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Preparation of Carboxymethyl Chitosan-based Prothioconazole Hydrogel Microspheres and

Study on Its Spatio-temporal Distribution Behaviors in Wheat Plants
XU Chunli, CAO Lidong", LI Yuanbo', HUANG Qiliang

(Institute of Plant Protection, Chinese Academy of Agricultural Sciences, Beijing 100193, China)
Abstract: Hydrogel-based sustained-release formulations of pesticides are one of the current hotspots in the research of
pesticide formulations. Taking carboxymethyl chitosan (CMCS) and prothioconazole as the main raw materials, and metal
manganese ion (Mn?) as the cross-linking agent, the sustained-release hydrogel microspheres of CMCS-prothioconazole
were prepared by the emulsified cross-linking method. Based on the spheroidization, pesticide loading efficiency and
encapsulation efficiency of hydrogel microspheres, a single factor experiment was used to screen out the suitable
preparation conditions. Furthermore, the temporal and spatial distribution of prothioconazole hydrogel microspheres in
soil, wheat roots and aerial parts were studied via pot experiments. The results showed that the mass fraction of emulsifier
Tween-80 was 2%. The mass fraction of CMCS was 4%. The concentration of cross-linking agent was 0.2 mol/L. The
ratio of oil-water was 1 I 10(V/V). Under the optimized conditions, the prothioconazole loading content and encapsulation
efficiency of the obtained prothioconazole hydrogel microspheres were 22.17% + 0.83% and 68.37% =+ 2.56%, respectively.
The prothioconazole hydrogel microspheres contributed to reduce the desulfurization metabolic conversion of prothiocona-
zole in soil and wheat plants, which was expected to improve the application performance of prothioconazole.
Key words: hydrogel; carboxymethyl chitosan; prothioconazole; single factor experiment; spatio-temproal distribution;

wheat
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AN T AR A JE A P TR AR R A A v R LR TE
DAL It SRR UL 0 AR i S o A AT A B 1 g
X B TH A L M 7 U S Tk Bk e T LA O 4 R 3L
N FH A

1 #wREFE

1.1 ##

PERED: N2 RR2117

BEIR 24 7] AR B D 2 (4B FE99%) , DU )14
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2%; 7KL A1 2 10 (VW) 5 ARSI BE 24 0.2 mol/L
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x1 BRAZKEEITSH

M#E  CMCS/% ikl FLERI%  AZHE)/(mol - L)
1 2 1:75 2 0.05
2 3 1:10 3 0.1
3 4 1:20 4 0.2

1.7 CMCS-7 FLE ™ K5 I ik 8/ £ 4
P 0 R = o A AR
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HA R SeKM, F2E 2 naEmER,
ANEAE R ZAR R FLAL T SDS B 25 1 i i A =
LM R ECAT, 52 FLIR RS E P, v RS e O/ WL
{1 5L A 71 556 7K S5 ol P 45 (i (HLB) — MR /£ 8 ~ 18,
OP-10#1 Tween—80J4) i /L 1% ZE3K , 54 5L br FL WK
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Fae B DL B 0 B SR AT 1 e A 4 1, 2 ol e e
WAL 1 0 7.5.1 © TORTT & 153 il 45 Bk 1k
B, e L 2 R KA R 4 R W, K L gt
diogr e R S AR NTE I EPOROR SRl Ve
SO (R o AR 138 I sl b #4128
JS P LR 08 260 S AR A LY 0 AN 5 A A B S B AN
BE T 20 N, AT 5 3504 o e AR A o AR IR B6 o &k
FH AR R LG A1 2 10, BRI B 2 5
2.2.4  ATIRFAIUAR B 0T 5 I R 28 24 2 R A 2 1Y)
|

FE TR HH 5 A IR FAD 94 5 0 e Ak sk 1 e 73
HAMR KI5, AR5 7% FH0.05.0.1410.2 mol/LIF)
M E R AZIR T 25 %% T % e Ak sk 48 2 2 F B

R, 25 R, BERTHOKR ) 22 2 A . ) 22 B
HACIHFIR LRI I (KD o MEW AR
HACRAIT, L 0T DL 4 B 1 1 8 o #e ik, TE
JSC 4 R U B MUK, AT R o A B A R e A
ey A, R A TR A R MR CMIC'S L A2 Tween—80 1) 388 W%
ViR AE A 2 B K, TTTAE 22 RNt 2 4T
R TR0 45 AL, $5 28208 FH ) AS 111 2 49.0.2 mol/L,
M PR A BT T 25 A % S HO IR
TR R BR P | 2 2 3 RN A R IR 5 ), 0 2 H AR
BRI £ A8 - FLAK 7 Tween—80 5t 5 43 2 4 2%, CMCS
ST 53 H0h 4%, WEIE IR B 290.2 mol/L, 7K Lt 4
12 10V/V) o Zik5e 45 R 5 Ly 39 1E A5 i ik (1)
SER— B AT, IS BEIR TR (1 3 2 %
LEF 59 422.17% + 0.83%H168.38% + 2.56%.,

R4 AEZMEZNCMCS-ARME MKERMBRBAERMEH RGN

PSS Rk HAE/ Y% 0,35 %/% Mn* 5 52/%

2% 22.25+0.67 a 69.27+0.78 a 5.42+0.08 a

Tween—80 /5T i 7 41 3% 17.03+£3.05b 54.98+829b 418+020b
4% 15.55+2.58b 50.69 +8.36 b 4.19+0.20 b

2% 31.08 £ 1.66 a 70.25+0.62 a 2.86+043 ¢

CMCS it 7734 3% 24.06+1.53b 61.01+3.76b 423+021b
4% 21714043 b 68.61+1.15a 5.42+0.08a

1:75 19.88+124a 62.04+1.44b 4.63+0.26b

Vi = Vi 1:10 21.43+0.84a 68.74+0.98 a 5.42+0.08a
1:15 20.16+1.54a 61.36+3.10b 478+0.35b

0.05 mol/L 19.19+0.61b 63.83+1.89b 426+0.12b

AEWR IR S5 0.1 mol/L 19.00+0.84 b 63.00+1.51b 441+0.15b
0.2 mol/L 21.97+0.87 a 69.00+1.23a 5.42+0.08 a

U R PR NG T RORIEP<0.05/KF 122 Sk 35 .
23 F = a AR
231 JREMEYEIE S e R

Fic 5 28 41 ST DA T P ) A T AV, 1 3
JbRAE 2k o ToAR P AT A A - 38 /N AR DL
ANFE M B R (2 PR R R R Y LRI O R
B, WARS 2 E P I L 4 0.025 mg/kgh, it

T AT TR M (1)1 30 [RDAC 36 A 88 %o s 4 /)N A2 AL S 1 /)N
FH EE PR AR E R 0.01 me/kg N, AR A R
I F - 24 B Wi 2823 ) A 98% A11102% , HLAZ e b KT
10 (S/N>10) , PRI 358 vp J7 36 5 & R B 910,025
mg/kg, /N2 R R _F 3R ) ik PR e
0.01 mg/kg.

x5 HRPERAREWHKMEER SETE RMEKEMEEE @=5

FEb kvl ELWis MXARH ERM/(mg-kg")  BNKT/(mg-kg")  TEITICE % AR b /%

0.05 88.0 5.8

T 0.025~1 ¥=0.000 001x-0.010 7 0.999 0 0.025 0.5 103.2 1.6
1 111.8 2.7

0.05 98.0 72

AR 0.01~1 ¥=0.000 000 5x-0.009 0.996 4 0.01 0.5 104.2 1.3
1 98.6 4.3

0.05 101.6 5.9

M 18 0.01~1 ¥=0.000 000 5x-0.009 0.996 4 0.01 0.5 100.8 2.6
1 99.8 3.9
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232 [ AR (DUNZERZF ISR b 5 AR 1 1 Jd 2 A B ) 1
R IANE F AL DA A ) L AT/ e PRt 3 /N RSN b e F PR PR T A R
ATV I IRDBCRIORS 2% PR 58, FE WS N3N LK REIRRORE Ak P PR A it o £ 5, 3 W e R
0.05.0.5.1 mg/kg, RN FATIES K H BAZRIIBOR, A B) T REAR PR e 38 R bk
UPLC-MS/MSHEFFIIAE o A5 L8 rb, 3T A O I 2 ANRE TR AR B, AN [ A7 P B
P2 [FICR O 88.0% ~ 111.8%; £E/NAEAR A, 3N 0 AT BT 1A 5 20 A1 9 DU AR DO 3 > W > 3b
TN B % 98.0% ~104.2% s £E/NA M B, U WK P8 70 D 1 e A7 A T 3 rh, A IR A%
AR 3NN AT B B R D 99.8% ~  SRIFIER DG BN I N RSy o A AR 1 5 2

101.6%, AR BRHE N 22350 /N 17.2%, SR IS TR FR R A L (1 L 38 e, A P T A ) 75 B
2.3.3 R EDNE AT A AT W 35 2 5V B R I I e I, JL 35

ATV B ) B ) 438 AN AN TR RS A £ EHTIG N UE B DA AL P R e A bR
ot A1 A P 70 S 20 A1 7 50 St B 2 0T 7S o AR ARE ISR L A TR A JS T A RSRARG DA BT M 1) Rt 6 A 175 00

4r () 05 (b 025+ (¢)
o W 5 2 ™ W 5 2 o X TR
T 3 O CMCS-ifipme ko x £ 04 [ CMCS- A B 1 %, 0-20 [ CMCS- A T
g E £
I I8 0.3 18 0.15
&1 oL & 4
E & &
Eiay 42 0.2 iw 0.10
b E 0.1 42 0.05
= = =

0 0 0

1d 5d 7d 10d 14d 21d 1d 54 7d 10d 14d 21d 1d 5d 7d 10d 14d 21d

AL BRI ] bR ] b3 i)
e R IRTEP<<0.05/KF B2 5 2,
B2 BEFHREMBELE @ MERDB GO MNZiEHO PHFESLHER

T/ ZE RS, S BURE AL B AR I AR e e AT AR 24 95 SRR TS ) R AT e, AT
AL P P S A PAR LU AR AT ) S e WL H (RN AT R R e R R B AR
21 dfa Z A RE, YW iR Y015 /D 22 (AR
AT AN AN M B, B RURE Ak B ) e A
TR BT T WA 51 55 AT B e AR i 24 Ak B R B A T R = [1] MONTESANO F F, PARENTE A, SANTAMARIA P, et al.

S & Lk

S B F, MG B WG T, U8 B %5 A mT DL g2 Biodegradable superabsorbent hydrogel increases water retention
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