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Fig. 1 FTIR spectra of soil aggregates after Savitzky-Golay smoot-

hing (a) and first order differential pretreatments (b)
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3822

S 4 BT

5540 &

2.4 AEEEFEXEREME TN BilERILE

S FRAEERE X ], SR A PLSR 3¢ SVM %I 1 % & TN
B B 25 Y B (R? =>0..80. 38 2) ., SR T 33X 7 7ol A8 280 % 6
IE AR AR 194 T 285 B H) — 8 (0. 66<CR*<C0. 80), RF X ] 5% {4
TN ) S T 000 25 SR 349 65 25 o AR TG v 3o B A 3t A7 T
ANN Xt B 2R M4 TN [ #4545 50 3 (R*>0. 900, B AR 56

044 PLSR 0
4
7’
R=0.778 .
7’
034 RMSE=0.040 e
Z
[_4
B
5 0.2 1
2
2
~
0.1 1
’ ’ A 0252mm
7’
e ® 0,053-0.25 mm
0.0 P +  <0.053 mm
A% g
0.0 0.1 0.2 0.3 0.4
Measured TN
044 ANN Pt
" 7
’
R*=0.781 P
7’
RMSE=0.036 .
03 1 , 7z
E B
B
5 0.2
2
2
-}
0.1 Vak * >2mm
7" A 0252mm
4 n
R | (,053-0.25 mm
0.0 .’ +  <0.053 mm
B 17
0.0 0.1 0.2 0.3 0.4
Measured TN

TEREA (1 T0000 45 5 — i, (H 05 2 B T AR 4 i T AE
(RPD>2), ix FEJEF Jy ANN RS P 5k TN iy B %
AR R A SR AL AR TN A TE 1 1 R L
(5>, J RMSE {i 76 PO R AR B 35 IR (RMSE=0. 036) , [
B, B AR S BCRE R i, AT DA A ANN N7 R
IF B A AR TN A

0.4 SVM e
4
4
R2=0.670 L ‘
RMSE=0.046 .
0.3 1
Z
[_4
3
5 0.2
2
E
=9}
0.1 ,"A u ® >2mm
! A N
. 0.25-2 mm
/
L’ B (,053-0.25 mm
0.0 o +  <0.053mm
U s
0.0 0.1 02 0.3 0.4
Measured TN
4
049 RF L,
®
4
R=0.681 0
034 RMSE=0.046 L
Z
=
3
5 0.2
2
2
[
£
i +%a m ® >2mm
0.1 & :
. 0.25-2 mm
'
oz ® (,053-0.25 mm
0047 + <0053 mm
o 4
0.0 0.1 0.2 0.3 0.4
Measured TN

B 5 AEEEEEME TN HRUES ZNET L
Fig. 5 Comparison of predicted TN and measured TN in soil aggregates by different models

2.5 EFLiEpBERME SOC fn TN &l

T B A RR AL O 1% 1R Bk R R SOC 1 TN Akl 1 5%
Wi, 52 R R A5 R R R B AT A ANN BERIRT FTIR 43 44
PEEAT T AT . &5 R R BT, SR A A0k U X IR E R AR
SOC Yy T 25 R B . XF TN [ 7000 25 SR 30— ik (& 6) . it
Ah SR A @i SOC A TN [y O AR 58T 5+ GA
TR YRR AE 6T X ) i) ANN BER (& 4 FE 5), Al L, SR A
GA HEATRFAE Y6335 DX ] 1Y 38 £ A AL AT LA A B B (1 5 4, 51
B i o G5 B A5 B, T L AT DL R R AR TR (R R N T Ak
R

FRAE K e B 02 20 A ok 1 O+ e R — A E
B, g S R I R AT DA B G 6 R L 4R T A
A TR P R BT SRR . B T AL AR Bl Rk, BRI A
KREARE, EUREREE, BEAEE R THAEE, A

0T S e BURR AR 9 K o A0 0 R 58 410 3k T BE ML ZR AR A
fE B, SIT 215 MK AE B . 3y T R A BB 1
IR, ACHIF 6 i A B vk o A AT S 3 X R R AT 0 . A
SR LA ETE S B . SR A T 0 2 I 45 R A5 0 [ 3 1k
SOC F TN Ry HUt OAS TR W B A 45 5% . Ik, S5k
A3 A S5 fJE AL 1 ff B O 3% T 4 18 R & SOC Fil TN [ R AE
W B, AL TR S R TR RS B . S5 A N Db
24 ST, S T P R A A LR AN 4 R0 G S AR
G 5 A 0T A A

LIAMEIE B O AR AR L P HOCmE IR, DRt
ZHTX AL, RS . 2 & &, pH. nJHEGS
P. K. Fe, Ca, Mg J& CEC &45¥: 195 #r ), Erktan £V
RAE T IR E AR 75 I - AR TR A S <<D, 1~2 F
3~5 mm = BIRIK, R L3 20 50 6% X A R AR R



%12 )

S 5 6 2 M 3823

EVESEAT T I . Shi FUORE T 83 A R I 4 AR AR I
$H Ay N >250, 63~250 <63 pum =2 FH B, FHH AT -
VELT A6 3 T P 3R A R o ) AR B /D R E R AR
A UL, AR5 A A S [RRL AR 41 4343 1) e 5 A R 3k 4T T
I, o e SR R AR A K AR M X BT A 443 [) it A A PR I
M, peAh . R IEBFST 3 BT 3k F Y 4 18 3R Aok 42 4 9 7 R 47
e RAFH A R AR AR A RAR R . AR 55X AR R R AR
HEAT A AT, TV 2 T LA G I TE 43 AT IO A 49 AT 3R
MR AR I B B . AR SE & B, R SRS [RDRL AR 4 49 R
RAEAN B OB AR R 22 7, (HH FTIR J6i% 19 8
AR — 20, RG] DL 5 R O (R R A R P R AR FT-
IR B0 IR & a4 38 o gt % L R AR AE DG 3% . AT RN

~
|

31 4i%-ANN L’
//
2. /,
R*=0.806 5
RMSE=0.257 py
i
&)
S 29
[75]
-
2
)
=)
E L ]
o~
® >2mm
]
1 1 " A 0252mm
’
e B (.053-0.25 mm
o . +  <0.053 mm

1 2 3
Measured SOC

I 25 0 245455 750 W] L2 AR 36t o+ 88 A 588 A IR R0 7 ok A T
W, ARSZ B RRRAZR MW . X 7] B8t T 78 1% S vk
BEARFAE G B B0 b S e+ 254 . RGBSR R AE A D K X
M6 2 7E P (B 3) 4 780~800 em AL & AT B W Si—O
HEMAER B, 910 em ™' A R U A1 R =K B A AR AL 5
O—H MRS, 1034 e FE IR AT P Si—O B
4 PR30 . 3 600~3 700 em ™' Jp Al -4 O—H 5 14 i 45
7 AR o e RN B ¢ (22 (0 9 S B IP =  a C E | E2 R o
TS AL T R AL & T R [RDRL AR X A B A i R
Mo PRIt . FRATTIA Sy B T a8 A% B 12 7 08 R AE D% 4K X 1] 9 SR
N T 2 9 245 1] LIS AS TR R A + B8 1A 3R M s — Bt T 141
BAR - A HLRR A4 A A I

044 4ifi-ANN L’
7’
4
R*=0.747 e
7’
034 RMSE=0.042 L’
/+ +

Predicted TN
o
[3%)

0.14 LES ® >2mm
. A 025-2mm
," = B .053-0.25 mm
0.0 ,,’ +  <0.053 mm
0.0 0.1 02 03 0.4

Measured TN

6 ETF2LHEXEARME SOC 71 TN Bl E 5 Sl E xT bk
Fig. 6 Comparison of predicted TN and measured TN in soil aggregates by different models
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Determination of Soil Organic Carbon and Total Nitrogen Contents in
Aggregate Fractions From Fourier Transform Infrared Spectroscopy

LIU Cui-ying' , ZHANG Jin-rui’* , ZENG Tao', FAN Jian-ling**

1. Jiangsu Key Laboratory of Agricultural Meteorology, College of Applied Meteorology, Nanjing University of Information
Science and Technology, Nanjing 210044, China

2. Jiangsu Key Laboratory of Atmospheric Environment Monitoring and Pollution Control, School of Environmental Science and

Engineering, Nanjing University of Information Science and Technology, Nanjing 210044, China

Abstract  Soil aggregates are the main soil components, in which carbon (C) and nitrogen (N) content and dynamics
significantly influence the soil Cand Ncycle process, stability and soil fertility. Due to the difference of aggregates fractionation
methods, the size of aggregate fractions obtained from different studies was not the same. Therefore, a large quantity of
aggregates samples was required when using infrared spectroscopy to predict the properties of soil aggregates, while it is difficult
to reasonably predict each fraction. Comprehensive modeling and prediction of samples from different aggregate fractions were
conducted. Fourier-transform infrared spectroscopy analysis was carried out on the soil samples of the light chestnut soil in Inner
Mongolia, using a genetic algorithm to select the characteristic wavelength. Prediction models of soil organic carbon (SOC) and
total nitrogen (TN) in aggregate fractions were established based on partial least squares (PLSR). support vector machine
(SVM), artificial neural network ( ANN) and random forest (RF) methods. Based on the characteristic spectral interval
screened by genetic algorithm, the ANN model showed the best modeling and prediction abilities of SOC and TN content in soil
aggregates(RPD>2), which is significantly better than PLSR, SVM and RF models. The prediction ability of the ANN model
based on full-spectrum data is lower than that of the ANN model based on GA-selected characteristic spectral intervals. The
results indicated that the selection of GA-based characteristic spectral intervals could not only simplify the model structure and
eliminate irrelevant information but also improve the accuracy and prediction ability of the model. In the present study, FTIR
data from different aggregate fractions were mixed for modeling. By using a genetic algorithm to filter the characteristic spec-
trum, we found that the artificial neural network model can reliably predict the SOC and TN contents in soil aggregates, which
was not affected by aggregate size. This might be mainly due to the fact that some wavelength ranges reflecting soil minerals,
clay particles, etc. have been included in the selection of characteristic spectra by genetic algorithms, and that the effect of parti-
cle size on the SOC and TN might have already been included in the ANN model. The result highlights that the screening of
characteristic wavelength intervals based on genetic algorithms and the use of artificial neural networks can model soil aggregates

of different particle sizes in a unified manner, and can be used to estimate SOC and TN contents of aggregates.
Keywords Light chestnut soil; Soil organic carbon; Total nitrogen; Soil aggregates; FTIR spectroscopy
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