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Spatial variation evaluation of cultivated land quality from the perspective of crop rotation for a typical
lateritic red soil farming area in south China
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Abstract: Characterizing the spatial variation of cultivated land quality based on crop rotation pattern could provide a basis for improving
regional cultivated land quality through optimizing crop rotation management. To this end, we consiructed a crop rotation system
classification for the typical lateritic red soil farming area in south China, and established the correlation between crop rotation systems and
the cultivated land quality based on spatial analysis, literature review, field survey, farmer interview and expert knowledge. Then crop

rotation systems were mapped with Sentinel-1 and Sentinel-2 time series remote sensing data and the decision tree algorithm, based on
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which the spatial variation and pattern of cultivated land quality were analyzed at different scales. The results showed that there was a
qualitative correlation between crop rotation systems and cultivated land quality. In general, the quality is generally higher in paddy
rotation systems due to lower fertilizer input, less soil disturbance, and long—term water surface, while the quality was generally lower in
vegetable and orchard systems due to higher fertilizer input, which caused soil acidification and soil heavy metal pollution. The highest
proportion of vegetable rotation systems in the study area was followed by orchard systems. Therefore, the overall cultivated land quality is
general, mainly characterized by the third class. Spatially, the cultivated land quality was higher in the north and lower in the south. Our
study initially explored the correlation between crop rotation and cultivated land quality, and applied the remote sensing—based crop
rotation pattern to the analysis of spatial variation in cultivated land quality. In the future, it is necessary to deeply analyze the correlation
between crop rotation, topography, meteorology and hydrology and cultivated land quality, and further build a big data—driven technical

system for assessing the spatial and temporal variations of cultivated land quality to support the cross—scale cultivated land quality

monitoring and evaluation.

Keywords: lateritic red soil; remote sensing; Google Earth Engine; Sentinel data; crop rotation; cultivated land quality
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YEWI 7 B3 H A TR A VRAG E Z AL R PE &R
gen] LAY B AERE Ttk Yo ae o e ALS R -
SENE I 7 A B s A 2 S S R AR K R GEH
UK FEAE, A BT T R HLT & . Kk
XAEPIFEVE R S5 SG B3R AR AE = o Br , 45 3%
TR FEED AR R G - A W 22 52 (3R
4), % T pH.SOC.CEC =+ 3 & P, %= Bl ok
F > 5L Bl > 35 3 (LA, K T SR P SR 3 R G
SOC Y {H 4351 4 35.0.34.3.32.5 g-kg™'o XFF N, /KH
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Number 1~9 represent: 1. Double rice;2. Double rice rotated with T 2 11> T SN .
vegetables; 3. Single rice;4. Single rice rotated with vegetables;5. High f#&%’&l‘ﬁﬁﬁ%ﬁ)ﬁlﬁlﬂ Ij;‘lﬁ ’ j{]’ﬁz%%ﬁz%é LM%
diversity vegetables; 6. Low diversity vegetables ;7. Low intensity ﬁ{ﬁ s @j{@%%{’ﬁ%?u'ﬁﬁi&ﬁﬁ%%&Z@ E"Jﬁéﬁ%

egetables ;8. Short growing cycle orchard ;9. Long growing cycle orchard N N
" a0 2§2Ow$im;wﬁ%%1/ﬁgé;g;ﬁiﬁy KR, BB BT = PEM A5 IR (3R 5) KU, KH &R
S REZTE , . TN . ,
Fioure 3 Soatial distril :' ; " o i Zemoeh g P AP AL, R R G, R RGN T
igure patial distribution of crop rotation system in Zengcheng N . . .
e H2IL K B R R L Rk
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Table 3 Main results of literature search on crop rotation and cultivated land quality

SCHik Reference YEP4EATE Crop rotation X Region  4FEf5} Year FEZEIE Main conclusions

BENNETT 227 — — — SRR E A VR EIAR L A Ve sl S E R
PR EE 4 R R RIME AN 2, AnX Rl BHE,
X s R LA £ e — S Fr T AT e 2 N

WRIGHT %Y SE/E+ 0 SEERA LU -+ O-VEA-F #7622 2004—2013 “TIHREE7HVEXF P 4 A A 598 5 B BRI, B by 4>
H-+H-+E-FA-A-+T (K%L AR FE IR — R - B, R R AR (R R AR R 4 V4 (G
IS IR G R o B R DR E G . e B F AR B0 IR
TR Ry A QT WE Y DI MR B
H-BF -+ G- N -TE R -
(T2 1 5 A -t T -k - -
Bt G- -+ G -TER (AT SRR
HOU %51 [ o IR HE 2014 SO RE X R A W R A A R AR R AR . TGS
IKFE-IKFH-BR 2 ais it A ML AR 22 AT, K R R A A o

T TR E AN X SE BT RO A S AT
TAVEIRA S FOR-FR-RE-KT KE-RKT-FKk- A 20162019 SRIFICVEAE, ZRAAMEVED) i 3w 3w AU

EEF NN SE SYNCEVISTEANC E (SUNTANEE /PN RS NS A FAEHE T L 775 PEt T 5k B RUR S
KN ILE R - ER-FK KA RIA
LISER! IKFE—MZE IKRE—/ N KRR S 2015—2018 AR CHEHL , Fe 1 1 s B AF sl fig A% 1 1S 2 hRevE (AT P
VS ERINS Bl g LA v LAY AL A, FE R OKORE il SR AR v Y A T
R LIRS AUE 2 U hE
LING 55 IKFE-UAE IKFE-IMZE KRN | 2016—2017 XUFEFER I B g ORI AL S0 J8E , e AR R bA R e S
XUZERE AR HEAF Bl ™ I FIGRR HE L
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Table 4 Overlaying results of crop rotation system and soil data in Zengcheng District

YEMIREAER G T IEE LR PH S 3841l 1 gy
Crop rotation system pH SOC/(g-kg™) CEC/(emol -kg™) Total nitrogen/(g-kg™)
P& 5.54 35.26 16.55 3.50
R SR A 5.46 35.02 16.24 3.47
AR 5.60 34.62 16.76 3.83
WGBSR AR 5.42 35.01 16.04 3.67
[HEZ i e 5.28 32.34 15.74 3.81
(2T e 5.29 32.68 15.88 3.84
s B B 5 5.21 32.37 15.52 3.78
et J J0 SR 5.32 34.10 15.57 3.81
A S R el 5.36 34.45 15.87 3.97

RS EERENRIERGTHIMREBITSER

Table 5 Scores of cultivated land quality with reference to crop rotation system in Zengcheng District

TEIEEAE R B Crop rotation system P43 Score FEIE/MKHE Scoring basis
LS P (B 9 WES T WOt Uk N e PN T S N e 1 /K (PO e 4
. g AR 4 B0 5 36 1 3 56 T LU K A1, 77
o BT P Tt A HLST Y
WES B R Ri(E 7
e 6
S SR el 6
fIRsR B3 5 RSB S N 32 3 i TR, ALAESFIA D, Xk S8 67 105 ) 5 A1
L el 5 SRPEANE TG R, K I IR T 2 2 8k e AL
[BEZEa i e 3 R AT LAY D2y 4 SR W) SRR , X 1S AT LS RIAL ) A R )
fRERENER SR 2

T B ST PR AR UE AR LT 9~10 43 B 7~8 53—k 5~6 43 8522 3~4 43 s A 22 1~247

Notes : Cultivated land quality scoring criteria: Exceltent 9~10 points ; Good 7~8 points; Average 5~6 points; Poor 3~4 points; Very poor 1~2 points.

0 A R RIS AT B I 22 5, QK e SR — I ) 43
IR, B SR AR T B RE OB E R , DA [ A e
YRR G L NEACE BT SR AR . I B A |
K AR A I ER S o BRI A B A R A B
SRR LRI BB RS U R ekl 1, 3
i -+ 3% pH \SOC 55 - 3 J 1 , 152 Mo s o i o A
FORFEFRB , B A B HE B R fe i o PR IE
Bt S PR A G, A Bt 3 A 2 AR T 35 ) AR
REH ISR R, o B S R AR S T
TR 2 SRR A0 e 2 5 1 - SR AL , 1 Tl J B e Jo
LA, RERFRBARBBR, 5% L g
A SRR o T K 2R S8R A HE G SR R A, A ek 17)
PRI i, SR A (ol A B A R AT Rt K
HTRS St AR R AR Aol S R iR, A 5
1S L R AL S B R R, TR R SR AL IE
£ N i i N o e o 5321 7/ i
IR R, A BT RS 5 KR ARG S
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#HHHF & Cultivated land quality
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Fifth class  Fourth class Third class Second class First class

(2)

bl .cl BRI b e BT 23 ] 25 52045 18, b2 .2 10 m 23 [A] 530 % 11 Sentinel -2 RGB 3 BG4

The zoom—in views in Figure a for the two regions b and ¢ are shown in Figure b1,c1 and the RGB image of Sentinel-2 annual composite with 10 m

resolution are shown in Figures b2 and ¢2

B4 2020 FiEH X RETHER

Figure 4 Distribution of cultivated land quality in Zengcheng District in 2020
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Figure 5 Spatial distribution of cultivated land quality in Zengcheng District in 2020 based on the grids
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Table 6 Statistics of cultivated land quality with reference to crop rotation system in Zengcheng District

X 45 RIS TR 15 H Area proportion/%
Region Average score — % First class % Second class =% Third class U4 Fourth class L% Fifth class
TRTE 6.18 18.67 4.39 70.20 3.28 3.46
TR 6.14 19.76 6.66 66.17 3.47 3.94
NS 6.07 16.73 7.27 67.83 3.87 431

Il I 5.57 8.69 3.53 76.66 5.06 6.06
BT 5.54 7.10 1.69 81.03 443 5.75
KR IE 5.52 10.99 3.80 68.61 6.99 9.60
VLA E 5.49 7.34 2.30 80.64 4.06 5.65
il £ 5.32 4.04 0.69 86.96 3.52 479
KT B 5.28 427 0.68 83.94 5.56 5.55
A s 5.21 6.84 2.11 73.90 6.43 10.72
B 5.11 5.23 0.99 75.37 8.67 9.74
WX 5.58 9.94 3.03 75.23 5.05 6.74
[F] P 52 ), BXSREbBT 0 S o DRI, AR S A TRABEFERE S Y AEW2EA Ak s B Ay =X

PPN EE 4 A St R T PR A At
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Sy S5 AR S b R 55 B R o A A RE AR T
Hbr. ABFFEH E A5 #0555 00E A R
J iR Ay AN A BRI B 3 % B A5 2 S AR
[ o, 76 4 [ B o o S P b A A R
TR R GE 1 B AR S NP AR BT S 45 A
FIAPER B2 R bR FR R | IR
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S0 BUHFHbL T 15 S5 0800 4 5 A FH H o o S5 D0 . LA
A b A= 77 B8 7 R AROR A S A FH M5 S A A IR ff
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A TR T AP b 5 ) BRI A I S 2o 56 T
B A 7=, g 5Bk b T 2 (R R OE R
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RS FIH 7 s i K . KA ik —
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