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Spray Planting on Side Slopes Using an Unmanned Aerial Vehicle:

An Innovation and Feasibility Study

P.C. Shaof! C.E. Lin@&"

ABSTRACT Steep and collapsed side slopes pose challenges for recovery planting. Spray planting using a remotely
operated unmanned aerial vehicle (UAV) can serve as a safe and feasible solution for recovery planting under such
circumstances. In this study, native seeds were molded into bullets and mounted onto a UAV to be precisely shot onto
side slopes with the assistance of the Global Positioning System and path planning. The proposed technology comprises
a spray mechanism, seed bullets, 40 bullet magazines, and a 100-psi air blast system to inject the seed bullets into the
side slope for germination. The seed bullets were composed of ecofriendly materials-including native species, local
soil, paper straws, and tooth sticks-all of which decompose naturally. The proposed innovative experimental plan com-
prises multiple stages-namely system planning, design and manufacture, site selection, spray planting tests, and record-
ing and improvement-to establish a standard operation procedure for future application. The spray planting technique
accomplished an attachment rate of 60% on side slopes steeper than 60%. After the monsoons and 2-3 months of
germination, the planting site exhibited favorable preliminary results. Specifically, the germination rates of grass spe-
cies were 37.5%, 58.5%, and 71% over two regions with areas of 20 m? each. Furthermore, the germination coverage
rates of tree species were 0.75, 2.1, and 2.84 saplings/m? over a region covering an area of 55 m2. This study demon-
strated a feasible and useful technology for effectively accomplishing recovery planting on steep side slopes.

Key Words: Spray planting, unmanned aerial vehicle application, seed bullet, soil catalyzing, injection mechanism.
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Fig.3 Bullet magazine and pneumatic air blast control

4 R T RE RN A E 2 A EEE 850mm N
AL - A AR 40 (- T-8AV5H AT TR - %0
MNEEBEE/NL 5 AT S E R E R AEREERS > 7T
LIFE#, 8700 mAh HYSHIEREE (LiPo) DIME(R e SHITRIT4E
fiiT] - At e = AR APRAEER - 3 B S

. 5 . g
4 RECSERAIEEYBIEE AR  IET T RITAIR
Fig.4 Complete assembly of spray plating UAV with
flight test

x2 IEFEEERR
Table 2 Spray planting records

T

&

1. B RIRIE

SR FEb/KEREE (TN 1~ 2~ 3) Ns R /KEES
(ML 1~2~3) (YRR CECEREDR 2 - HRETSE 1 /12
AARSR CARHESE TGS » SO R TR TRCsk - 78
TN3 fl ML3 #y 9 A 28 HA1 10 B 6 HiZzcH I E R
I e H E > BEAAGEREE > R GBI -
Jb 0 s e P 27

TR EIOEE A > &EHEE 2022 /£ 9 LIk —
HEZEGEZFRR  CHEEGEME - THEHES A
AR R RE M A MR TR AT - M EREI S5 B 15 HE

TEEEEERET BT T =(EHE - J2HR/R
HZRROFHVE R  TERmTEEt i R Pk e Tk 12 (RGeS T
I o K2 BB BRI BN R SR T - =
fEstrlE sy mlE (1) arEEH - (2) SEdH - DU (3) HEE
126 f53E - 40E 5 Fow o 78 2022 42 9 H % 2023 47 5
HOZH T - —ERER T o BEEHE 2023 4 4 A
HEAT T HIZE RS W 5 o o 3% R 7 - (e SRBRRY A
fERE > BN TEHIE (B 5 A oAE T A TIEE -
SRR B EE AR SR AT HA /K R A R A LK -

Hib (£ gL idics BRI ity Y SR BUR H A )
5/19 B TN1, 3/SS 65% 40% 30°C 2000 ez

5/26 B+C TN2/SS 70% 30% 30°C 2000 L2 ek ]|
6/28 B+C ML1/SM 70% 75% 29°C 400 2, 7/19.C
6/28 B+C ML2/SM 65% 75% 29°C 400 2, 7/19. B+C
6/28 B+C ML3/SM 65% 75% 29°C 400 2, 7/19, B
9/28 M+R TN3/SM 65% 60% 30°C 200 #TF, 11/04, 1/5, R
10/6 M+R ML3/SM 65% 70% 28°C 200 #EE, 11/5,12/4, R

o MRS THREE (B) MUEHTE (C) » A : Bl (M) RISEREEA (R) > Uk« SRIp{b/KE (TNL~ 2~ 3) > EPRAAfEUKE
(ML1~2~3)> 188 : WEHE (SS) MFURE (SM) > BE - ZERASIETERE T T#E5E -

.___w

5 EEH=ETE

AEHOES  BIEAR (TNL« TN2) FIEE (ML3)

Fig.5 Three bad areas for selected spray planting, Tainan (TN1, TN2) and Miao-Li (ML3)
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Fig.6 First spray planting on Area Tainan (TN1, 2) in
May. The spray quantity is about 20 seed bul-
lets/m?2. This area is about 400 seed bullets
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Fig.7 Second spray planting on Area Tainan (TN 1, 2)
in June. The spray quantity is about 20 seed bul-
lets/m?2. This area is about 600 seed bullets
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Fig.8 First spray planting on Miao-Li (ML3) Area on
June 28 after rain. The spray quantity is about
20 seed bullets/m2. This area is about 600 seed
bullets
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Fig.10 Germination of Cosmos in Miao-Li (ML3)(ob-
served 40 days after July 19/spray planting)
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Fig.12 Healthy Rhus Chinensis in TN3 after 67 days of
spray
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Fig.13 Dense Rhus Chinensis germination in TN3 after
97 days of spray
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Table 3 Germination observation on January 5

5357 ML3 TN3
TEFHER] Grass B+C + Tree M+R
e 65° 70°
MERHE U 1 1
UEEHE H 10/06 9/28
WEE BRI A m? 40 55
HATER 58 (FARARA) 40+20 200+40
BUAHIA 12/3 12/4 1/5
T #E AR 58 67 97
BRI 15 117 142
BERETE% 37.5 58.5 71
RAF LT 30 129 156
BEARSF B ZR(ERIM?) 0.75 2.34 2.84
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(1) FAMEY) - BREB - HTHC - AAEY) MM - SRR
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(3) EEAGLFR=ELLA I RITEIE R E %, HAE  FLA>30%.
(4) RAFEER=FFLEREIm2, B AA> 1 Him2,
(5) N T e 20-25FHEATENT - 24 8-9 AAKIET -

2 W

SR AEAR IR 3% 2 A9 4 v B ] BALAAE sk 3 T R 2 EE R
ST WIREATE AT TS - SHE AR AT E -
AT R P R R RIS A A (M5 AR
FoBRAr) WREIE TR S PRI HE R - AT A2



K LR - 55(2), 2024 "

B E T A RSB AR BT ER - 7R 3 1 U
ENEIR BRI TE & A NS EET #& &y 20-25 Firsk
ey 8-9 R T ARy -
FEEIER = BEINEARSHEEE | Z &R
TSk E
= 15/40, 117/200, 142/200
= 37.5%, 58.5%, 71%
BIREFEER = BEIWNWAKRYHHE | §FH
AR EE S
=30/40, 129/55, 156/55
=0.75, 2.34, 2.84 4ikk/m?2
(1) £ ML3 BIRFNEAREYEF EHstbE 15/40 =
37.5% 1F 12 A 4 H#H%HY TN3 J 117/200 = 58.5% (44
67 X) - 8E 1 A 5 HEIZAT TN3 & 142/200 =
T1%(4EET 97 K) -
(2) RAYHE EFR BB FEIT AR EEER
RAFEYIN G A EHR 712 0.75 - 2.34 1 2.84 #£/m
20 0% 3 AT © FRNRAYEZE H HATE TNS A5 S E AT
R L 24 -

f W

1. BHFRR

TEYRBER e oF ] > 82 H IR R IR R
J& R KRR - TEYIRERT - IR FNROVEE - 2R
WREALLISRZ b > VEFE R T 2 AT S — R 8« TP
A TR EET R LS TR IR A
R RAERERIEL ST - TEEAbE T T TR et R
R HE TURAE o TORAVEEE T T SR AR TER R
P& - ZFR > THERMEBI ISR ARE AT -

T (ERH R T EHEERE - BEEE TV
DN REVEE R ERTTE A RE G KD - [E1&IFas - 5
TR 28 EX B /R AR RER A 1 5 R AR S A Y S e
B IRAVEZREE RANE 12-13 R - FRFEA S Bithli K £-Or
FHIARREERAEY) > Fr AR AYIREN A A VIR RAE 5 1%
HyEERE A -

TSR A T FREOE 3 B 4 FDLE
KR IR IR R E AR N R - N ar (1)

LMY rn N i

B14 £EAE (TN3) BRINEREEAREE

il (QEEEMEIER LT - UL A O S B R
PR TR IR R ST -

FEAR T B HEBIE P - BERSHILLISE A S BER 65%L1
b B A AT TR T (I SRR e - 721 14
o —(EFEAE 9 H 28 FE(T TUSHUNE - D% 12 H 4
F175Bf12 A 6 DOySFER - RICERALE -
FEIB 14 b HOFEAWTET S, - TEREBEET - RIS
SRS A BETIRRIE H LURESEAIE P BIGh s - S NERIEE L
37 EAR e — B A B HE T B

TS5 LB F Y B ST T — (B4R IRAT S - AP
5 TP EA AT 3 A/ N RAT- T3 P B AT
S - AR » AR/ 0 — (B T —
AT » A AR SBLTA T - R 5
SRR (R AT TSR S2 50 T PRI - FUAZREG
BT B - O HTA RS R RIS O
W) - KA EISAF R B - 5 BIARAF 38
HEFTIEEHA -

2. pRADR

SRS UAV HEFTISHEN A AT T WS AR
SVERETE - DUEEA THERDEITHOE - RIS BRI
% B SO SBIRAR BT A RF G 2000 7T - 32
@S LA - RRBHERR RS - TATRE
EETERESHILINE R IAE - RALTTRA 40-60 F
FARILAE (B2 UAV WS FT LA TR TR T B NEARE
KRB GRS 1000 T AR TAE - {REE
INERITER - BHERIRAR SR 4 BT -

FERTEISE P - A AP AIA A A O MRS e
TR - BATBRFAIRETEAER BT A R 30 Y6
K SR P 5 R 3 JERRAT - RO E T AR
7 2 BEEATEATR] 1 BAARREFAI TR - (ERITTE SR
th SRV AR TS © B T B
SRACHE TR S RO - S0 T ORI T30 - 5571
ST SR 5 AHRAT - LR R I B AR ke
AATERT - 1£63H 40 S5 FHRAIMICT - FFPEILT 16 (A5
AT A EAATHR - DIET5 AR6 AR (25 FHAR)
fY B R R AR - G3EAR TESAYIR BCR 10000125 =
400(16,000 FAFEHFT38) -

- DB 12104 (£) - 0105 (h) - 0206 (&)

Fig.14 Germination observations of Rhus Chinensis on 12/04 (left), 01/05 (middle), and 02/06 (right) at Tainan (TN3)



80 HSHHER ~ MO — ¢ FIF SR AT BIEE — BURTRT AT IR

&4 UAV IBERADMT (BALR)
Table 4 UAV spray planting cost analysis per hectare
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