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Prediction for Nitrogen Content of Apple Leaves Using Spectral Features
Parameters from Visible and Near Infrared Lights
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Abstract; Apple nitrogen status is a key indicator for evaluating quality of apple fruits. In order to
estimate total nitrogen content of apple leaves (LNC), a way was proposed to monitor LNC which
extracted spectral characteristics parameters from hyperspectral reflectance in the visible and near infrared
regions. Hyperspectral monitoring of LNC was realized by using empirical regression analysis. Results
showed that the correlation between spectral parameters and leafl nitrogen content was good in whole
growth period, the best spectral parameters were K, and S, ,,., respectively, the correlation coefficient
was 0. 85, the correlation between spectral parameters and leaf nitrogen content was bad, and a lot of
spectral parameters were highly uncorrelated. Modeling results showed that the best model in the slope of
the spectral characteristic curve was K, of Fuji apple, the determination coefficient was 0. 76, the root
mean square error was 0. 28, the relative error was zero, the best model in spectral characteristic curve
area was S, . and S, ., of gala apple, the determination coefficient was all 0. 76, the root mean square
error was all 0.30, the relative error was all 0. 01% and zero; the best model in area ratio vegetation
index was S, cpe/S agep and S cpp/S 1 pep of Fuji apple and S, ;./S . 1z of Gala apple, the determination
coefficient was 0.74, the root mean square error was all 0.35, the relative error was 0.01% and
0.02% , the best model in area normalized vegetation index was (S, cpr = S,pe0 )/ (Sacor + S pagep) I
the whole growth period and (S,cpr = Sause )/ (Sacoe + Snause) of Gala apple, the determination

coefficient was all 0. 73, the root mean square error was 0. 36 and 0. 31, and the relative error was zero
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and - 0.01%. the

determination coefficient, the root mean square error and the relative error was 0. 47, 0. 34 and -3.78%

The best verification results was area ratio vegetation index S, .;./Sisc»

in the whole growth period, respectively. The determination coefficient, the root mean square error and
the relative error was 0.37, 0.34, 3.00% and 0.40, 0.38, 3.70% in Fuji and Gala apple varieties,
respectively. The other spectral characteristic parameters were significantly correlated with the LNC
- SAFGI[ )/

spectral characteristic area

except speciral characteristic area variable S, ... and normalized area vegetation index (S, .,
(Sacoe +Saren),» in which spectral characteristic curve slope K,, and K, ,
S papc and S, 5., , area ratio vegetation index S, .pp/S . pcs Sacor”Saper and S, ppr/S aupe, normalized

- SAABC )/( SACDE + SAABC) ’ (SACDE - SABCD )/< SACDE + SAB(JD) and
= Saunc )/ CSaper + Saupe) can describe preferably dynamic changes of LNC and these

area vegetation index (S, .,;

( SAI)EF

characteristic parameters were feasible for prediction of LNC of apples. By the precision evaluation of

=S anc )/
(S pcpe +S aape) was proved to be the best model for estimation of LNC of apples. The results showed that the

estimation models, the algorithm model constructed by S, /S sunc> Sacoe”S arcy and (S 5 cpi

2017 4

characteristics of the hyperspectral curve can provide a new reference for monitoring nitrogen nutrition.

Key words: apple; hyperspectral remote sensing; spectral feature; leaf nitrogen concentration
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Tab.1 Data acquired at each measured time

H BLAEYN WhAEEH AW

AR PEAR
2012-05-10  FHIEKY FHEKHE 44 16
2012-07-03  FAHERY FAERE 43 15
2012-08—10  JRSEWAH R 44 16
2012-09-20  REEAM  AEAY 43 16
20121018  RSCAEM AR 44 16
2013 — 04 — 20 FF A % 1 TFAE B0 27 9
2013-05-25  HMIERKY HHERY 27 9
2013 -07 - 18 BRAHEI  BKAHIE R I 27 9
2013 -08-30 AWM S 27 9
2013 -10-25  SRSTAEJY mHAE ) 27 9
it 353 124
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L2 FERMHFRENE

M F oG i % A FieldSpec® Pro FR %l 1% 1%
( ASD Inc. , Boulder, Colorado, USA) #i i H 3
(ASD leaf clip ) FEA7 0 & o I S |if b o 13 A gk 47
ROIE  AER T 4 7 ) 4530 1 3 i J T 63
I HE 4 AR LR R 16 Al 3 3
MR A2 0 R i i e R A e A B
Fil 2 350 ~2 500 nm, Bt A ShEME K 1 nm [ f7,
H it 4y WERAE 350 ~1 000 nm Yk 3 nm, 7E 1 000 ~
2500 nm N>k 10 nm, 7E 350 ~ 1 000 nm 335 [ N AL 6] BE
9 1.4 nm, 7E 1000 ~2 500 nm {5 il P RAE [E] B 2 2 nm
1.3 ERLNCUE

AT AL HEE e RS 4 7 3Rt v f 28
SRR AE 10SC R AR 30 min, SR )5 85 Br 50 2R
R RS FE 75°CF T4 48 h DL b, 1 % 16 5 B AR
TR AR B E AL (Buchi B — 339,
Switzerland ) X} 35 LNC gEAT I & , A [R] it o 32 2R i
ARG RMEEG I 2,

®2 AEMBEERMHAERSEMEESITOHE
Tab.2 Descriptive statistical analysis of LNC in

different periods

BEAS BRAE (g0 d/ME/ (g M/ (g0 ARifERE/ (8¢

1] -1 -1 -1 -1
B (100g) ") (100g) ') (100g) ~') (100g) ')
2012 4 297 3.78 1.84 2.91 0.44
2013 4 180 4. 60 1.99 2.61 0. 60

14 AEmMAREEHAMHEE RS R %
P 1 Ay R S SR AN [ A 7 300 )
SECTE 2o UAE AT WL DG — 3T 21 A BOAS A7 AR AL
W, JADETE R IR I B TRAREH SR
) 77 7 58 A 5, 1k T 30 o i 2 R M R IR 1 o AE AT
WOLHE B (390 ~ 780 nm) , i f ( EZR ML E) X)
LU NG BA SR 2 VR T X 2RO B A 55 I
PR T, T BT 3L T 114 2o g S 535 DI % o 25 7R A 20 5 i8¢
Bt (780 ~ 1050 nm) , fiy F i A 19 2 30 S, SO o

< 1t
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Fig. 1 Reflectance spectrum curves of apple leaf from

different varieties and growth stages
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Fig.2 Reflectance spectra curves of apple leaves
1.6 SitsoHr

BEIPE REC(R) (U7 iR 2 (RMSE) AR X
522 (RE) 1 07 51 5 56 UE RS 18 i 36 o R® 36
ARBTALE 5 LI 400 B, R IR F 1, R
AU A AR BE B s RMSE A1 RE Sk 70 {E -5
S L P i 2 B, LB/ D , TR B

2 HRESMN

2.1 REHFMESHS LNC XM

FIH 2013 42 R 180 5 30 R (& 1 b
135 J3 0 J, LWL 5 Ff 45 70k ) A B ik SR R
MG R | ST A [ AR & R4 AR B O 1S R A
SR LNC AR 45 R LK 4, HE 4 TR
Al OGiE R AE S80S LNC 76K [7] A48 3 100 56 1
ZERER, EEF - MRESBERRLEFTNS
LNC AHH G 3 A0 26 (p < 0.05) FIK B 35 A1 ¢
(p <0.01) B4 Al fE. JEIERAIE 2R % 5 LNC 78
AT WRRE TR E M, AR SF BT K,
L IR AN AH G 22 A, LA B A G, L oA Sk
B I 1) 6T AR A Hh 2R3 02 500 ~ 550 nm 40 I B
JEE MR R K, HAH OC R EOZ 0. 86, FH 1 d 2
[ J2& 680 ~760 nm 131 % Bk th e &t % K, HAH
KRARBUE 0. 24 EiEFE & ALY LNC fE24EF
0 KA [ i B R S L B S e AN SEA1, T A AR
TR T O S A G A DG g Y £ T AR
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Tab.3 Definition of parameters from spectral curves

e iS5 R S
K, 400 ~ 500 nm T BT A8 B BEOG TS i AL ky
K, 500 ~550 nm £ P BOGiE Ml 2R AL Ky
Ko LRI F| 2145 550 ~ 680 nm I B 6% 2R RL % ke
St AE il 2R A R K. 680 ~ 760 nm £1 31 I BOGIE 2R AL k)
Kin 760 ~910 nm i Bt 1% M KRB &y
K, 910 ~ 960 nm % B % 1l 22 BHK ke
K 960 ~ 1 050 nm % B 6 il 2 4HE kb
S pac 400 ~ 500 nm 5 500 ~ 550 nm il B 535 il £k ] i 1 7
S pBcp 500 ~550 nm 4 550 ~ 680 nm Ik B »mﬂk@ﬁimﬁ
S ace 550 ~ 680 nm 15 680 ~ 760 nm P B i i 28 [l ik 1 i B
PR 2 S A pEr 680 ~760 nm 5 760 ~910 nm i Bt 1% h 28 F % Y 1 FR
S akre 760 ~910 nm 15 910 ~ 960 nm I B 't 33 il 25 Rl i (1 1o
S 5 ren 910 ~960 nm 5 960 ~ 1 050 nm i B 3% 1 2 Bl Al i 1 £
ASA(I)l'/SAAB(
SA(,I)I/gAI)’LI) .
S s It BB A A 4 A
ACDE AFGH
SADLE/SAABL

HBR L (Sacor =Saasc)/(Sacoe +Saapc)
(SAL'DE _SABCD)/<SACDE +SABCD) .
(Sacor —Sarca)’(Sacos +Sarch) TR A — 10 A B 5 4
(S pper =Saasc)”(Saper +Sansc)
F4 LNC EHXKXESHTEZHMNHEXREY
Tab.4 Correlation coefficients between LNC and spectral features
P TRAER BFMEIER BOEIER REER RS [CER ML I 2EEM
(n=36) (n=36) (n=36) (n=36) (n=36) (n=135) (n=45) (n=180)
K. -0.44 0.33* 0.44 " 0.15" 0.31* 0.53 " 0.03" 0.37*
K,. -0.21"" 0.05" 0.28** -0. 12" -0.08" 0.86* 0.83* 0.85"
K, 0.17 " -0.05™ -0.04" 0.15" 0.03M -0.84" -0.84" -0.84"
K. -0.05M 0.36** 0.28** 0.17" -0.11™ 0.45* 0.24N 0.40"*
Koin -0.08M 0.39 " -0.18" 0.11M 0.43* -0.57"  -0.63"  -0.58"
K. -0.42* -0.08" -0.02M -0.20 0.55* -0.61" -0.72" -0.64 "
Ko -0.15" 0.02M -0.32* 0.24* 0.13% -0.32" -0.37" -0.32"
S aanc -0.13M -0.04M 0. 12" -0.21* -0.15" 0.85" 0.85" 0.85""
S anen -0.20"" 0.05" 0.21" -0.13" -0.07" 0.85" 0.84* 0.84"
S acoe -0.13M 0.37* 0.26"" 0. 12" -0.10™ 0.74 0.63 " 0.71°*
S aver -0.05™ 0.35" 0.31" 0.15° -0.17" 0.57" 0.41* 0.53"
S arre 0.32* 0.23* -0.15" 0.19* 0.07" -0.18" 0. 12" -0.15*
S arcn 0.17" 0.06™ -0.26* 0.28** -0.18"* 0.19* 0.37* 0.24°*
S acoe’S pasc 0.12M 0. 12 -0.07" 0.26* 0.16* -0.84" -0.85" -0.83 "
Sacoe’S asen 0.23* 0.05™ -0.19° 0.18° 0.06™ -0.84™  -0.86" -0.84"
Sncoe’ Sarcn 0.20 ** 0.01M -0.29 0.28 ** -0.15" 0.03" 0.24N -0.83 "
S aver/S panc 0.13M 0.11% -0.06M 0.26 " 0.15* ~0.84*  -0.85"  —0.84*
(Sacoe =Saapc)/(Sacor +Saapc) 0.12M 0.15* -0.07™ 0.27* 0.15* -0.84" -0.85"" -0.84"
(Sacoe =Sapen)/(Sacoe +Sapen) 0.20 " 0.06M -0.19* 0.19* 0.06M -0.85  -0.85"  -0.84"
(Spcoe =Sareu)/(Spcop +Saren)  -0.20"  -0.01" 0.29 " -0.28* 0.15* -0.03" —0.24M -0.09™
(Saner =Saasc)/(Saper +S aanc) 0.12" 0. 14" -0.05™ 0.27** 0.13% -0.84" -0.85"" -0.83"

T xR (p <0.01) , = R (p <0.05) NS FIRAHIK

400 ~500 nm 55 500 ~ 550 nm 7 Bz e 1 iy £k Fr [l A FEfEAEBdR B LNC e 2B 7 W 0k 3] 1k i =%
AITRIAR S 4 ape , HEAH SR R B N 0. 85 HISCER 22 /Y AHSC, P AR S A BR S i/ S e 035 B 1235 8
J& 910 ~960 nm 5 960 ~ 1 050 nm P BOEHE I L I SCAh, HARAR R B 1 M 28 A1 5, HOAR O 2 e /ME
BRI R S po, 5 E LRI SRR LOZ 0. 195 1A 9 0. 835 i B — (L AE B4 &5 LNC A e, B
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(Spcor = Saren)/ (Sacor + Sapen) 3 LNC fEREH
SRS [ s Aol AN A 5G Bh , JHC Al AR B 45 B0 38 21 T R
3R O AH G R B /IME D 0. 83
2.2 ¥EFRLNC HE#ENES

FI 2013 4R AR 180 3 R it i LNC M Af
LG T B AR 3R 4 OB TS RRAE S LNC A ¢
P 3 AT 45 5, 6 B A 56 2R B804 % 48 R 1) 3 R AE
P32 LNC A SRR A ST LR 1 2 0
XTECN . S AT A, XS R AR X S
LNC ¥ HA B0 Al 50K B2, G op 5 70 0 £l 5
BRI RE 423, (H /2 & - 19 RMSE 4/ 7 I i (1Y
RMSE , 't 3% 4F Ak i 2 24 32 vh fili 550 B B 0 1)
TIERA K, , 3 R 9 0.76 ,RMSE g 0.28 ¢/ (100 g) ,
RE 2 05 5% 7 AE i £ 1 B o Al B30 0 7 A 1) 2 4
BN S e TS pep» 3o RZ3 K 0. 76 , RMSE

40.30¢/(100 g) ,RE 435 2y 0. 01% F1 0 5 1 £ LG {EL
A 5 T Al B3 A Y A A ) 2 TR R SR Y S S i/
S s S scos”S wweo S pper/ S wane » Fe R ¥4 0. 74,
RMSE ¥} 0.35 g/(100 g) ,RE 4> %]k - 0.01% .
0.01% 1 0. 02% ; 1 AT — fb A Bl 5 B3 b Ak 5345 7Y
BEHF 10 2 WAL S R (S cor = Sause )/ (Sacor +
Spe) WAL T W (Sacor = Sanen )/ (Spcor +
S,pen) s Ho R ¥yl 0.73, RMSE 43 5] 4 0.36,
0.31 g/(100 g) ,RE 454 0 Fl —0.01% . 453 3%
T, SCHR A 0 il 2R R AR AR B ST AR 2 AR
[Fi) 5t Al 119 52 M 7 48 e b 4 34 3P 2 LG
2.3 ¥R LNC E#BMIIE

T P AR R (RGN AT RE P i A 2012 4
297 AR R REAS (& 5 218 i, T
RT9 F it ) I LNC K AH R 906 3% B8 2517 30 00E

£S5 ERILNC5FRRALESHHEEXR

Tab.5 Quantitative relationships between apple LNC and spectral features

EEF W (n=180)

Sk e iS5 W (n=135) R’ RASEs RE/%
WO (n =45 ) (g-(100g) ~")
y =1.521 6lnx +13. 642 0.75 0.30 0.02
K, y =1.463 6lnx +13. 248 0.76 0.28 0
A 2 y =1.669 3lnx + 14. 64 0.74 0.35 -0.01
y=3370.2x +1.708 6 0.70 0.33 0
K, y=-3229.7x+1.781 4 0.71 0.30 0
y= -3751.8x+1.4999 0. 70 0.37 0
y= —0.1642x> +1.538 2x +0.414 8 0.76 0.30 0.01
S aane y=1.483 2Inx + 1. 826 0.75 0.28 0
" ] . y=1.714Inx + 1. 533 0.75 0.34 0
JERRAE TR i y= —0.046 9x* +0.814 9x +0.471 8 0.76 0.30 0
S anen y =1.453 3Inx +0. 949 8 0.75 0.28 0
y =1.666 4lnx +0. 597 3 0.74 0.34 0
y =0.006 6x% —0.311 4x +6. 14 0.72 0.32 -0.36
S acoe’S panc y= —1.604Inx +7.367 2 0.72 0.30 -0.02
y= —1.839Inx +7.859 8 0.74 0.35 -0.01
y=0.017 7x* —=0.503 8x +5.900 9 0.73 0.31 0.11
TR AL L {4 45 % S coe”S anen y= —1.59Inx +6.344 5 0.73 0.30 0.01
y= -0.2429x +5.021 1 0.74 0.35 0.01
y=0.014 1x* —0.437 2x +5.723 4 0.73 0.31 -0.02
S aper/S pasc y= —1.518Inx +7.240 1 0.72 0.30 0.02
y= —1.743Inx +7.7259 0.74 0.35 0.02
y= —55.419x% +81.348x - 25.736 0.72 0.32 -0.03
(Sacor =Saapc)/(Sacpr +Saapc) y= —11.695x +13. 186 0.71 0.30 -0.01
y= —13.307x + 14. 437 0.73 0.36 0
y = —22.152x% +24.984x —2.966 4 0.73 0.31 -0.01
T A — R AT Bt 458 %X (Sacoe =Sanen)/(Sacoe +Sapcn) y=-7.127x +8.517 0.72 0.30 0
y= -8.1295x+9.1958 0.72 0.36 0
y = —62.203x% +93. 706x —31.222 0.72 0.32 -0.01
(Spper =Spasc)/(Saper +Spasc) y= -11.531x +13. 13 0.71 0.31 0
y= —13.138x + 14. 393 0.72 0.36 -0.02
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BAESS R R 6 Frox. & 6 nf LIE ), 3T af Il
- 2L A0 G IS FRAE A3 S LNC 55 iE 45 S AR Ik )
TG, Herp R o S SR A L S R A SR A (Y
RE #3% ,{H & & 1+ ) RMSE ¥/ T & i (1) RMSE,
55U 25 SR S5 2 00 2 T R U AB A B8 0 S 4 o/ S s
1E4 4 B W R® RMSE FI RE 43 5] 4 0. 47 0. 34 g/
(100 g) 1 -3.78% , & L i Fh ) R* .RMSE 1 RE 43
12k 0.37.,0.34 g/ (100 g) Fl 3.00% , /& o 5 Fh 1Y
R® RMSE 1 RE 4} %4 0.40.0.38 g/(100 g) Fl
3.70% 5 &k 2 B H — b A w48 B (S e -
S nanc )/ (S ncoe + S pape) FCS g pgr =S aane )/ (S ppir +
Spme), ~HEAET WM R RMSE, RE 4 51 4
0.44 0.35g/(100 g) . -3.64% F10.39 g/(100 g) .
0.35,-2.63% , 5+ #m R° . RMSE .RE 451K
0.41.0.33 g/ (100 g) .3.00% #i1 0.40.0.33 g/ (100 g) .
2.80% , VL Wk kL FF %) R RMSE . RE /43 31|y 0.43 .
0.38 g/(100 g) .2.65% F1 0.41.0.38 g/(100 g) .
2.33% ; 55 UE 45 R B 25 19 2 500 ~ 550 nm 3% i Bt
i AR K, 2R B WA R RMSE 1 RE 43

AR 0.17.0.42 g/ (100 g) . —5.34% , & L i A iy
R® RMSE F1 RE 4} %]/ 0.19,0.38 g/(100 g) Fl
—-1.93% , I uki 5y A ) R® RMSE 1 RE 43 %14 0. 10,
0.45g/(100 g)Fl -1.66% ., BT R T S5k EA
K, L5 FEAS B AT O, T Al BB R B AR A 2 180 4,
B UEFE A S 297 A, 56 UE 9 FEAS 5 K T JE A I A
AL LA UE ) RN T B R 5 TE AR R
RMSE 5 £t 54 Y (1) RMSE 422 3/t , 1) W] 45 Y 11 2 2
PR, TN B8 ) 38R o BRI IE B Y (1) RE i K
TAGEBAL Y REHIZHR/N T 10% , R WA L5
RORAT o 27675 8RR AT UL -3 21 80 w8 Dt 5 4
TEAG B3 S LNC ) R R 56 E RS B, o 2% 35k JC T Y
BUAB A B A B0 S 4 co/’S oane « T BLIA — FL A B 35 2K
(Sacor =Samse)/ (Sacor +Saape) WS wppr =S sape )/
(S pper +Spape) ME R R T R LNC Y fe A 1000 A
AL NE 3 s

3 it
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Tab.6 Validation results of apple LNC estimation model
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Fig.3 Comparisons of predicted and measured apple LNC
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