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Nutritional diagnosis and yield estimation of apple trees using hyperspectral
imaging
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This research placed emphasis on the development of evaluation methods and
visualization techniques for the nutritional status of apple trees. Hyperspectral imagery was
obtained and chemical analysis was performed to quantify the nitrogen and chlorophyll contents in
apple leaves. Multiple linear regression (MLR) models for estimating the nitrogen and chlorophyll
contents based on the reflectance spectrum of a few selected key wavelengths were established.
Nitrogen distribution maps at both leaf and canopy levels were generated. Moreover, this research
also verified the applicability of a newly developed smartphone-based rice scan device (Maxell Co.,
Ltd.) to the evaluation of nutritional status in apple leaves. An original leaf color index (LCI)
based on RGB parameters obtained by the device, and an inexpensive and easy-to-use leaf color chart
(LCC) were developed. These new approaches and tools may be potentially applied to precision
nutrient management in apple orchard.



B X C—19, F—-19—1, Z—19, CK—19 (@)

1. WFZEBHaE YD &

(D) VoI, EREBORVEELREBTHY ., TFETH> L BRORAFEEDO 6 FIZ2 5T
W5, 1BITORBISREDZE & NEHETE - TR, DEOBHENL DEDOY 7Y 7 LAy
MBI HZ0 OREZEOHE, K& SO E2ERIIThbR TS, 20X 5 likEo
PEELD A & GRS 2 KRR - B - I EET D, TODIC, B2 & it
O G R BHAR D RFEZ W L ORENEOHEE - THEFPES EEN TN D,

(2) T8 AEEHR E B O A B R E LTz X=X N VML EHR (Hyperspectral
Imaging) FHHHIIRIEAIRREZZRT CTE 7z, ZOHMIZL Y, o) EALEFR Z [FRFH S
L. BB T D4 25RO TR - FElF L OEFEE ] A O LB EF 6D,
MIEREFE ST, CNEHWTEARTZEA N v 7 AT EET U o 7 RIEEZBZE L, BM
2 ORHRREDK &N BRI TR ORREME A ST Lz, 20O XK D i R A B E
R Ty AWFFERREIL, A N— AT MVEGEHIAZ W2 U o TR O RS2 & I EHEE -
TR AT DR T H L ERE LT,

2. RO B/
(1) NAR—RART MVEBHANC LAV EOEED A7 NIz ESWE Y v IERN O
FEAER I un 7 4 VEABRDHWEET VEMEET 5,

(2) VAR OEELBIRLLDEFERLT na T 4 LDOZEMS DA~ B T
WaEB®T 5, £z, ~7 VARSI THEF O LV @fE/REAFHEE T A AAF vy O
U o RO IR BEFTA ~ D1 A rIREMEIC DWW CTREEER 21T 5,

(3) U aRrAOBE, L, iR/ & OEREEBIERED IR O SEIRAER A & SRR T ]
(CRIFT R LU, RENCRFENEZ TR 2 /TREMEIC SV THRET %,

3. WL HE

(1) NA78=A~T "B A Z ImSpector V10 ZHWT, VoAl B HHED AT b LK
P EBRERGT 5, U IR D EEREBR S THOIEROEH B L OREEE DS
EThdr/uou 7 4 VOEFAEIZHONWT, A—0OELZHNTERLZENON LT,

(2) Vo aEDAY MV L EZREARSL 7 00 7 4 VEA R L OFBEBEGGR E BT L.
Kex 72w T )V U T FREERANVWTARY MUVEENOERZRGAEL 7o 7 A VEFBEOHE
EFNEMWET D, SO, MELEMEET VAR LT 9 2. BUS U7 H3E & e o @i
WAL, 7 BNV BICERGRREZHE L, ERGARBOZEMMN Az afilbcE s ko1
T 5,

(3) FAAAXR Y L ITLDRBEBGET —F16 U LV IHREDEZES /a7 4 VEAREOHE
ETNEEEST D, Fio. VU IREEORBIRELZ M 5720 0F 7= 7280 (LCI, Leaf
Color Index) BLOZFDICI 2 _X—AIZ LT-fliG 7 T —F v — N 2BART 5,

4. WFgeE R

(1) Vv afoRgREOHTEET LVOBEL BIE L, A /8—R27 bV AT InSpector
VIO 12k DV v IREOEHREGH BEOHEE O ATREMEIC O W TR Lz, FEBrCid, BRI
SLET R PRI G TS S Twn

YL LY GRS RAS
S, < N o =t raining set
REEZ BRI LY 7 & Uiz (B N K 4
. « NN _ R:= 0.7843
L7z@mfix “507 T gDé} o 2,5 | rser-o2083 ..:é‘..; -
ImSpector V10 Z FAWT, AREEY S pare R B
TAENENDNA S=AXT | S . s T
/]/@1%%%{‘@\” Lf:o %@?ﬁ\ %E‘Z% g s * &0 ®e f— ges: ?: :ine E:rmtniug)
“j-~\/7o/]/a:;d‘ L/T\ E/ZJ;% * %E¢@£§ § B ¢ ¢ Test set —— 1:1 line )
P . N . v = 0.9453x
BiTo7- b, REBITLES IR N % i P
Vario EL cube ZH\W\ T, &£ 7 os . ‘ . RMSEP-0.223
IVDEFBEGEHED ST E{ToT-s T T os 1 15 2 25 3 35
“?ﬁ@ﬂ?f“@\ /\/]' /\%_.X/\Dy ]\/1/ Estimated (% DM)
WS Y o THED AT b LK 1. 2% A RMLRE 71 e

PEZHI L, 2D AT SV



DET =2 B L OENEEITE Ulc —RBME LS00 X D2 EREH & L OB ERA7
ﬁ%ﬁoko%@%%\%QG%\NSEWMm@40@&§# VAREDOEREAEOH
BN THDLZEEWOMNI LI, S, TNOLOREZHWTEESERTIEAN ¥
7 A B L OET U 7 FE (MR, PLSRRANN) 24 LT, AT MVEREN S EEEGH
BOHEETT VOWELRGF Lz, K11, FELZAKELZ TRIEEE U THE L7 MR £
THUOHEERZRLTND, ZNHDOREEI D oA R—=27 ROV Z T
MO Y o TEHAD R IREDOHEE NIRRT 5 LR I iz,

(2) B E LTz A R OWEE A /R— AT FVEE S U B Asic k- TY v
IEZE L NV DOEFRTH EDO RIS O b EIT>7- (K 2) . £72. [[A ImSpector V10
HATERNT, Vo TBHRE G NA =27 MVEBEZFRI L, FC LS RHEEes
JUTE & I ALBR A AT, U L TR L L DB A B D ZE R AT O RIS b R LT
(% 3) . LEXY ., nA =27 MUVEGFHINC L 2 U > TR O SR IE D Z2 /153 4 D
AL - = v B T ET RN LT-, 5% 2 ORRE A T IEEN 2 ST, U IO
S RBELZW~DICHN K TE 5,

L ILL

(@) Color image (R 660 nm G 550 nm B 460 nm)

9009;

(b) Nmap I_I 2 3 . %‘{ﬂb«}b@%%ﬁﬁégjﬁr?ﬁjt
{2, A5y~ L oEREHROEE

N content (% DM)

0.0-0.8
M 0.8-1.6
1.6-2.4
24-3.2
32-10

Neontent (%6 DM)

o008
B 0516

1.6-24

vl )
(a) C U|0l Image (R 660 nm G 550 nm B (b) N map
um)

(3) SHZL ARWFEDOFET —~ThH DB/ A
IN—= AT NOVIEHR RN X B 33
BHICADLY T, 7 B St T
HKEDTAAAF Y DOV TRRED
SR FIRBEFEA ~ 1 1 DO MRFEZ 1T -
7m0 FORER . T A AAF ¥ 12 L5 RGB
HGT—2TH ) U IREOEFESY

N concentration (%DW)
=)

PR A VEREEMHETELILE [~ y= 0321502049
e L (K 4) . Vv ITRIEOREIRE 05 f

B AT % 72D OF - e EEA RS (LCI, ) : : - !
Leaf Color Index) MOYZE® LCI & ~X— New L1

AN LTfi 5 721 9 —F v — b ORI

WZREI LTz (K5) o LA Eomn i &
A% T et ) o IR ED

WrDT SA ADBFEREFT LTS

4. FMGFELZLCIE EHEEH EoHEBER

B0 REETH D &ML, RFEHD
ﬁ@w@<@6$ # W1 C o [ {5 LB

12 & BHEB] - FHIEC W T OB W5 Vv TREBHIMOMA L 7 —F +— T

1To7.

(4) 7k, RWFFECTFELTCW=Y T
RENETRNCONTIE, Vo TOARE
WZEIE, e, %%@&@A%%EF*
HIEENEBR TN A2, R

@ﬁ@ﬁ%@%%ﬂ%%%%?é:k

<G H Tk >

@ Xujun Ye, Shiori Abe, Shuhuai Zhang. Estimation and mapping of nitrogen content in
apple trees at leaf and canopy levels using hyperspectral imaging. Precision
Agriculture, A, 2019

@ - JEE, FERWER, BB B, SHRZ. TAAZXAFTr rEHWE Y U IR O ERIRERE



D= DG REAIEHE T —F v — FOR%, BEERETSEERS 2018 £4FAS
(CDROM, ZEEAK=) , 2018

5. FERIEERHE

gm0 G2 14)
D Xujun Ye, Shiori Abe, Shuhuai Zhang. Estimation and mapping of nitrogen content in
apple trees at leaf and canopy levels using hyperspectral imaging. Precision
Agriculture, #&FiA, 2019

DOI: 10.1007/s11119-019-09661-x
@ PFIERWHE, 3 BRL, M JBE. NAN— AT MVEBEHINC E DY o TRREDEHE S
BAEMEET VOME. BEAB LA, No. 63, 29~32, 2016

(5K G5 1H)

@D Xujun Ye, Shuhuai Zhang. Application of spectroscopy and hyperspectral imaging for
agriculture and food research. 3rd IPFS-FAFU 2018 International Symposium, Fuzhou,
China.

@t JEE, BTESE, R MtEL, BRI, T4 AZAF v AR WY I o g IREE
PO 72D O 5 7 AT L T —F % — D OB, BEEREE TS 2018 A FR
%> (CDROM, ZEREK) , 2018

@ JEE, BEWE, & . A X— AT MVEGREHIAE W2 U v TR OEZER
KO L~V O e F IR BEREAN & vl L. 26 76 RIR XA TERFERRKSHEES LR
EKRKZ) , pp.26, 2017

@ TE B, 3R BIER, M EE, WNEE, THRZ. TAARFx L SPADICL DY
VAREORRZGHEOHE. H 76 BURERAR LESERKSHEHET OUEERT)

pp. 232, 2017

Ot JBE, FREW R, BB A AT FAGHINC LAY VAR EOERE R &
HEEET VOME. B 15 RIEERE LPSFRRESHWEES OLHEKT) , pp. 179, 2016
©FE W R, 5 R, M JBE. NA =27 FVEGEINC L D Y T REDESE S
BEHEET VOME. VAl 284K (2016) RERB PSRN R ST R RS H
wE (JLEKY) , pp.24-25, 2016

6. WFZEEMK

(1) WF5E55 4
PB4 - 3’ bl
7 —~ 54 ZHANG Shuhuai
PTBMFTERERE 4 - BLRTRY:
R4 RS

W - Bdz

e 5 (8 H1) : 90261429

(2) W geti 717
WHIE 8 K4+ iRy B

o —~FK4 : ABE Shiori

KBS L DWFEIE, IEEOBR L BECBONTER T2 b O TT, 207D, IO FEHLWITERRDOARKEIC
SV, EOERFEFICES GO TR TONZEERICET S RALEMEL, MEEEACREENET,



