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Uptake and translocation properties of rotenone nanopesticide mediated
by hollow mesoporous silica nanoparticles in cucumber plant
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Abstract: [Objective] Nanocarrier was used as pesticide carrier to improve the utilization ratio of pesticide.

[ Method] Hollow mesoporous silica nanoparticles (HMSNs) were synthesized by self-template method using
water as etchant on the basis of solid mesoporous silica nanoparticles (MSNs). Botanical pesticide rotenone was
loaded into HMSNs (Rot@HMSNSs) by solvent evaporation method. The sustained-release property and
insecticidal activity of Rot@HMSNs were determined. Distribution of rotenone in Rot@HMSNs of cucumber
was obtained by HPLC. [Result] The particle size of HMSNs was about 250 nm and the specific surface area
was 999.4 m’/g. The prepared Rot@HMSNs had uniform particle size and a considerable loading rate of

Wi A EA:2021-04-01 4 HE ZFTE:2021-12-14 09:12:35

P 4% B & HbiIE: https://kns.cnki.net/kems/detail/44.1110.5.20211213.1522.002.html

EEEMN: TR, SARLIT, M, TEZAFREZHEMNHELAS A, E-mail: 381896070@qq.com; ik, A,
TENFERGEB 5T EREMRT, E-mail: 603495520@qq.com, TR TR E Tk, BEEE: HPE,
B, ¥t TENFRYGHGEAFTEAFRIEER 2L, E-mail: cxj@yzu.edu.cn

EEUWH: x5 4 & 544X (BE2019340); 45 7 WA 448 B (YZ 2020178)


mailto:381896070@qq.com
mailto:603495520@qq.com
mailto:cxj@yzu.edu.cn
http://dx.doi.org/10.7671/j.issn.1001-411X.202104002

86 HErg RO K 2= 4R (http://xuebao.scau.edu.cn/zt/hnny _zr/ch/index.aspx)

43 %

rotenone (46.7%). The Rot@HMSNSs had good releasing performance and the release model was in accordance

with the Ritger-Peppas model. HMSNs significantly improved the uptake and translocation abilities of rotenone

in cucumber plants. [Conclusion] The utilization rate of rotenone can be improved by nanocarrier HMSNG.

The study is of great significance for reducing pesticide use and environmental pollution.
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Ly Thrips ¥ H. Aphids FZ%H H Pieris rapae 5%
S HE MEA RAF R JUS R H2, R L
I ATETE, B KRR, 00 . 1t
b, Tt Ja, R R YA A, R 3R
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LU Spodoptera litura N3 H R FHR & 145
o, FEMED) 2, 218300 2HP, FEAEEE
Rt R R KL HE S RHEARIEY.
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2] L-2000 B v ROB AR 18, H AR Hitachi A A
TEMBS210S A H ¥ K>, #8[H Sartorius A 7] ; H/T-
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HMSNs. # 0.16 g CTAB. 26 mL ) 75/K Z. B2 55 mL
2B F AN B R e, JRA TR CTAB
FE43VEME, 5 min S 1 mL 20K, 285 LA 1 mL/min
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WEEN 0.5 mL. 25 24 h J&, 73 B KAE A F
PIAR B 25 3 AT FIAR, R4 &AL 1 D)
FETIRRERME NUWE, n] L% HMSNs
TE3E AR I R G A i Ol
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A and B: Scanning electron micrographs of HMSNs; C: Transmission
electron micrograph of HMSNs; D: Transmission electron micrograph of
Rot@HMSNs
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Fig.1 Electron micrograph
B e HUH A A B 45 R R B HMSNs
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PIRLAR o A BN S, tE 20 250 nm. IH4h,

FRAMRIRLAE o

HMSNs %5 i 28 S i 7 (1 IV B 2530 #h 28, 43 &
1E 0.3~1.0 B, HBL T 1 AN 58 0 Ha 283 5 2h
(] 2B), RIAHEAFATRERHINFL. Rot@HMSNs
) 45 Ui 24 1 T R TR I 20 1 PR B AR T A, G B
1eizE /T HMSNs. BF 76 % 3] HMSNs [ b 2 1 i1
N 999.4 m¥/g, FLBERN 0.62 cm’/g, FL1E N 3.3 nm,
T Rot@HMSNs [ bb 3% 1] AR 55 25 T4 b #4881 e
i () B 2R R %, LR IR 21.8 m/g, LA
N 0.16 cm’/g, LA 3.1 nm, K BIER T
Fid B3 54 T HMSNs A FLESH

ZLAMERE N 52 45 TR Rot@HMSNSs 7 4H M
(A7 B P T o R R A HMSN's REFAE I, 75 457,
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AbF 5506 A EE R K —OH O FRAR AR IR B 73 AME
1454.1514.1610 F1 1674 cm ' A BT 5 fa i
FH ] PR AE W i (P 2C), A RIA AR BNIERY,
WG] DAIEBH, £k f Bl D) 471 4 2] HMSNs fLiE 1, H
KRABN RSB BEAh, IR R BB R 5
CTAB ¥R, BRI L2 e 4 23Rk @it HPLC
Kl 2 h J5 5476 Rot@HMSNs £ BE 15 WA fa
i &5, 45 B B HMSNs (#2555 46.7%.
2.2 Rot@HMSNs BYBRH4: BE

TR R] 72 0~10 h i, o 7 R F R s s K
T Rot@HMSNSs, B HH T HMSNs L& 1) 5 28 Al
K E 10 R TR SR 45 T HMSNs P Jes by, FR 1] 7 0 e
PR R ] KT 10 h J5, HMSNs 3R [ Al
FLIE A (1 1 BRI 48 S AR TG P 1 £ e R R i
ANFEZ BB, B A6 T R R 24, 76 168 h
J& Rot@HMSNs [ f1 Ji i B T B0 3] 74%, £ 7k I
JR 2 RN 67%, I HibH 2218 LI s
(¥ 2D). HH# 1 A%, 75 4 FpHUE B H, Rot@HMSNs
HIRE T 26 7E Ritger-Peppas fl & N A &
PIHLA BE, e RECN 0.990 3, Rot@HMSNSs #1 4
FHRER n 60 0.44, T 0.43~0.85, FF & ASHM T
BT M, Ui R HGL AR Rot@HMSNs HIRIAT N
{F1E Fickian 4 HUFE 2RIV T 12 59 HMSNs
() B R 5 ¥ 3k 2 vk, K 520 MSNs #5748 K
HMSNs, fERE RS 2, 52 BB T8O ot AR, k44
TR, FEER . HMSNs AR H K .



B S, S cp L AR RORL T 5K e K ORLLE B TR P RSO A 5 89

0.5 313mm . Rot@ s
300 A %0 B ~ ael I T
800 | tfusl
25+ 5
700 | Egozp
== orl Ty i
2 20 PR o] ‘WWA/
.a . —
= = 2 500+ 0 5 10 15 20 25 30
% % 15 E—g #Li/mm
.:R ‘:: Hlﬁ g 400 + HMSNs Pore diameter
b £ 2 300}
— 10 X2
200 Rot@HMSNs
5 F— HMSNs 100 | [
— Rot@HMSNs A N - -
0 I I " I 1 I I I I I 1
0.1 1 10 100 1000 10000 0 0.2 0.4 0.6 0.8 1.0
K% /nm I E
Particle size Relative pressure
C D
80+
2
‘ = £ 60
3 i
: =E
i w3 40+
3658 = g
‘ B 3
I ' <
— fa M Roteone } 457 20+
— Rot@HMSNs ! —=— 1 i il Rotenone
, HMSNs 1085 ! —o— Rot@HMSNs
4000 3500 3000 2500 2000 1500 1000 500 0 20 40 60 80 100 120 140 160 180
olem™ t/h
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A: Particle size distribution of dynamic light scattering of HMSNs and Rot@HMSNs; B: N, adsorption-desorption isotherms of HMSNs and Rot@HMSNSs;
C: FTIR spectra of rotenone, Rot@HMSNs and HMSNs; D:Cumulative release curves of rotenone and Rot@HMSNs

2 HMSNs #1 Rot@HMSNs FUFRIE ST
Fig. 2 Characterization analysis of HMSNs and Rot@HMSNs

1 BFEEIF Rot@HMSNs IR HHILINA R
Table 1 The release curve fitting results of rotenone and Rot@HMSNs

b3 WA J7 iR YE R AL
Treatment Fitting method Kinetic equation Determination coefficient
il 3 FI RS 0=17.12+0.34¢ 0.9701
Rotenone Zero-order release model
— RO T 0=64.42(1—¢ ") 0.9367
First-order release model
Higuchif i 7Y 0=5.391" 0.9884
Higuchi release model
Ritger-PeppasF iUk 4 0=7.50"% 0.9993
Ritger-Peppas release model
Rot@HMSNs YRR 0=18.68+0.40¢ 0.8857
Zero-order release model
— RO T 0=70.98(1—¢ ") 0.9758
First-order release model
Higuchif i 7 0-6.201" 0.9809
Higuchi release model
Ritger-PeppasF iUk 4 0-8.361"* 0.9903

Ritger-Peppas release model
1) QA R B3 =, A% AT

1) Q is the cumulative release, and ¢ is the release time
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2.3 Rot@HMSNs AU H5E M

f % 2 A A1, 45 1 HMSNs X RSk 3 14
J1f#) LCsq 32 K F 1000 mg/L; Rot@HMSNs i &4
Tk 3 84l i abFE 24, 48 F1 72 h 1] LCso 43 51A
133.8.104.5 fI1 84.0 mg/L, JF HH X RmEtEE T
5 g/L W g F AL 7, 15690 Rot@HMSNs B &
TR RO AN 2 s v . BCAr HMISNs A0 P2 H- ik
MR DUG, RSOk 3 84 U B T AT sh & 18 1k
FAGE /INFIAN BB S5 B4, i B HMSNs /R
T T 2k A LA — 8 B U E
2.4 HMSNs 7EE VA RN FN & S45 1%

ORI RAE BB g B, fE4 T FITC-
HMSN s [ 438 24 h DLJE, 78 55 TR B 6 b 2 it
A b BRI DL B 25 b BRI DU A 22 A
FIHR 38 R % R B R I SR €58 s, SR e E B
SR TERE AR 40 B BE R4 o, A D &t IAE 4
Mo, 3% BT FITC-HMSNs R A% 19 BR ), J632:i8
T 4 A BE IR FLE NG A (1 3). AT BRI R
FEPR B R SR O R T4, AHF 72K I BOG T

GFP

%<2 HMSNs #1 Rot@HMSNs 3 #18 Ria R g
Table 2 Insecticidal activity of HMSNs and Rot@HMSNs
against Spodoptera litura

W BHMAGR ERE o
t/h Regression Determination %0
Treatment !
equation coefficient (mg'L")
Rot@HMSNs 24 y=-2.76+1.31x 0.8418 133.8
48 y=-2.70+1.35x 0.8983 104.5
72 y=-337+1.77x 0.8986 84.0
fEERELF 24 y=-2.97+1.32x 0.9518 176.3
Rotenone g\ 30341450 09579 123.9
microemulsion
72 y=-533+2.73x 0.9699 91.6
HMSNs 72 >1000

1) A E 8 R 2,y T
1) x is the logarithm of dose, and y is the mortality rate

Wk, LT o (K BN AE A M 24K, T 4% 7%
F6 b5 LR A A3 4 B N AR R FITC-
HMSNs, Ui ] HMSN's #f B8 1 2 U A i, AT
3 B 5 TR % AL, B AEEIE R A E

Bright Merged

AETRM DL LA 25FT; B: ARERI (AR Ce AR LR B4 ZEFT; D: 4R
A: Upper stem of treated leaf; B: Stem of treated leaf; C: Lower stem of treated leaf; D: Root

3 JEH FITC-HMSNs 24 h FHR/NEKE AL ERER

Fig.3 Figures of various parts of cucumber plant 24 h after applying FITC-HMSNs using laser confocal microscope
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