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Multi-scale characteristics of non-point source pollution in the planting industry
and its correlation with fragmentation of cultivated land in the Yangtze River
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Abstract: Non-point source pollution in the planting industry is one of the important sources of water pollution, and the
fragmentation of cultivated land will have a certain impact on it. Reasonably calculating the amount of non-point source
pollution in planting and fragmentation of cultivated land and analyzing the correlation between the two is of great
significance for protecting the agricultural water environment. Based on multi-period land use grid data from 2010 to 2021,
this article used the Inventory Analysis and Equal Standard Pollution Load Method to analyze the sources of multi-scale non-
point source pollution in planting in the Yangtze River Economic Belt from the perspective of region, province, and city.
Then, ArcGIS and landscape pattern software Fragstats were used to calculate the multi-scale fragmentation of cultivated

land in the Yangtze River Economic Belt. Finally, Pearson Correlation Analysis and Grey Correlation Analysis were used to
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deeply analyze the multi-scale correlation between non-point source pollution in planting and fragmentation of cultivated
land. The research results indicated that: (1) At the regional scale, the main pollution unit of non-point source pollution in
planting of the Yangtze River Economic Belt was cropland (441500 tons) , and the main pollutant was total nitrogen. At the
provincial level, the non-point source pollution in planting was mainly concentrated in Hubei Province, Anhui Province,
and Jiangsu Province. At the city level, 28.13% of prefecture-level cities had an average non-point source pollution of over
5000 tons in planting. (2) At the regional scale, the Yangtze River Economic Belt has gone through a stage of “Increasing
fragmentation-Fluctuating fragmentation” . At the provincial level, Guizhou Province, Shanghai City, Yunnan Province, and
Chongqing City have all achieved higher fragmentation. At the city scale, 40.77% of prefecture-level cities were in a state of
higher fragmentation and highest fragmentation. (3) At the regional scale, the space features and aggregation of cultivated
land had a positive impact on non-point source pollution in planting. At the provincial level, the top three factors affecting
non-point source pollution in planting in 11 provinces and cities were the Patch Cohesion Index (COHESION) , Perimeter
Area Fractal Dimension (PAFRAC) , and Area-weighted Mean Shape Index ( AWMSI). At the city scale, the correlation
between the Interspersion and Juxtaposition Index (1JI) and non-point source pollution in planting in Hangzhou, Huzhou,
and Jiaxing was relatively higher. The research results can provide reference for the scientific management of non-point

source pollution in planting and the formulation of refined cultivated land protection policies.

Key Words: non-point source pollution in planting; fragmentation of cultivated land; source analysis; correlation; the

Yangtze River Economic Belt
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Table 1 Selection of fragmentation indexes of cultivated land
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SR T AREA_MN hm? BV L BB - TR il
Landscape type composition ~ PD A~/hm? FAE A b AR L At BB R b T RR ) B L iE 1]
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Table 2 Nitrogen and phosphorus loss coefficients of cultivated land and garden in different provinces and cities
Bt HERL () R B el b HE ik (LR ) A
Holx Emission (loss) coefficient of cultivated land/ ( kg/hm?) Emission (loss) coefficient of garden/ (kg/ hm?)
Region NH,-N ™ TP NH, -N N TP
T 0.847 6.055 0.767 0.617 10.986 0.179
hwiXa 0.928 6.484 0.701 0.325 6.679 0.171
WiTs 1.802 15.021 2.445 1.049 10.147 0.620
LA 0.568 5.415 0.574 0.419 5.575 0.308
MNIES 0.950 6.682 0.86 0.832 7.689 0.563
il 0.707 6.683 0.791 0.494 5.741 0.408
Wirs 1.375 6.302 0.577 0.448 5.003 0.454
HIRTT 0.453 3.599 0.398 0.265 2.133 0.321
)i 0.336 3.402 0.373 0.309 3.359 0.300
B 0.357 3.561 0.574 0.263 2.195 0.322
= 0.431 6.387 0.509 0.205 3.087 0.335
NH;-N: 2% Ammonia nitrogen; TN : S %( Total nitrogen; TP ; 58 Total phosphorus
F3 KIgFwEMELERTLEHRS
Table 3 Emission of non-point source pollution in planting in the Yangtze River Economic Belt

= Brituis Y B0/ (x10%) el b 75 G BT/ (X 10*1) iR, G T 2
; :: Cultivated land pollution unit Garden pollution unit Non-point source pollution

NH;-N TN TP NH;-N TN TP in planting/ ( X10*t)
2010 4.48 36.61 4.20 0.06 0.65 0.05 46.05
2011 4.41 36.08 4.14 0.07 0.75 0.06 45.51
2012 4.34 35.55 4.08 0.08 0.85 0.07 44.96
2013 4.36 35.72 4.09 0.07 0.82 0.07 45.13
2014 4.39 35.90 4.12 0.07 0.78 0.06 45.32
2015 4.41 36.09 4.14 0.07 0.75 0.06 45.52
2016 4.37 35.79 4.10 0.07 0.79 0.06 45.19
2017 4.34 35.49 4.07 0.07 0.83 0.07 44.87
2018 4.32 35.38 4.05 0.07 0.83 0.07 44.73
2019 431 35.30 4.04 0.07 0.83 0.07 44.62
2020 4.30 35.22 4.03 0.07 0.82 0.07 44.52
2021 4.30 35.24 4,03 0.07 0.82 0.07 44.53
YA Average value 4.36 35.70 4.09 0.07 0.79 0.06 45.08
ZEAb K Change rate/% -3.90 -3.74 -4.06 21.64 26.26 37.95 -3.29

4 ARRBMHEVEHESREYERSRATE
Table 4 Standard pollution load of non-point source pollutants in planting in different regions

. N . BTG LYy
iy b oo T st bt
Year Upper reaches/ (x10°m”) Middle reaches/( x10°m~) Lower reaches/ ( x10°m”) pollution load/(x10%°)

NH;-N TN TP NH,-N TN TP NH,-N TN TP NH,-N TN TP

2010 5290  585.83  311.34 80.92 59223 33026  83.98 68482  421.86  226.81  1862.88 1063.45
2011 53.01 58770 312.18 80.55 59078 32939 8127  663.28  408.72 22374  1841.52 1050.08
2012 5312 589.58  313.03 80.17  589.32 32851 7856 64174 39559  220.67  1820.16 1036.71
2013 5288 58691  311.67 80.19 58047  328.41 7976 651.10  400.93  221.68  1826.61 1040.43
2014 52.64 58424 310.32 80.20  580.52  328.27 81.11 66175 407.29  222.83  1834.27 1045.11
2015 5239 58157 308.96 89.21 580.58  328.13 8246 67241  413.64 22398  1841.92 1049.79
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SERRTE Y G M
A Lt 8 3 . N s 3 e s 3 Total ?nfju(rii:ft:jal sindard
Year Upper reaches/ (x10°m”) Middle reaches/(x10°m") Lower reaches/ ( X10°m”) pollution load/(x10%m°)
NH;-N TN TP NH;-N TN TP NH;-N TN TP NH;-N TN TP

2016 52.44 581.93 309.18 88.45 583.72 324.70 81.64 665.08 408.84 222.36 1828.94 1041.68
2017 52.48 582.28 309.40 87.69 571.87 321.27 80.83 657.75 404.05 220.74  1815.95 1033.57
2018 52.41 581.73 309.12 87.88 579.91 322.54 79.91 651.20 400.09 219.90 1810.33 1030.27
2019 52.33 581.19 308.84 88.07 581.95 323.81 79.23 646.29 397.01 219.30  1806.35 1027.84
2020 52.26 580.65 308.55 88.27 583.99 325.08 78.56 641.39 393.93 218.70 1802.37 1025.42
2021 52.18 580.11 308.27 88.46 586.02 326.34 78.52 640.99 393.29 218.74  1802.89 1025.44
iﬁage value 52.59 583.64 310.07 88.76 586.20 326.39 80.49 656.48 403.77 221.62 1824.52 1039.15
e -1.37 -0.98 -0.98 -1.63 -1.05 -1.19 -6.50 -6.40 -6.77 -3.56 -3.22 -3.57

Change rate/%

TG G SR DR 43 BT, TN BT 25 g 1 o M 1 Y75 e de RS, 8940 35.77 7 v, fi R FRORE Y 1T 5 TS e 1)
79.35% . MRS YL SR, KITATH TN 554515 4 i far i 55 T TP F NH,-N 19 &8 hn 15 4 171 1oy 2
i, XU VT 28 5t AR Y T TS G () 2 2895 G ok U5 TN, Horf R IX 7y TN V5 e i ok, KT
225y PR TR V5 G BB 1Y 29.06% , BRI Z A1, T Tie b DR Y TR 75 G S5 A5 15 G 07 far & i K, 98 1 1)
HYIMER 1140.74 12 w* (£ 4) . HEZFRRE BN RHLEIAT, Z 0% 1K, Bk, 2 5%,
B — R UUBE Y R, 7 3 B B FRAR XTI IR TN 7= A Ak T5 ek
2.1.2  AERITTIERE

AR I A TR TG Yk 5 T AR Oy EEAE R YERITAT P P RIX , o BmE A
By RS (B 5.61 J7 ) , HUCRILIRE (5.49 T1 ) FIZHRIE (5.29 T t) o BRILZAL, BIR =AM A
W AEAR TS Yt far B B L R I R 1AL 48 (388.06 12 m®) >TLHRAE (369.29 12 m®) >Z 844 (356.82 f¢ m*) . A
WRF LA RUE TV o 4 0 2B X, Bt B o, At ™ A ) e ol T 935 % 4 531
A7 11 A TR TS G S 1Y 12.57% 11.94% 1 12.39% (Kl 1) ARG S, i Al mm sy g it
B/, X FEE T LT PSSR S B LS = ok A b R A R R, R S )
A, 25 TR i B R s 18] 22 53 0 D PR 6 2R - bR FH2E R ASTR] (2 TS Y R IROR B Wi
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Fig.1 Analysis of non-point source pollution in planting caused by pollution units and pollutants in different provinces and cities
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B TP = A R R TR S Y e 11 28T P 12—, ARl s G S A HEAE S U (1) . kT
U, ARTRV A 10 B ¥4 Y AT NS Yo 2 18] 0 26 Sk 2 (A VT B A A D T V5T % B2 i) S bk, PRI e e
X PR T 55 Y A TR BRI, BELE A 25 R DX AR , DTS G BT RS Y o 5 A X LA TR B

T3 A BE R AT, VT B 7 28, 13% A3 T A AR 11 U5 e B4 K T 0.5 J7 o, Horp i v fie ol
I3 63.64% Fil 25 % 3 T R 1155 e i i s o ELARSKR R VL9548 Fh T i R Il 18 U5 QL AE 128 A
YT PR R BECN 1.00 7 v, AT 3R NH,-N TN TP %545 75 Y 6 faf 5 e oK, BV 5 Y ey H
2.18% (El 2) o AT RBL. (1) ERITTTRAL = A1 ot X —ARlb A 7= (B8 T4 0 B3R, R £ Rl i AEURI ™ B
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Fig.2 Total amount of non-point source pollution and equal standard pollution load in planting in different cities in 2010 and 2021
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Fig.3 Changes in the comprehensive index of fragmentation of cultivated land in the Yangtze River Economic Belt
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Table 5 Fragmentation indexes of cultivated land in different provinces and cities

‘ - Eﬁ,ﬂlbufx tﬁfﬂ’g%ﬂﬁ P Bl Hh e .
X b B e JEARFEEL SR LEE Perimetor area fracta PR IR E R AL
Region Patch density Area-weighted mean  Interspersion and | dimension Mean of Patch cohesion index
shape index Jjuxtaposition index patch area
P K 1.86 34.67 42.16 1.41 5.47 98.71
FMA 2.10 90.59 37.75 1.41 8.90 99.79
YKy 0.86 49.83 37.96 1.40 56.98 99.40
PR 1.26 99.58 27.77 1.41 13.82 99.91
fivjE ) 0.94 54.27 44.26 1.42 71.83 99.34
ek 1.26 80.85 33.01 1.41 16.88 99.75
MRS 1.11 61.97 41.50 1.42 16.57 99.81
LA 0.71 76.50 40.41 1.42 48.17 99.90
VLA 0.92 71.86 38.70 1.42 41.30 99.93
g 1.72 40.59 28.57 1.41 16.87 99.84
Wi 1.11 33.70 46.08 1.44 11.99 99.36
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Fig.4 Changes in the fragmentation indexes of cultivated land in the Yangtze River Economic Belt
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Fig.5 Comprehensive index of fragmentation of cultivated land in different provinces and cities of the Yangtze River Economic Belt
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Fig.6 The degree of fragmentation of cultivated land in cities of the Yangtze River Economic Belt
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Table 6 Correlation between non-point source pollution in planting and fragmentation index of cultivated land in different regions

\ o T T P
A Upper reaches Middle reaches Lower reaches Yangtze River Economic Belt
Correlation
NH;-N TN TP NH;-N TN TP NH;-N TN TP NH;-N TN TP

PD 0.096* 0248 0.211"" 0.068 0.033 0.005 -0.002 -0.035  0.176"" -0.050" 0.075"" 0.047
AWMSI 0.301** 0.267"*  0.391"" 0.412**  0318"" 0.238""  0.317""  0.374™" 0.093" 0.367*" 0.318"" 0.270 **
11 -0.287"" -0.272"" -0.344**  -0.079 0.124*  0.184™*  -0.280"" -0.262""-0.105 " -0.178 ** -0.132"* -0.083 **
PAFRAC -0.005 0.018 0.032 -0.113*  -0.007 0.057 0.025 -0.003  0.166 ** 0.101** 0.066 "~ 0.163 "
AREA_MN -0.053  -0.114** -0.094" -0.275*" -0.181"" -0.147*"  0.232""  0.268 **-0.013 -0.079 ** -0.074 ** -0.081 "
COHESION 0.230"  0.254™*  0.291"" 0.257** 0.287"" 0.269""  0.170""  0.163 **-0.016 0.263*" 0.265"" 0.256 **

% 76 0.01 ZUH (BUR) , D = . 78 0.05 B (BUR) , HIoetk B3

(2) % Eafkst, 11 1 AREA_MN 55 005 S5 br 5 e 0 fof o 52 90 00 35 9 07 RE DG OC &, RVBR b 107 5 90 A0 1
{50, R b B A AROGT AL T 5 AT IR . T IR R R B A VT 2R B D b DX Rl R R UR S 4
) 2 R AL BT ARG 19.50% 1 5.10% , RHCE B 1 b ST 447 T RS K 154 Tl s | AR e s 255 < 917 S WL R A
X Z | Sl 4 M 2 [T AN [B) BT (9 2 €2 1 SR B e, A3 R % NH,-N TN T TP 75 4L 4 Bk A Tk B8 b o, A7
RUBEIE TG G A% AR AR 1r 55 5
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Fig.7 The correlation between fragmentation indexes of cultivated land and non-point source pollution in planting in cities of the Yangtze
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Fig.8 Analysis of the correlation between non-point source pollution in planting and fragmentation of cultivated land
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