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Table 1 Calculation formula of vegetation index

S
4Bk Name A3 Formulation 2% 3k
Reference
JH— Ak 25 (E A #3520 Normalized difference vegetation index INDV=(Ryx — Rg)/(Ryr + Ry) [17]
ZHMIHFEEL Difference vegetation index Iny=(Ryxr — Ry) [17]

HESRAT B 15 E0 Enhanced vegetation index

BB IERI B 2L Soil adjusted vegetation index
AELR AT BEFEEL None liner index

LR 00— LB 5 5L Green normalized difference vegetation index
L0 LA AL Green ratio vegetation index

A —fb 4% 2 F5 %0 Normalized pigment chlorophyll index

VEY A 4848 Nitrogen reflectance index

R HIPEIEEL Optimized soil adjusted vegetation index
)3 S5 R A5 51 Plant senescing reflectance index

LE A B 4L Ratio vegetation index

RS AR BUIBAE AR B0 Structure insensitive pigment index

“ MBS AL Triangle vegetation index

AT LGRS PHAG AR BEHE L Visible atmospherically resistant vegetation index

FE 6 F SIS PEFEE Wide dynamic vegetation index

et S R MR R B

Transformation chlorophyll absorption reflection index

IF.V = 2~5(R\m< - RR)/(R\IIR — 75X RB +6X RR +1) [17]

Isny = 1.5 X(Ryg — Rg (R + Ry +0.5) [17]
Iy, =(Ryr® — Ry)/( Ry >+ Ry) [18]
Ignoy=(Ryie — R)/ (R + Rg;) [17]
Iirv=Rxie/Rg [17]
Lac=(Rr — Ry)/(Rg+ Ry) [19]
Iw=Ry/(Ry+ R+ Ry) [17]
Tosav=1.16( Ryix — Ry )/(0.16 + Ry + Ry) [17]
Tpsg=(Rr — Ry;)/Ruw [20]
Iyy=R/Ry [17]
Isp=(Ryr — Ry)/(Ryg — Ry) [20]
Ly=0.5[120( Ry — R )— 200( Ry — R, ] [21]
Iys=(Rs —Ry)/(Ry +Rs —Ry) [17]
Lypry=(0.12R iz — Ri)/(0.12R ik + Ry) [18]
Trear=3[ (R — R) — 0.2( Ryx — Ro )R /Rye) | [21]

R R IETE IR R MITLLAMN I R ML TR R WG Ry Wi 6% . Note: R is spectral reflectance: Ry

is near-infrared reflectance, Ry is the red light reflectivity, R; is the green light reflectivity, Ry is the blue light reflectivity.
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Table 2 Calculation formula of texture features index

#F% Name

A3 Formulation

2

[l Bk Homogeneity (Liyon) IH()\AZZ;V P/ 1 (i)

J=0

S Mean (Tygan) 1\41-;\\1:2‘[\_: 11‘p
i 2
I(‘\)\I:E‘:j 710 Z'P]»Aj(ll *])

L= P, (— 0P, )

FFHCEE Contrast(Ieey)

1 Entropy (I, o

AEAARLUEE Dissimilarity (1) II)ISZE;;:IKJiP1,7| i—j |

Iyar=

Ak Variance (I, ) N-1 )
VAR ZX'/?U(P,J*;I) /(N—1)
T B4R Second moment(Igy,) ISNIZZ:;;]()iP;Z._f
I(‘r)kzzf\_;:(,ifpl,, Pt
AHICPE _ NON— 1NN
Lom 72;:0 12,:0 Py

Correlation(Ig) N

2. /‘222,:0 ZZJ:() P;;
TE 1, HBEIKIE N J K FEL P, 7 45 5 25 ) BE 8 AL 7
g I, B L i (47 ) k2 4 i, I BUR FE 2% j (51 B . Note: 7,
J is pixel gray, N is gray level, P, ;is the probability of gray level j

(column ) in a given spatial distance and direction, the gray level

with i ( row )as the starting point.

1.6 B4R

HRE YL R AR #4775 1% 2% (mean square error,
MSE) .24 %f {f % 2% (mean absolute error, MAE)
RPN ROBORG
1.7 #EBIEST

F ] Python #4419 RF .SVM  BP 2. v: F 41,
TEHL 70 % BREAE RN ZR4E | 3020 FEAYE Ry it 4
ISEASS TR B, 43 ) A o7 5 T AR 48 450 U PR K L
A HE 4 O S HR S B0 A AR L 2 R R R TR AR AR

2 HER5HH

21 AEBEEXATHRBEERRSENHHIL
HIR 3 AL, 3R A AT E R AR &

i B ST AR NE > ST AR R BE 1L 5t

ARIEARC, P I(E S 3R 31.57.30.10.,27.64 mg/g.

%3 AEARAHBEENRESENT
Table 3 Distribution of nitrogen content in canopy
of different patterns mg/g
. ¥ /N Rl
Hist ¥+’] 59/ NI 57 i ‘1‘/T 22
Patt H H {H Medi Standard
attern Mean Max Min edian deviation
TEATAERR B BE Wide row
and narrow plant fence 30.10 35.68 23.76  30.40 2.18
cultivation
SN Wi
FATRIRATE Widerow o) o0 s 09 2566 3225 2.01
and narrow plant cultivation
TR .
FAARIHBOA Traditional 7 01 o6 00 1851 2703 307

cultivation

22 ETHHBHNEINAREEEERZRE

I FH 35 1R AE 326 051 TR B A ML 2 20 B0, X4
U 17 A8 0 48 BT B M HE T | 3 00 o B i
I B3 %8, T vk 2= A AR B 3R RO LU il e B
R A I 45 4 R? 4 0.710, MSE #il MAE 43 %1 Ky
0.311 F10.449; MK AE R* 4 0.430, MSE 1 MAE 43 51|
S} 0.467 F10.555, H B M = BIILHE T 430 R 13—k
2% AR B (Inpe) ek )2 45 F AN BBUBAT B 48 0 ()
YEYI RS E () o
23 ETYIEHEHNBIANRHBEEERERE

X HEIUY 40 > S0P AR FOE AT 2 HE T L
TH I P B AR AR 2, Tk 2R e AR 7 MR B0 LU
BUAf AR AR (] 1) o AR I 2R 4E R M 0.761, MSE
M MAE 43 %] 24 0.256 1 0.389; il i 4 (4 R? Hy
0.349, MSE Hl MAE 43 1| 2 0.533 F10.599 . # %
H¢ 1e 1Y R 206 B P M (T ) » FER 43 53102
T 21 A1 I B B A A (Teor wir) ~ 21321 37 B Y AH 56
P (Ieor re) o
2.4 BEEWHERMSEREBNBIRKHEER
BERERE

XFHRIU 57 A bG48 B AT R A
T 90 T B A I P B, T I 2R R AR A 10 8 Bk
ST DAR R (] 2) . BRI ZR4E R 0.775,
MSE 1 MAE 435124 0.241 F1 0.387 ; Mk 45 (1) R Ky
0.533, MSE Hil MAE 43l 2 0.382 F10.497.,
B e v 1 2 O U B T A (IMEAN_G) ,HOEH
— 4k M gt K A8 B (o) 2130 B BE M 6
‘réE(I(i()RfRE)O
25 FRESEWIEHASIEIEEH SVM I BP #EZ
MEHBEERERE

fii FH SVM #l BP 5832 LA J &R Rl 8 19 10
ANEEEHF RS BRI, S5 R PR,
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Fig.1 Importance ranking in RF prediction model based on texture index
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Fig.2 Importance ranking in RF prediction model based on vegetation index and texture indexes
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Fig.3 Correlations of measured values and predicted values of nitrogen content in citrus leaves
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Fig.4 N content inversion map based on mixed data of texture index and vegetation index
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Table 4 Estimation results of nitrogen content in different cultivation patterns mg/g
3 Pattern SEHI{E Mean I KAH Max /M Min
TeATE BRE BE Wide row and narrow plant fence cultivation 30.20 32.21 27.40
FEATAEM/INE Wide row and narrow plant cultivation 31.33 32.89 29.50
FEGAA Traditional cultivation pattern 27.82 31.40 24.66
3 i B i, AEL R J2 28 S AR T A 4% Rl R S B RE vl

B3t S e F B AR AR A LU A 254 VB IR TR B
Y EJZ ISR 2 A WE K 248 R B2 AR AN Z % %

[= P
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Nitrogen estimation and spatial analysis of orchard
canopy based on UAYV remote sensing
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Abstract One hundred and twenty citrus trees under three cultivation patterns including wide row
and narrow plant, wide row and narrow plant fence pattern and traditional cultivation were used to measure
the content of nitrogen in the canopy and extract the texture index and vegetation index from the multispec-
tral images data of UAV remote sensing to quickly and accurately obtain the content of nitrogen and spatial
distribution characteristics of plant canopy, and to manage the large-scale orchard accurately and dynamical-
ly. The random forest (RF) algorithm was used to establish the inversion model of nitrogen in the citrus
canopy based on vegetation index, texture index, and the integration of vegetation index and texture index.
The inversion accuracy of support vector machine (SVM) , BP neural network algorithm (BP) , and RF
models that integrate vegetation index and texture index was compared. The results showed that the integra-
tion of vegetation index and texture index predicted the content of nitrogen in citrus canopy more accurately
than the single vegetation index or texture index in the random forest algorithm.The training sets R* and the
test sets R® of the vegetation index, texture index, and integration of vegetation index and texture index
were0.710 and 0.430,0.761 and 0.349, 0.775 and 0.533, respectively. The training sets R*and the test sets
R* of the integration of vegetation index and texture index in the SVM algorithm and BP neural network
were0.511 and 0.371, 0.651 and 0.204, respectively. The results of using the RF model of vegetation index
and texture index to inverse the content of nitrogen in citrus orchards under three cultivation patterns
showed that the average content of nitrogen in citrus canopy in wide row and narrow plant werethe highest,
followed by the wide row and narrow plant fence pattern, and the traditional cultivation pattern was the low-
est, with the average content of nitrogen being 31.33, 30.20, and 27.82 mg/g, respectively.It is indicated
that the random forest algorithm combining UAV remote sensing with vegetation index and texture index
can effectively predict the content of nitrogen in citrus canopy.It will provide a reference for the quantitative
fertilization of large-scale citrus orchards.

Keywords UAV remote sensing; citrus; quantitative fertilization; nitrogen; multispectral ; vegeta-

tion index ; texture index
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