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Fig. 1 Diagram of experiment plot
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Table 1 Manifestations of crop burning

and non-burning seedlings

N ATEERIR BRI
JEXF G Characteristics of Characteristics
Decision object healthy growth of fertilizer
without fertilizer burn burn
it Color 2k, Green # (4 Yellow
mH Leaf 1% Edge #F )& Unfurled il Furled
JFiHh Texture g Hard % Soft
2% Steam it Color 2%, Green M Yellow

3 AL BRI B . IE AT Y 3 A2 0001k« st
Jiti 5 i (A) CRATEUE (B) ARAE s BE (O) , AR PSR
Ly (3 AYIEACR (£ 2) o W & 5 (A) By 3 /KP4
I} IS 5 0 U 45 R B, TR o i R SR
e v 114 A 5 B AT I AL 5515
4) RIS B IERIRLRTC AMLA BOBE D 3 m,
x2 EXHBAR

Table 2 Orthogonal experiment scheme

e AW BE?TEE‘E/ CﬂEik}%fE/ D=4

Treatment Spray ' (m/s) Flight m F'hght Blank

concentration speed height column
1 1(56%) 1(1.0) 1(2.0) 1
2 154%) 2(1.5) 2(1.0) 2
3 1(54#) 3(2.0) 3(2.5) 3
4 2(31%) 1(1.0) 2(1.0) 3
5 2(31%) 2(1.5) 3(2.5) 1
6 2031%) 3(2.0) 1(2.0) 2
7 3(11%) 1(1.0) 3(2.5) 2
8 3(14%) 2(1.5) 1(2.0) 3
9 3(11%) 3(2.0) 2(1.0) 1
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Fig.2 Diagram of sampling points location in the experiment plots

TR AEAR A 1 24920 cm)
e i _é'-“ Water sensitive paper
(about 20 ¢m from ground)

1: /K EHAR Water sensitive paper; 2: 8#i3% Acanthopanax trifoliatus.
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Fig.3 Diagram of sampling point on plants
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1: 3572 & it Experiment plant of 3 times; 2: 55 f## % i Experiment plant of 5 times; 3: S5 ## % i Experiment plant of 8 times;

4 10572 % & Experiment plant of 10 times.
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Fig.4 Experiment plants in the concentration screening
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BB S R EURE S M U8 Droplet deposition in the first sample

o-e 2K B Z LA 8 Droplet deposition in the second sample

s SEIR B Z LA 8 Droplet deposition in the third sample

- BRI F RIS FE Droplet density in the first sample
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0.35 1500

A

1450
0.30r
< 1400
E .S 0.25F 350 £ &
= &
3 2 i = =
= 2 0.20F 300 B35
= 250 %3
= v = 2
220057 200 1= 2
E A s el
] o010 190 %
4100
0.05¢ 50
0T 2 3 4 5 6 7 8 9 10
LSS AL T
Orthogonal experimental treatments
5 HRMENERRRLS T
Fig.5 Droplet deposition distribution

of Acanthopanax trifoliatus leaves
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Table 3 Range analysis table of droplet density and droplet deposition

ATt BATHE CHEll D2
Spray concentration Flight speed Flight height Error
S DURVERE/  UIBUR/ DU/ DOBUR/ DURUEEE/  UIRME/ OBURIE/ DU/
Parameter (“I~/em?) (ng/cm?) (“~/em?) (ng/cm?) (“4~/em?) (ng/cm?) (“4/em?) (ng/cm?)
Droplet Droplet Droplet Droplet Droplet Droplet Droplet Droplet
density deposition density deposition density deposition density deposition
ky 127.365 0.188 159.485 0.219 143.684 0.219 118.009 0.169
k, 114.776 0.165 116.876 0.185 120.793 0.170 117.313 0.173
ks 118.190 0.174 83.970 0.122 95.854 0.138 125.009 0.184
2 Range 12.588 0.022 75.515 0.097 47.830 0.082 7.697 0.015
IR/CEES
IR B>C>A>D

Primary and secondary factors

w414 Optimal combination

AB,C,

ik oy Ry TR TE 3R 3UK T S5 DU BE AT W 2B . Note: £, , &, , &, represent the average values of droplet density and

droplet deposition across three factors and three levels.

F4 ERNRAEEMRREFEIN
Table 4 ANOVA for droplet density and droplet deposition

AT BRATHE CHE R D%
Spray concentration Flight speed Flight height Error
ZH PO/ UURE/(pg/  UUREE/  UIRE/(ng/  UURREIE/  DURE/(ng/  UIRUEE/  UURE/(ug/
Parameter (“4~/cm?) em?) (“1~/em?) em?) (1~/em?) cm?) (4~/cm?) em’)
Droplet den- Droplet Droplet den- Droplet Droplet den- Droplet Droplet den- Droplet
sity deposition sity deposition sity deposition sity deposition
=P A [‘]
A= P . 254.290 0.001 8 600.840 0.015 3433.658 0.010 108.724 0.000
Sum of squares of deviations
H 1 % Degree of freedom 2 2 2 2 2 2 2 2
Y977 Mean square 127.145 0.000 4 300.420 0.007 1716.829 0.005 54.362 0.000
F 2.339 2.083 79.107 39.906 31.581 27.693 /
p 0.300 0.324 0.012 0.024 0.031 0.035 /
[ 5 EL B [ B i O = R Bl Ey mm S 1R FEA The first sample
1% 5 T H B R W 5, It 5 o S 5 R A Y R ee OUHEA The sevond comple
Z:E_% A IR EEAR The third sample
o OO R R 1 R AL R S
23 E{%%A*ﬂ uﬁjjﬁu-l-ﬁﬂﬂ quﬁ%}—ﬁ:% ~ I:H-}:‘I' I:Iﬁl:l Increase or decrease in the yield of Acanthopanax %
, trifoliatus compared to the control group \ S
ik o g s
e = — =N §- s
D . WA 6 R, Ah B 1~4b 31 3 )™ ]os 23

P as U0 ARG N T 15% DL b, 3% 34N Ak B iy i
T S Bl 7 359 Ry A 7 o i 1 S A o b B 1 A
IR B K (4 225.7 kg/hm?) , 5855 1 % IR 4H 18 in
27.46% , HoR S AL 3 2 (3 248.57 kg/hm?) , 1fij &b B 9
) e BT e /N (484.5 kg /hm?) |, 3848 14 % B 2 14
hn3.15%.

)M R . QR 7 R AR B SR E b
T S 48 0 19.8 kg/hm?, Hidr b 3 1 g i 4t 2%
SN K (35.8 mg/dm?) |, #5845 11 X6 HEZH 38 i
33.23% , Ab P 5 55 4b B 7~4b B O 38 N /N T
A, Jb PR 7~ 4B O (1% i T A S e i 3 R HE R

Ed

3 i/ (kg/hm’)
Yield of Acanthopanax trifoliatus

>d to the control group

4 5 6 7
I 2T Ak

Orthogonal experimental treatments

8

9 CK

trifoliatus c

Increase

B6 EXRBEELENGE-ERERZTH
Xf HR4H B AR TR
Fig.6 Yield and A, of each treatment in the

orthogonal experiment
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1700 content compared to the control group a5 %% ﬂ:ﬂiﬂ 3 E"Jiﬁui mﬁ%% FH ?ﬁ}ﬂ 6 ’T/Eﬂ_k%&i:
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< S5 W
£ 150 Sz =l o
z =z 425 =7 g .
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M2 ®IsE e 7 y N S = =
- Ds 25 RSN I R OB R VT W B AT
=° [ 3 3 . . ' e B e e
. Lo @35 MR, RO AR TS, B
r fk ; = T [ Py Pt o
o S BEE RO FOEW SR s AT B, 5 AL
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Orthogonal experimental treatments Eﬁ%% = )ﬁ T lz% , ﬁ’ﬁzj.k = E j‘j 2.0m HTJ‘ IEI:II }mm%ﬁ o
B7 EXRESGENHERIERH 13 B e AR M 2 MO - WG 3 i O HERE S Y 5
S AR R AR AT A i AT R 1.0 m/s MBI R 2.0 m. 225
Fig.7 Chland A, of each treatment in Mot S (32 6) o, i AR e it 4 e KL AT
the orthogonal experiment P P 5 S5 I A B 35
x5 HFREFEMHEZRFES KT B X RAMBIIGERE S
Table 5 Range analysis table of yield and the content of chlorophyll
AW ik BATHE CHEL R E DRz
Spray concentration Flight speed Flight height Error
- nhi % nhE % % nhi %
Parmeter i T Y ik PR wES R/ A
(kg/hm?) (mg/dm?) (kg/hm?) (mg/dm?) (kg/hm?) (mg/dm?) (kg/hm?) (mg/dm?)
Yield Chlorophyll Yield Chlorophyll Yield Chlorophyll Yield Chlorophyll
content content content content
k 21.219 25.550 16.582 22.243 14.792 22.221 13.278 18.211
ky 10.616 18.212 12.989 18.240 12.861 17.084 12.453 19.129
ks 6.579 11.237 8.843 14.517 10.760 15.694 12.683 17.659
12 Range 14.639 14.312 7.739 7.726 4.032 6.527 0.836 1.470
s
Ig\%i A>B>C>D
Primary and secondary factors
A4l 4 Optimal combination AB\ G
T kg Ry oy TR TE 3R E 37K T 85207 e R B i A U IR A X Bk A 34 (E . Note: £y, by, by represent the average
alue of A, and A, across three factors and three levels.
3 1w it M5 55 5 A B S Wi A A B 7~ b B, R A
A ORI i A R i i A JE R

SRR Ao I T 5 O T O O A 23 i
JEAE Py A o T 5 9 O A Y R
fifl LTt IE S, i 3 A JC AL Y - I
HE B ik e o A A B Aol B TR
Vil g4 R R, R AL G55 77 AUt 77 75 5 8
5 L0 A T AL, X AR ™ A T B B R A LA
IR S it 25 2 0, WO A A2 S R S A (10 R
25~50 175 FY - 1T A Fhah 2 52 e A 40y 77 A0 o Joi -5 15
Jit F AR R o FEIC AP ZS 1) O Ak Bl e 35 AL 4

bR 6.05 06 T g 15 kA I T AL Ak B G 8
S i R i JOEFR) 2 00 B K, RS 45 2R [R)RESIE ] T A
To AL 55 FTEA T 5 i 7 2 ) b A

IR BT DR IC AL T e A A S BIF 5 it 45 ]
B, (5 BE HEIBT o T AL I G 5 ek o W S8R B4 5
ANEERBM . AETC AL T 3 it o6 B2 A AE T 5,
il 5 AR BE RO R A R
ABIFTERR 22 3 4 R AW, W it 35 0 %7 B AR

L= 2A
w

1524
w
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Table 6 ANOVA for yield and the content of chlorophyll
AW BeATHE CHRdk DiR2%
Spray concentration Flight speed Flight height Error
BH Lig2 S Lig2 S L= s N LiE2 S
Parmeter Pt/ 2 T it/ it/ sl R it/
(kg/hm?) (mg/dm?) (kg/hm?) (mg/dm?) (kg/hm?) (mg/dm?) (kg/hm?) (mg/dm?)
Yield Chlorophyll Yield Chlorophyll Yield Chlorophyll Yield Chlorophyll
content content content content
%r = 317
AT . 343.021 307.330 89.984 89.568 24.400 70.917 1.089 3.307
Sum of squares of deviations
H B Degree of freedom 2 2 2 2 2 2 2 2
175 Mean square 171.511 153.665 44.992 44.784 12.200 35.459 0.545 1.653
F 314.929 92.934 82.615 27.085 22.402 21.445 / /
P 0.003 0.011 0.012 0.036 0.043 0.045 / /

E R R R T AT IS ARl 5 7 2245
VIR o0 P N e SR iU AR TS

INIE 55 Jot R 235 SRR AR, RLOR 0 AL T it A 25
T DURR AT MU 5 AT B Aol e B A ML S5
ZE T2 AR, AT L A e X B 25 J B ) A
F, HLBEI 5 5 4 S B S A AT 1.0
m/s VB BE R 2.0 m RF3 7= 42 BT i OR e o o3
Bk, 383 52 55 B HCEL P 32 05 JE 249 40 em, 240 A
BV i FE AR (1.0 m) , TEAML T Ry 3, (575
TR VIR, AT 36 8055 7 7 2 32 I AR 4 4l
1 BEEL RN (2.5 m) , 828 107 3 E 805 , 55 i 52
AR W) e A SRS I 52 0 AR, PRI A ol g B2
2.0 m ARV B . AL, FFE SR B, P20 B AR £
TCNHIUAE 2 2 B R 35 20 i B0, A T 2 PR A R
RN AL R L) XL AR , A T
il 55 T RS

Wit A 3t 5 0 (HERE S A LA U3 L5
75, ST E S5 T DU SE i/ N s 18 K, Wit
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Optimizing parameters for spraying foliar fertilizer on Acanthopanax
trifoliatus with unmanned aerial vehicle

ZHANG Jiantao"*?*, WU Fengqiu"?, HUANG Lusheng"?, LIU Guangbin"?, WEN Sheng”, LAN Yubin’

1.College of Mathematics and Informatics , South China Agricultural University,
Guangzhou 510642, China;
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Abstract The XAG P20-2019 quadcopter UVA was used to spray foliar fertilizer on Acanthopanax
trifoliatus to study the feasibility and optimal combination of working parameters for spraying foliar fertilizer
on Acanthopanax trifoliatus with unmanned aerial vehicle (UAV ). The orthogonal experiment with three
factors and three levels was designed to investigate the effects of the concentration of spraying , the speed of
flight and the height of working on the quality of spraying, the yield of Acanthopanax trifoliatus and the
quality of leaf. The results showed that the speed of flight and the height of working had significant effects
on the quality of spraying, and the density of droplet deposition had a strong positive correlation with the
amount of droplet deposition. The effects of the concentration of spraying, the speed of flight and the
height of working on the yield and quality of leafl in Acanthopanax trifoliatus were significant. The density
and the amount of droplet deposition was 188.212/cm? and 0.269 pg/cm? when the concentration of spray-
ing, the speed of flight and the height of working was 5 times the concentration recommended, 1.0 m/s and
2.0 m. At this time, the effect of spraying foliar fertilizer on Acanthopanax trifoliatus with UAV was the
best, with a 27.46% increase in the yield of Acanthopanax trifoliatus and a 33.23% increase in the content
of chlorophyll in Acanthopanax trifoliatus compared with that of the control. It is indicated that it is feasible
to use UAV to spray foliar fertilizer with high concentration on Acanthopanax trifoliatus. 1t will provide ref-
erences for using the same type of UV A to spray foliar fertilizer.

Keywords Acanthopanax trifoliatus ; unmanned aerial vehicle (UAV ) ; foliar fertilizer ; chlorophyll ;

working parameters
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