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Fig. 1 Locations of N116B & M107B on the map of USA

x1 TEBNRSEBEUSHERSI
Table 1 Statistics of physical and chemical analysis
results of soil organic matter
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Bk Rokfi RoME O M bR
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Fig. 2 Mean reflectance spectra of soil samples from source
soil M107B and target soil N116B
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Fig. 3 Experimental flow chart

20 43 A R b 1 55 TR S0 5 SR, RPD>2. 0 I, 70 B
T T30 A R & A LR

2 #R50He

2.1 KRMANBHRTEFEROERRGE

Sz (1) EEsr M107B X 4 347 ML PSO-LSSVM 4 1F 4
B IE N G0 4R A PLT & i, AR NER 2 B, B R°
=0.859, il RPD=2.660, 3 H] & fig 45 & Wl M107B
X B A P & 2. 3058 (2) LA M107B X 89 A4~ +- 3
FE SRR IE Sl a7 R A AL & AL IE LR, X N116B
X 20 A~ B UEAE + AR S AT IO, 255Nk 2 s, LAY
Wil R?=0.562, Wil RPD=0.952, FH] M107B X 1 # IE
MRS BEA A0 N116B X1 - 4 HL T & & . S50 (1) Al
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A TR 2 IS, T e e R B R FRAIR T 34. 600,
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Table 2 Model performances of experiments (1) and (2)

N KMIE#E e PSO-LSSVM

S FEM O FEMBEE R RMSEP/%  RPD
SR (D) 66 23 0.859  0.334 2. 660
FH(2) 89 20 0.562  0.977  0.952
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Table 3 Model performances of experiment (3)

T PSO-LSSVM
O AR RERBUE R2 RMSEP/%  RPD
89-+5 0.562  0.897  1.038
89410 0.563  0.690  1.349
89-+15 0.657  0.656  1.419
89+20 0.766 0.503 1. 850
89-+25 0.794  0.466  1.999
89430 0.793  0.438  2.125
89-+35 0.805  0.443  2.101
8940 0.814  0.413  2.255
o (3) 20
89445 0.805  0.430  2.166
89450 0.811  0.409  2.274
894100 0.809  0.399  2.329
894105 0.867  0.334  2.783
89-+110 0.865  0.334  2.783
89115 0.840  0.363  2.561
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Fig. 4 Model performances when adding different

numbers of soil samples from N116B region
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SRR ) SOM e B2 35 2 slOG S S 800 o 1% 20 MRE R

Xof R AU A% 380 R BE S A K, R R SE W5 b . #E WA N116B
X SR AT X 20 SRR EE S R MR e R . B
JIAGX 20 ASHFRBEFE . TR4E N116B X H A% 130 A~ B IE
AP B AL A 3 K 26 A, RInA 1A 5 A L HERE R F)
MI107B X - S#e il R A B g AE s B DUBT AR dh R A
BOEAE @R ER T, A EB R X N116B X 20 4~ Uk
SRR A PR R, H 2 A N11I6B X i
MIESE T HERE S A IE BRI T N116B [X 1) 36 iF 4 + e
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0.800; LA A FIRE S B A F] 45 UG » BOE BB B R £
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Table 4 The data of calibration samples in N116B which improve R* above 0. 05
N B % %
TRALR AR/ % 544 nm 728 nm 1486 nm 1830 nm 1 895 nm 2 285 nm 2 450 nm
1.0 0.303 0. 457 0.608 0. 629 0.602 0.633 0.614
1.4 0. 306 0.461 0. 600 0.642 0.621 0. 646 . 628
2.7 0. 265 0.412 0. 577 0.599 0.569 0.592 0. 565
2.8 0.295 0. 435 0.598 0.618 0.599 0.624 612
2.8 0. 286 0. 435 0.617 0. 640 0. 602 0.626 0. 594
3.0 0. 296 0. 437 0. 607 0.632 0. 597 0. 620 592
3.2 0. 265 0.414 0.598 0.623 0.598 0.623 605
4.8 0. 197 0. 328 0. 586 0.617 0. 580 0. 600 0.570
4.8 0.212 0.361 0. 558 0. 584 0.562 0. 581 0.563
4.9 0.193 0. 310 0. 580 0.614 0. 583 0. 608 0.520
4.9 0. 262 0.398 0. 587 0.613 0. 590 0. 606 0.591
4.9 0.132 0.209 0.492 0.536 0. 506 0.538 0. 507
4.9 0. 215 0. 363 0. 590 0.617 0. 586 0.603 579
5.0 0.171 0. 296 0.551 580 0.539 0. 557 519
5.5 0.228 0. 356 0.562 0.591 0. 565 0. 585 0.566
5.7 0.138 0.225 0. 509 0. 549 0.514 0.538 0. 500
5.9 0.202 0. 338 0.551 0. 582 0.559 0. 581 0. 566
6.3 0.117 0.193 0. 450 492 0.468 0. 494 469
6.4 0.210 0. 340 0.533 0.563 0. 540 0. 560 0. 544
6.9 0.221 0. 342 0. 552 0. 583 0. 550 0. 564 0. 537
N116B X 38 i A L 5T & 4 B0 K BE BB A B9 N116B X 4
3 45 ik I 0 S T B AR B R B 50 5 5

T 0 WL - 20 AN 6 S M107B X #1384 HLR & =
KOAERLAL, #RZR M MI107B X+ 88 A AL BT B IF 858 2 i ] 2
NI16B X A A #1525 T B A% 56 77 . RS0 45 S 3
B, M107B X + 34 #L 5T ) PSO-LSSVM % IF # 5 R* =
0.859, RMSEP = 0.334%, RPD=2.660, a] L) 45 &k ¥ I
MI107B X 4 54 HLE & . I M107B X 4 584 HL 5 % 1E B
AU N116B X Ay + 58 50 iF 42 #F & 19 A BT & 42 F0 B )
M107B [X 4 SE503F 4L A% 19 HL T & 5= A5 L, T R* 0 i
W RPD 43 BIREAR T 34. 6 Y0 H 64. 2%, H I IKE BEAR AR, AN
REA 2B N116B X - A PLB & i . ¥4 N116B X 4
HERE S A MI107B X+ 38R G 45 5 B B A, R R X

FIEAR I TRoE, BRI R >0.80, RPD>2.0, B
BRI+ A PR S &, B SE B M107B X5 B i
N116B [X e ML & 5 AR A5 38 . O 58 10 A 00 4% 336 B Y
RS BE . R AEJE A B M107B X 4 SERE i ) SOM ¥ JiE 7
OGRS R E K N116B X LR 52 588, AT
MI107B X 4= HE 45 #L 5 & A% IE BRI Fi N116B X 4 52 A Hl
JOT SR B, BRI T — T Y 2k T T DL 2T AN ok
AR TR A 326 7 3 o Ry T ST K T RR/INRE AR () 22 28 Y 4 A AL
B IR AR — R S R R, R R R 2 2
B+ 1 1A BT B A P LE o 3 A I ) v A L ek 0 A8
TR ARG U A R A — P S O i

%), Journal of Agricultural Science and Technology(H
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Estimation of Different Soils Using VNIR Spectroscopy
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Abstract Soil properties can be estimated accurately and quickly using visible and near-infrared ( VNIR) diffuse reflectance
spectroscopy. However, a key problem is the lack of universal nutrient content calibration models for different soils. To improve
the universality of the soil organic matter (SOM) content calibration model for different types of soils and the speed of online
detection of the SOM in farmland, sixty-six samples of soil from M107B in the United States were used to establish the SOM
content, Calibration model using the particle swarm optimization-based least squares support vector machines (PSO-LSSVM)
method using VNIR spectroscopy. Then this calibration model predicted 23 samples of the validation set from M107B. The
results gave the coefficient of determination (R*) and the ratio of standard deviation to root mean square error of prediction
(RPD) of 0.859 and 2. 660, respectively. Subsequently, we predicted the SOM content of the validation set, including 20
samples from N116B, by the PSO-LSSVM calibration model of all 89 soil samples from M107B. The results showed decreases in
the R?*-value (0.562) and RPD (0. 952). These decreases in R?* and RPD values by 34. 6% and 64. 2%, respectively, indicated
that the prediction accuracy was significantly decreased when the PSO-LLSSVM calibration model of SOM content in M107B was
directly used to predict SOM content in N116B. The PSO-LSSVM calibration model established by the calibration set, a
combination of some soil samples from N116B and all 89 samples from M107B was also used to predict SOM content of the
previous validation set from N116B and gave the R* values that were more than 0. 80 and RPD values that were more than 2. 0
when the number of soil samples from N116B was added over 35. In addition, R* increased from 0. 562 to 0. 811. RPD increased
from 0. 952 to 2. 274 when the number of soil samples from N116B added to the calibration set increased from 0 to 50. The
results showed that calibration model accuracy could be effectively improved by adding some soil samples from N116B to M107B
calibration set when predicting SOM content in N116B. The prediction performance of models was stable, whereas the prediction
accuracy met practical requirements when the number of soil samples from N116B added to the calibration set was more than 50.
In addition, the calibration model of SOM in M107B was successfully transferred to the soil in N116B, and the samples in N116B
with large differences in organic matter content or spectral curve from samples in M107B are preferred to adding to the calibration
set because this method can effectively avoid the mutation of model transfer performance. In conclusion. the results provided a
method to improve the SOM prediction accuracy of N116B soil using the SOM calibration model of M107B soil. Furthermore,
the results provided a new, economical and feasible model transfer method for real-time estimating of SOM content in farmland
based on VNIR. The results also provided an effective solution to improve the universality of the SOM content calibration model

for different soil types.

Keywords Visible and near-infrared spectroscopy; Precision agriculture; Soil organic matter; Particle swarm optimization-based

least squares support vector machines; Model transfer
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