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1 #RERE

1.1 HARERMAIE

PEEAE 2 CHoR . R, Boeir. k.
. =F. 2. R IR, ER TER W
L. WS PR A XD fAR g, JoR4E 48
R EAFHEE (0~20cm) MR, BEANRBAR
KEITBEZE T o SR AN — 388 g V5P
SOC &

BB 1 mm G5 L FE, S FREL 100.00 g
BTHA 10cm. & 2 cm IBIEEIFRMAp, Z87E
NZEVK A, 1K IR E. (FKEE 2h
JEIESE 2 YRIAIRS 30 min FREE, SR &2 <0.1%H.55
F7 ML 0 4R 5 AVl B ) 2 A g A B T
FI T ARZER, BRI E R RE B H IR E T
TKE . B, FEREMTION 105 CCHEFE FhRFELHL 5
8h LAk, BRIHT 4.

JREL 7 HEIEEE, BHRERIE 48 7K,
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TRA (ZiRTHESAKIRE, SMC=1.62%) ;
3~6 H: HATEREREFEA, it Bemsss 5 hnig
EWRJG, 1F25°C. MXHEE 50%M %14 T 4 H
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PEREI4; BP-ANN ALK 1) 0 28 o0 b 3 77 XAk 21
MR R, AR EARARE S, BEAPEL R A
W R (R BITMRIRE (RMSE) FIAHXT 4
FriRz (RPD) 3 ANMEbR. REEFEIT 1 FRoR TN
JEii ;s RMSE R 0 FRoRiRZE /N RPD {H ik
KBTI e R 50, B Fabn A B PERE VT AN
SRRt SRR, AR Sk 5 R P TR i A Rk S
K.

2 GFRE57H

2.1 IEHZAR SOC F1 SMC BIGEit S

Xif 48 S HIEREA ) SOC SZAE 7 7 4H 435 ke
/K> AL B I SMC AT R YEGL it b, 5 R
WM 1 fin. SoIRESE Ik HIEEE )15 Hbr
#fE (SOC: 20~30 g/kg N4 , ftiX13% SOC
BIE 8N 24.240 gikg, AT TR, HEEA
() S0 O 25 S TR e o 1t (4R 110.293 g/kg)
AAARKI A SOC & EE L 2 MiuER (2325~
112.618 gikg) , HAZ R RE A 72.010%, WK
FEX 0] B iR ae WA ML ST (R %) 2'E
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Table 1 Descriptive statistics of SOC and SMC in each group
A Faiih ESE wKME H/ME ¥iiE btz IR % W i 5 2 A
Variable Group Range Max. Min. Mean SD Skewness Kurtosis CV (%)
SOC (g/kg) 110.293 112.618 2.325 24.240 20.531 0.739 1.279 72.010
SMC (%) 1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
2 4.766 4.939 0.172 1.620 0.818 0.858 4.696 50.531
3 13.565 14.871 5.036 8.895 3.110 -0.032 -0.015 35.057
4 11.388 25.008 15.610 19.665 2.910 0.130 -0.725 14.809
5 9.711 35.001 25.290 30.087 3.010 0.220 -1.352 10.035
6 10.372 45.379 35.008 40.495 3.100 -0.495 -0.999 7.664
7 14.098 56.045 41.946 49.538 2.860 -0.188 0.214 5.776

£ GRHE) M2 FAETRA,

SMC 41 [ 45 AR s, B N 42 il A 1
HOCH 14, Cr=0.000%) 4, HRZERISEFE
2 MK FRNEE (CV=50.531%) , MiEAkL
B 55 7 4D Ko oA ¥ — (Cv=5.776%) .
5 A 3 2H i FE R B AT E S5/ T 0.860 (—0.495~
0.858) , UERE RELXHE/NT 4.700, K% HEL
FEREA ZIERUERS AT, 2 SER IR AT 5 1.
2.2 SOC & & SMC XIE7 & $ERY 20

R4 48 fr LIEFEAR) SOC & (i<
20 g/kg. 20~40 g/kg M1>40 g/kg) , W HFiaSH
BTG (R 2) o BiFE SOC E s, By

H {E 41, HAh BB S50 0 2 a3, JUHAE a*.
R\ b*. S. VI L*H FRIAE .. K SOC &
IR AR OGRS R ONRE, HE
SOC & 3G, 398 2 €6 1) Vo 0 B AT BH B2 FAIK,
S AT B A . BARRE, WT44F
) RGB = B, 405% R HAE 62.13~152.66 TulH]
W B, 4% GIETE 46.58~106.55, Wit B fHTE
28.53~76.80; L*. a*Hl b*{H 53 HI1E 56.75~85.83
2.02~13.87 1 18.57~37.30 I35 Bl N i 5h; HSV
(R0 H B AE 202.12~212.15, MOAIEE S {H 1E 20.71~
65.66, WIJFE V{HAE 80.54~182.86. 45 FFEH] SOC
B EBARH R RO B 2 0 n] WL, AT S I

#z2 ATESOC ELMHEESHERTL

Table 2 Variations of color parameters under different SOC levels

SOC (g/kg)
A <20 20~40 >40
Variable  yyp g BoME B W AREE ROME BRI BlEE BME BOKE
Mean SD Min. Max. Mean SD Min. Max. Mean SD Min. Max.
R 120.50 10.19 110.47 152.66 110.58 6.36 96.90 122.09 96.12 18.24 62.13 118.51
G 95.24 6.85 84.83 106.55 88.09 4.12 81.04 97.76 77.09 16.71 46.58 99.96
B 63.49 7.71 46.88 76.80 59.55 4.74 48.62 66.74 53.17 13.84 28.53 69.72
L* 81.16 2.75 77.15 85.83 78.14 1.70 74.73 82.01 72.62 8.19 56.75 82.68
a* 5.49 2.94 2.19 13.87 5.02 2.18 2.31 9.95 4.83 2.07 2.02 8.17
b* 27.35 4.40 21.10 37.30 25.81 391 20.06 33.58 23.89 3.88 18.57 31.85
H 205.90 223 202.97 211.55 206.00 2.49 203.22 212.11 206.30 2.28 202.12 212.15
S 40.51 8.37 29.34 65.66 36.23 6.13 26.51 46.51 30.48 6.46 20.71 4478
V 161.20 11.72 146.53 182.86 149.09 6.30 135.52 162.12 130.70 27.58 80.54 166.38
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- HEIK A3 B3 N BEAR 2 AN, a*{ETERT S AR
WABE, & SMC FI4k4: 7w, HLAHRA Ty
K, bHEMESE 4 A2 5 REm. SH-HEREG
Bt ZH H. S AV A 3K 38 i 224
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Fig.1 Variation of color components in different SMC groups
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Fig.2 Correlation analysis of color parameters and SOC before and after image processing
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Fig.4 Correlation of color parameters (a) and their mathematical transformation (b) with SOC in different SMC groups
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Fig.5 SOC of each color feature parameter based on univariate linear regression model in groups

2,6 I&FZKESEH SOC FUNRBE T
NEZRBESHE SOC KER KRR, 71

EHTIRASKEDH (SMC<15%NT R4,
SMC>15%~NIRIEAD) F4HREAR TR, 78



244 RZET

Crops 2026 55 2 H

SR, FIRALEE 144 LR RIMR, EfE
Pt SH AT Ry G L*F V& 14 /) B4 3T
192 1 LREEUR, BB SECN 1Ub*. Inb*. 1/S
A InS. 2T 27 MELEUE S E AW & SMC
f 440 REAY, XA MLR. SMLR F1 BP-ANN 3 fif
FEB T VRS A R IE 4 S5 I0IE BT /0 A, ABEAY
RIC BT 3,

®3 IRFSKESES2A SOC FUMRARI
Table 3 Performance of SOC prediction models for critical
moisture content grouping and the entire group

T RRIESE B UESE
415 brati dat
Model Calibration set Validation set
Group hod
method o> RMSE. RPD. R} RMSE., RPD,
Tl MLR 0.630 1.249 1.612 0.560 1.401 1.525
Dry group SMLR 0.659 1.170 1.720 0.595 1.310 1.576
BP-ANN 0.829 1.139 1.768 0.713 1.266 1.687
MR MLR  0.627 1.221 1.669 0.653 1.307 1.570
Moist group  SMLR 0.634 1.241 1.642 0.655 1.293 1.587
BP-ANN 0.815 1.180 1.727 0.720 1.116 1.838
£0H, MLR 0.641 1.228 1.675 0.672 1.204 1.658
Entire group  SMLR  0.754 1270 1.620 0.689 1377 1.449
BP-ANN 0.793 1.271 1.618 0.710 1.499 1415

FRIEREILEE T b, T2 AR IE A,
BP-ANN #i#1 £ 8 £ £ (R2=0.829, RMSE~1.139),
i MLR R HKZE (R2=0.630, RMSE.~1.249) .
FHEL MLR, SMLR 3 5 B o B SR R = T AR
RKER . WIFESEd, BP-ANN BR (R,2=0.713,
RMSE\=1.266) FIHA; 1M MLR RN K 2

(R=0.506, RMSE,=1.525) . ilH4 K] ibigs 5
R, LIWREIEELZIESE, BP-ANN &I
RS (R2=0.815, R*=0.720, RMSE.=
1.180, RMSE=1.116) , i | HAEA R J+E 2K
P R TR . Ak, YR 2L SMLR A i
i H B R AR Bl 1/S R 1/b*, T MLR 5 8Y f) 75
MRS EBAG . X T adEARA, BT 27 Fhifl
P S BT AR, 45 3L 7R BP-ANN (KSR KI5
i (R2>=0.793, R,*=0.710, RMSE~1.217, RMSE,~
1.499) o #R1fT, Sy 2HRRUAHLL, A4 AYNS FE AN
T A T R % . SMLR 784 2HAE A TR R I IK
Z, ABEGIANMEFE T MLR BEAL i fe
W7o

CREORE, BETIRAE/KES AR A
ROBRTE 7R RS BE ARG E 1, RE2/E BP-ANN
B R RIIRA TR, 3R B4p 4 5L R T A A5t 4l

& SMC Z B2 55 SOC KR MM, 7T
EHER

NS AR S B RO ST
IR R OR AR AR DR 73 M7 25 5 PR AR B T R 4
R, EHAFE SMC MRESOSH (k4 .

F4 ZHERMEESH
Table 4 Optimal color parameters of each group
4328 Group LB 241 Optimal color parameter

1 R, G, L*, V, R+B, R+G, G-B, 1/R, 1/G, InR, InG,
R*G, 1/L*, InL*, 1/S, InS, 1/V, InV, StV, S*V

R, L*, b*, S, R-B, R-G, R+G, G-B, ExR, 1/R,
1/G, InR, InG, 1/L*, InL*, 1/b*, Inb*, 1/S, InS,
/v, IV, S+V

3 S, R-B, G-B, InR, 1/b*, Inb*, 1/S, InS

4 R, b*, S, R-B, G-B, ExR, 1/R, InR, 1/b*, Inb*,
1/S, InS, S+V, StV

5 b*, G-B, 1/b*, Inb*, 1/S, InS
6 b*, 1/b*, Inb*, 1/S, InS
7 1/b*, Inb*, 1/S, InS
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Fig.6 Performance of the optimal color parameter models for SOC in each group
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Effects of Soil Moisture on Digital Image
Estimation of Soil Organic Carbon

Wang Ziyang, Jia Hao, Zhao Yu, Zhang Meijun, Feng Meichen, Wang Chao, Yang Wude

(College of Agronomy, Shanxi Agricultural University, Jinzhong 030801, Shanxi, China)
Abstract

(SOC) and color characteristic parameters, and to construct quantitative SOC prediction models based on color

To explore the impact of soil moisture variation on the relationship between soil organic carbon

parameters, soil sample images under different soil moisture content (SMC) conditions were acquired by
simulating continuous changes of farmland soil moisture to extract color characteristic parameters. Various
mathematical transformation methods were employed to optimize these parameters. Combined with correlation
analysis and regression models, the influence of soil moisture on the relationship between color characteristics
and SOC was quantified, and SOC quantitative estimation models under different moisture conditions were
established. The results indicated that SOC was significantly and negatively correlated with color characteristic
parameters in RGB, HSV, and CIELab color spaces, with R, L, and ¥ components showing the highest
correlation. Reciprocal and logarithmic transformations enhanced these correlations. Soil moisture affected color
component values; as SMC increased, most color parameter values decreased, and their correlation with SOC
gradually weakened. Critical moisture contents were identified as SMC=15%. Color parameters such as 1/b*,
Inb*, 1/S, and InS effectively mitigated the impact of moisture on SOC prediction models. Under different
moisture conditions, the BP neural network regression model outperformed the linear regression model,
demonstrating superior predictive capability. This study demonstrates that the color characteristic parameters of
digital images can be effectively utilized for the quantitative analysis of SOC.

Key words Soil organic carbon; Soil moisture; Image processing technology; Color characteristic parameters;

Quantitative relationship
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