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Non-Destructive Determination of Fresh Leaf Nitrogen Content in Dendrobium Sonia ‘Earsakul’

Using Multivariate Data Analysis of Visible Light Reflectance
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Abstract

Nitrogen is an important element needed for all stages of plant growth. Determining leaf nitrogen
accumulation can be used as an indicator to identify plant health. The objectives of this study were to
clarify the influence of time and frequency of fertilizer application on leaf nitrogen content in Dendrobium
Sonia ‘Earsakul’ and to evaluate the amount of nitrogen content in the orchid leaves by measuring the
color and reflectivity in visible light using multivariate analysis. This is a fast, low cost and easy-to-
implement method. The completely randomized design involved five fertilizer application treatments
i.e., 1) control treatment (spray only water) 2) fertilizer application in the morning once a week 3) fertilizer
application in the morning twice a week 4) fertilizer application in the evening once a week and
5) fertilizer application in the evening twice a week, consecutively for nine months. All five treatments
resulted in a sample population with differences in leaf nitrogen content in the range of 0.89-2.76% dry
weight. The fertilizer application twice a week in the evening enhanced the maximum amount of leaf
nitrogen content and the highest leaf greenness values. The best prediction model including the
reflectance values range of 400-700 nm spectrum, corrected data by the Standard Normal Variate (SNV)
method and combined with the L*, a*, b* gloss values, and the leaf greenness demonstrated a high prediction
accuracy with the R, of 0.9000 and RMSEP of 0.1849% dry weight. The values are considered a high
prediction and it is possible to apply for determination of leaf nitrogen contents without destroying the sample.
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Figure 1 Leaf chlorophyll and color measurement: (a) SPAD-502 chlorophyll meter and measuring

positions (b) Color spectrophotometer and measuring positions
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Table 1 Change in leaf nitrogen content of Dendrobium orchids as affected by fertilizer application for

9 months
Number of Nitrogen content (%dry weight)
Treatment
samples Minimum Maximum Average £ SD
No fertilizer 30 0.89 1.62 1.22 +0.20°
Fertilizer once a week in the
30 1.68 2.24 1.89 £0.12°
morning
Fertilizer twice a week in the b
. 30 1.90 2.49 217 +0.15
morning
Fertilizer once a week in the
30 1.75 2.30 1.94 £0.12°
evening
Fertilizer twice a week in the
30 1.91 2.76 2.36 + 0.23°

evening

Remarks: Average + Standard deviation with the different letters in the same column was significant at p < 0.05 by Duncan’s

multiple range test (DMRT)
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I o

a = A =< = '
HALDANE 'ﬂﬂm@qﬁlﬁﬂ’]ﬂ‘u 46.44 TIHAINNLLEANF

NIADAAUNANININUG RAAARDINUNAUD

a v

N9 RAAREILATEY Spectro-guide sphere gloss

' ' o

ANUI ANAINEGN (L) WinAy 40.51 AN LTen

(@) winf -9.51 havAN@uaed (b) windu 21.85

o o

(Table 2) TILANFANIDLN1IN WU RN AUNINATA

o = - 1 1 v v
NUNNNIN LNURLLASRATHNITOLNLANIN SLUﬂ@QﬂVLN
AN Y ve 4 o S o = ) = -
VIVLNVLW?Uﬂ‘ﬂuu’ﬂmﬂ@uﬂlqﬂLﬁ@'ﬂﬂﬂqqnﬂW?wLN‘LW]

(Figure 2)

2.2 ANd

A o e oA =
WWaRa1sunATAdaNnLATad Spectro-
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= rdl dl . v @ !
NINLNUFBY ] TN Figure 2 wansliLingn
lurasndas i laifinalifuAaudad@mans
d' dl o 1 = I3 =l o
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ANUANLANFA19Te9Aasinaiuladn 1Hasann
Naualulnsiau nlinisdansziinaalslag
amad (Sruamsiri, 2011: Marschner, 1995) LH 8
a \ N = = a A
NANTUNAN @ NINAL TILAANDIANNTIWA LT 817
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WAZAN b* NINAL TIWAAIDIAINNTURLNA DY
wudngulunaoeldnladldifasieanngui

o o

Wi eaeinaliadAty an Figure 2 uams i
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= dl o 2 = \
Alunduddeteaniuass InadAuuAnsn
| g v Aaa 1y \
annngulitlandddasidu TnaA1aaue
(gloss) 1a4lundqeldldimanuunnsneaniy
nalunquinliilauazladliia lafiansnia
ANANTUSIETNaAN LR RuLAZANR L a b
1 o erdld o '3
NUATIAINNANAUTNAAINAINNENAUTUD

ANAIINAINY (L) wazAn b* Aumnlulnsiay

WAL -0.7026 Way -0.7137 AnuanaL (Table 3)
anmslszfiulsrdvisnmaeeies Chlorophyli
meter §14 SPAD-502 Ua¥ \A3899A@ Spectro-
guide sphere gloss FuwLdn Heaadiatas
auneiAsfA U leR dranlunisldean uay

ANNNTDLARAIALBNADWEIUTINAa la

Table 2 The leaf greenness (SPAD units), L a b values, and gloss of Dendrobium orchids as affected

by fertilizer application for 9 months

* *

Treatment SPAD unit L a b Gloss

No fertilizer 46.44 +5.99° 40.51 £ 2.09° -9.51+0.81° 21.85+£2.93% 299+ 1.23°
Fertilizer once a week b b . b a
. . 58.42 + 3.93 36.83 + 1.63 -8.50 + 0.91 16.76 £ 2.23 3.19+1.52
in the morning
Fertilizer twice a week | b . b a
. . 61.03 + 3.90 36.85 + 1.66 -8.59 + 0.64 16.75 £ 2.07 3.08+1.22
in the morning
Fertilizer once a week . be . b a
. . 61.15 + 3.61 36.36 + 1.75 -8.39+£0.89 16.09 £ 2.47 297 +1.26
in the evening
Fertilizer twice a week

63.28 + 4.19° 35.67 £ 1.23° -8.29 + 0.54° 15.03+1.57° 294 +1.36°

in the evening

Remarks:  Average + Standard deviation with the different letters in the same column was significant at p < 0. 05 by

Duncan’s multiple range test (DMRT), ns = non-significant differences

Fertilizer once  Fertilizer once
a week in the a week in the
morning

No fertilizer

Fertilizer twice Fertilizer twice
aweekinthe  aweekin the
morning evening

Figure 2 The leaf color at the 3" position from the top shoots of Dendrobium orchids as affected by

fertilizer application for 9 months
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= A o 9
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£% |

o o ar ¥ '

atinelda g1 Ay ienengfuviniu uaziile

o

a o o & ' ' = dl v
WANTIUNAMHNANNUTTEUNINNAN mmmﬂfﬂumim

a1 nA1 SPAD unit fUUFN W IUIATIAY WL9N

1A R MNAY 0.7913 Faanadalanlugannn

a

o

d1usunisunldldun A NN AUsTuUI N0
lulmnsia (Table 3) WHavanngdainanailads
¥ o

MnaadestuilFuinslulnsauazanluly |y

ANIA BIYURIAUNT WATEI99TTIBINTT

]

—

aspyuAuln (Abrol, 1991) uazAANTaaly
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fdtuetiunanumuunaasludndas Taeluid naalsflagainatpanudanluld Geaunsa
ANuLINIn Wiu lundoaldananaaaziian Branldununisfntiunninaelsilasiidasarn
AuEenlunnN (Oilitsaranukul, 2004) uaziiied #a81813 N.N-Dimethylformamide (DMF) &adaqd
Aausunluaan 1p3a9 Chiorophyll meter 34 nsvinaneeting uazALFannaelaladTls
SPAD-502 azliatnnsadnAinatadaaluls fuilArtfesndnniidnldase (Oilitsaranukul,
Fiemas ezananandamednsluifipanamn 2004) A q&ufmmmwfammqLmﬁvmqmu
mnﬁqmﬁm 1.2 mm winfu (Konika Minolta, ﬁﬁmanw‘ﬁluj (s

2009) wAAINAAN b6 a1xn7n M s i3 NN

Table 3 Correlation between nitrogen content and light reflectance properties

* * *

Pearson’s correlation SPAD unit L a b

Nitrogen content (% dry weight) 0.7913" -0.7026" 0.4432" -0.7137"

Remarks: ** Correlation is significant at the 0.01 level (2-tailed) probability

3. An1sasaungaludoanaanNaiuls gnunsanaiiulunane ladifud@sn Wananson
(visible light) WuadnmannUsuumasieis SNV 1iean
WHadaAN1dzyiauLasraslunans e nsnsziAsuasaaiuatme lfifnmnuulsilsou
anannelua9uas visible light AiasANENIARY Ium@u@ﬁ 5918 (Terdwongworakul, 2012) Tiszsi
400-700 W TUNAT FReLATednd Spectro-guide nstjenuansneiu wudnduanlnpsaesngs
sphere gloss WUALNAFHENFAYGITUAINAN flaifinns s fidaspnuenanu 550 wiluiums
N8 BULA9 T NANNENIAAULTENL 550 FearasiauLaeddeanad warludaennNeng
. dJ ! dl dl v al =
U TUINAT (Figure 3a) TINNILAIINGT WA AR 580-590 U1 TULNAT NALDULAIRIUAD
aziauuasdidaneanun doutouas 400-490 ansiagaluEen Faumeuiungun it (Figure
U TN way 610-670 W Twums dailungad 3b) degannaadnuAluraanaqeldnlys
N9 R UATUASA WAL NARANAY HuaYin T mslijauazliiils (Figure 2)
20 3
......... No fertilizer wssnsssss No fertilizer
——— Once a week in the morning . Onu a week ix.nhe momilixg
15 S et moming - ;:vnceaweilﬁ m‘ l:he .
® I o1
10 £
A1 S0 -
£ <
S s 2, | -
(a) (b)
0 T T T T T T T T T _2 T T T T T T T T T
400 430 460 490 520 550 580 610 640 670 700 400 430 460 490 520 550 580 610 640 670 700
Wavelength (nm) Wavelength (nm)

Figure 3 Average of spectra a) visible light reflectance at 400-700 nm of Dendrobium orchids and b)

spectral pretreatment with SNV under different fertilizer application
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4. annsasaann1svnadTunnlulngiau
vhAnnsdeiauuadusazANNEInAY
Tugaguas visible light Faust 400-700 ur LA
ldafrsaunisniunedsunadlulnsiaulinag
nevinuneialdA R, windu 0.8331 wazen
RMSEP winiy 0.22871tlefifusiminuis uas
dlaldAnnsasfeuuasresduaitnnadous
400-700 Wnluiums 7isuusedaeda SNy lad
gunisniuwredTunmlulnsiausaeds PLSR
I uanisRaunafidnddusidnnandilale

UFuusiainlean R, iy 0.8721 uazpn RMSEP

]
=

Winu 0.2040 wefidusinuiinuwiia (Table 4) T4

Dq

nanIUNeLafiansunannAdutszans
N1TNANAE (regression coefficient) 299N17R514
ANNIIABLNIATFIU WUANENI AR LTI AN ATy
‘17'{3?'mzﬁ“ugmiﬂmqmz‘ﬁ“uﬂi:ﬁmﬁrﬂwammqmdﬁ
1.00 gnidenaeldluaunisiiuiaduie
ANNNsdauLATTIAYINENIABY 420 440 520
550 610 630 650 LAz 700 W1 TULHAT (Figure 4)
#alutaauasiinFuuaruaIdLAg antasi
AN ULASTIAINENIAALI 8 AILENY
ravuliladeaunisvune Bunadlulnsiauliug

nN19IuNafa biAn R, 19Ny 0.8570 uas

A1 RMSEP 171 0.2159 1lafiduainuinwii
L A v . o 2 .

F9ANI1N17lEAINITA LB ULAIANTNAIT 29
ANENIAAL 400-700 W TuLNAT aflanatin

- , = =

AINN19AANAULAIIUTIILAIALAITI B A
dl v o/ & 1 dl =3 v
Neatasiunisganauuasludosuaainesiuls

(visible light) 284 chlorophyll a (Kramer and

oA

Smith, 1947) ﬁLﬂui\mfﬁlqiuﬁmﬂummwu
prdnyiige manziduanafivinliiAaufREen
waalunszuaunsdanmzimaauna wazlulngiau
ﬂ”\‘lLflumﬁ’ﬂi:ﬂ@uﬁzﬁﬁﬁmmmﬁ@ﬂiﬂm"%ﬂé’qa
Faheaadneadatunisldtasuas visible light
Tuneniunga ugnuiaeeyizaulaedn
Uanavunudafgadesiunisfiud uuazanas
VRINATAE AN ] LITRVUINTEY) (3213 (Timkhum
and Terdwongworakul, 2012) atinglafinnu Lfi'ﬂﬁ’]
ANNITASH A ULAITRILAUALUNATNT29
400-700 wiluims AI5UUAIE2EAE SNV Sauriv
nsldfautlsauie Ad L a* b* AMA2INL
(gloss) uazAtANNlealy Tlasnaaunisvinune
Burlulnsiaulinanimageaudaunisvinune
AAnd1mnas I AR, LA TU 0.9000 uaz
A RMSEP Wit 0.1849 tlefifusinuninuis

(Figure 5)

Table 4 PLSR model for predicting nitrogen content of Dendrobium Sonia ‘Earsakul’ from reflectance

spectra

Variables LV

RMSEC RMSEP

C

(% dry weight)

p

(% dry weight)

L*, a*, b*, gloss

L*, a*, b*, gloss + SPAD

Reflection in 400-700 nm

SNV of Reflection in 400-700 nm

420, 440, 520, 550, 610, 630, 650, 700 nm

W N O o W W

L*, a*, b*, gloss + SPAD + SNV400-700

0.7909 0.2586 0.7943 0.2523
0.8623 0.2140 0.8657 0.2150
0.8924 0.1907 0.8331 0.2287
0.8881 0.1943 0.8721 0.2040
0.8850 0.1968 0.8570 0.2159
0.8856 0.1962 0.9000 0.1849

Remarks: LV is a Latent variable
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2.00 -
150 +
1.00
0.50
0.00
-0.50

Regression coefficients

-1.00 -
-1.50
-2.00 -

-2.50 -

550

600 650 700

Wavelength (nm)

Figure 4 Regression coefficient plot of calibration model for predicting nitrogen content by using visible

light reflectance at 400-700 nm

= =
%} (a) Calibration Eﬂ (b) Prediction
u;» 25 - R =0.8856 o ° oo g 25 - R,=0.9000
A a L) ° o o
> RMSEC = 0.1962 » % > RMSEP = 0.1849 ° e, % ®
9 K ") 4 L] A
2 2 T, aiate a8 2 4 nRet bt e
N A X Sm
< ~ X
x X - A
T 15 X . T 15 -
2 e 2 x X
g x X X No fertilizer g X No fertilizer
E. 1 Xx M Once a week in the morning E. 14 < x B Once a week in the morning
X
E A Twice a week in the morning 5 A Twice a week in the morning
=) - o0 m
I 0.3 Once a week in the evening 4 0.5 Once a week in the evening
= =
z @ Twice a week in the evening Z @ Twice a week in the evening
0 T T T T T 0 T T T T T
0 0.5 1 1.5 2 2.5 3 0 0.5 1 L5 2 2.5 3

Nitrogen measured (%Dry weight)

Nitrogen measured (%Dry weight)

Figure 5 Scatter plot of a) calibration and b) prediction results based on SNV pretreated visible light

reflectance spectra, L a b values, gloss and leaf greenness
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