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School of Geographical Science, Nanjing University of Information Science & Technology, Nanjing 210044, China)

Abstract: [ Objective ] The soil carbon-to-nitrogen ratio (C/N) reflects not only soil quality but also the nutrient balance of soil
carbon and nitrogen elements. Thus, rapid and accurate determination of this ratio and the grade is crucial for guiding real-time
scientific fertilization and improvement of soil quality. [ Method ] This study used visible-near infrared (VNIR) and mid-infrared
(MIR) spectroscopic data, along with total organic carbon (TOC), total nitrogen (TN), and C/N data from 501 typical
tobacco-corn rotation farmland topsoil samples(0 ~ 20 cm)in Guizhou Province for characterization. After processing the spectra
with Savitzky-Golay (SG) smoothing and standard normalization, three modeling methods were applied: partial least squares
regression (PLSR), random forest (RF), and Cubist. Models for predicting soil C/N were constructed using both direct prediction
of C/N and indirect prediction (first predicting TOC and TN, then calculating C/N), and the precision of C/N value and grade
predictions was analyzed. [ Result] The results revealed that: (1) For C/N value prediction, the optimal prediction strategy was
direct prediction using MIR-PLSR, which had a prediction precision(relative standard error, RPD)of 1.20; (2) C/N grade could be
accurately predicted, with the optimal strategy being direct prediction using the MIR-PLSR model, achieving a grade
determination accuracy of 0.71; (3) The main reasons for the low prediction accuracy of C/N values are twofold. First, the
uniform stringent fertilization measures in the tobacco fields have reduced the spatial variation in the carbon and nitrogen content
of the plow layer soil, thereby also reducing the spatial variation of C/N(the coefficient of variation is 17.15%, indicating

moderate variation). Second, the correlation between C/N and both VNIR and MIR spectra was relatively low. [ Conclusion ]

Therefore, the MIR-PLSR model can be used for direct prediction of C/N grades.

Key words: Soil organic carbon; Carbon-to-nitrogen ratio; Partial least squares regression; Hyperspectral prediction
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Fig. 1 Distribution of sample points in the study area
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Table 1 Descriptive statistical characteristics of soil target attribute contents

+ 32 JE ¥ Soil properties f/IME Min i KAH Max SE-H{H Mean PR Std BRFZECV 1%
BA LK TOC/ (gkg!) 3.46 51.72 17.94 5.86 32.66
2% TN/ (gkg™) 0.55 3.51 1.73 0.46 26.85
A C/N 4.41 20.2 10.32 1.77 17.15
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Table 2 Grading standards of soil TOC, TN contents and C/N ratios

SRR TOC 2% TN WA CON
ST H4EHR Grading index 434 Grading / Frdi lL e 434 Grading / Pt i He IrE Jo i L
(gkgt) Proportion /% (gkgt) Proportion /% Grading Proportion /%

A Very low <58 0.80 <0.5 0 <5 0.60

fit Low 5.8~8.7 3.19 0.5~1.0 2.73 5~10 39.92

1 Middle 8.7~17.4 46.70 1.0~2.0 61.22 10~15 58.48

& High 17.4~23.2 33.53 2.0~2.5 27.92 15~20 0.80

. Very high =232 15.70 =25 8.13 =20 0.20

2.2 L LR AFAE
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TOC HI TN 34k I 2 AR P EME, (AZER
U B EBAEAE S, T C/N LRI B 5%
FLS R A S PE B B 345 . VNIR SGig s 600~
773 nm. 930~1330 nm. 1475~1834nm, 1923~
4 174 nm 4k TOC 1 TN 503 i S 5 AH oM 22 73
K, XFRLEEET C/N 55055 AHOC G o, 1T #E
862~1000 nm. 1365~1401 nm. 1 892~1 945 nm,
2 191~2 263 nm 4k TOC I TN 5654 1) 22 574
/N KRBT C/N 5 56 RN 1 67 A DG 1 D 55
7E MIR GG A E RIS

24 BirEMmNER
£ 3 BN T AFDEIE AL A TOC, TN
1 C/N TS BE . AT VNIR Fl MIR HRbOGIE,

TOC FI TN (% 11 I 45 2 3 B0 10 AH AU ka 5 & Xt
VNIR, TOC i RPD 4rF 1.14~1.40, TN [ RPD
T 1.14~1.49, FEAKTUNHE BERAR; 1A T MIR,
TOC (RPD 4F 1.33~2.07 ) fil TN (RPD 4F 1.37~
2.17) WY TIORS BE A RIS, Hh MIR 454
PLSR A1 0 55 1, 3 5 © A BEFE A 45 R v B —
B, R H AP A T VNIR Fl MIR i 1% TOC
MNGIE, S5 5K MIR 4 VNIR B HAR# sk,
Yin A5PH A E ARG R £ X RS R MIR A
VNIR JGiEHM 418 TN, & B3 T 5056 = 20
Ti 1% PLSR 581 HA e ey 1) P00 A 2
FEXE C/N TG, JE T VNIR #g g il o,

C/N TS B RPD /v T 0.65~1.14. TCie R B

F3 ETAN-GELMAsh LI g R PLSR. RF #1 Cubist 8! Y18 F 45 R

Table 3 Validation results of PLSR, RF and Cubist models based on VNIR and MIR spectra

(LR =R BT Pk L5 TN/ A (W) WA ClsEmim )
i Spectra 1R %I Model

Precision index ~ TOC/ (gkg™) (gkg!) C/N. D C/N_1

VNIR PLSR R? 0.50 0.58 0.25 0.07
RMSE 4.20 0.31 1.55 2.70

RPD 1.40 1.49 1.14 0.65

RF R? 0.22 0.23 0.16 0.12

RMSE 5.16 0.41 1.62 1.66

RPD 1.14 1.14 1.09 1.07

Cubist R? 0.48 0.55 0.25 0.10

RMSE 436 0.33 1.55 222

RPD 1.34 1.43 1.14 0.80

MIR PLSR R 0.77 0.79 0.34 0.27
RMSE 2.84 0.21 1.47 1.75

RPD 2.07 2.17 1.20 1.01

RF R 0.48 0.50 0.17 0.16

RMSE 439 0.34 1.61 1.62

RPD 1.33 1.37 1.10 1.09

Cubist R 0.70 0.76 0.09 0.16

RMSE 3.23 0.23 1.89 2.05

RPD 1.82 2.01 0.93 0.86

F: VNIR: A DLSEZ0A060E; MIR: 204k PLSR: fifk/bh —3€MIJD; RF: BHPLARM; R*: Pe@ 230 RMSE: ¥
P25 RPD: FHXTMHrR2E . 13 P Al 5N AS B2 44 S 560 KS B2 . Note: PLSR: partial least squares regression; RF: random forest; R*:

coefficient of determination; RMSE: root mean square error; RPD: relative percent deviation. The prediction accuracy in this table is

verification accuracy.
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U B[R] O R SRS Rl A Bl 2 2 Sk, Rk
TN e S R BEAR . A =R ST
T %) PLSR F1 Cubist # AU B 7 =5( RPD = 1.14 ),
AFLSR Y V)22 000 6 s i, 30 VA A A RS i 459 At
BAARG o 17 R ) [) 322 000 1), RE A 80 A5 32 e A
(RPD = 1.07 ), {HFE T B 42100 ) RF #BURG (LT
PLSR #il Cubist.

MH#F VNIR, T MIR Tl C/N fA5 B4
27+ (RPD AT 0.86~1.20), {HK5EE MR,
T SEHAT C/N 1A AR T SR AR AY S PLSR
SEAHEETIM (RPD = 1.20), [AE A GG th
VNIR 1 MIR BUMARCR AL, C/N B3 — R L Fti
RERIE X% T TOC (RPD =2.07 ) I TN ( RPD =
2.17) W EAR TS RY . SR F )42 0l i), RF A8
) RPD f 5 (1.09 ), TMi%H%f Cubist #%, Toig &
BEEGR SRR, HARSE C/N 0K EEY Rl

BRI, 36T MIR #EER) C/N T A5 ARG
67 VNIR, Hr, mALEiALE MIR 454 PLSR X
AVE B C/N, H IR B RPD 155 1.20, SAT0,
5 TOC HI TN [ HUM S5 SR b, 07 B3 2500
X—45 RS T2 % UR A VNIR Xt TN fl C/N i
TR TR 25 RARRL, fEHLAFgE T, 2B PLSR
REARVFII TN & 5 A HERS (RPD = 3.49), i C/N
) FIUIORG B2 AN AR (AR5 RPD = 1.21), HLL
JIX Al e S REAC T C/N BN AR S LA G

BCKE , TO R MBS, (o Fh B
C/N [ B WU 8 F e e il . Horpr, PLSR A5AY
L TOUI00 AR () 2 YO (ARG B 2% R A K. #E VNIR (1)
AR gE R R TINAY RPD SN 1,14, i 8] 42 T
i) RPD {°h 0.65. RF 5 8Y i fii il 7 =X A0 4 I

WAL, TTREE O 7E BRI AN (A 42 0 o, RF
SEPEA LA RRAE FAEEA T AT, DT S B 45
FEAAR PSS . Cubist A5 R[] BE A7 7R T4 T K
R T R A oL, (R L25 5 AH B F PLSR £
RUmS /N—26 R, FEAEE C/N B AR RS, e
L TR SR W T BEEE Sk T SE RN AERS L nT RE A R A
SETER BB E, 23 5 #0 TOC Fl TN B 447
TERZE, TETHL LU (I v REE A T iR 25 19 2R
2.5 C/N ZEZHN

AR 2 C/N I bnifl, & 4 512 T AR
IR C/N BTN 25 . 44k I C/N &0 &
KRR, T 0.60~0.71, ATRERE N N AF C/N
GG G R X BB . 7E VNIR JEF A,
C/N ZZEg NG EAE 0.6~0.7 Z[a], Horp e
AUk PLSR 2546 L3 B0 48 910 8 K5 R 0.70 )5
7E MIR Y5 [, = FpoBm 0m o gE 2 $2 7 (9
HIERE AN T 0.65~0.71), FPLBAIl PLSR 45
AHEBET, SFHAEREER 0.71, BWRE 71%
(1) - HERE A LB 3 S, X AR 4 C/N AE G
A PR ] 43 L K R R [ Al 388 7 1 i B4 SR U DR
REAEEE Y. 454 C/N E{E w58 ik — 4
SAATRM: (1) C/N SFZ T R LRI MIR 45
4 PLSR My H AT (SEHHAERE N 0.71), 5
C/N BUE W S A —%; (2) MIR B T R 2R
Yo VNIR, H 42 3000 35 0 a4 i, 55 %k
(BTN 25 AL s (3) 2EF MIR 254 Cubist FR
B 1] 42 N C/N %0 /Y RPD {24 0.86, {HH: C/N
SR HE RS FEBEIRF] 0.68., X FE A SCHEFE Y
Z R AL C/N BUE WA BEARAR, (HXF C/N %5
Geon] U7 8 R 9 Al

x4 HALBRTNER

Table 4 Prediction results of grade of C/N ratio

S E G Al W—iE£L81GiE VNIR PELAMGE MIR
Classification accuracy PLSR RF Cubist PLSR RF Cubist
WA ( EEWI ) C/N_D 0.70 0.60 0.66 0.71 0.66 0.65
BRALL ([ ) C/N_I 0.60 0.59 0.60 0.69 0.65 0.68

2.6 C/N{EXIFilEE#im
EFXE C/N B AE /Y B G L A Y ( MIR-PLSR )
it AR C/N JE N C/N BT S (26 5), C/N

T 5 WA = 1) B9 28 5 DL A 23 FE 3o, i 5%
i, ANT 5% AR, AT P Z A R e
Bl 225 . 75 C/N<S RYREA, B4R F
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J5 REE R Ml CONEAT 5~ 10 [AIFEA
TR S6%mfl, 11%MAG, H4
ZERSG2Z ML SR C/N AT 10~ 15 [alfkEA
BTN SRR 21.84%, RIEFK 44.71%,

5 C/NAEATF 5~10 SR HMZ . CONESNT 15~

20 1 4 AREAS T, BB EUNZE H A FRARA, , R
172 AKAL s T C/N=20 AKX AR S B FP 7 28
MZERRAL . SHEHIE, CON WA EARE,
IR A6 ) T A s i C/N WLIM{E A I, DU R
Gy A

x5 TRKRALDETHRALLTNER

Table 5 Prediction of C/N ratio under different C/N ratios

H 3 Direct prediction

[A] £ 0 Indirect prediction

T Lb S FEARAEL FEAAEL
T b L B T T
ff C/N Number of Number of
C/N_D status Proportion /% C/N_I status Proportion /%
samples samples
<5 1 & Overestimated 3 100 {7 Overestimated 3 100
JeH 1% No deviation 0 0 T & fmF8 No deviation 0 0
Ik Underestimated 0 0 ik Underestimated 0 0
5~10 =5 Overestimated 112 56 i Overestimated 113 56.50
JoHA & fm % No deviation 66 33 JoH M No deviation 58 29
& Underestimated 22 11 % Underestimated 29 14.50
10~15 {75 Overestimated 64 21.84 {7 Overestimated 70 23.89
JE] 4w # No deviation 98 3345 T W] .07 #% No deviation 90 30.72
A% Underestimated 131 4471 % Underestimated 133 45.39
15~20 M5 Overestimated 0 0 ¥ 1E Overestimated 1 25
JeH B AR No deviation 0 0 To W] 8 No deviation 1 25
Ik Underestimated 4 100 % Underestimated 2 50
>20 {5 Overestimated 0 0 & Overestimated 0 0
JoH B WF No deviation 0 0 JoHA B RF No deviation 0 0
i fik Underestimated 1 100 i Underestimated 1 100

2.7 C/N [El#EfN &R

EFXE TOC 1 TN i i I i) e (AR 78 ( MIR-
PLSR) %2 T C/N M4 #2585 TOC F1 TN
MR Z F e 2R (2 6), LLLHERTE AL C/N &k
sRAG A AT RESS IR . TOC AT TN F i -5 S0 )
HZ B2 5 RIEELLE 4> R, #Bad 5% M,
INF5% R MK, N FPIEZ T 825 .

501 ANFEAHY, 47 187 ANFEA C/N T fi =5
149 NFEATMAE TG BARES , 165 AFEA T E i
%, BTG BN 37.33%. 29.74%F1 32.93%.,
C/N I AE g =i O REAS T, 24 70% B9 FEAS TOC Tl
(E#E Al , Ho 22.99%FEA ) TN (HHE Al , Hi
fHFR AR T TOC FMME, 5350 T C/N FUm{E Y @5 4 5

IEAh, 25 30%FKEA TOC FHM{E JC BA 50 B 53 i
i, (HAHRAY TN FOUAE dopl fIRAl, HARREE N KT
TOC, FE{ C/N FAE i =4

C/N TN B TG B AR S I REA 45 30.87%1
FEA TOC Ml TN FIAE [RIRE TP B Am A%, i it
50%FEAS TOC 1 TN FUIE Y50 =5 sl R AIK, {H EE
HANHLS AR C/N B BURCR . C/N T3 E i 1%
FIREA T, TOC BN 10.91%, Hdb TN 235
fli HFFEKF TOC, #EM C/N B mAL; X+
TOC L WARAL BIREAS, TN HUINAH = A St g
(25.46% ); 60%M TOC FMME AL, Hrf, TN 7
MAE K2 e (12.12% ) 86 JC W W 0 5%
(29.09% ), HE K C/N T E 1t

L= 2A
w
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Table 6 Prediction of TOC and TN under different C/N ratios
S LA TS0 O S BB T ELTE W A SV SRR SRR A (IS
RA =Ryl TOC overestimated # TOC shows no deviation TOC underestimated
T L L AR S i L A FEAAEL Ji i Le A FEAAEL JIT i Le A
C/N_I status TN prediction status Number of  Proportion / Number of  Proportion / Number of  Proportion /
samples % samples % samples %
r= {7 Overestimated 43 22.99 0 0 0 0
Overestimated JeH AR No deviation 54 28.88 9 4.81 0 0
@Ik Underestimated 30 16.04 30 16.04 21 11.23
S Sum 127 67.91 39 20.86 21 11.23
TG B & I B {7 Overestimated 44 29.53 4 2.68 0 0
No deviation JeH B4R No deviation 10 6.71 46 30.87 4 2.68
i fi& Underestimated 0 0 6 4.03 35 23.49
AN Sum 54 36.24 56 37.58 39 26.17
P i Overestimated 18 10.91 42 25.46 20 12.12
Underestimated ~ JGH] % ff#% No deviation 0 6 3.64 48 29.09
ik Underestimated 0 0 0 31 18.79
BA Sum 18 48 29.09 99 60

SVA L, C/N TUME PR 25 72 B TOC 5 TN il
DNE Y Z R oL Rl s m 1 25 5L, BARGLHE TOC 5
TN BOAE A Al . (IRA B TC B 3 W25 . 76 C/N Tl
MHETC I BARFE S DL, tAF7E TOC 1 TN
1B 359 st v 8 A A A A O, L LR A B AR /N T
C/N WM R, AT A T30 C/N TR0 A B
W .

2.8 C/N Fill+E EmREHNEE

iy AR AE A, HEM RS L C/N TR
AW AR R (1) C/N ARSI,
58.48% MY A C/N £ 1E 10~ 15 Z ], 28 5 R AL
R 17.15%, B X 3 FEAR o 8 C/N A8 55/
0 D DR 0 0 - S OR B AR R A L, R I R
JE, E RN AR ER KBGO RSB, K
TORUER B, M A (BEE . BEAE .
WA ) BN —2, JUHEA VUL L AL
A, KIE D SEREAR 782 ek A & A
25, (2) C/N 5 TOC F1 TN AYAHEE: C/N
VER AR, A GAR B A& B 8065 n gk, H
AR # T 5 TOC A TN [ 4 56 R 84 43514 0.52

1 0.07). H1F C/N & TOC F1 TN §H(H, XA
REPEIEAR T H 5 TOC F1 TN FOAH M, HET 520
TG B2 (3 )C/N 5OBiE A M : C/N 5 VNIR
(feE A -0.23) Fil MIR (e mAHIEHE R 0.28)
FIAH CHE SRR . TOC 5 TN B3 SAH 5 il
LR BRI R, XA EI S B C/N
5615 BE A S . TOC FI TN 5635 %
SR SRR, 5 ON MHEES
WSRO E2E SR/, C/N 565 R G
FAEMEES, Wik, TOC Al TN &Y A7 —
SEFERE LIRSS T C/N 506 i 0 %, M

=2

SR T T 45 S
3 45 i

ARSCH ] AN [F] SR Y 38 /N FDRG B2,
ZIXTF C/N BEUETN, Toie R A AL, ]
Pk, HICEEATEERI (RPD < 1.20), AlfgZH
1 CN A S48/, FF 5 VNIR Fl MIR Y63 4 AH
KRR WX T C/N BYA5EZIN FT 34748 h
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