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Table 2 The definition of spectral parameters
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Fig.1 Correlation between the original spectrum and the

leaf nitrogen content
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Table 3 Modeling and verification of leaf nitrogen content based on original spectrum
A (n=180) I AIF (n=297)
JEiEFE L EYEp¥ ) ;
R? RMSE RE/% R’ RMSE RE/%
Rsss y=23.5052+0.650 5 0.58 0.39 10.80 0.03 0.45 13.89
Ryos y=15.766x-2.512 2 0.68 0.34 9.26 0.18 0.40 11.68
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Fig.2 Correlation between the differential spectral reflec-

tance and the leaf nitrogen content
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Table 4 Modeling and verification of chlorophyll content based on original spectrum
o A (n=180) B E(n=297)
ke B ml =77 72
R? RMSE RE/% R’ RMSE RE/%
D5y y=1.477In(x)+12.44 0.75 0.30 8.15 0.38 0.37 12.13
Dsso y=-2473.9x+1.068 8 0.80 0.27 7.39 0.44 0.34 10.78
Dyog y=440.72-1.342 5 0.76 0.29 8.09 0.35 0.39 12.74
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Fig.3 Contour map of coefficients of determination for linear relationship between NDSI\RSI and LNC
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Table 5 Modeling and verification of leaf nitrogen content based on NDSI and RSI

ot L (n=180) BAIE (n=297)
JEREFE HL i) )5 5 A -
R? RMSE RE/% R’ RMSE RE/%
NDSIis67 615 y=12.042x+0.624 7 0.80 7.14 0.52 0.36 12.11
RS 550 615) y=2.8449x-1.841 1 0.81 7.05 0.57 0.35 11.75

33 ¥ RMAESESZBXLIEHEXESF

B Ri&E

M A S i e B = 1] A OGP 43
Bran 3R 6 it s o £031 N Jie K — B 353 (8 Dr Fi 34
P 5 K — B B o 6 7 1 38 Ay 5 0 B RS B
ik F) 5EAHOC (p=0.05) , HoAx =i i e 8 5 M A
A i Ak B T AR OC (p=0.01) ; Y61 5 2
Ab.Ag.Ro.SDr B4R 5 it 5 Al & &k 3 7 W 3 A
K AEARR DG LEBA , FAB 43 53]y 0.22.,0.45.,0.27 Fl
0.39; H AT 48 5 nh i S0 A G HERR R # 4f
AH G M 5 i 1 = 3 6 % 48 B0 SDy, L fH 2 0.88.
AR R IR 7HI R, ATUER T =l
6 8 HY i L T AE AR Lk A AR A 2k
PERLRL A AR, 36T SDy BT 44 £ 110 48 M 55 780 55 H A BT
P B AH L, LA fe R e RECR(0.78) , i
/NE) RMSE (0.28) fRE(7.46%) . F& T Rg.SDb,
SDr/SDb A1 (SDr-SDb) /(SDr+SDb) K i % % #
2240, HAh 56 UE 25 5B A A w1 RV AR A RMSE
M RE. H b (SDr-SDy)/(SDr+SDy) H ## # (%
R’ .RMSE F1 RE 43514 0.75% .0.30% #18.00% , 4
IE ) R*. RMSE H1 RE 43 5l i 0.47% . 0.35% #il
11.56 % o AH bt I At 6 1% 48 by g i S0 St v Al &
TR R UG, AN RO B R i L IR 4 2R
R H R
3 ¥RMHAREESHEEYEENITRRE

it FH K €8 9 156 o A 5 0 A% A B i B X I
T e A5 SR A Y 2 A G IR M R AT
FEESN(REMEI) ., RS LLFE M, FIH K
O TR A BT 7 1, G T 4R B R AU K 506
1B BE K/ IR N Rg/Ro=>NDST 550605 > RST 55 615>
(Rg=R0)/(Rg+Ro) Dy >eeeeee >SDr/SDb>
SDr/SDy . H b i €6 56 B B d5e K b 3% 48 B0 Re/
Ro, HAA /2 0.907, fie /I 19 )6 1% 48 802 SDr/Sdy , K
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Table 6 Correlation coefficient between leaf nitrogen

content and spectral parameter

Stk AL AHOC Z B TR AL LS 3
Dr 0.19* SDr 0.39%x*
Ar =0.77x* SDb 0.83%*
Db 0.85%* SDy -0.88**
Ab 0.22%* SDr/SDb —0.84x*
Dy 0.83** | SDr/SDy 0.87%
Ay -0.16%* Rg/Ro 0.85%*
Rg 0.76%* (SDr-SDb)/(SDr+SDb) ~ -0.82%%
Ag 0.45%* | (SDr-SDy)/(SDr-+SDy)  0.87%*
Ro -0.27%x* (Rg-Ro)/(Rg+Ro) 0.87%x

H: il *%%U?‘%EA‘E%Eﬁ@U 0.05 %1 0.01 ﬂ"]ﬁ%'ﬁﬂ( T~ To.01
(180)=0.20, r1505(180)=0.15

{0 0.708, 3k HUEIE 1 505 5 A0S & K 8 G K
JE 8K B HT 5 At 3% 458 20 Rg/Ro. NDSLisg a5 -
RST50.65 « (Rg=Ro) /(Rg+Ro) Fl Do VE M i B2 /N —
Fe ki AAE & . R ITLLE 4S5 5
o A R TR i R B S v A A S R
FNMF Db=> Dy Ryss™> Dy = RS 550 15 = #0002 =
Ag=>hyo Hr OOB f K1 635 48 80U Db, HA6
10.204 , S /NI 6 3% 48 B2 Ny, HofH o 0.013 2, &
BOGE R 505 i A & AN MR R
AT 5 A G35 8 20 Db . Dayr  Rass s Do 1 RST i, 05 fE 4
SR N RPN ER NG SN S 3 S &
Bl 4 B R R R A RO OB R 2K
CIRDE o I e T i iy e W N A 1)
JERERE BAF IR K2 5

il iF GRA L OOB 43 48 14 5 5 4 6 ik 48 8 5
LNC B & & Wi € , 28 )5 Fl H GRA-PLS Al
OOB-RF W #h 7 2 43 5 6 32 ik R /& i b A7 4
F(FE10), WEI0EBZERTLLE 1, H GRA-
PLS Al OOB-RF J5 3 I LA 5 % 32 5 LNC B9 5
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Tab 7 Modeling and verification of leaf nitrogen content based on spectral parameter

A (n=180) B iE (n=297)

TR AL EIEp¥: ‘

RMSE RE% R? RMSE REY%
Ar y=-0.0962z + 72.015 0.60 0.38 10.44 0.46 0.35 11.09
Db y=1.704In(x) + 13.662 0.75 0.30 8.26 0.40 0.35 10.89
Dy y = 2766.6x + 2.1353 0.68 0.34 9.19 0.32 0.38 11.80
Rg y = 23.509x + 0.6495 0.58 0.39 10.81 0.00 0.45 13.88
SDb y = 1.6986In(x) + 8.6703 0.72 0.31 8.34 0.13 0.44 14.36
SDy y=-58.941z + 1.3219 0.78 0.28 7.46 0.41 0.36 11.70
SDr/SDb y=-1.741In(z) + 7.5622 0.71 0.32 8.55 0.20 0.43 14.12
SDr/SDy y=0.1131x + 5.1234 0.75 0.30 8.42 0.40 0.39 13.06
Rg/Ro y = 2.7425In(x) + 0.9405 0.75 0.30 7.91 0.33 0.41 13.71
(SDr—SDb)/(SDr-+SDb)  y=-11.617x + 12.969 0.68 0.34 8.73 0.21 0.42 13.79
(SDr—SDy)/(SDr+SDy)  y = 14.562In(x) + 1.3012 0.75 0.30 8.00 0.47 0.35 11.56
(Rg—Ro)/(Rg+Ro) y=6.521z + 0.6827 0.75 0.30 7.95 0.32 0.41 13.92

*8 HKEBEHEMHRESEREBXEKINIAF
Table 8 Sequence of correlation between spectral index
and LNC with GRA

®9 REBEHEHRESERIIBEEZRIRF
Table 9 Sequence of correlation between spectral index
and LNC with OOB

JEREREEL REXBE HOF || JtiEdERC KEXEE HP JEIE R MR BT | ObibREC SAMEERE HEE
g/Ro 0.907 1 SDr 0.830 14 Db 10.204 1 | SDr/SDb 1.495 14
NDSI 57615 0.905 2 | Dr 0.828 15 Ds,; 8.696 2 ||Rg/Ro 1.154 15
RSIs54.615) 0.900 3 A 0.824 16 Rss; 4.682 3 |Dr 1.000 16
(Rg—Ro)/ D359 4.677 4 |SDy 0.982 17

0.898 4 |Ag 0.823 17
(Rg+Ro) (SDr—SDb)/
RSIssa,615) 4.158 5 0.947 18
D s 0.897 5 Ay 0.822 18 (SDr+SDb)
Do 0.881 6 Ar 0.820 19 (Rg—Ro)/
Rg 3.327 6 0.946 19
Rg 0.879 7 || Dss 0.813 20 (Rg+Ro)
(SDr—SDb)/ D5 3.298 7 || SDr 0.640 20
Risss 0.878 8 0.800 21
(SDr-+SDb) Dy 3.068 8 | Ro 0.471 21
Ry, 0.873 9 |Ro 0.781 22 SDr/SDy 3.033 9 |[Ar 0.453 22
SDy 0.859 10 |[Dy 0.717 23 (SDr—SDy)/
2.971 10 |26 0.306 23
SDb 0.846 11 |[SDr/SDb 0.716 24 (SDr+SDy)
(SDr—SDy)/ NDSTs567.615) 2.823 11 | Ag 0.100 24
. 0.844 12 ||SDr/SDy 0.708 25
(SDr+SDy) SDb 2.435 12 | Ay 0.0132 25
Db 0.842 13 Ry, 2.022 13

KB, H GRA-PLS Al S Rty &% it R7 .RMSE
FRE 73 %] 4 0.82% .0.25% #117.01% , ] OOB-RF
£ S R B/ & R ) R URMSE fil RE 43 31 R
0.86% .0.23% H15.76 % , .t OOB-RF £ 5 1 3
J R A AR A R H GRA-PLS il 330 9 312 31
M A A& A R 0.04, RMSE #1 RE ik 0.02% #1
1.25% . FIH 2012 4F Z 4> A= 7 1 19 3 5 80808 X i
TR R AR (0 o A B AR A T T BRI, 45 SR LR 10 AR 4
AT LAE Y S50 R S {E AR 1 1 G B AU D
SRR 10148, B E 9 GRA-PLS B Al 5238 ot
A &M R RMSE 1 RE 498 0.53% .0.35% #

£10 ETGRA-PLSHOOB-RFMF R &EFMKER IGIE
Table 10 Modeling and verification of leaf nitrogen

content based on original spectrum

A (n=180) B iF (n=297)
R* RMSE RE/% R RMSE RE/%

(5] J§ 462 25

GRA-PLS 0.82 0.25 7.01 0.53 0.35 11.53
OOB-RF 0.86 0.23 5.76 0.54 0.30 9.18

11.53%, 5 UF A9 OOB-RF Y £ B 3E 1 | & & &
) R* \RMSE HI RE 43514 0.54 % .0.30 % F19.18%,
I BEORE B — KE , OOB-RF 44 & LNC ) R* It
GRA-PLS i % LNC ¥ & 0.02, RMSE #il RE 1%
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Comparison of Hyperspectral Remote Sensing Inversion Methods
for Apple Leaf Nitrogen Content

Yang Fuqin"?, Feng Haikuan®, Li Zhenhai®, Pan Jiechen', Xie Rui'
(1.College of Civil Engineering, Henan Institute of Engineering, Zhengzhou 451191, China;
2.National Engineering Research Center for Information Technology in Agriculture, Beijing 100097, China)

Abstract: Estimating nitrogen content of apple leaves rapidly non—destructive and timely is the basis of ensuring
apple yield and quality, and the inversion of leaf nitrogen content using hyperspectral technology can provide the-
oretical basis for reasonable fertilization. The spectral and corresponding leaf nitrogen content of apple leaves
were analyzed and modeling in apple critical growing stage from 2012 to 2013 in Feicheng, Shandong Province.
Based on the above data, the correlation between leaf nitrogen content and original spectrum, first order differ-
ential spectrum, three—sided spectral index was firstly analysed in order to select sensitive spectral index of leaf
nitrogen content; Secondly, the spectral index NDSI and RSI was built which were sensitive to leaf nitrogen
content; Finally, the prediction model of the apple leaf nitrogen content was established based on the way that
was grey correlation analysis—partial least squares regression and out—of-bag data— random forest algorithm.
The results showed: (1) The sensitive bands between leaf nitrogen content and original spectrum and first—or-
der differential spectrum were 553, 711, 527, 708 and 559 nm; the spectral indices sensitive to leaf nitrogen
content were NDSI 5 615and RSIss,.415 5 the best correlation between leaf nitrogen content and the three—sided
spectral index was Sdy. (2) The result showed that OOB-RF estimation model had better accuracy and reliabili-
ty, which can guide fruit tree variable fertilization using leaf nitrogen content. This way achieved prediction of
leaf nitrogen content between regional and annual levels, and had a wide range of potential applications.

Key words: Apple leaf;Leaf nitrogen content; Grey relational analysis; Random forest; Partial least squares



