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The optimization on the decomposition agent and product screening
method of " insect-microorganism" separ ation technology of residue
film recovery mixture from cotton field
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Abstract [Aim] To improve current methods of separating residual film, the main source of white pollution in farmland,
from cotton debris. [Methods] Experiments were conducted to assess the effect of 5 different decomposition inoculants
(Lvlong, LL; Lvkang, LK; Renyuanshengwu, RW; Nongfukang, NFK; Voto, VT) on residual film recovery from fermented

cotton field waste that had been transformed and separated by the 3rd instar larvae of Protaetia brevitarsis. The residual film
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mixture was then screened in one of 4 different ways (manually, by vibration, wind separation or vibration plus wind separation)
to determine the optimal decomposition inoculant and screening method. [Results] Adding decomposition inoculant and 40%
cow manure promoted the fermentation of the residual film mixture. “Insect-microorganism” separation caused the residual film
mixture to become stratified and granular, but the residual film harvest coefficients of each of the 5 treatments were basically the
same. The RW, NFK and VT treatments resulted in the greatest larval weight gain and food intake, which were 58.93 to 60.71 g
and 896.10 to 913.67 g, respectively. The VT treatment had the best larval conversion rate (66.03%) and larval dung-sand
conversion rate (96.27%). The VT, RW and NFK treatments had the highest utilization rate of organic materials, ranging from
29.82% to 30.64%. Overall, the VT inoculant was the best. Manual screening achieved the highest screening purity rate, followed
by vibration plus wind separation, with purity rates >91%. Vibration separation had the worst screening purity rate but also
required the least screening time, followed by the wind separation method. The time required for manual separation was 2.48
times that required by the vibration plus wind separation method. Therefore, the vibration plus wind separation method was the
best overall. [Conclusion] VT is the preferred decomposition inoculant for cotton residue film recovery, and a combination of
vibration and wind separation is the best screening method.

Key words Protaetia brevitarsis; residual film mixture; decomposition inoculant; bioseparation; mechanical screening

o B 3244 Chinese Journal of Applied Entomology 61 %

B IR E E R AR KIX, 2018 AF 7 i
TR ST AR 29 347.8 7 hm?, 4EHuER A B
b 20 Jymg, b, R AR R AR TR
1) 70%4 47 CBPANZE, 2019 ), B X 4 A4
FEH T R T, R b R e AR T T
v AR BRI T AR AR, A T T
55 1 R A 25 2 ST 8 43, TN T B s [
WOHERE , (fif3 7R RSEAE 1 IBRHE R b it B, i
G IVEIAE S | KoM L AR 55— R 5
I (ZE250R%, 2001; HAEESE, 2014; ™5
RAE, 20145 ZHESE, 2017; FPEHE, 2020 ),
g8t , B AR H O 2 Hb B AR R R A
206.46 kg/hm® ( [H R FREARE<TS kg/hm®, GB/T
25413-2010 ), Hrr, A X, Bade, 1H
LB BN AR A E IR TS
Yo X I, GRS P R KT 275.63 kg/hm?
CEANAE, 2019 ), B3R B R AR =l 3
M, 2021 AEHFSEARAE G2 EAR LS ' 89.5%
(ERg R, 2021), fHEREC B 42X H
5 Y FESRYR (Liu etal, 2014; #X7A%,
2017 )o FTHR T SEAE) Iz FF R T AR B RS T A,
FERG FH BRI SRR b, s | SR AT 4R TR
B R AR R 80% (A EE SR,
2017 ), JeHBEMREFYE . MFFEMELEACE], Tk
SR FHMLAE S 5 R Beatt A7 40 2 o H AT R 2R AL
WA NTAE, AR . ek, il +
PR BUIRAS, I H w55 33 (R S YA

5 CRAEESE, 2013 ), Qnfepfe sk i R S 2F
AEIR A o0 15 ok — B R R A [ s T
AR R [,

B R Bl A 2 R G B R A 260, 7
H AR A 20 B 2R 100 JiF . B
Bk, P AA 17.3%00 8 &R B AAE Y
—iE R E N YIRE . 208 Musca domestica.,
oy B Tenebrio molitor . 227K i Hermetia illucens
A A4 0 P brevitarsis 55 2 Fh B L 7E AL P4
Jif st (X E T4, 2013; Nguyenetal., 2015;
A, 2016; FIMH5E, 2019), HEIEM
(Nguyen et al., 2013; 254, 2017; #HRIESE,
2021), YEUIFREFE (R EFHAIERKME, 20155 #ik
220155 JKITAS, 2019; IS, 2020), &
FHHHERE (3Kf%, 2015; Seul-Bi et al., 2018;
PNETT, 2018; Weietal., 2020; Duetal., 2022)
FAPUEFY PRI, AT H TG EA L
EFEE g . R RS, R R IR B IR
PR, MR RE AR BB, 2022), H
BAASHIEHME Coleoptera, 4 SOFH
Scarabaeoidea. {64l Cetoniidae, FEAL4
J& Protaetia MEH, JZaMmTHE. Fk.
R W HAS 5 R e 2 K H 0, 19955
FEORHAE, 2011 ). HEASRNYHCHE M,
TR, ¥R, KEmHEY LS, W
ERELRAEY RS AT ( Zhang et al., 2022), &
B (S, 2021) FMIEHARERE (I



6 1 A MR EGR A Y BB 2 BEOR 6 ik R A W i T i i

+ 1345 -

Al 2018; Weietal., 2020 ) 24\ A HLEFY,
IR R R A R R BRI LA S S ST
FEER I D, EFh IR I B Rt i g
(B, 2014; XUFEIISE, 2018 HifERSE,
2019; Lietal., 2019; A%, 2019; #4HI4%,
2019; 5KJ7A8%, 2020; Nikkhah etal., 2021;
BARABAE, 2021; SKEMRSE, 2021 ), BFHUE
W Rl Ak 3 A B BEA , R B i
SR | IHA LR EES B ( Manning et al.,
2016; Hardersen and Zapponi, 2018; 5%,
2019; KR, 2019; Duetal., 2022 ), T4
e, RS W (EMMEY ) BEAaH Rk
AHRIC OGS AR, I TN T %
g | IR R AL A R SRR R A ML
7Y 1 (EEE, 2011; ##%, 2013; Zhangetal.,
2022 ). ShAEREH R A A LR KA IX, B
Y= VAN N VR e N € R S SN i R e 1
HUEFFIIIHARNR F (#578, 2021; Zhang et al.,
2022), IFIH A RS g R AWML E .
b B B, IESE T 4 AT U T
3 B AR B LSO & 9, ARG 2 — 20 AR e I
fiff DR RN 28 AR S AR R AE ) ( Eh e 5, 2022
ol 1L, 2022 ),

i FE B T TR A W 4 U R B A B R T e
AL, AT SCERERARE . Uk | HORD AR i S
FRAARAS | S 5B, S W R IR AL
G, TR EHEYNIRAY ik rm, 3%
WG CNTATHFE" el RAU i (8 DL
MR TR . WAk e ) WRhE AR, EAME
K HF M FE R A INEE ( Allyl isothiocyanate ,
AITC) 536 i | (4 7 v, A Sl At i R
[Fi) DO A28 114 53 Do) Xk B a0E 4 7 43 0 4, ST B 5] )
3B (Kiss, 1979; Zaborski, 2003 ), R4
fagh i B otk , MEARK BB, R
ANELBURIME RS, 38 B a7 4 S R R AR
B B seEME, WK BRD I, IR
A HURMFR IR A T i 1, Formeok
JRER A28, B SR TL B I B AT A A R
o WK 32 2 FR TR 5 0 v 1) B A i 4 s 3511
o3 B R ER AR 1) A [ AR AR 43 B8 BV
P2 B R, H 25 P AR B B R e et A

VIR BRA (A &S, 2017; KiEZE4E, 2017;
FREAEIASE, 2018; ZERHT5F, 2018, 2019; 5K
A, 2018; FFEFISE, 2020), RAXT “H-
P AR A AR R T AR TR B 0 1 7
Rl . B, ASCH R TR - AR RIGR A8
CHUTET AT R T AN BRI, L
ST T 3 B0 A AR R R R B W = Ry
BHEA, MREREN AR S AN o
B AR IR A B AR T T AT St
Sk G R AR FH i i DX A T AR A A
PRI, BT s A SR TS e ih BERIAR AL 7= Il
KT,

1 #MR5HE

1.1 R R

IR A Ko BE F G M IR B B B AL A HL
B 3% W 7 btk BF 5% FE M (44°13'49"N
86°23' 3"E).

1.2 RIEHFE

A % 5 T AT & W B B g B EL G 02
FIDFE RN 5 AR 2EE [ B R AR, S A
AR (1) SRAME; 3 82 15 HI A
i A A EAR. 5 208 (s
1 mx0.4 mx1.8 m), % (38 cmx50 cmx
14 cm ) K4 A HAP 73 B0 (38 emx50 cmx
13.5 cm, FL4% 0.8 cmx0.8 cm, JEFLFR 1.0 cmx
0.8 cm) T LB AFHEETY,

1.3 RIS

KAEAF B LR 5Y-500 B EEIHL, 77 H
W FE A R PR SR AR, FLE Y
0.75 kW, %38 370-450 r/min; 523458 R AL
ERC LJ2RA 6 H, TIZMMMA 16 H ),
7 EAREL AR AU, T 1.7-3.0 kW,
TAERJE 380 V., HEF RV, &I LT3002, 4™
I~ F N H AT R A A BRI A A5 X
THRAR, AT oA BT AER A BR
N REE S TP101, TR BRI R ( - 50+
300) °C, FIZFNA G IR 2 B AR IGEE



- 1346 - o B 3244 Chinese Journal of Applied Entomology 61 %
ZETR e AR IER R 200 kg, 4-ZERCEE N

14 WHEAXRECDWESY “B-H” 5ENEH
ik

i P 58 (AR 5 P 0 A 2 TR e 2 T
AREBE 5 ARG 1 AT AAE BUSC X

40% . Ji figt T AR F IR A U T IR B s, 9
PR IR 60%+5%, HERHERLIE AR,
RACTEHERIRE , &5 d BIME—IK, 165 30 X
R 5 SRS, U R 77 20-30 cm AR
60 kg Zi A HOMPRME kRS, 33t 6 ke ket

x1 BREAFENREREH
Tablel Introduction and instructionsfor decomposition inoculants

fem g R
P N R il kg/t
ﬁ%ﬁﬁ’ilil;.ll. L 7 e (100 million/g) (kg/t)
Decomposition . . . . Effective number Recommen
. Brand and production company Main functional bacteria . .
inoculants of viable bacteria ded dosage
(100 million/g) (kg/t)
LL APUEEEE, INARERD AR R 2R AT . A2 AT I 200 10
PR & (%3 ) Organic fertilizer BEHREH . £% {0 K% E Bacillus
decomposing inoculant, Shandong subtilis, Bacillus licheniformis,
Lvlong Biotechnology Co., Ltd. yeast, Trichoderma viride
(Zhucheng)
LK AHLYPRHE AR, FEATRL, hARakilE 2F AT A . K R AT 8 0.5
ARG R F (d650) Organic Bacillus, Trichoderma and yeast
material decomposing inoculant, straw
type, Zhongnonglvkang Biotechnology
Co., Ltd. (Beijing)
RW RW 7], FFFAL, BRET ATCA: AP (RS R ZEFFF A . MK 2F 100 10
YN Al (#9BE ) RW decomposing T B AR ZE AT ) » #
inoculant, straw type, Hebi Renyuan JREFE £} Bacteria (Bacillus
Biological Co., Ltd. (Hebi) subtilis, Bacillus licheniformis
and Bacillus jelly), filamentous
fungi and yeast
NFK* AHLYPEHE AR, W R R E R AT RO £, 7 k22 0.1 30
HAERAT (M ) Organic material BEEFE, WA 2EMFTE . LR
decomposing inoculant, Henan 12585 ¥R @ Mainly Bacillus
Nongfukang Biotechnology Co., Ltd. licheniformis, Candida utilis,
(Zhengzhou) Bacillus subtilis, Lactobacillus,
Enterococcus-like bacteria
VT VT-1000, FEFFES, JER0RE KM A ZEAUFFEA . CZR A . FLRR A 200 1

IR AR AR (dbnt) VT-1000,
Straw type, Beijing Voto
Biotechnology Co., Ltd. (Beijing)

7 I Bacillus, Actinomycetes,
lactic acid bacteria and molds

*, FTPLETNE L, *: Need to be activated in advance.

TSI E 6 ByFe St YR FoK i, B TR
FAT T EZ N 3.6 kg IR & BEYIRL, A 300 g
394 15 Hidm i Eeafmshd, JFRE 10 d iiE
R, FEBRER 3, B 11K, IR
i o AR AW, KR R RURIR A

YraiE R G F, iR AR AT T,
ZIF R B AR AT AR A M, R 4l B 2
Lt RS P o 0 HpAR R R R
FREGYMET 25, MEFREAMRFE R fab
A A, IR E AR R, SR E T
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Fig.1 Linechart of temperature change of each treatment
K h RS R A TSRS, RW: AT,
LL: 2P, LK. Z%HE, NFK: REHE,
VT: Kt F21H,

The capital letters in the legend are the abbreviations of

each decomposition inoculantsagent, RW:

Renyuanshengwu, LL: Lvlong, LK: Lvkang,
NFK: Nongfukang, VT: Voto. The same for Table 2.

22 HERSARU. SEREESUWIHE

K 2 (A-C) o3l i g KT if CRIERIRES ).
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2 RIERE
Fig. 2 Morphological change diagram of residual film mixture

MBI SELE

A, BRBERGYIGIRE: B, IE 10 d FIREYIRE; C. B EmERERE; D. 4085 ny mabRas .
A. Initial state of residual film mixture; B. The mixture state after 10 d; C. State of residual film
after separation; D. State of insect dung sand after separation.
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Ak Sy B AERIE S S B R AR AR T U i 2
5, BIRERIERLT

23 FREREANBERESREN. 78R
FRR & ¥ H) R

HIZE 2 IO, H 2SR 3 A XSS
) 5 e T 70 PO T 2 I [T W3 5 0 ) e A 20
RORZESFEOR . WER MR RW (AJUE

¥, Renyuanshengwu ), NFK ( £t[f, Lvlong)
VT (KL, Voto) WFIAEAL, W& TN
M (P<0.05), & EHRIERHY 58.93-60.71 g,
AR RGN 896.10-913.67 g, Hiikihfh 4
AR EEAL R DL VT BRI AL, H5HAb 54>
AbPRZH A P 3 25 KT (P<0.05), Huikf%4k
RN 66.03%, B HLREMNMEN
96.27%. AHLYIEIFIHZRLL VT, RW 1 NFK &
Mal e, BEEsSFHM 3 Mg
( P<0.05), £ Bl kR A 2 5 i1 38 R
29.82%-30.64%, FRBECR R AL 5 AR I
K-, GAEKE, VT WA R ER.
HERFGA R | bR | R IEIBOGR RO
BLYIRI R, RER SRMAERELD, KiEHE
FHEFKFE (P>0.05), 0] & &8 ¢ F) T
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x2 BEANBERER IR REL AT

Table2 Effect of decomposition inoculants on the transformation ability of the 3rd instar larvae of Protaetia brevitarsis

3 N = I %
R AL T WER (g) HRFEIL AR EE‘E/(%?:$ FRARM 2R 5L ﬁ*ﬂ?{l/ﬁﬁifﬁ%
Decomposition LEla ae weight Rfh (g) (% ) Larvae 0 Residual film ARG

ei(I:I(Z)ClIljl(;?ltSO rvaien (e)g Food intake (g) conversion rate Dung-sand harvest Organic materials

g g (%) conversion coefficients utilization rate

rate (%) (%)

RW 58.93+1.53a 913.67£10.80a 52.74+3.39b 93.80+0.74 bc  36.65+0.45 a 30.38+0.42 a

LL 53.53+3.44 ab 834.54+24.44b 42.56+£3.10c  90.75+0.45d 36.58+0.18 a 26.86+0.67 b

LK 48.03+5.15bc 841.02+22.70b  43.10£1.03¢  92.01+0.63 cd 36.53+0.28 a 27.42+0.56 b

NFK 59.97+3.93a 896.10+26.75a 54.86+4.82 b 93.96+1.62 b 36.47+0.43 a 29.82+1.10 a

VT 60.71£3.46 a 897.03+£10.18a 66.03+1.81 a 96.27+0.10 a 36.77£0.29 a 30.64+0.28 a

CK (77K Water ) 43.97+6.81 ¢  835.21+£5.54 b 36.92+4.53 ¢ 90.45+1.55d 36.63+0.28 a 26.80+0.36 b

[FIFUA NG FREFR RN R i B0 T & SR AT 5 22 5% (P<0.05, Tukey £ LT ).
Different lowercase letters in the same column indicate that there are significant difference in the parameters under different
decomposition inoculants (P<0.05, Tukey multiple comparison analysis).

24 HESFHEARSBRERS HHEAER

WU BRI VT B8 R 4L 0 i & BEIRL, 52 1R
ok beC i 5 OFNYRHE R 2305028 12 20 F110 cm
PEAFEAIRER . IR 3 I 45, HURD IR IO 4l
HeR 2 NEPRTE 4 TPy B T —3k, b
i 43 4l R T AR, Y DL T4 = i
th, BI+RERZ, BEF T8k sE
FHEFIKF (P<0.05), 10 2 Fhy=9y b4 4l
HHBLE 91% LA I, Wk 73 85 7 U AE 8l 4385 07 X

(1) HURD R BR AR 43 4l R T 86%, H B E LT
HAl 2 Mol (P<0.05), Eahires i RAE o
aliygeR R . WA /i b, Rl
5 RER e, O B s, RE s+
143 B 7 A R 2 FHLas £ 5438, st ) AR
X TR R s Ay B R X B 2 Ry X
B, HET AT, N TorBn
RSB T 2.48 15 L5 BUEb IR
2 FlP= M 0 3 Al v R RN 0 % R, R
i 43 Xoh = sh+ Rk i 43 18 =X

1 F 148 Manual separation g=za E 3438 Vibration separation

X343 % Wind separation

—

(=3

S
I

a a

O
(=}
I

iR (%)

Screening purity rate (%)
[©]
S
|

D
(=}
I

W
(=]

Residual film screening Dung-sand screening

BB+ X3%E43ES Vibration+wind separation

a 70
—460
450 £ 8

E g
40 — €
@4—»
430 = &
20 &8
B <
—10
0

Screening time

50y B 50 43 i ] Screening material and average time
3 AEES TR, BRETH LR

Fig. 3 Effects of different screening methods on screening efficiency of residual film and dung-sand
B EARA AR RNG PR R A 7 B 07 AR SR HOb (4 5 0 4l e R A0 G 2
] 1A i E 22 5 (P<0.05, Tukey Z 8 HARMIT ).
Different lowercase letters marked above bars indicate that there are significant differences in the

screening rate, screening time of residual film and insect dung sand by different separation methods
(P<0.05, Tukey multiple comparison analysis).
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3 HFit5iig

J& SR R A LR R R
AR, VT ERIZERS MR RO A -
W EEARER PRI, S VT #AE
J fR AR R SR G AR, x5
Zhang % (2022) ffFX—3. HAEFENE, &
i CH-ET IR RRER A Y e —E
G A HCRAR AT, ] 38 2 e A Ry A ML A 8 e ] o)
PIENLAE, R0 IG & B R AR FT R B T )N
HERER SRR E, DAT LR, E—2
P AL A2 B3R ((Gossner et al., 2013 ),
AL 30 e ] M R A A AR U B, LA B 5
HSHERSRIE ., ARgd, MIpaifhibk
BEA MR (BN, TEDIRSFT . B EIsE)
M, BRI, e AR AR [T
REY o it 2 (FARRE - ERe Ui X —
M), RIRIRE R EBA YIRS A —E
B, WRHBEIRESRAR, RIRRERR, B
WA GRS, 2019; MHES%, 2021 ),

F BB RISOR A2 - G,
RA YT Ao D BFUIRS 2 ZHOT L RLE 4
B, SHR ML 2 2 25 T S6al . A8 PR A
FWHMNT (R, B, Kk, Bah+Rik 4
Pl 5 ST SRR IR & W 53 B8 T AR, 4523k
W, NTOBHmE., aig-Rfiem, HRAH
IPFRIE TR, HARRHR K Kk Esnt, A
INER AT b2 BESR R — 4B, HAs A BB RS AT
Bt H A, [ Sh A 5040 235 Il e A A i
Wh—i B, TCIEgAE : EahsrEnt, /rEE
B A B 2 1R AR IR RV R 5 b A
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