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Abstract: [Objective] To test and compare the operation effects of single-rotor unmanned aerial vehicle
(UAV) type HY-B-15L and multi-rotor UAV type MG-1S on pest and disease control in rice field. [Method] The

mixing solution of rhodamine-B and nano-pesticide was selected to spray in rice field, and field spraying

S EEA:2018-02-10 L% E A FTiE):2018-12-28 14:39:00

W25 & & Hhiik: htp://kns.cnki.net/kems/detail/44.1110.5.20181227.1104.032.html

EE RN KB (1992—), %, LA A 4, E-mail: 1322366847@qq.com; B1E4E4: 2 24 (1961—), B, %4, ¥+, E-mail:
ylan@scau.edu.cn

EEWH: B REEHLHXA A (2016YFD0200700); )~ # T4 3 %15 B (201707010047)


mailto:1322366847@qq.com
mailto:ylan@scau.edu.cn
http://dx.doi.org/10.7671/j.issn.1001-411X.201802028

1

experiments were carried out by changing the working altitude of helicopter and the amount of pesticide spraying.
The polyester fiber cards and water-sensitive papers deposited by droplets were collected and analyzed by
fluorescence spectrophotometer and image analysis software “DepositScan” to obtain deposition effects of the
droplets. [Result] The deposition of droplets increased with the increase of pesticide application. Compared
with 46.67 mL-hm* pesticide, when pesticide application was 66.67 or 100.00 mL-hm >, the deposition of
droplets sprayed by single-rotor UAV increased by 48.50% or 137.73% respectively, while the deposition of
droplets sprayed by multi-rotor UAV increased by 66.60% or 111.88% respectively. The spraying height of
UAYV influenced the deposition and uniformity of droplets on the sampling point. When the spraying height
ascended from 1.5 m to 2.5 m, the deposition and uniformity of droplets decreased by 19.3% and 53.6%
respectively for single-rotor UAV, and decreased by 48.7% and 22.9% respectively for multi-rotor UAV. The
spraying performances of single-rotor UAV were better than those of multi-rotor UAV under four spraying
conditions. Compared with multi-rotor UAV, the deposition of single-rotor UAV increased by 85.8%, 26.5%,
59.4% and 123.4% from treatment 1 to treatment 4. When single-rotor UAV worked at the height of 1.5 m and a
dosage of 46.67 mL-hm >, the preventive effect of pesticide was the best which were 87.63%, 76.67%, 84.08%,
59.26% and 82.33% respectively against Nilaparvata lugens, Cnaphalocrocis medinalis, Chlorops oryzae,
bacterial leaf streak and rice blast. When multi-rotor UAV worked at 1.5 m and a dosage of 66.67 mL-hm?, the
preventive effects against those rice pests and diseases were close to the former and were 86.54%, 78.62%,
89.47%, 66.67% and 83.33% respectively. [Conclusion] Because of different wind field below the UAV
rotor, the droplet deposition of two UAVs are different. The spraying effect of single-rotor UAV is better than
that of multi-rotor UAV, but there is no significant difference of control effect between two UAVs. The

preventive effects of pesticides sprayed by both UAVs can reach the criterion of China.

Key words: multi-rotor UAV; single-rotor UAV; nano-insecticide; pesticide application; rice pest and

disease; pesticide effect in field
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HL 3l BT 3R AE TR TC A ML CF 3 % AT 5 KO MG-1S
RN 2 e AR AL/ B3 T 20% 128,
TN EEERES TR | Fin. BIEELSHE

TR 2 froR, RAWHE I T 3 NKPE, o
W4 46.67. 66.67 F1 100.00 mL-hm 2, 3 /N7 &
W, KR 25 5 K AR AR EL A A 2050 104 A1 2013;
HRAE FH VR ML 2256, T ALV s B it T 2 MK
P15 A 2.5 mo ARG ELR 3 K, WK R,
MRE 27 °C oA, 1B 78% A4, KGETE 0.8~1.2ms’
Z A4k
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Table 1 Main performance index of protection UAV

PRI K R bSSu7y ¥k =v)

WU (g mes) (el Em Sk M "~ - BRI
. . . (mL-min™) (mL-min™) .
Model Spraying speed ~ Spraying height =~ Nozzle number . Maximum load
Single nozzle flow Total flow
HY-B-15L 1~8 1~3 5 200~400 1 000~2 000 15
MG-18 1~7 1~5 4 379 1516 10

1) "5tk K AL A Ty st ok, A ARG 4~T m

1) The nozzle type was fan-shaped nozzle and the effective spraying swaths ranged from four to seven meters

*2 AESHMRE
Table 2 The setting of test parameters

P Ab3 7 /(L -hm %) RV E/(mes™) b 15 /m
Model Treatment Spray application Spraying speed Spraying height
HY-B-15L Tl 46.67 6.0 1.5
T2 66.67 42 1.5
T3 100.00 2.8 1.5
T4 46.67 4.0 2.5
MG-18 TS 46.67 3.2 L5
T6 66.67 22 1.5
T7 100.00 1.5 1.5
T8 46.67 2.3 2.5
1.2 iR TR FE R A BRI 25 AN FETE N IX (25 mx
Tt AR 24 9 BAR R 2 (F PR R A 27 m), Horr, 1 AN/NXOT AR RR/NX, HoAl 24 4

RIS, LA B B o 1R I R S R R
HUIE S, AN S AT AT A WLV 7RISR ) 45 1, 58 45 DK
AN, REIREE AT, S T R AR 25 B AR ] 4
H AR BT S AR T FH 2577, AT DA Ui AR TE N
MM it i 346 PS5 A 8 AR 245 1 T b 00 P s Sk 1% 3 1) L,
PR AT ANEAL R MPIE SR % 1L EE
PR B N 5 g B FH B MR 1 E B C B R
PR BRI A LA o R KA 22 SR R Y sE
S0, KR ST A 25 mmx75 mm, FRERS N
50 mmx80 mm.
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WIS TE 2 7 4 Bh g B A 3 8 2 1 /K Fe 2K
i B SR PR R VG IX AT o VR G2 7 BEI
fRI7K TG, /K FERK R 30 cmo REBEAT AT, 76 3.33 hm?
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7 (Bl 1a).
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VRNV ZHOo0E IR 7K A8 e 55 B7 96 BRI 520, 45
Bl 1a WA 14T 1~8 /N IX AR LR TG A ML it 55 3 (1)
DU AR 5, FER AR T 16 N/NX TE R 8 N4k
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Fig.1 The schematic diagram of test plan
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a: Spray test site; b: Single point layouts; c: Droplet collection card layouts; d: Rice diseases and pests survy
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Fig.2 The diagram of test layouts in field
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2 NI AL 1) 5 AR A AR B/, 11001VS WEHE
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IR ST TINE N AL SR G

L4082 BT ANNUAE &K BB Z 3T
B AR MRIER 4 19485 1 LA TR X I #)
JE 715, R 2 B2 NHLEI A 00T X480k AT )8,
2 RN ST X d e SR an sk S, R S
AL, 76 1.5 m BB B R, HY-B-15L B 5 jig 3
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Table 3 The droplet diameters of two kinds of nozzles under different spray applications

HLA I IS 76 2 T4y E W HI4E Droplet diameter/pm
Model Nozzle model Droplet classification 46.67 mL-min”" 66.67 mL-min"" 100.00 mL-min™'
MG-18 11001 VS Dvy, 50.65 49.22 49.57
Dvg s 111.80 111.20 108.20
Dvgg 193.10 200.10 174.10
HY-B-15L 110-015-VP Dvg, 57.62 60.89 60.29
Dvg s 132.20 127.90 123.60
Dvgg 238.20 208.00 203.10
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Table 4 The droplet deposition densities of two UAVs on different sample points under different treatments  /~.c?

PREI= HY-B-15L MG-18
Sample point Tl T2 T3 T4 T5 T6 T7 T8
-5 4.80 2.85 4.10 4.00 3.05 1.25 0.50 3.65
—4 4.10 1.60 2.40 12.35 7.80 6.90 9.10 8.65
-3 5.75 4.65 15.80 21.35 16.65 23.45 42.15 15.05
-2 21.65 46.65 27.90 34.20 34.50 49.25 69.65 31.10
-1 80.45 137.85 88.70 77.60 86.65 98.45 78.70 58.35
0 64.20 86.10 55.60 58.35 78.50 88.55 66.30 42.10
1 48.15 68.50 62.70 20.35 56.85 65.05 53.45 58.35
2 30.30 37.20 34.00 17.80 31.70 30.00 55.20 23.35
3 8.30 11.90 19.80 5.30 12.20 5.50 25.85 14.00
4 0 0 0 0 0.80 5.90 10.00 3.90
5 0 0 0 0 0 0 21.00 4.25

-3~3, MG-1S & £ Jig # AH IR o AL 53 51 N-3~2.
~3~2 F1-3~3; 7£ 2.5 m {E ML & BE A 46.67 mL-hm >
(RS it 2% A T 2 228 AMLIA SO AR X 4 430
—3~2 f-3~2,

RS AW, [RGB E N 46.67 Al
66.67 mL-hm ™ B, 2 2248 {1 T6 A ML EIA RCTR X 5k
A I A 2 WG R PR 3R N T A A2 AR Ak, {2 Ak 2

=5 FRMELESET 2 MHEANBEYAR X

Table 5 The effective spray area of two UAVs under different
operating heights

WEEIEINZ 100.00 mL-hm? i, 2 28R 4R T AHLE)
BRI 8 0, H 2 280 R TS AL BT
XA [ s A R TG AHLPEML = BE A 1.5 ma AR 245
Wit A 46.67 mL-hm™ I, HY-B-15L 7Y 8 i g (%
TN TR X 3N -2~2, MG-1S B % Jig B AH
PRI ML BT X SR -3~2; M AR TE AMLAE
b R AN 2.5 m I, 2 4R TS AN KA BT
FRIX 3834 N—3~2, HY-B-15L B 15T AHLE 2t
FAX 3380, 1 MG-18 BUAE AR T AN A Rt

T 1 X o R 2 A s E 3T 2 AL ERZ AR R, MG-1S T
I it/ (mLmin- \ s -
Spraying 0 T HY-BISL MGA1S S HERRTE ABLIOH RIUB B T HY-B-15L
] pray application o
height YR AR R T ML, (BAE)G 2 M EE A, 2 228N
1.3 46.67 22 32 LI 2T X A )
66.67 2 9 DA 5 1 2 B AR TE AMLE A R TRX 3R
100.00 o 93 2%, WA RS E TR RO HE A7 ST 2
2.5 46.67 -3~2 -3~2 y —
H, 1521 6 s
=6 AREAE 2 T AHNMNERRIRER
Table 6 The droplet deposition results of two UAVs under different treatments
Gkt Qb DU E/(mg-cm™) W 218/ (mg-cm™) 5 R Y%
Model Treatment Deposition Extreme range Coefficient of variation

HY-B-15L Tl 0.2390 0.166 6 29.91

T2 0.354 8 0.262 8 29.50

T3 0.568 1 0.569 4 36.27

T4 0.192 8 0.2501 45.94

MG-18 T5 0.168 3 0.142 0 29.19

T6 0.280 4 0.342 1 42.18

T7 0.356 5 0.238 8 25.65

T8 0.086 3 0.082 5 35.60
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Y 48.50% £l 137.73%, MG-1S #4T5 AL 53 51 1
T 66.60% A1 111.88%. 2 427 A AL it £ 55 ¥
TERAE s ORI 350 50 P o G 2 D 38 0 S 8 3,
Hr, HY-B-15L BE AHI/EBG &4 66.67 mL-hm™
I, SR A SR ST AR S RECH 29.50%;
MG-1S BT AWLEBT &4 100.00 mL-hm ™
I, S5 TR 3 S 1t e i, S5 DT AR 2 138 S R 4L
H 25.65%(F 6).

M 3 W R] DUE H, 7R & Wit 264 T, HY-B-15L
R B AMLTERFE 5 LU E & T MG-18
LRI AN 454635 6 AT, 78 TI~T3 (11 3 4>
WG &4t R, HY-B-15L B 5 jie 2 70 A LT 5%
T E KRR S B TR &R MG-1S B £ Jig 8 TE AL
kA 85.8% 26.5% Fil 59.4% . JE R TTREA2: £
JiE BAE R TE AL e 3 X 37 B 2 AN TE A HLE 3 7=
A e 3RS S B RIS S 2 A IR A TR G 8
Z IR E M B RIGEE A, FEZ AN Z IR
(177 10, 3 TR T ) b 1) 55 ¥R A i ek L 5 B
BRI AN E A H 1A 3= A4, Jie
A3 S5 KA B T 22 e 381 e 38 A% 17 B2, H 3R 2R
LA B R REE N SRR . FR, Bk 3
AT RN, HE TG AN L I WEE BT 5540 I 55 T R AR AL
K, PRI THLRE 18008, 113 BRI SF ALV

—=—HY-B-15L, 46.67 mL-hm™

1o —e—HY-B-15L, 66.67 mL-hm™
096 —a—HY-B-15L, 100.00 mL-hm™
0.8 —v—MG-18, 46.67 mL-hm™
o S ——MG-18, 66.67 mL-hm™
E§ 07r —«MG-18, 100.00 mL-hm™
5:,34‘5 0.6
=2 05}
ES o4
s 7l
28 03r
EA o2t
& ol
0F
701 1 1 1 1 1 1 1 1 1 1 1 1
-6 -5 4 -3-2-10 12 3 4 5 6

KA 5 Sample point

3 FEBHRET 2 REANNEFAREMLZEE (il
=E 1.5m)
Fig.3 The curves of droplet depositions of two UAVs
under different spray applications(Spraying height
was 1.5 m)

IF) (4] R 34855 78 (1) B3 L/, DRIk, B 30 AL
Jith AR 2 RAE i I E A T 2 e BB A L.

IR B A FE 2 R, 78 3 DMBHl &, BHR
N 100.00 mL-hm* B, 3 B G0K R 7R84 1)
DUR B B s HY -B-15L1 B 5 e 3 78 8% b iy
RORAY T MG-1S BUZ Jig T AHL.
23 T ANEEE X Z MmN SR AR

Bl 4 H5IR 7 2 28T AHLAE 1.5 A1 2.5 m 1Rk
FESAEN, ZAE & KAE S LTI E S 0. B
B 4 50, 2 R ANLAE 1.5 m ARV B, B AE ke
MU E AR A1 = T 2.5 m ARk R B .
PHEM R E R 1.5 m 3 INE 2.5 m B, HY-B-15L
A e T AL MG-18 74 22 i 38 T8 AHLAE KA
M BRI E S BIFRE T 19.3% F1 48.7%, ZHUT
FUSIVERRIKR T 53.6% A1 22.9%.

0.40 -

- HY-B-15L, 1.5 m
035} ~e-HY-B-15L,2.5m
0301 ~-MG-18, 1.5m

v MG-18§,2.5m

W [=]

5-8 0.25}

0z

Tg 0.20 |

I <

H:Eg 0.15}

g

28 o0t

o A

B 005}
0_

—-0.05 1 1 1 1 1 1 1 1 1 1 I
-6 5 4 -3 2 -1 0 1

SKAF 55 Sample point

4 FEMEWSET 2 BEANESNRESNERHIT
R L [E
Fig.4 The curves of droplet depositions of two UAVs under
different spraying heights

5532 6 1 T4 A1 T8 (PRI 45 R AT A, 7£ 2.5 m
eV = I, HY-B-15L A 8 e 38 5 A B L e fr 55
WAERFES EMPIRER T MG-1S 2 #E T
AHL, BB T 123.4%. HIX A S H R K 5

“2.27 AR ) JiR DRl — A« ERLE BELAE RS A AL JiE
S 53 A BLIRT BR, P 8 S5 UORR T bR B AR
B, PRI, e B LR T AN ML Y 55, R e
HENG Foempha s E S EE 2, B
T 1 55 VR P T o TR B R R S () B, 2 R R
IR0 % () Z T B2 g, T LA, TR B 5 R
24 RAGHEEXKFERREHRAE N

M 5a FTLAE H, R 24581 E N 46.67 mL-hm™
i, HY-B-15L & f1 3y 5 i 38 48 £r Jo A HLIE Tl 1) 4
ZIRTRE R EL FE A ML AT e 4 B M 2R SUW
I o3 S5 /K A LU BB V8 R B s B 3053 il
N 87.63%- 76.67%- 84.08%- 59.26% F1 82.33%. M




1

SR, S AH DROC AN LKRE IR AR 24508 i ) 1 M 20 2R

123

X 46.67 mL-hm 74 66.67 mL-hm KX1100.00 mL-hm™

100 -
a: HY-B-15L
N N N
80 H
=3 7 Nye V /)
® 5
s 60H
&£ N
58
40H
20 A
0
1 2 3 4 5

JKFE95 HLZE Rice pests and diseases

R /%
Control effect

100 -
b: MG-15

7

(o]
(=]

N

[oN)
(=]
T

40

20 H

1 2 3 4 5
7K FE99 5 Rice pests and diseases

1: FE KA, 2: FEHE MR, 3: REFTER, 4: NS4 50W, 5: FEA

1: Nilaparvata lugens, 2: Cnaphalocrocis medinalis , 3: Chlorops oryzae, 4: Bacterial stripe, 5: Rice blast

& s

T RIS 2 M AN KFERBEH AR

Fig. 5 The control efficacy of two UAVs against rice pests and diseases under different pesticide applications

5b AT LLE H, FEWH &N 66.67 mL-hm* i,
MG-1S B HL 5 £ Jig FAE r o N AL BT i 1 % 245 5% 75
EL SR K FE R L BRSO A, B A i e
86.54%: 78.62%- 89.47%- 66.67% F1 83.33%.
2.5 T ANELSE XK FERRE RN

ME 6 FTLLE H, 2 2R R B ANLLE 1.5 m F

100 -

80 -

R &)
Control effect
(=)
)

I
[
T

[
S
T

EE

b BE SRR T, ARERE R KRG B 1 BE
MREL; 270G “2.47 45K, HY-B-15L
AU i BAE T AMLAE 1.5 m 1 46.67 mL-hm™> f{)
Wt 2% A T R R B i, MG-1S B L)) 22 i 3
AR TEAMLAE 1.5 m A1 66.67 mL-hm™> F 5§ jiti 2% 14
R E S35

%

%%

3

%
[T

<

KR

1

3 4

7K FE995 B 5 Rice pests and diseases
1: FE R, 2: TG IR, 3: FEFTIE R, 4: 0T MEAREUW, 5: TR

1: Nilaparvata lugens, 2: Cnaphalocrocis medinalis , 3: Chlorops oryzae, 4: Bacterial stripe, 5: Rice blast

Ee6

ARMEISEFMT 2 M AR SRR ENFARR

Fig. 6 The control efficacy of two UAVs against rice pests and diseases of under different spraying heights

e

HY-B-15L & 5 Jjg 8 AE ff o AHLA MG-1S 2
% Jie B AE R JC AN HLIE e 14 55 15 75 & KA A B ot
FEUBE I A 24 3 £ ) 3 o0 T 3 hn, M mEI =
66.67 A1 100.00 mL-hm* i, HY-B-15L B #LE # )6 A
WUAE B KA A AU & LIS M 46.67 mL-hm
B2y BN T 48.50% A1 137.73%, MG-1S B £ jig
BINHL BN 66.60% I 111.88% . 2 ZLHH {4
TEANUE 1.5 m ARV & FE SRR, W7t 1 553 76K

FE i BT ST S & T 2.5 m ARk
FE, JEML I FE A 2.5 m I, HY-B-15L R 9 g 85
AMLAT MG-1S Y 2 Jie 8 I0 N AL it 11 553 176 KA
AR E AR 1.5 m I B T 19.3%
1 48.7%, VTR SIS M AR T 53.6% F1 22.9%.
7E 4 NS5 R, HY -B-15L Y jig 38 15 AHLAE
KRE S _ER TR B MG-1S B2 e 3 T6 A HLIF 4
T 85.8%- 26.5%- 59.4% A1 123.4%, Wit 3¢
P ELI

HY-B-15L 245 e o AFLE 1.5m 1 46,67 mL-hm”*



124

g A LR 22243 (http://xuebao.scau.edu.cn/zr)

540 5

(N4
]

FAET, ACZGRIRE R RN R FE AT 0
P 5% S0 ANRE T RS KRR 0 LT B iA ROCR R

U, B35 BN 87.63% 76.67%- 84.08%- 59.26%
1 82.33%; MG-1S L g ® I AHLAE 1.5 m A
66.67 mL-hm > {fEMV 26 1F T, RS K El. FENE

i IS
[ B

TEFT L 2 B 1 2% S0 ARG K L5 K R s
TR RCR BT, B AN 86.54% 78.62 %

89.47%- 66.67% F1 83.33%. 2 FhAI S (£ AHLBE

JitiA< 24

25X KA R AP IR BOR ZE AN K

SE WK

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

T, B, Tk, 4L 1991—2010 4F 7 B KRG
TIRAERE 5 255K 70 M [7]. PREE R HL2A 4R, 2016,
38(3): 500-507.

BB, MR, VR, 55, RIEKREE RYUEAEE R
I R R AH R S [T]. B 5 AR AL, 2016, 47(3): 47-49.

WR'E Ja, REE, Dk, &, JURM X K AE R CE
HH (] 95 0B 7]. ) PE A AR, 2017, 30(1): 28-29.
TKARE, = EM, BRI, &, o A 2 it 24 B AT
FURENE 5 JEER[)]. ALHLI IR, 2014, 45(10): 53-59.
BT T AL R R B AR BUIR[I]. A BR 5 $e 4%,
2014(5): 16-18.

LAN Y B, CHEN S D, FRITZ B K. Current status and
future trends of precision agricultural aviation technolo-
gies[J]. Int J Agric Biol, 2017, 10(3): 1-17.

WANG Z G, LAN Y B, HOFFMANN W C, et al. Low
altitude and multiple helicopter formation in precision ag-
riculture//[C]. ASABE Annual International Meeting,
Kansas City, USA, 2013.

FERE, g, F 5N, 5. 5T 7 8 P EE R
TRIC AN 245 % 05 DURR 20 A R MR MK 0], Aol TR 2
%, 2016, 32(24): 89-97.

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

BEWT T, BRYER, IMT, . N-3 B AN BELTHHLIE 25 7 20
S ARG R ERITRE A IR 7 38 25CR I S [T]. AR AR 4P
23, 2013, 40(3): 273-278.

F4 545, 2% M, BRADLEY K F, et al. £ Jig 85 A ML
WEHE T J7 K %I 25 Wit 25 i DURR IR 52 ma [T]. Ak L
MR, 2017, 48(8): 105-113.

PRESIE, 22 KM, 4k, . NEUE N BTN S S50
X A K T J2 B W IR o A B )], Aol AR
ik, 2016, 32(17): 40-46.

CHEN S D, LAN Y B, LIJ Y, et al. Effect of wind field
below unmanned helicopter on droplet deposition distri-
bution of aerial spraying[J]. Int J Agric Biol, 2017, 10(3):
67-77.

rhrAe N\ BRI L R AR 24 5 . AR 24 T [1A) 24 280K
B E I (—) A& BAFIBT VR K AE ARG G E: GB/T179804—
2000[S]. Jbx: A EFRHE H AREE, 2000.

rhAE AR AN [ e e 245 v i, A 24 P ) 24 300K
ISHEN (—) AR BB iA PN G iR GB/T179802—
2000[S]. db5T: B AR AE H A, 2000.

Fpe N RS A0 [ b A 254 T . R U U
FHTE : GB/T15790—2009[S]. b 5T: 1 [ A5 i H G-,
2009.

rhie N\ R A0 R AR 24 S . AR 24 T [R) 24 280K
IOV (=) 28 105 #B43: AR BB VA KRG 40 1 2 B
J%5: GB/T17980105—2004[S]. At 5T o [ A5 vk 4 R A,
2004.

PR ZR, B, 2R, S far H S5 A o ST O AR 1)
PDPA R[], AL, 2012, 43(8): 78-82.
GUPTA A, KUMAR R. Droplet impingement and break-
up on a dry surface[J]. Comput Fluids, 2010, 39(9):
1696-1703.

[REHE FAsa]


http://dx.doi.org/10.3969/j.issn.1672-3872.2016.03.043
http://dx.doi.org/10.3969/j.issn.1003-8779.2017.01.007
http://dx.doi.org/10.6041/j.issn.1000-1298.2014.10.009
http://dx.doi.org/10.11975/j.issn.1002-6819.2016.24.012
http://dx.doi.org/10.11975/j.issn.1002-6819.2016.24.012
http://dx.doi.org/10.11975/j.issn.1002-6819.2016.17.006
http://dx.doi.org/10.11975/j.issn.1002-6819.2016.17.006
http://dx.doi.org/10.6041/j.issn.1000-1298.2012.08.015
http://dx.doi.org/10.3969/j.issn.1672-3872.2016.03.043
http://dx.doi.org/10.3969/j.issn.1003-8779.2017.01.007
http://dx.doi.org/10.6041/j.issn.1000-1298.2014.10.009
http://dx.doi.org/10.11975/j.issn.1002-6819.2016.24.012
http://dx.doi.org/10.11975/j.issn.1002-6819.2016.24.012
http://dx.doi.org/10.11975/j.issn.1002-6819.2016.17.006
http://dx.doi.org/10.11975/j.issn.1002-6819.2016.17.006
http://dx.doi.org/10.6041/j.issn.1000-1298.2012.08.015
http://dx.doi.org/10.3969/j.issn.1672-3872.2016.03.043
http://dx.doi.org/10.3969/j.issn.1003-8779.2017.01.007
http://dx.doi.org/10.6041/j.issn.1000-1298.2014.10.009
http://dx.doi.org/10.11975/j.issn.1002-6819.2016.24.012
http://dx.doi.org/10.11975/j.issn.1002-6819.2016.24.012
http://dx.doi.org/10.3969/j.issn.1672-3872.2016.03.043
http://dx.doi.org/10.3969/j.issn.1003-8779.2017.01.007
http://dx.doi.org/10.6041/j.issn.1000-1298.2014.10.009
http://dx.doi.org/10.11975/j.issn.1002-6819.2016.24.012
http://dx.doi.org/10.11975/j.issn.1002-6819.2016.24.012
http://dx.doi.org/10.11975/j.issn.1002-6819.2016.17.006
http://dx.doi.org/10.11975/j.issn.1002-6819.2016.17.006
http://dx.doi.org/10.6041/j.issn.1000-1298.2012.08.015
http://dx.doi.org/10.11975/j.issn.1002-6819.2016.17.006
http://dx.doi.org/10.11975/j.issn.1002-6819.2016.17.006
http://dx.doi.org/10.6041/j.issn.1000-1298.2012.08.015

