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Abstract:  Objective  High~precision soil organic carbon mapping is the basis for studying the spatiotemporal pattern of

cultivated soil organic carbon and its influencing mechanism. Results of the relevant research can provide decision support for the

"

designation of farmland management regarding "carbon sequestration and emission reduction". Agricultural management
activities are an important influencing factor of soil organic carbon changes in farmland, but soil organic carbon mapping based
on agricultural management activities is relatively rare. The phenological parameters extracted from remote sensing images are a
direct reflection of agricultural management activities and have great application potential in studying the impact of agricultural
management activities on farmland soil organic carbon. = Method  This study selected the paddy fields in Zhangzhou City,
Fujian Province as the research object. We used the random forest algorithm, based on five different variable combinations
(Group A: only natural environment variables; Group B: natural environment variables + early rice phenological parameters:
Group C: natural environment variables + late rice phenological parameters; Group D: natural environment variables + early rice
phenological parameters + late rice phenological parameters; Group E: early rice phenological parameters + late rice phenological
parameters), to build soil organic carbon content prediction models. By comparing the prediction accuracy of the five groups of
models, the spatial distribution characteristics of predicted values, the importance of related influencing factors, and the influence
of phenological parameters on the accuracy of soil organic carbon mapping were analyzed. Also, the main influencing factors of
soil organic carbon mapping in paddy fields in Zhangzhou City were excavated. Agricultural management activities that have an
important impact on soil organic carbon in paddy fields in Zhangzhou City were also identified. Result The results showed that
the differences in the spatial distribution of soil organic carbon in paddy fields in Zhangzhou resulted from the combined effect of
natural environmental factors and agricultural management measures. Phenological parameters can effectively improve the
mapping accuracy of soil organic carbon in paddy fields in Zhangzhou City. Compared with the prediction model based only on
natural factors, the addition of phenological parameters can reduce the error of the prediction model and improve the ability of the
model to explain variance. The phenological parameters that had the greatest impact on soil organic carbon in paddy fields in
Zhangzhou City were the rate of increase at the beginning of the early rice growing season (h1), the time for the start of the early
rice growing season (al), and the rate of decrease at the end of the early rice growing season (il). These three most important
phenological parameters were positively, negatively, and negatively correlated with soil organic carbon content, respectively.

Conclusion The adoption of water and fertilizer management measures that can promote early growth and rapid germination
of the early rice, accelerate the tillering rate of the early rice, and slow down the senescence rate of the early rice will increase the
soil organic carbon content in the cultivated land. Building a prediction model based on phenological parameters can effectively
improve the accuracy of farmland soil organic carbon mapping. The research on farmland soil organic carbon mapping based on
phenological parameters can provide decision support for farmland management. The results of this study can provide a
theoretical basis for related research.

Key words: Farmland soil organic carbon content; Random forest; Phenological parameters; Farmland management measures;

Digital soil mapping
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Fig. 1 Distribution of paddy fields and samples in Zhangzhou City
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Table 1 Variables and Categories of variables

AR 5255 Categories

f845 Indices

S A% T Climate Factors ( CF)

LAY AER#E K B Mean Annual Precipitation ( Precipitation )

ZAEH AR Mean Annual Temperature ( Meant )

HuJ¥ Al -F Topographical Factors ( TF)

= Elevation

] Aspect

i I8 BEFE 80 Topographic Wetness Index ( TWI )

+ 3@ 1 Soil Attributes ( SA)
%+ B Soil Parent Material ( SPM )

FE B FE £ Vegetation Index (VI )

1 F Soilgroup

‘A Lithology

5 —fk A8 #4550 Normalized Difference Vegetation Index ( NDVI )

Z M7 NDVI JRIER m%HF, FE b KBTI,
RSt 07 8 B ) B SR A K ZR I TR AR B IA) (a); 24
NDVI F&{I 2 242 NDVI JRIR ) n%Ht, HlE A K 2
SEOR, X R 4 B R A A K 1 2 SR (]
(b) Uy AR BI G SR S S, KA

S H R B e o AR O B 0 T KR AR K
ISR A, 2 REZIE, AMRH m 5
B e N 20, K SEMAFRMNE 2 i, Hi: al,
bl.cl... . RH AR 13 DRSS, a2 . b2, c2...
I R REH 13 DSk,

R2 MERSH

Table 2 Phenological parameters

SRS Code name of parameters

)52 %04 Fr Name of phonological parameters

al/a2 ZE 5 FF IR AT [A] Time for the start of the season

b1/b2 Z= 5 G5 R AT ] Time for the end of the season

cl/c2 ZE B JE Length of the season

d1/d2 FLAETH Base level

el/e2 Z&7 Hh B AT [A] Time for the mid of the season

f1/£2 Z A5 W a] 48L& PR B B KB (. Largest data value for the fitted function during the season
gl/g2 Z=5 ¥R Seasonal amplitude

h1/h2 Z T FF 4RI NDVI 85 3 Rate of increase at the beginning of the season
i1/i2 ZAT L5 NDVI &R Rate of decrease at the end of the season
juj2 KIZETFL) Large seasonal integral

k1/k2 /NEYZEFT RS> Small seasonal integral
11/12 Z= A FEUR I Y 7K SF- Value for the start of the season

m1/m2 Z 5 S5 9 7K SF- Value for the end of the season

1.5 Tl gt

AR 5 N, RIGHET A4
A BELAR AR R 53 A T 1 3 HLR Y B0
Hope A ARGE & ARMEILR; B 405 H
R R S REYRSEG C AT ARREL
HBHMEEYRSEG D A& ARKEER . B

HERWRSEG E AR RS YRS

BE AL AR AR L A AL 5 R rh 2 i A R e P 1
AR T A BB TN A B AR, AR ROE B
PR IR FE 2 o %A BOBUE 1Y i IR B RS S i [
TR AR AR 22 0 3 MO A LA A T R 22
PRI, FL AT 50 e B 4 2 ) PR 34T MLtk o
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R R (4) IHEARER 10 REEE SR
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A LR TIOR8 ) PN e P o HPEA ik R T
MFALZEET 100 K, SRJEEETROCTHA 100 is1T
SRR HIEEIRZE (RRESR/MEZ2),
DI 1 22 TR FB1 152 25 B9 R/ IN SR TP Aty Tt IS 781 18 A 1

TEVE . FhRiEZ SRR, W PR Y 5
BRI, AT EVERAL; A0, BRARRE, A
B P o AN PRV 3 T SR 0 (5 U BE AL 2R
b, BARGT AT S % Lin R
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2.1 YMERSEGITEHE

F 3 0% 2017 WG X RAE R AR S
SR, Hrh . BRARKIFGEE (al) #9F
PIME 2R — A2 h i 63 K, BI7E 3 H LA
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HEFE] (b1) AYFIE L —AF 2 5 173 K,
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Table 3 Statistics of phenological parameters of early rice and late rice growing season

FFEH: K 2= Early rice growing season

al bl cl d1 el fl gl hi il jl k1 11 ml
e/IMA Min 3038 112,51 80.06 0.0 97.50  0.01 0.0 0.0 00 005 003 00 0.0
e RAA Max 91.50  197.50 14579 0.88 162.47 105 093 047 062 1328 7.70 088 09
F-¥1{H Mean 63.0 173.10 11852  0.45 13451 0.68 022 007 007 650 138 051 049
FrifE2: STD 20.26 22.15 1592 019 1987 019 012 006 006 261 081 019 0.19

5 RECVI% 32.16 1279 1343 4222 1477 2794 5455 8571 8571 40.15 5870 37.25 3878

Wi fE 4 K 2 Late rice growing season
a2 b2 ) d2 e2 2 g2 h2 i2 j2 K2 12 m2
e/IMA Min 159.66 25143  97.19 0.0 20041 0.01 0.01 0.0 00 001 00 0.0 0.0
I K{E Max 203.21 33525 1620 086 29601 1.05 093 044 044 12.63 694 088  0.89
F-¥{H Mean 184.64 29285 12835 040 22941 064 025 011 010 412 099 045 045
FrifE2: STD 30.93 1846  17.53 0.7 4328 020 0.16 008 0.08 211 060 017 0.8
TSR CVI% 16.75 6.30 13.66 425  18.87 3125 640 7272 80.0 5121 60.61 37.78  40.0

e al/a2: B/MGRRETIFAGEE; b1/b2: F/GRER AR cl/c2: RARRTEWIKE; di/d2: AR ; el/e2: FR/IGHT
AT I F1/02: TRL/RGE A 3 300 ) UL B B B B (s g 1/g2: /MR TV PRIR; h1/h2: FL/BEAE ST AR AT NDVI KA
i1/i2: /ML RN NDVI FRER; j1/42: BRI kU/k2: F/BRA/NMIZET G 12/12: RN TR KE;
ml/m2: B/MREZEEERBAY K o FE. Note: al/a2: Time for the start of the season; b1/b2: Time for the end of the season; cl/c2:
Length of the season; d1/d2: Base level; el/e2: Time for the mid of the season; f1/f2: Largest data value for the fitted function during the

season; gl/g2: Seasonal amplitude; h1/h2: Rate of increase at the beginning of the season; i1/i2: Rate of decrease at the end of the season;

j1/j2: Large seasonal integral; k1/k2: Small seasonal integral; 12/12: Value for the start of the season; m1/m2: Value for the end of the

season.The same as below.
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BUE; (2) ARKERF5YMEHEFIRE4 (B, C.
D) 1 3 HLAK B0 AS 5 RECK T AR T
(A4 My F4 (BE4l), XMk
e 1) B 38 ML s [H) 22 5 2 FAR AR IR - S5 R0l
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Table 4  Statistical characteristics of soil organic carbon content

f/IME Min/ SEHIME Mean/ e RMH Max/ FrifEz SD
04 Groups TRFE CV/%
(g- kg') (g+ kg") (g- kg') (g+ kg')
AL {E Observed values 3.43 14.33 29.70 4.50 31.4

A ZTMAE Predicted values of group A 10.67 14.34 19.62 1.50 10.46

B 41 Wil {4 Predicted values of group B 9.57 14.44 19.95 1.73 11.98

C 41T {E Predicted values of group C 10.13 14.45 20.31 1.75 12.11

D 1 Hi{E Predicted values of group D 10.02 14.42 19.57 1.53 10.61

E 2 iW{H Predicted values of group E 10.98 14.36 18.84 1.26 8.77

23 ARZEHETLERNRSETMNBEXTLL

BT A2 G UE 0] 5 4L 45 S uE ARG B
UE, Z5RNEE 5 fras . B 4IRS fe i, TRONAR
RIBEAE AR RE Y A MR & JE 0 225K LT
A TSR, B, C fil D 41 RMSE fil MAE 44
FREEAR, R A FTHEE, Y ESEA SRS T
VN T 7K R A A LR 7 B BOMORE B . ST
ZYMESES A RIABEAS W D AUBIRRS B s T
A QR RHUNF I T REY SN B 418 C
AREARL, SRR KA FZEHHE T D A Eigid £
175 B R T LG (. 25 5 A0 g o ) A o
ot 2, RS TR R, S, B E SR T
DI il A I 2546, (BN = 12 (LRI R fig
Xof S 5 B T 23 A 2%

E 41545 5 RMSE F1 MAE B 5 i T Hith
4, H RUH 0.05, TINLEREARHEAE, XiEHY

SRR IRRENS B2 T LA AL 5 S ) TR
{HEIARESE 2R A AR BRI AL B 55 Bk ot + ey Bl ik
PRI A

x5 IMEEHESTHIRHRETNEE

Table 5 Prediction accuracy of random forest models with five
different combinations of variables

WA A A
W R 2 RS OELPON By
. . [S]
Combinations of
RMSE/ 22 MAE/
environment
(gkg") (gkg!) R
variables
A 4 group A 4.07 3.10 0.17
B 4 group B 3.86 2.95 0.26
C 4 group C 4.04 3.05 0.21
D 4l group D 4.05 3.08 0.18
E 4 group E 4.26 3.32 0.05
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Fig. 2 The importance of variables in five predictive models with different combinations of variables
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Fig. 3 Combined importance of different categories of factors
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Table 6 Linear regression analysis results
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Table 7 Prediction results and uncertainty results of soil organic carbon content in group B
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