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2- Derivatives
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Table 1- Technical specifications of spectrometers

o Olasuie Trdeb g9 Twdb g9
Technical specifications AvaSpec-ULS 2048- UV-VIS FT-NIR100N
(M) (b egi0xe 200-1100 700-2500
Spectral range
(nm) x5y 0.06-20 2x107
Resolution
)P ke S gl OS5 oy pode

Light source
(4l y> oSul) ooy Jlam) cee yuos

halogen tungsten

Helium-neon, halogen tungsten

2
Data transfer rate (scans™)
(p) 2 1135 3400
Mass (g)
) ) o> 511100-400) CCD )]
o sl CCD ks &) (g i 31 2500-1100  ygsloes
Detector CCD Linear Array CCD Array-(400-1100 Silicon

and 1100-2500 Sulfide)
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1- Partial least square regression
2- Multivariate scatter correction
3- Base line correction
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Table 2- Chemical properties of soil

. . 105= | svew,lasl cosly 105=  swuwly clasaly 210= b aigod
S o s wmetiel s = sz sta v &
Soil features Validation data—105_ Calibration data—105_ All samples=210 _
SD Mean Max Min SD Mean Max Min SD Mean Max Min
(z)%;“'){; 0.98 275 398 098 098 273 392 050 098 276 4.00 0.50
Organic carbon
(mginl000) cjss ey 148 222 014 051 141 205 014 058 148 221 0.4
Nitrogen
%) o1 ol
. 0.77 0.98 298 0.06 0.76 0.97 298 0.05 076 0.97 3.00 0.05
Free iron
(mg in1000) vy 4 35 1167 2562 068 438 1166 2556 071 433 1162 2534 0.68
Potassium
(mginl000) 4d g 15 1521 4550 435 7.92 1524 4486 433 804 1519 4600 4.33
Phosphor
(mginl000) wee 515 3300 89.68 282 520 2979 8958 3.00 515 3300 89.57 2.82
Magnesium
(«7,11:5)pH 0.58 7.38 9.12 462 055 7.39 9.09 465 057 7.38 9.09 4.62
pH (1:5 water)
S ods ¢ pSojlul sla Sho (Stamed o ylo ~3Jgu>
Table 3- The correlation matrix of soil features
SK ol S ens o2 0 oy L il ol Gjg
Soil properties  Organic carbon Magnesium  Potassium Phosphor Freeiron Nitrogen
Organic carbon
e 0.66 1.00
pH
et 0.58 0.17 1.00
Magnesium
el 0.71 003 048 1.00
Potassium
s 0.12 0.46 0.00 0.08 1.00
Phosphor
0! ‘%'M 0.48 0.16 0.22 0.02 0.06 1.00
Free iron
w”w 0.82 0.57 0.16 0.41 0.37 0.52 1.00
Nitrogen
RPD — Sd () eSS el p o Jde (v )liel gly ddie lia
SEP Bl wiges Sy b Blite dey omiwlisl ;> RMSE (gl e
oer
Sd = || iLL(y_yI)Z (4) o.)].)(Rz)uA_M)pu)_aowl_wl)g JMMMUW‘OM
Jy n-1 a5Ls o RSMEC s 5 (S0l celooslsy Llis 1 iy st

ol Y yasio 00 (5 ySoll gl Y OT D as

a3 SEP 42 Une ol 503l SO dLindiga5 5liss N iS00

Abloe (Fupie dsgerte 3l

2- Standard deviation

5 b (4) 6 (2) Llyy b (RPD) oo Glysl ao
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RMSE= |Ze0 02
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1- Residual predictive deviation
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Table 4- The results of LOOCYV in the regression model of some soil parameters

g S oS
Acidity

5 oj9
Organic Carbon Total Nitrogen

RPD RMSE R?

RPD RMSE R?! RPD RMSE R°®

032 056 1.1 020 049 15 0.44 0.61
030 058 12 0.13 069 16 039 0.64
029 061 15 0.14 055 16 041 0.66
031 065 1.7 015 056 17 0.33  0.68
0.28 0.68 1.8 012 066 138 031 0.69
026 071 16 0.14 063 1.9 021 0.72
026 073 19 013 071 20 021 0.75
029 070 17 016 071 15 042 0.73

033 055 13 0.17 048 14 041 0.63
029 056 15 016 046 14 0.38 0.64
031 060 16 0.15 055 16 0.39  0.66
0.26 063 1.7 0.15 058 17 032 0.69
028 0.69 19 0.13 064 19 032 0.70
027 070 19 012 070 1.9 026 0.73
026 072 20 011 072 20 022 0.76
030 069 16 016 072 17 033 0.74

031> dlawi 1 g, diged dlaxi
Selecting method of data Number of
number sample
15 1.0
30 11
45 1.2
ol 60 1.2
Random 75 1.0
90 1.2
105 14
140 1.4
15 11
30 11
45 1.2
oo 60 13
Chemical 75 12
90 13
105 14
140 13
15 1.0
30 1.2
ol ailg U 42 11
PCA 59 1.0
77 1.2
88 13
105 14

140 1.0

031 052 12 019 055 14 042  0.63
030 056 14 0.17 057 15 0.38  0.65
029 059 15 015 061 16 0.33  0.66
030 061 14 015 059 17 035 0.70
0.27 066 16 0.13 065 138 028 0.71
027 071 18 0.14 068 1.9 023 0.74
026 073 19 013 o071 21 021 0.77
033 075 12 019 075 15 040 0.77




541

S plgd St Tl Joo CBS 1 0010 Sl g baiges ol by, il

SB sla S5y S PCA Lolul p (oxiwliel 5 (oxily o de b)) s =5 Jgus
Table 5- The calibration and validation model of some soil properties using PCA

. _ 105=, v slas! clasals
SB s S5 el (6

105=_sxuwly gbrosls
Calibration data=105 Calibration data=140 All samples=210

140=_zuuily godly  210=ladigei J§

Soil features Validation data=105

RMSE R? RMSE R? RMSE R? RMSE R?
e 1.69 0.52 1.58 0.57 1.63 0.55 1.67 0.55
Magnesium
""”L“ 2.69 0.52 3.41 0.48 3.38 0.48 3.37 0.48
Potassium
S 6.47 0.37 6.19 0.42 6.08 0.45 5.28 0.49
Phosphor
Sl ool 0.21 0.83 0.56 0.78 0.77 077 089 072
Free iron
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Brown, ) 8Ly &ysea L (al., 2002; Aichi et al., 2009
1 dgel degere dw il 298 o plol (2005; He et al., 2005
3 40903 O 1 i 5l aS ol Sim g 0d (cuwyp o cSlo
(RMSD) Glysul gy 36le dduy 3 )y JSa (5jlo s
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b prals Ls gl B b plo Samy (230g ile e
jlosliwl s ) y> (Kuang and Mouazen, 2011)
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OP9) 22 RO (BBgR A (Gl pole Baid Alde c L
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(Reeves and Smith, 2009) 4 meuii S liel 9 (el
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1- Clustering
2- Mid-Infrared

3PS ;5 140 & ooy (a3l b olewd (yge5] atwd
5 4 etalite Ll JS o5yt 5 T o8 dtiend slasisté
A 030 35 63 e SISH(US G55 9 Luee) 3590 93 5
—idlS RMSE l5 0 3 PCA Llul y (gasaiwd o colysy
s e JBlis e e oanlis (0/13-0/19) las Ly a5
wly Jde cilo gl ay S wges 77 dlass ;> PCA i,
Sl asges 140 sl ()31 b sl 0ad ()5 (o> 0/13)
au sl b ol il RMSE 4R e oxily Jae el
R? (0/75) Liulsdl ooae 140 & dge5 Gl b o JT o8 a5l 3
e RE p l381 90 39 2 45 I o3 s |y
s e (535, R0 o RPD @l s .cdly yiul58 RMSE
Sy shdid 8 SBslayess b )l o]l
Jie @l s o L |y ad e b ad g a8 L i8]
Loosls plai g (213) pys 93 By S LS5 plo o)
5 Jodon 3 asy 84 PCA bl p (suiwly Jao cile sy
140 5 105 sliw L (oxiwsly (sloJde dunlio 1> .ol o 034l
Las jialS b )3 ol 213 4 wges sl (il b ciges
e o yd ol 8l g (RMSE105=6.19, RMSE140=6.08)
Ol U as JUs 3.0 saalie (R%105=0.42, R%149=0.45)
13 54 dalge R? ialS b o i g 3131 oyl ooe 140 &) baasges
RY o (35S s oty (il Jao dadisos JS b (sl s
o picins (RMSE=5.28) s iz oot s s 5 (0/48)
3> RMSE=1.67 § R?=0.55 L ajsio ol 51 da 9 il oo b Juto
YL e cops b S oles ol oyl L8 paw 4,
it Je 5 Jed BB ey 18 .ansl . (R%>0/5) 0/50
2,03 3¢z L]
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;1 .(Ladoni et al., 2010; Vasques et al., 2008) ol ;yuius
OC sly s5YL R i lagsimgly Sl sy 2lass S0 )b
Chang and Laird, 2002; Shepherd and ) i lesgos 5,55
o955 950-400 03920 y3 S5 OC oy, (Walsh, 2002
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JSeie Sl Lagl sl e sty 030 (U5 Sligios
sl day pole (ol (Siuly 0 ol o |, L'j e oS Wb 0
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Introduction: Precision agriculture (PA) is a technology that measures and manages within-field variability,
such as physical and chemical properties of soil. The nondestructive and rapid VIS-NIR technology detected a
significant correlation between reflectance spectra and the physical and chemical properties of soil. On the other
hand, quantitatively predict of soil factors such as nitrogen, carbon, cation exchange capacity and the amount of
clay in precision farming is very important. The emphasis of this paper is comparing different techniques of
choosing calibration samples such as randomly selected method, chemical data and also based on PCA. Since
increasing the number of samples is usually time-consuming and costly, then in this study, the best sampling way
-in available methods- was predicted for calibration models. In addition, the effect of sample size on the
accuracy of the calibration and validation models was analyzed.

Materials and Methods: Two hundred and ten soil samples were collected from cultivated farm located in
Avarzaman in Hamedan province, Iran. The crop rotation was mostly potato and wheat. Samples were collected
from a depth of 20 cm above ground and passed through a 2 mm sieve and air dried at room temperature.
Chemical analysis was performed in the soil science laboratory, faculty of agriculture engineering, Bu-ali Sina
University, Hamadan, Iran. Two Spectrometer (AvaSpec-ULS 2048- UV-VIS) and (FT-NIR100N) were used to
measure the spectral bands which cover the UV-Vis and NIR region (220-2200 nm). Each soil sample was
uniformly tiled in a petri dish and was scanned 20 times. Then the pre-processing methods of multivariate scatter
correction (MSC) and base line correction (BC) were applied on the raw signals using Unscrambler software.
The samples were divided into two groups: one group for calibration 105 and the second group was used for
validation. Each time, 15 samples were selected randomly and tested the accuracy of models, then otherl5
samples were added randomly to the previous set and it was done continuously. Finally, seven groups (15, 30...
105) were placed in each category.

Results and Discussion: All regression models on the whole pre-processed soil spectra were obtained in
absorption mode. By increasing the number of samples in the calibration set of random group, RMSE was
decreased from 0.2 to 0.13 nonlinearly. RMSE in the chemical test was also decreased almost linearly from 0.17
to 0.11. At the same time, R*> and RPD were increased from 0.46 to 0.72 and from 1.3 to 2.0 respectively.
Finally, in categories based on PCA, the RMSE fell down almost linearly (0.19-0.13). Potassium prediction
model with the least amount of R? (0.48) and phosphorus with highest number of errors (RMSE = 5.28) were the
weakest models in whole data. Other properties of the soil had a higher coefficient of determination (R*> 0.5).
Therefore, prediction models had acceptable accuracy. At least 77, 105 and 105 samples are required for precise
calibration model of OC, nitrogen and pH respectively. Due to the different conditions of farms, comparing these
results with previous findings is very complex. Furthermore, model accuracy did not improve by increasing data
of calibration models to the total number of samples. While in previous studies, more precise model was
calibrated by considering the entire data sets. Among all factors of soil, acidity has little dependence on the other
soil properties. The pH modeling is also confirmed by Moros (2009) however, the more error was reported here.
There is no certain pH range in the NIR spectra, and usually it is distinguishable from the other properties of the
soil (Kuang and Mouazen, 2011).

Conclusions: Spectroscopic methods exhibited good potential for detecting soil properties. MSC and BC can
effectively remove irrelevant information to improve prediction accuracy. Using different methods to select
numbers of data for the calibration models presented similar results, but in the meantime PCA technique
provided the best answer. Supplementary, the ever-increasing number of data does not always improve modeling
accuracy. It is better to choose numbers of data according to principal components (PCs) of PCA to obtain
acceptable answer. It must be noted that every crops requires a specific soil and nutrients, so it is necessary to
develop models for other soil properties.

Keywords: Calibration model, Number of sample, Soil properties, Visible and NIR spectroscopy
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