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35.10 g+ kg !, MR & & 228.85 mg - kg ', A ALHE(P)
FH 137.10 mg - kg™ ', EEALH (KD & & 76.49 mg - kg™ '
AR =M 87, wE 6 MAEZENE ML, 55508
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kg N« ha ', 44~ 4h B AY B AE AT 2 R0 40 HE B 2 O 135 ke
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TEBE K F4F 10 &, X AHL(DJI, Phantom 3 Stand-
ard) 7EBEHITAT 30 m 1=y BE 0 B 90 55 R A~ 10 3 B 1 O 2 TR AR
R R Y 3 B 4 000X3 000, fiEfEA% 0l JPEG,
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Table 1 Classification and calculation
of color indexes
it AR 2 it AR SR EEPUN
NRI=R/(R+G+B) [8]
IH — 4k 51 0,45 b NGI=G/(R+G+B) [4]
NBI=B/(R+G+B) [9]
G/R (s8]
Lo B4 46 bR G/B [5]
G/(R+B) [10]
(G—R)/(R+G+B) [11]
. (R—B)/(R+G+DB) [10]
H— 2 B g 7N
A e B e i (G—B)/(R+G+B) r12]

ExG=(2G—R—B)/(G+R+B) [11]

1.3 BESHHE
L3 1 K& &R W7 A ARA B i 77 ik

T3 5 ARG R R B BB SRS W AR bR U . A
477 M 1% 2% (root mean square error, RMSE) ¥4/ 7T {EL A1 5Z
ME R LSRR . Bor R ETHE AN
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o o SRR @ AR D I A A SE R A .
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MBS, EH— L EFaERER), (G—R)/(R+
G+B)F ExG 5 5 MA R EFRIAR B IRk B FH IEML; (R
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Table 2 Difference analysis of canopy image color standard values in different growth stages

e P BR A5 R A
26 R gL G WL B ZLGMH R ENINE WLl B ZLGMH R SO G WLl B
NO 98.63 a 125. 66 a 109.99 a 120.52 a 146.63 a 85.81 a 95.64 a 113.94 a 66.32 a
N1 97.13 a 126.08 a 108. 37 a 104.21 b 141.53 a 78.42 b 118.28 a 133.26 a 79.70 a
N2 93.85 a 124.55 a 105.93 a 93.96 ¢ 133.71 b 75.10 ¢ 104.57 a 120.59 a 66.57 a
N3 95.15 a 124. 20 a 107. 41 a 88.02 cd 128.93 be 74.61 ¢ 105. 65 a 122. 38 a 66.79 a
N4 94.61 a 124. 67 a 106.42 a 81. 46 de 123.62 cd 73.85 ¢ 108. 54 a 124.75 a 67.60 a
N5 94.53 a 124.96 a 107.11 a 80. 60 e 122.18 d 74.00 ¢ 96. 23 a 111.95 a 64.51 a
®3 RESREGREXSHERSERERZEFRERNEXRY
Table 3 Interdependency between canopy color indexes and tobacco nitrogen indexes
B2 L U B o R i SR i F SPAD (i
NRI —0.560" " —0.693" " —0.828" " —0.870" * —0.930" "
NGI 0.672%~ 0.703"* 0.672%~ 0.701~~ 0.673% "
NBI 0.274 0.454" 0.691*~* 0.732%* 0.851*~
G/R 0. 606" * 0.720** 0.822*~ 0.862"* 0.899* *
G/B 0.092 —0.076 —0. 350 —0. 375 —0.520" "
G/(R+B) 0.672*~ 0.700" 0.673*~ 0.699"* 0.669"
(G—R)/(R+G+B) 0.631"* 0.731** 0.810* % 0.849* * 0.878* %
(G—B)/(R+G+B) 0. 300 0.158 —0.088 —0.102 —0.236
(R—B)/(R+G+B) —0.465" —0.622" " —0.804" " —0.847" " —0.934"*
ExG 0.672** 0.703"* 0.672** 0.701"* 0.673**

T« Ml o« PHIRIR p<70. 05 H1 p<T0. 01 /K- I 3 AH

Note: * and * * mean significant correlations at p<C0. 05 and p<C0. 01, respectively

2.3 BEERERSEHHENE

MR 2 R 2 85 bR 15 RUE FRAB PR 10 5K R 07 F e 5 1
R E RIS I AZ 0 1] A, SR T 2 P A0 A 2 P TR O
T BHIRED . B ENRECE SRS AR ERIER
HEAT WA 347 &L 1) o S5 5R MY, [0 U 4 2 5k 22 P 4%
%S B4R bR NGIL, G/R il ExG 5% £ H R hr A5 R W
R AR A G, R B B K. b NGT A ExG 5
Ay o A e [ S5 R AET G/R Y [ £ 2R
L BRI K5I R 280 BRI K5 T PG e TR0 EY L 9k [T 0 R R
Ko Brlol )4 G/R 53 b ARG B L MR SR BE N
SPAD {E#Y [E A Z5 R AL T NGI M ExG # [0 )9 25 8 . AR A
KA B LB, 0 0 B 4 5 B 0T U A Ml L R AR R
AR T AR Y L 2 RO A DA b R R R L iy R
JE Bt i SPAD fRLf) T A5 Y
2.4 BERFEEFLCHAERERLR

T8 PR AR (5] A T 0 9 A [ e AT 5808 IR 12 W 07 AR I SR E
GIHT . S TR PR AR A8 bR SRR 0 AT B 25 R N 2 BT OR . SRk
SRR, BT B G/REL IS B, 3
R RE R R ) L S A TN B 5 AR B RS
HAEE. £ H NRL G/R, ExG 51 F &% B 1Y

RMSE {5435 0. 789 9%, 0.375 1% 1 0. 788 1%, St Jr
KR RMSE 4351k 0.549 2%, 0. 249 1% F1 0. 549 0%,
RMSE Js W7 35000 504 i 25 B0 55 (H A R B, (BN, SRR
A TUINORS R R . = A BUE AR AR DL G/R 1 RMSE {4 2k
B/, BIASFE &  . AH G/R NS EUNEE 72 W L
A NRI 5 ExG 8= HA IR S . Sk #: G/RAE N B MEA R
B SR BRI 0 I AR BRSO R R bR B R R R
REMEEWMBIHER KRBT EE WA LTFITCEZ
— . TEAPESBR A, R A AR AR R . Mk R
U Tt — i 72 120~165 kg N« ha ' Z A7, A 585
BT 6 ASARIEIE & Y 4L B0, 45, 90, 135, 180 1 300
kg N« ha '), @243 47 A [l A K AL LT & 50 66 48 45 5 05
W EE AR, R AR B ER . M AR
SPAD fHZ M % . Ffik T NRI, G/R #l ExR T AL
W7 06 1R 2 3B SR R L 1 A R AR AR . AR T A 6] LU S [R] O R A
RIjH] 22 5% J RMSE i, #5773 F G/R M85 M IE K )5 B &
P R s oy R IR O R ) I A A B U 2 o1
N T AALEG B AR AT R A R B RS Wi gt 7 —Fh o7 ik
BB . AT 5% 45 502 78 ot 4% 4 A W) (R B 10 T R e R L
— 3, HARRE R GE — . A4 A RIE B B LT
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0 e J2= B0 00,45 R 1) 25 S AL FR AT AT P R A R AR B R
[, AL A BAC R AL — Ve MG T . A AR E 5

7o I, BT BRI AR A [ A F s 5 G/R
Te A 0t 2 i Ak LGB ML i 07 sCIR AL . IR E £
B2 AR B0 OR 0 IE o AR £ I A M A S Al BIL A
PR K B o AR B RS S AR ) JC B IR 12 W 4 2 i

TCAR 15 BT A A% O R i N7 M SR AR R R, JF DA k47 e AE 4 Y E BRI 1]
Shoot dry Leaves dry Shoot N Leaves N Leaves SPAD
NGI weight weight concentration  concentration value
Linear 0.452 ** 0.494 ** 0.452 ** 0.491 ** 0.452 **
A 0.83
Logarithmic 0.452 ** 0.496 ** 0.451 ** 0.492 ** 0.455 **
Quadratic 0.453 * W7 == 0.453 * 0.496 ** 0.489 **
ower (1) 574L8) = 0.614 ** 0.488 ** 0,577 **= OSIDES
Exponential 0.548 ** 0.610 ** 0.489 ** 0.575 ** OISTITIRES
G/R
Linear 0.368 ** 0.518 **
5 N kK kK
Logarithmic 0.379 0.526 0.60
Quadratic 0.436 * 0.547 **
ower 0.458 ** 0.616 **
Exponential 0.444 ** 0.603 **
ExG
Linear 0.452 ** 0.494 ** WAk o 0.491 ** 0.452 **
Logarithmic 0.451 ** 0.503 ** 0.448 ** 0.495 ** 0.464 **
Quadratic 0.453 ** 0.517 ** 0.453 ** 0.496 ** 0.489 **
ower 0.548 ** 0.624 ** 0.485 ** 0.583 ** 0.526 ** 0.37
Exponential 0.548 ** 0.610 ** 0.489 ** 0.575 ** 0.511 **
Bl BEE¥SEERSRERERNEDESHN
Fig. 1 Regression analysis between canopy color indexes and tobacco nitrogen indexes
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Fig. 2 Relationship between predicted and actual nitrogen concentrations in shoot and leaf

of flue-cured tobacco using color index as independent variables
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Diagnosis of Nitrogen Nutrition in Flue-Cured Tobacco Based on UAV
Visible Spectrum Platform

SUN Zhi-wei' , WANG Xiao-lin' , ZHANG Qi-ming*, YUAN Ju-min’, ZHANG Shuang', YAN Hui-feng'" ,

WANG Shu-sheng'*

1. Tobacco Research Institute of Chinese Academy of Agricultural Sciences, Key Laboratory of Tobacco Biology and Processing,
Ministry of Agriculture and Rural Affairs, Qingdao 266101, China

2. Jiangxi Institute of Tobacco Science, Nanchang 330025, China

Abstract The feasibility of non-destructive assessment and prediction of tobacco nitrogen nutrition based on visible spectrum
diagnostic technology on UAV platform was analyzed by field experiments with different nitrogen dosage, and the optimum color
parameters and model of the technology were defined. Field experiments were carried out in Anfu, Jiangxi Province in 2018.
Different nitrogen dosages were set at 0, 45, 90, 135, 180 and 300 kg N « ha™'. At 47 days after transplantation (cluster
stage), 83 days after transplantation (flourishing late stage) and 116 days after transplantation (mature stage of lower leaves) ,
digital images of canopy RGB color were obtained by UAV. At the same time, plant samples were collected to analyze
aboveground biomass and leaf biomass. Digital analysis of canopy images was carried out to obtain the value of color indices.
Through correlation analysis between color indices and tobacco nitrogen nutrition indices, appropriate color indices were screened
and nitrogen nutrition diagnosis equation was established. The fitting accuracy of the diagnostic equation of nitrogen nutrition
was validated by the experiment of nitrogen consumption in different plots. The results showed that the standard color values of
canopy images were significantly different between different treatments in the later stage of flourishing growth, and there was no
significant difference between the clustering stage and the maturity stage of lower leaves. Among the 15 color indexes, NRI,
NGI, G/R, G/(R+B), (G—R)/(R+ G+ B) and ExG were significantly correlated with nitrogen nutrition indexes of 5
flue-cured tobacco varieties ( p<C0.01). According to the screening method of canopy color index, NGI, G/R and ExG are the
potential optimal color parameters in the normalized color index system, the ratio color index system and the normalized
difference color index system. According to different types of regression analysis results, exponential regression was determined
as the prediction model of aboveground biomass and leaf biomass, and linear regression as the prediction model of aboveground
nitrogen concentration, leaf nitrogen concentration and leaf SPAD value. The RMSE values of G/R for aboveground nitrogen
concentration and leaf nitrogen concentration were 0.375 1% and 0.249 1%, respectively, significantly lower than NGI and
ExG, with the highest prediction accuracy. The prediction equations of above-ground biomass, leaf biomass, above-ground
nitrogen concentration, leaf nitrogen concentration and SPAD value expressed by G/R value are Y = 21. 785e"302¢/R |y =
4,057 9e!%7T3/R Y —=5039 9G/R—3.333 2, Y=4.281 4G/R—3.802 9, Y =140.168G/R — 28.188. Therefore, the UVAs
platform-based visible spectrum diagnosis technology has application potential in the nitrogen nutrition diagnosis of flue-cured

tobacco. The best evaluation period is the flourishing later stage, and the best prediction parameter is G/R value.
Keywords Flue-cured tobacco; Canopy visible spectrum; Nitrogen diagnosis; Color index; Equation model; Growth period
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