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Introduction

Apple is one of the most frequently consumed fruits in the world. It is a source of minerals, fiber, various
biological compounds such as vitamin C, and phenolic compounds (natural antioxidants). The amount of
nutrients plays a significant role in the growth, reproduction, and performance of agricultural products and
plants. Chemical inputs can be accurately managed by predicting these elements. Thus, timely and accurate
monitoring and managing the status of crop nutrition is crucial for adjusting fertilization, increasing the yield,
and improving the quality. This approach minimizes the application of chemical fertilizers and reduces the risk
of environmental degradation. In crop plants, leaf samples are typically analyzed to diagnose nutrient
deficiencies and imbalances, as well as to evaluate the effectiveness of the current nutrient management system.
Therefore, the main aim of this study is to estimate the level of Nitrogen (N), Phosphorus (P), and Potassium (K)
elements in the leaves of the apple tree using the non-destructive method of Visible/Near-infrared (Vis/NIR)
spectroscopy at the wavelength range of 500 to 1000 nm coupled with chemometrics analysis.

Materials and Methods

This research investigated the potential of the Vis/NIR spectroscopy coupled with chemometrics analysis for
predicting NPK nutrient levels of apple trees. In this study, 80 leaf samples of apple trees were randomly picked
and transferred to the laboratory for spectral measurement. The Green-Wave spectrometer (StellarNet Inc,
Florida, USA) was utilized to collect the spectral data. In the next step, the spectral data were transferred to the
laptop using the Spectra Wiz software (StellarNet Inc, Florida, USA). For this purpose, spectroscopy of the leaf
samples was done in interactance mode. Ten random points were selected on each leaf to capture reflectance
spectra and the averaged spectrum was used to determine the reflectance (R). The data was then transformed into
absorbance (log 1/R) for chemometrics analysis. Following the spectroscopy measurements, the NPK contents
were measured using reference methods. Afterward, Partial Least Square (PLS) multivariate calibration models
were developed based on the reference measurements and spectral information using different pre-processing
techniques. To remove the unwanted effects, various pre-processing methods were utilized to obtain an accurate
calibration model. To evaluate the proposed models, the Root Mean Square Error of calibration and prediction
sets (RMSEC and RMSEP), as well as the correlation coefficient of calibration and prediction sets (rc and rp),
and Residual Predictive Deviation (RPD) were calculated.
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Results and Discussion

The statistical metrics were calculated for the evaluation of PLS models and the results indicated that the PLS
models could efficiently predict the NPK contents with satisfactory accuracy. The model with the best
performance for nitrogen prediction was based on the standard normal variate pre-processing method in
combination with the second derivative (SNV+D2) and resulted in r.= 0.988, RMSEC=0.028%, r,=0.978,
RMSEP=0.034%, and RPD of 7.47. The best model for P content prediction resulted in r.= 0.967,
RMSEC=0.0051%, r,=0.958, RMSEP=0.0057%, and RPD of 5.96. Additionally, the PLS model based on
MSC+D2 pre-processing method resulted in rc= 0.984, RMSEC=0.017%, rp,=0.976, RMSEP=0.021%, and RPD
of 7.10, indicating the high potential of PLSR model in predicting K content. Moreover, the weakest performing
model was related to the estimation of P content without pre-processing with rc = 0.774, RMSEC = 0.013%, rp =
0.685, RMSEP = 0.018%, and RPD value of 1.87. Based on the obtained results, the proposed PLS models
coupled with suitable pre-processing methods were able to predict the nutrient content with high precision.

Conclusion

Field spectroscopy has recently gained popularity due to its portability, ease of use, and low cost.
Consequently, the use of a portable system for estimating nutrient levels in the field can significantly save time
and lower laboratory expenses. Therefore, due to the accuracy of the Vis/NIR spectroscopy technique and
according to the obtained results, this method can be used to actualize a portable system based on Vis/NIR
spectroscopy to estimate the nutrient elements needed by the apple trees in the orchards and to increase the
productivity of the orchards.

Keywords: Nutrients, Partial Least Squares, Pre-processing, Spectroscopy, Visible/Near-infrared



B

IS ki pan!

S309LeS s iile 4 pid
https://jame.um.ac.ir

EAgiAd

VVANTY o V8T Ol oF ol Ve A

Sp b Jos 5 48 e e S35 NPK islie O puo b 5 o (2150

Y

deal 3 gazes O gitiaz o)l KO, g oy e Ml =

VEN/EIYE iy g
VN CAIVY 2 s go b

CRVCLS

G383 Copots (lgioe polie pl opia b )b (lalS 5 (65)5liS Y guame 3 Slae g 1255 ) 3 oliwds (A8 (Gae polie i

S35 g8 [ (Sye (el jl odliiwl Ly NPK jolis ol o pma s (bl adllas ol jl Ban 5,8 copta ] (obond sloodles
DSy (5503l e 53 s 510 S sladiged | (omib pglaie ul gl g yegli Ve r BB e (290 Jobo ol 53 (VISINIR)
iwly Jao diwly cpl 3 0ed Jols 38> oxiwly Jao B ud oolaiwl (531 p i calisee (gla gy | dtwlgdl ol 3l Bls (ol .8 )5 ploc]
)5 B e D9 ot Blize sl gy b b LMl g g ge s pSoilil 4l p (PLS) (3 laye Jilas o pitonia
A= 1AM y3lie Ly (SNVHD2) po> 5itio Ly oS 5y 3 luilisl Jloo b asjof (310t 95 3=t (miee 03l Jace o322

RMSEP=-/-v\ x ‘I’p:~/ﬂV? g.,u.'f):d‘_a (MSC+D2) £9d M l_s A.A_S)J N o.\»l)ﬁ‘ uﬂ..sl).: @M) w)lb).sw L)"J9) L)aL.ol)J )...s ).O.ws
b 48 amy o L imgd opl ) Jeols odel s guls el cussay RPD=0/45 RMSEP=-/.-0Y 7. &y=+/20A 5 RPD=V/\-

> )l un.._: d)am )‘ 9 odlazwl Cuw u>).) d.\m ).AAL.C )IA.GA ww L.S‘)’ .)Lo.:.CIJJlB 9 By ‘u)m)..c )I)Jl ;ga uly.c&\; ..\:Iy‘_;o VlS/NIR

Db (£ pS sl J b slasoly 5 (olosd (sbrodles

S35 &g 8 | Sy e siho polic ( rwiisb ( S Slape Jlus (55l p i 1 glS SRl

Dl (i LB (0 9 E303 59y 63658 Cunbye 9 S
S ool e yolis (K) palty 5 (P) jaud (N) (5950
sloygiSh g 3 Sloe ) 59y (6 pSedz yobdy & A (155
Y gae s3e dse (lise | Bgeds EUBI S 0 Sl (A
T 5 o (SLS ojlaslay olie glajlo B ayly (slofg Cuenl
Sl 20055 aobyy (gjluvdigs ST g astine 383 (23345
ikl g oad CudeS L ogre 3)Slas (il Sl @ o (S
S Sy Jilis &1y (b obiowd sladsS olien 1503
(Erel, Dag, Ben-Gal, Schwartz, & ub jials” e
.Yermiyahu, 2008)
ol ol (g3t polis olie 25 Jelse | (o e85 Sy
Slos 0y u5d Sl xio g 1)l b pudlio kS Sy a8y
Embleton, Jones, ) s Lid > gl @i pgy S g (gis0
Sy obesd 4355 pluly (Labanauskas, & Reuther, 1973

Copdes g o3 213 pole candg 2L sl Rl o ke

doddo

Jpame (S 5 (oS 2900 2 oo Jolge 31 (o o ol

3y LS g JSb g pab () g el o w0 Jlodiey
53 Caaglio Lol ¢ lacgylon g BT ply 5> Coglio iol38l ogue
(Taiz, Zeiger, Mgller, & Murphy, 2015) 355 o0 Lo yuo s
S5 1) Loy 9 Lo 5l (JidylS (Lol iz polis (o
O SB g olS 5 g Slelge 4 polie cpl e in3 e

9 sdibe OIS (g Sl udipe 05)5 (55 gemdih )

Olrl 0l ol oKl s5y0liS (39S

SIPPSS g (odine oIS iplusgy SHle (wdine 09,5 bl ¥

Ol eolyrg ool s o&uiily (g 5y5lis

9 B Ol duwge (g5ygliS silwdiader CliES S il Y

Ol @ «s33US g 5 bigel (Ol (lojls (55,9l i

(Email: arajabi@ut.ac.ir e ki g — i)
¢ https://doi.org/10.22067/jam.2022.78770.1125


mailto:arajabi@ut.ac.ir
https://doi.org/10.22067/jam.2022.78770.1125
https://orcid.org/0000-0002-4139-8604
https://orcid.org/0000-0001-8536-3326
https://orcid.org/0000-0003-2616-4903
https://jame.um.ac.ir/

VPo¥ Lol ¥ oylodds VF o (5559l s milo 4 pits Y YY

sledlelw dxwg gl Blg5 o VISINIR _sxiwcal gy oS
Syt s Soxe i a1 o)l (5,5t polatony Jos b
.(Jamshidi & Yazdanfar, 2022) 3. el Jguames 4
Farhadi, Afkari-Sayyah, Jamshidi, ) |l 5 (sola,
bS5 als VISINIR  suwcab oxlawwl L (& Gorji, 2020
PRl 03,8 oy |y il pED e )3 aejio (31
il 2 s dl)_: ).vcyl_, Veoo YO LSO"‘L’ 039450 4O
ssbatedn (08,5 plonl (usjiae Sladige Cugb) 5 48 ie
92 )l &> d‘.bd)jo)L\:l 9 u).)b Lg‘.mgsb.‘a O u_la} d..‘a.}l) .)‘Du‘
Jace a8 ol s sdel Cowda ol s odlil PLS i,
Rt u‘)_m oy e d\jl_: M g L J.le‘;o o.&af:dj‘)]
Sloslawl U xS (glaalllas po asles s yiany |y (s jum
J_JDU 9 4_‘)‘)76' dudas) l_: c‘)_@ Vis/NIR u.>t._wgn.\.‘o
LYO: (b 39400 3 55" slaaiged (09,5 )b * o sond
ISVM (580 iy 51 38 (2l )3 5 (o yogl W)+
wladiges asuis ¢l *HCA 4 PCA *PLS-DA SIMCA
Jde cpyigg oS ol L gols b eolaiwl g e 4 o>9ﬂ sl
oP9) L o‘)o.m PLS-DA oJ..f:CJ)UéJ M”ﬂl )‘ oolatwl b c.\i)djb]
ol Cowddy =+ /A g po slaodly § VIS/INIR b (claosls
oL 1) 5al8 cladiges 0539“ Lasuis ) S5 opl oUlg A
(Rahi, Mobli, Jamshidi, Azizi, & Sharifi, 2020) 12>
il | St GlaS 1 )3 puasliy 9 jind (g )i
LU5b lacab 535 canday jolaieds 153,5 odlazul Vis/NIR
alayly ol (gly i odlitul (glasie ygy0 i S 5l Sy
CARS-PCA- Jio 3l sdolcuwnda lacib g x> e (sloodld oy
oaid8l,] (sla Jae a5 3l i sdelcunda gl .05 edlatwl PLS
9 yad ¢ 5oy lime aday /AY g +/EV /A CE | cuilys
ssbaiedy liione S5 (laddlas )3 e S a1 peely
it Sl olawl Uy caw &3 (6350 polie 5o oy
2538 S oilul ]y Sy Jdg)lS g 39 (liwe S35 &gy
ks (e PLS e 5l 03955 Glise 2Ll sl pliee
odial)l g,y 45 ly s odelcawdds ol 53,8 edlitl Ve b
Olise 2losd (cbodles 1 ooldim] guors Cupde jslaieds Cuilys
Tamburini, Ferrari, ) xS obj,l «/AA YL cds b1y 5g508

5- Chemometrics Analysis

6- Support Vector Machine

7- Soft Independent Modeling of Class Analogy
8- Partial Least Square-Discriminant Analysis
9- Hierarchical Cluster Analysis

10- Fourier Transform

Ban b Yoero coaw 350 Sy Julow g s sl )] (2338
sl Lyl g @it olis Jlas pae g 25008 (st
(Miles, 2010) 555 o plogl b ik dlgo Co o cloaoly
eili 5 poles win (S pgye Bl slaby, L
A o8isles] g Laasie

S 2Ll hlateds 05t slagshy) Sl edlatul ol
o35 o 4y plSiagg e (6))gliS ©Y g (J3I
238 o Sygo gy ol edlael b la jtagds 5l (g0l pox>
il (Sl Gla by, dle (ol p (e lagds,
slagisy 5 ©go slinl (Gll) (prwcib (NIR) S35 & 9,8
sglatedsy 0jgyel 45 Wi (50 s slashg) Ao | (Sgl
3 edlail 3)90 (55,58 SV gae (S S o))
(Butz, Hofmann, & Tauscher, 2005) .5 o

slacib pSeis jobar (Sipdon 5 bosdon ool
gzl gycnl 5w 518 86 cov ) plals S 5l UL
ool b odd Wlgh dtwgn alS cads Ol slewdsn cileMb)
odiby Bhsay jplaiea ol phy oSl il (sl )Sus
Sy bordsn lgre s )3 (2Bl EMSLe 5 o il
(Mobasheri 5,5 saliiwl xuwcab sla b, 5l ol o LS
sl aaly Ubgy SO (wads & Rahimzadegan, 2012)
(Rady & sl ¥ giame 3 (6300 dlgo Slgizne @y yausudd
.Guyer, 2015)

Abasi, Minaei, Jamshidi, Fathi, & ) 4}l San 5 wle
1 B2 NIR suwdab hgy S8 L (Khoshtaghaza, 2019
adllas cpl p3 oyl ol 51,3 bl 3590 1y s &S (ol el )b
i dawgi (sl (2310t Jgeme slagyy 9 Sage il
Cawddy ol .55,5 ooliw] (PLS) ¥ Sin Slaye Jlis Souw)S,
Bl sl " age o g, 5l oslaiwl 4 sy oLis ol
Jie SO )l cblB o ads (slaodly jl Al wlgsl cleMbl
Se sladlae ) Gl 2)b ) oo g 355 (s Sew S
81 ol 039l Jls plulid jolaioas Coysepd 9 @y b9
Loyl .l 26, VISINIR seuwcibs 5l odliwl b 1y ol i gesd
citise (sla gy (bl PLS Jus S g—dos ol
Loy omizpt SO Ay @ pe slaodly g (D] ke
D9y oobly pngVlale g o> anyd o ad il (oandil
i) 031 5l Wl JLs ladiges (sl (sl 'PCA-DA
3> LS oael Canddy golis bl dmwg (flre d I L <l yis

1- Near-infrared Spectroscopy

2- Partial Least Squares

3- Wavelet Transform

4- Principal Component Analysis-Discriminant Analysis



VYY S b Sl g 525 0 (o &5 50 NPK 1y 5lio © 500 i g @ pw 2551 oyl 02 g Lisl3T

&0 S Se )l
xS’ (9, 511 S s sloaigns ()35 w0y 33505 pslaten;
5 pld S5 )5l gw Sl bawgs Hlaid g0 (sladiges Il b solatwl
posigel Sy &l ad L5 posgel Slilgu 4 35250 (950
5 i posgel Sy 4 )0 sl Loy 5 3031 Sligel 90,
sl dsloee Uy o 25 1y o o/ S gl ol 51 o3litl |
yobatedss Lol ol cunddts Aoy oo o &l lade byuae
ooy 5 it oS pawly g yud Hlade (g ySejll
ICPOES; OPTIMA 2000DV, Perkin-)® oWl cas JSw!
Jolas) oyl slaodls Y Jgds .o odlazwl (Elmer, Italy

...\.b.)Lsn

Laouls (4 310y sliss
owiids (69 (o 155 Abe e (claodly 5 leMbl
slayiehl g Lacib e (wliel (o)) Jao 9 3,135 o
le Jlely e 431 55 dsio e SleMb] ol S o Sl oliasd
5 ol lag g aiges o)l ciges jLuylSisT alols 39 yuiie
=99y 5l Jelge opl Bl (gl 098 0 D] e 5 olKtwd 245
ey @i 9 (MSC) ouali8l 281y gromad (3ot sl
Fu, Ying, Lu, XU, & YU, ) 3525 o o3kl (SNV) Vs, |t
—cib 33290 (Bolal gy Bl (Glejlgen s (2007
Gz o ¥ opm 0o b (MA) S i 5 0iS0ke 208 Sl Lo
a5 Siluan Ll slas | (SG) * ¥ s5- S susbe jlolgan
OS>t Ao ealaiwl Y 5Y‘ l_s)_sl).» s A dld._l» >
Cnd Sy (9,8 5T 5 b S @8 33l slaieey
b V55— Ssugle wpsll 4l (D2 5 D1) pos 5 Jol (5te |
olawl ¥ 5 ¥ i pay (gldlons bz a0 g (Sluonr bl ol
sebaiedy glates din a0 g Silued bl dlaay ¢ ilid 0y
sl J3y55 5 VL Epotl ) 5100 Ay JUias Capnd Lyial38l
Jamshidi, Mohajerani, Jamshidi, Minaei, & Sharifi, )

ke i a5 Brio 4 I3 b gy > (2016
S8 38 51 D1 & s D2 oS ol > (pnoddy g L5980

5- Inductive Coupled Plasma-Optical Emission
Spectrometry

6- Multiplicative Scatter Correction

7- Standard Normal variate

8- Moving Average

9- Savitziky-Golay

.(Marchetti, Pedrini, & Ferro, 2015
sla ey 9 (Zrwaid 5.8l wadpldl Oldlas b gllae
ol Slhgime 9 GB5L slacib (o dal) Wlg oo (o sond
51 (Amiratul et al., 2017) oS Ly paiituns O ygods 1) (gd00
2 didued oloud slrodly jl xBgedy oxlawl 9 Lol oo )b
limse J) (AT el sl anls S5 (55l by oyl
PR yolis ul)—“’ U el pjY ‘@W slaodlys oslazwl
a8 sl 905 (o0 bl plend 9 0 e O g0y gk
Ulgg o iz o Syl LUk ab cleMbl ) oolatwl Ssiwn
EML] jolatods oplpls g olowws SleMbl oyl 4 b aS S8
g pSel> ‘Cﬂf}_«a}m 4y LS‘)—? u_eLf PR yolie u])...a 5!
leond (slaodls dig) o odlitul (e SISl g (SLSI gladiy 1o
9 &= ()35) gi_s )‘ odlawl l.» b Cuwl 6)9).43 cu.w.s)hm <9
S35 Gl e ety 9 ied (gt polie Gline )P s

Olie s Baa b 3l Ghaghy 298 (05,1 43 0)93 Jobo 5
s NIR | otiwcib 3.0 oslitul b cuw 6,3 S NPK ,olic
b plosil (oriw g Sl by,

W yg; 9 dlge

il g Ll sas (5 9T pan

oo 1550 o 5l s €30 S iged Ar adllas oyl o
el jl (Blal ojgodn Tepel (55 57 (298 M )
il Sl i 5 pglaen (2 bl
& JU&w cows L Green-Wave (Stellar Net Inc., USA)
b 398 g (pais VoVE) (oluo Lo ST & Saome oF-22) 3299
oMl o5 VN e+ L5 Y- g0 Jsbo ) (oriwidel (sl ()98
() JS5) w5 plosl T i oy s o ndigas Sl (6 S gl 03
3 i g ye Sy b S S i3 Yo i ol
ible 5 baasgs Lavools 1 0,8 5 bl o)l g i
Ve dou Sy pn 505 (y9lze> Spectra Wiz software
OSle il Nud (S b g QB Bolal &gy 4ol
Pl aleg 53 5 odlizal loss 5 42525 (el (R) b3k clsiss
Sl s (LOgUR) ol 4 ool

1- Red Chief

2- Fuji

3- Granny Smith
4- Interactance



V¥ Lol ¥ oylodds OF alor (g5y9liS somiilo 4 pis YV YY

O)ygods o EE)0 Sy gy i i)l slr L3P0t
Wodls Jolowi g 235 9 (B33 e sly 08 xS0 et
Unscrambler X 14 (CAMO software, Norway) ,l5-8le s ;!

A 03wl
Sampling
Ol Sy Ll

Selection of Young Leaves 1

dado ddpod Vb ) b (S 3o Lol sl 5135550 (50 (el
o5 A JUSimw Connd (605 Bdo 4250 338, YL b &Sl s
4oy Vg ome U gy o oyl b Sledbl g 1l o ials
Jamshidi et ) sed ool Yh 4 ¥ a0 b (655 o | g5 o5
Lo sla by oS5 il e ol yo (al., 2015

&30 S5 5251
Reference Measurements

— (NPK)

wshub Jiod g 45305

;i:.)): c)mg)s /‘_54)9 Wgﬂo )1 odlasiuwl L G C D LthbJ): NPK )AoL.c d)So)lJ.ﬂ 0955 — - J&w
Fig.1. Workflow of measuring NPK nutrients in apple tree leaves using Vis/NIR spectroscopy

u_?ﬁ dhbd.:ao.: NPK )L\.E.a LY JO}J)A d)Lo] dl.bo.)‘b —\ Js-\?
Table 1- Statistical data related to NPK value of leaf samples

e )lis] g aiged oy sdiges
Validation samples Calibration samples
slre Bl y2dl oSNl Sl Sblas shro Bl il oSSl PSlas BEIRES
Standard deviation Mean Max Min Standard deviation Mean Max Min
. 03974 0.254 1.03 1.43 0.66 0.212 0.89 15 0.54
Nitrogen (%)
S 0.034 0.086 0.133 0.022 0.027 0.08 0.14 0.026
Phosphorus (%)
el 0.147 0.45 0.73 0.22 0.12 0.53 0.79 0.203

Potassium (%)

Malegori et al.,) cul ol Cgd 3,Sdos g e o Sl o 39,
5 o ye goodls (e ol b3yl sl jslaieds ey ol 51 (2017
laci b s ool PLS g, i) 0ami g,u50jl00] (clacigb
> slaodl g (X) o sla pxio ylgicds a5 S o;l0]
Wb aB)S i > Jae (639)9 sl (V) sl puito iy
o3l PLS Juo (25l cslp Jliite (oxivwlisl 2, I iz
a0 gy 5l edlaiwl U oy slaosly Ll gudos ol j> 0
Sladiges (V¥ JS3) Bas Bls g (asuie (PCA) Lol (sladdlge
OF) (oriwly alwd 93 4y Boluay &jauods (a5 YY) sslo 3L
5 iy Jie g (sl s (95503 VA) (g5l g (909

PLS s jladas

0155 S ojlul (S sla SRy o (ad bls)l sbml jglated

bt opstedia o )S) silwdie gl (Ab slaedls
S Slaye J8las i edlaiwl (PLS) S Slaye Jols
Jae SOl lys (s o)lUas cosg hgy S laisa
(Daszykowski, 3,3 5,,LS (oS sbyis uSolul (sl s i
Kaczmarek, Vander Heyden, & Walczak, 2007; Kumar,
B g J3ls Jliswea Bansal, Sarma, & Rawal, 2014)

0l PLS (gl Jus jl oolaiwl b (6puSauins jobay cleMb!
Lafhal, Vanloot, Bombarda, Kister, & Dupuy, ) sl

sl an Coud (oriw ceud (g ol 5l eslatwl ¢y 3o (2016



VYO Sy b Julod g 5o (o &5 50 NPK 1y 5lio 0 5500 i g @ pow 2551 oyl 02 g Lsl3T

PC-1 (83%)

kol slaadlge 4355 g, 5l ealiiwl b ey (glaosly Lauseis —F JSG
Fig.2. Detection of outlier data using PCA method

5 \
- .g..‘ " o
o%” .ss A e
C Y o ®
g o + o,
*x £l
e e 0 a
° k3
9
-~ Sy slaodld
a
Outliers
-7
-50 0 70

aS Sygo ol A el Canddy 2o pd s NPK polie lise
= INF < [O¥3]D laodgiome 3 doyd sy K g PN 500
—NYY CIEEAIRY g oy dnws sl /Y Y= VA 5 o/ oYE
adiges g9 ,Silo a5 3gs y905] 09,5 (ly +/YV=+/VY 4 +/-VY
Lad e s |y polde Hlas )
Lyl yacudi

il JS 5 pis 9> Sl g A iod 4S8
g 3ol YFe—Be e adgdoe ;D o BBls jglaieds odalCunddy
Sy sadiges algl plb slacals Hub Bls jegl VIV e s
oL Y US55 yegil Verr B A b 0dgdome 1D G iy
Seas S (sS4 NIR lacads .l ouds o0l
ol Slgs el ,3 45 N-H 5 O-H C-H s Sso (clni gy
s 13 aimd o L (S Tg 3,03 2929 59,50 o S B
5 Lagsgl (alwlid bl )bl adlas jslaiog il
Pl (N-H 5 O-H CoH) (ol (slmog, 5 (5 slacsie
D9 50

039ax0 )8 Judg)lS Ay bgoye Sy SO Y S5 L Bilae
Glybl 3 055 0 0030 &S jabo lan g oo odmliie ylogil O+
> 4 byye a5 303929 (658 S S ragll FA g0 Jsbo
(Rahi et al., 2020) Lawg a5 gladllas > .conl@ gg5 Judg S
bssyo yiogl YoV U FFr odgamme (slacSy a5 oy lis wib ploos!
S (Sre 4l Sy il g 9l )3 J8g)l o s &
Cads Dyl dmy dds o 0 &S BBd 0 &y s bl AT b
b S S 58 pogilh A0+ b )3 90 U355 ¢ 9,8
Ol 0> S 9IS SialS a by e Sl e 45 3980 03 (Giems

Jas byl
Slaye 1l ady) 1 oolatwl Ly sadosldarwgs sla Jdo
s Slape (1WSle 4y, (RMSEC) Y suwly sLlas
G 9 (1o) T omisly (Sisor e pd (RMSEP) ¥ iy

(Nicolai, Theron, s _suwlael (rp) ¥ in i (Sawpn
wolis LPLS Jao oUlgic s en & Lammertyn, 2007)

oobol 3 RPD lade .0 ol (RPD) 2 o i Byl s
ot sUbs o 2l il Laosly Lo Gl o6l s
Ao o i ] Cundds Y/O (YL lade cpl 10T o sy
Moncada, Martin, )l Jad b6 5 Sas sadolyiin Jio o
aS ol y S ;Y (Escuredo, Fischer, & Miguez, 2013
gyl b Bls e cpubly Jdoay oo odgdme (slel g 1l
A 3 il e sl el Ve BDe e i ogs

20 slasula
Gy 5l g xSilse Slas ¢ JBlis) ool (elmodls ) Jgis
5 iwly diwd 93 1, K g P N (sis0 , olic polde (jlse
Y Jgis b olbas amd o Lis @y slmodly Gl 5l am 905

1- Root Mean Square Error of Calibration
2- Root Mean Square Error of Prediction
3- Correlation Coefficient of Calibration
4- Correlation Coefficient of Prediction
5- Residual Predictive Deviation
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Fig.3. The initial raw spectra of apple tree leaf samples a) before and b) after removing the beginning and end of the
spectra
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Fig.4. The NIR absorption spectra of apple tree leaves using different pre-processing methods: a) SNV, b) MSC, c) D1,
d) D2, e) SNV+D1, f) SNV+D2, g) MSC+D1, and h) MSC+D2
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Table 2- The results of calibration and prediction of PLS models based on the combination of different pre-processing
methods for nitrogen estimation

il p e SBAle Olue (b ddy;  ((Sed copo Oluje (be ddy;  (Sapd copo Blyoul Comd
Pre- cshe! sily U sly iy b PR PR
processing LVs RMSEC (%) re RMSEP (%) o RPD
With no pre- 14 0.106 0.808 0.128 0.710 1.98
processing
SNV 11 0.082 0.878 0.101 0.795 251
MSC 12 0.060 0.933 0.076 0.890 3.34
D1 10 0.045 0.962 0.064 0.926 3.01
D2 11 0.028 0.986 0.037 0.974 6.86
SNV+D1 9 0.030 0.983 0.041 0.972 6.2
SNV+D2 6 0.028 0.988 0.034 0.978 7.47
MSC+D1 10 0.032 0.983 0.044 0.970 3.4
MSC+D2 8 0.035 0.976 0.046 0.967 5.7

Cewddy 1.87< RPD <5.96 (yo youd o i sl Bai>s oy
(VAY) 53150 s oya (slaodls (¢l RPD lade o yieS ol
099y 4Ly PLS Jao ¢l 55 RPD e o555 el Canwday
Sle obly a8 sl cunday 04 Jlude L MSCHD2 jsjls i
e L33 S jaed e 2Ll Sl 0380985 Je

A2 o ol

St BLagbsy oS 5 L oadoleidy (Jas sla s

Jde g5 sy Job LB zls pgd 5 Jgl Biie L MSC 4 SNV
MSC+D2 jsjls,— i sla gy (wlwly sa_sal,I PLS
4SS g yebds 1itily (g0 @l b Jde plo 4 Cuns SNVHD2
ie Ly MSCHD2 g, 45 b yasuie RPD polie duslis b
3 RPD ssslccuwsas palao oyl 1) 3 Sloe oy 10 RPD=0/45

smd b5l sl Bild g i alise gla by S 5wl p PLS (ladse w5 (orwly @l =T Jos
Table 3- The results of calibration and prediction of PLS models based on the combination of different pre-processing
methods for phosphorus estimation
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Table 4- The results of calibration and prediction of PLS models based on the combination of different pre-processing

methods for potassium estimation
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