44 Fh S KO Eg Ik 1. 48100 L My T 4 7 42 T A
e FOHCEE B 1. 907 BB T2 7 4k 2 B 3
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AT Wk e I A A it A 5 B G AIK oG b, B IR
WMEW HZRZEE L, LK E s 7R R
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2%, 5 PP BORMAL AR B A 5 3 B TR AL L X, {H iz
T IX
3.2 BRPEE AR HE A RS 3 a3

AT 5 25 5 2 B L B V4 A b T it FH A B XU 48
BOEAE T B, 1992 4F B0AE XK 48 B %8 % 4 4 Y E
0.50,2012 4F 48 28 Jjj s i Rl 0. 77, WL S Fa b g
R L2016 4R A0 IR it FH A XUBS FE 0l 0. 76 ek
JIES it FH A 35 DRI Ji 1 i RURS: A . L v oG KU
GOty @ T ™ XU A5 5 B R B b AR it H
B35 DR 45 AR 0T O v BARR L 43 S i T o B XU
MREE AU . H T, B P 48 6 A 4 o it A5 3500y T R
TS R 2 B ok, Horh S b i X Oy g NI
H o i s i AR IE 2 28 38 BT S [R] 72 2 A b 3R K A
N TR O 3 7 e SR O e hE L I RTIR R P S
B M KSR AR (LA s T RD s ik B 1. 3~
35.7 mg/L, ¥k 8.6 mg/L. 5 E KA KK H K
TAFRIE(GB 5749 —2006) $i5E (14 il 12 £ T 2 1k B
LBRAE (10 mg/L) M L, AT 7 BB AR 3k 32. 4%, %
RO B 58 e W, 70 A B 2R 7= K BT T i
B kW9 A)0~20 m Bk K g R h S 1
JT A B Ry 22, 34 mg/ L, G R £k foe 5 0 A VR B AT GA
PRUE(E (AR b N 7K B FRAE S 20 mg/L) Y 3 4%
PLE S ABAR R A 50 % . AR R 5 A AR fd E G
FR YR K R IR 6 o Wk B R s s 5 B0 i

S5 H e S 2 P E BRI E Y. BRI
16, W7 VA4 U R i el 208 it HH RN A EE R R i v
e A MR KRB SR A R Eh AR B B AR VD B 1Y 98
e AR 0 R OK DA R SR T S AR B
Yy 0] T A XV 0K P g e R &R R R TR
8 IR TR K IR S i 2 46 T 508 fe B XU, ek
H A 2 it FH A AT 52 e AR 7K 7K BT e <R A B A AR
LRI R B 24 2 & B, o i KT 3 AR, 55 51
KRR AE B S BOO R R E AR Z N, HE S
B EORAO O AT IR A . AR S R, B v 2
NEPR 5% XU B 48 20 T 2001 4F 5 1 &2 4> [ {H 0. 50,
2012 4F 35 B KAHO. 77,2016 4N 0. 76,15 )8 T &
JEE RV S5 9% L R B . £ b BRTE A i
FHACEAEAE B R IR 58 2 2 Fn N AR R AU . S itk
B XoF B PG 48 AN [m] DX sl Tk TS i P S 55 DU 52 it 4 )
s e 2 I L BRI
3.3 PBRVEE LR e A XURG B 4 oK B

il 7 B G 44 b A i P U I 5 92 5 ek B 1 A B
TRARAEY) 7 5 (0 Bl b 53 DXORG VS . R B v 45 1
PR ARG DR F BRAt EERAEY h ERA S
KR /N TR K s BRRE R /INAE oK B B R
FIKRE . 2012—2016 4ERRAL ¢ MIBR g 32 2 AE )
5T TR0 500 o 2% XS A A A 4 b B TR BRI 5404
TAYORN 62% . ARHEAS R X 35 3 AR W B Fhom AL (R
30T it I A AE R (R D AR R [ X sk
Byt A A 2R 5 FraR . L Rt SR HE A
S 376.32 kg/hm?*, & H 2k 317. 04 kg/hm®, B N
280. 69 kg/hm”,

F3 2012—2016 EFAEAARREFEEYHEYBEMHERCOC0® hm®)

Table 3 Average planting areas of main crops in different regions of Shaanxi during 2012—2016

[X 1, Region /NFE Wheat F >k Corn 44 % Potato il 3% Rape JKF Rice

BEdt North Shaanxi — 224 229 — —
FH Guanzhong 923 676 — — —
BEFE South Shaanxi 154 229 136 139 109

T =7 RR HEAE G Pl i AR 7 BN R AR T R AN L TR

Note:“—" indicates the crop was not included due to small area,the same below.

4 BAATEEYHEEEES
Table 4 Recommended amount of fertilization for main crops in Shaanxi kg/hm®

A N fertilizer

R P fertilizer

AR K fertilizer

i Bt % T Bl % B el % b
North Guanzhong South North Guanzhong South North Guanzhong South
/NF Wheat — 150 105 — 120 85 — 50 60
E K Corn 203 175 128 115 75 78 75 63 60
44 % Potato 135 — 105 60 — 45 165 — 135
3% Rape — — 158 — — 75 — — 63
KA Rice — — 165 — — 75 — — 90
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TE DR A 97 2 B Sl b, Bk DY AN ] X sl i A
22 I SRS A IR i DX I 56 B2 T AR A A BUIR
{FLURE 2 — 25 116 A it A 405 44 » 1 T Ul 2R 6 D A 5 G
IO LA R ARR AR HE £ A R PICT 528 200 18 s A HE e ) it 7
Tt RIS 235 ) 3 4 7 ThD 2 B A 4R W DT 5 IR g b X
O A5 i e 1Y) R Ak 4k 25 0 A it RS 45 A o T TR D 3
BREAMAT . 5 B A0 2 . A T A [A] X I e AT

M JIE FE B i R L R T 2 M AR B A BR A L A
58 FURLIG 25 1 B 7 48 = K DX 32 AR W e JE 1
O+ A RE 42 75 3 25 BN [5) 4 X A= € T g #0040 4
HEEERE o [F]E A I 5T OB R = R X g 1 % L
Jit A 8] 47 S A0, A4 G BT 40 M AR SO0 L St RS ME Y
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s
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Table 5 Recommended fertilizers amount in different regions of Shaanxi kg/hm?*
X 35k AN W Hi e e N:iP:K
Region N fertilizer P fertilizer K fertilizer Total fertilizer :
et Noth Shaanxi 168. 62 87. 20 120. 50 376. 32 1:0.52:0.71
%1 Guanzhong 160. 57 100. 98 55.50 317. 04 1:0.63:0.35
BeE South Shaanxi 130. 00 72.58 78. 11 280. 69 1:0.56:0.60
2019.

4 7t 8

1)1987—2013 4F Bk 74 45 1k JIE i 1] 42 i FH 98 2
MR R IE EH, 2013 AR Z JE A 10 IR e F & L
FHBR B Fa b A [, 1987 — 2016 4F EIE Lk 461 ¢ B
T R A TR LG AR D AR L AR ST L
Zey 1987 4E 12 0.20 ¢ 0. 06 B A LA N 2016
AERY 10,41 ¢ 0.46,

2) 2016 AF B 79 44 16 IE i F 9 BE K 799. 48
kg/hm?® , J& T i FE i KV B P 45 4% 1 it Ak T it
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