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Resource Consumption Evaluation Model of Orchard Spray Machinery

CHEN Bingtai' ZHENG Yongjun' JIANG Shijie' YANG Shenghui' LU Haotun' KANG Feng’

(1. College of Engineering, China Agricultural University, Beijing 100083, China
2. School of Technology, Beijing Forestry University, Beijing 100083, China)

Abstract. In order to reduce the comprehensive cost of orchard spray, it is necessary to evaluate the
resource consumption level of application machinery. A typical air-assisted sprayer, a single-rotor and a
six-rotor plant protection unmanned aerial vehicle (UAV) were applied for spray test. The results showed
that the droplet deposition density of three spraying machines in each layer were all more than
25 droplets/cm®. The droplet distribution uniformity decreased in vertical canopies seen from the
direction of blowing. Observed from the horizontal direction, the droplet distribution uniformity was also
decreased from outside to inside layers. The highest coefficient of variation (CV) values were separately
63.54% and 79.19% . In terms of the droplet penetration, the air-assisted sprayer was superior with the
low CV value nearby 5.35% . While the CV value of the single-rotor plant protection UAV was 35.20%
in the horizontal direction and the CV value of six-rotor plant protection UAV was 40.77% in vertical
direction with bad penetration. The droplet loss on the ground of the single-rotor and six-rotor plant
protection UAV were 2. 78% and 12. 50% of that of the air-assisted sprayer, respectively, which reduced
the pesticide waste. Then, two resource consumption evaluation models of application machinery were
constructed using two linear weighting methods ( objective weighting method based on coefficient of
variation and subjective weighting method) with the evaluation indexes of water, pesticide, labor, time,
and energy consumption. The results showed the descending order with resource consumption of the

single-rotor plant protection UAV , the six-rotor plant protection UAV and the air-assisted sprayer. The
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CV values of comprehensive evaluation index in two evaluation methods were 110.2% and 74.2% ,

which indicated that the evaluation model based on the objective weighting method was better. The

conclusions provided a reference for farmers to choose a suitable application machinery and reduce the

comprehensive cost in orchard.

Key words: orchard; spray machinery; spraying effect; resource consumption; evaluation model;
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Tab.3 Original value of each evaluation index
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Fig. 6  Droplet deposition and distribution uniformity in outer, inner and stem layers of crown

M6 HR] LA 3 it 245 AL B Y B e A 1)
F IR F I UURACR R R R B T 4l i 25K . Horp
B B RN 7N e S A DR JC N L, 2530 D0 B T
BN TSN E A JZ B T 28 G vl i) o A
7 RGIE W 2 ALV, AL R 3 T2 25 T DU R R 4%
I BT HME 550 00 A A8 S5 A O 6 A AL
FATA] o DAZ5 i 73 A5 3 53k B2 R, UG 16 55 HIL A B
Jire 3 A T ML M AR SRR 15 2% J2 55 i 0 A B AN 1
A) A8 5 BB 45% ~80% 2 Ja], Hovh X 1% M5 25 AL
FFREAR R 79.19% ; AR M AR T A
PLAEML  SMZE SR o A B 20 (N2 IR 2 E TR i
2, S 2B B 13.16% 28. 18% #1 48. 06%

S A ISR AT REAE T, A% 6 S0 2 R AR X
X 28t 245 HIUBROR Ty B /0N, 553 DU R T2 i 5 1 O
WIEAE T2, 0 7w BT X K7 B A
P58, 3 302510 10 AR 2 B R 5 ] I B 5
53 B 2P AN 2 B 3 ROk B2, A2 57 R A
BB A JZ A EE R R A R A I X

FHAT W MRS HBANZERRBRT E
TR R R B
3.1.3  A[A]E 25 BB T TR 25 o A 3 S04
o b
7 29 A TR) it 28 HUBRA'E M PR 485 2 - 1 A5 1 5 2=
14 55 i U B e A 1 23 1

200 m SRUAV, iR <100
150k NN Six-RUAV, it g
ool B ABS EmUUE -
“‘é —o— SRUAV, AR ZREL
S 1408 _a— Six-RUAV,ZREH 170
S
E 120  —o— ABS,BREK 60 §
% 100 7 50 W
B 80 40 o
E =
E 60 30
& 40 20
20 1 10
0 A %8 A’E K> 0
LRTG= U=

P 7 ek T 28 AR 4 A 4 53 1k

Fig.7 Droplet deposition and distribution uniformity

on front and back of leaves



¥ 2

PRIFR 45 - SR 5el i 25 HLAR 9E I3 #E K P S A8 L BF 5 295

BT wal DL 3 it 25 BLAR 71 ol - 1 2
S5 DUV T2 200 T 0 R v N e 3 A £R G
LA I i 75 2 %5 3 0 AR % 2 AL 19 3 /em”,
MNZS i 53 A 35 2]V A0 BE R AN e 3 A £/ T A L
ZES) TP o O S I 5 O A S
17.73% s HoAx 55 0 o0 A5 9 SO MR 39 B 22, 8 5 R ML
WHE45% L) I,

S MR AT RELE T, AR RKIRET k%
SOCHE DU M T 3 55 90 UL K 77 18D, AR A IR T 5
U ANTC AN /TR, o 80 30 0 - 75 RE %
5225 AEATY IR AN RE 5¢ 4 o028 M T 55 DO R R v T
M A O o DX 5 25 LA b R IXUBIL H XU T 5 4
ek B A X A, AU R S i A A 5 AR A
TS U BE B et s A L, B AL %
PEall v B2 Aol 3 B2 XU 37 T 1) R X 45 B2 T i T
M S DB R 22 R
3.2 AEBHNMESBFEESN

Pl 8 Ay A [ it 24 BIL AR AR ol ik A S O 16 5 46 1) 25
{6 B T R AR S AR AR S AR RO B R

/i P
sof jﬂ}’% 77
% 20t %§§§ 120 f&
& 15| N\l
NREIEK
W72z e /j\\\\\ :
SRUAV Six-RUAV ABS
2L
() Bh1m
55r 155
50/ =2 5o
45f 1= i
X 20 @ i;?%& % <»‘wn‘4 ks S
£ —asr PN s &
&0 N\
67 NN oo B 77 NN %&\\gﬁgﬁ ] 0
SRUAV Six—-RUAV ABS
ML
(b) H1a)

P8 W e G 1] A 1] 25 0 A 1 R 5 R R R
Fig.8 Droplet coverage and coefficient of variation
of longitudinal and transverse crown

i 3 5 it 24 AR R R R R
N JEZ B AR (R A A 5 AR BOR SRR T N 1 %5
2B T T 8 A POt 25 LB Ll T AR e Ak
JZ VN EE TR S R R A A S R ROk R
P SE A o) 5 B . R S RBOBUNN, 5 o
Mo &8 RA, B e B A R TG LB 1) 25 T
BE R 72, 7N e R A PR TC AL 1) 5508 58 B PE e 22

A5 S BT 5 35.20% F140. 77 % 5 K3k 5 55 LR
) 55 T S am VAT R S RN 5. 35% o LR FLAE
PR TC BT R3% 55 55 HLAN 1] 25 35 25 37 M K740 24 HL
B AR 5 R By R 3. 62% F1 4. T1%

34 I TR AT R AE T, B B A R TG AL I 7
i v 3 BBl T A SR aE R i, bR PR 2
55U A AT X 50 YN ) 50 o E MERCAT 5 i TR K OF
05 1l WG 3 A AN 5] A A0 2 SN2 T2 5
O3 AT 25 SR B 1) 25 T R E R S . S S AE AR
JC N MU Eb B e SR AR TC B, A3 2R 1B Re ) 59, 5
BN 55 T E M 2 . Gk W55 LR AR S S AR
i PN ] SR S22 g B R ) SR AR J2 TR O A ) A
18 [ 55 0 28 3 PE AT o
3.3 AEAWAGHHEEHREDH

9 Shy AN [ i 245 LA VR Ml b 1T 45 SR A 4555 T

M= E=A
DU I3 A1
7*
—a— SRUAV —a—Six—-RUAV —e— ABS
*\‘A‘é*W
g
s 5
2
= 4
i}
2,1
=
2 1r
ola A e e A ——~A |
-1 2-1 3-1 12 2-2 32 1-3 2-3 3-3
SR

P9 TR A 5 R DOAR B o> A
Fig. 9  Droplet deposition distribution of ground

sample site
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Tab.5 Droplet deposition and distribution uniformity

of ground sample site

2L REGE F iU/ ‘{ﬁ*,ﬂ\iﬁ‘ﬂu
(pLeem™2) V5 R 8 %
5147 5.73 £0. 08 2.46
ABS 82 47 5.77 +0.03 0.87
%347 5.75 +0.08 2.26
147 0.48 £0.08 29.17
SRUAV 52 47 0.79 0. 18 39.24
%347 0.71 £0. 07 16. 90
14T 0.12 0. 01 10. 91
Six — RUAV 52 47 0.10 £0.01 11.55
53 47 0.25 £0.07 52.00
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Tab.6 Comprehensive evaluation index of every sprayer
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