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Study on the separation of recycled plastic film residual mixtures
from cotton field by the composite technology of insect
combined with the decomposing fungus
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Abstract [Objectives] Residual film in farmland is the main source of white pollution. In the recycling and utilization of

residual film, Farmland residual film accounts for about 10.00%-20.00% of the residual film recovery, how to separate the
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residual film from the residue and fiber mixture has always been a "stuck neck" problem that plagues the recycling and reuse
of residua film. The development of technology that uses insects to transform agricultural and animal husbandry wastes
provides ideas for solving this problem. [Methods] There are 6 treatments were set up, which are urea + fungus, CK, pig
manure + fungus, fungus, cow manure + fungus, insect dung-sand + fungus, and carried out a 30-day decomposing
pretreatment under outdoor natural temperature and light conditions. Thereafter, the 3rd instar larva of Proteatia brevitarsis
Lewis were put into the fermentation material to separating the recycled plastic film residual mixtures. The separation effect
was measured by measuring the proportion of residual membrane in the mixture, the transformation capability of larvae and
the residual membrane on the surface accounted for the total. [Results] The highest fermentation temperature of three
organic accessories (pig manure, cow manure, insect dung-sand)+ fungus treatments has exceeded 55 °C, the fermentation is
more intense, and the decomposing effect is better; the 3rd instar larva of P. brevitarsis Lewis can grow and cocoon normally
in the six decomposed material, And can get insect dung-sand equivalent to 57.60 times to 193.10 times increase in weight, the
three treatments of organic accessories + fungus performed the best; Special way of the feeding and back-walking activities of
the 3rd instar larvae of P. brevitarsis, The residual membrane on the surface of each treatment accounted for more than 42.58%
+0.94% of the total, The best is cow dung + fungus treatment, up to 54.11%=+7.60%,; the fermentation process all contributes to
the decomposition and improvement of the proportion of residual membrane in total residue mixture, the transformation and
separation of the larvae of P. brevitarsis can greatly increase the proportion of residual membrane in the residue. Under the
compound of insects and fungus, the three treatments of organic accessories + fungus can increase the ratio of residual
membrane to more than 4.8 times. According to a rough estimate, the profit that can be created by recycling the residual
membrane mixture per ton of cotton field is about 300 yuan. [Conclusion] The insect and fungus compound technology can
not only realize the value-added separation of the residual membrane in the residual membrane recovery mixture. It also can
improve the resource utilization of manure (i.e, cow manure) and the insect dung-sand which has the application potential in
organic fertilizer, and providing a new exploration direction for cracking the residual membrane pollution control in the
Xinjiang cotton area, and it has initial application potential.

Key words Proteatia brevitarsis, decomposing fungus; residual membrane in cotton field; biological separation
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Tablel Experimental treatment description

FF5 yosiiil iR
Serial no. Treatments Abbreviation
1 2%PRE + 1%o) fi# H 2% Urea + 1%o Decomposing fungus JRZ+E 1 Urea+ fungus
2 1EIK Water CK
3 20%85 3 + 1%oJiF fif 20% Pig manure + 1%. Decomposing fungus Y5+ E R 1 Pig manure + fungus
4 1%o)E f# # 1%0 Decomposing fungus J& fi% T Bacteriafungus
5 20%4-3% + 1%o/E f# H 20% Cow manure + 1%o Decomposing fungus  4-2&+/8f# & Cow manure + fungus
6 20%HY> + 1%o)5 f# AT 20% Insect dung-sand + 1%0 Decomposing fungus  HLVP+/Ef#  Insect dung-sand + fungus
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B 1 AE%HRLEREEDRPRE
Fig.1 Material statusin different time period of the larvae experiment
A.HOX; B. 5510K; C. 520K ; D. 530 K; E HEEERILRE; F 45 abRE,
A. Day 0; B. 5§ 10 X 10th day; C. 20th day; D. 30th day; E. Residual membrane status after separation;
F. Dung-sand status after separation.
550 RIBHRLIIF IR 2], RISC00 k2% 58 Lt
Day 0 refers to the beginning of the experiment, that is, when the experiment is ready.
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100 —eo—— JRZE -+ Urea + fungus
: o Xt CK
o0 F ——-v—— }%#+5 Pig manure + fungus
—-—A—-- B Fungus
sof — = — 438+ 5§ Cow manure + fungus
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Fig. 2 Temperature changes during fermentation of decomposing fungus

*2 BEASAIRYBNEHRZEESWRENYRNELBER
Table2 Theorganic material transformation from the mixture of decomposed residual membranes
by the 3rd instar larvae of Proteatia brevitarsis

MR () WK (%) BB (g)  REBBGRRE LK (%) a0

Ab3 ] ] ] i - Insect dung-sand i

Treatments We|g(gt) gain Waghz 0%un rate Insgrc; c()juunr;g( gs)and - fgc o Cococz& ?g rate Mortality (%)
R Z -+ R 5.02+1.31d 4.14+1.08d 969.37£32.23 bc 28.47+1.25¢c 10.14+1.33ab 2.82+0.80 a
Urea + fungus
XfHE CK 7.15+0.60cd 5.89+t0.49cd  956.16+48.14c 30.01+1.59c 14.91+1.94a 2.12+0.90 %} a
VR AT 14.48+0.82 ab 11.91+0.67 ab 1326.26+29.19a 44.89+0.82 a 9.64+1.63ab 1.23+0.53a
Pig manure + fungus
B Fungus 11.55+0.46 bc  9.51+0.38 bc 957.70+11.44c 30.66+0.26 c  10.90+1.58 ab 2.24+0.64 a
aeE Ry AT 18.06+1.24a 14.89+1.02a 1040.66+13.27 bc 39.53+0.60 b 7.43+1.29b 1.91+0.10a
Cow manure + fungus
v+ 18 R A 15.7841.83 ab 12.99+1.51ab 1094.72+26.08b 40.99+1.36ab 9.00+0.81ab 1.60+0.29 a
I nsect dung-sand +

fungus

FPEHE P B bR s BB S AR A AR FRER R 22 5 i (P<0.05, Tukey i), TF&I[A,
Data in the table are mean = SE, and followed by different lowercase letters indicate significant differents (P<0. 05, Tukey
test). The same below.

Z; HEMAS QIR ER R b2 i ma BRI R A e U 2 5 4R
THERIE i LU B At B B AR T AR R A S TRERIR S LU RO, A LR+ R Y 3 A4
R AT, RIMEROSTE 23R, AP AERER TR & U RO 4.8 1R LLE, HURISLE
BRI ER 3 MR INESF, HEFARE, 4 BT, Hb myb+ s ab 3R MR,
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Table3 Effects of feeding and walking activities of the 3rd instar larvae of Proteatia brevitarsis
on the percentage of residual membrane
— SIRFRIL L (%) %%ﬁ%%m %%ﬁ&ﬁ F%ﬁ&ﬁ
s gt () O HETHiES Rk FIRFRiE
Total residual op Multipleof the ~ Theratio of surface  Theratio of lower
Treatments fi residual surface . . : . : ;
ilm (g) film (%) proportion of residual residual film to upper residual film to lower
film on the surface residual film residual film
RE+E R 551.92+33.95a 49.35+2.59 a 1.48+0.08 a 38.36£1.29 b 32.46+2.60 b
Urea + fungus
CK 510.56+87.65a 44.50+4.28 a 1.34+0.13 a 30.39+£2.57 b 40.11+£3.84 ab
BRAIB R 392.57+25.16 ab  50.25+3.66 a 151+0.11a 33.75+1.68 b 38.81+4.51 ab
Pig manure + fungus
4 Fungus 469.13+8.86 a  42.58+0.94 a 1.28+0.03 a 29.42+1.12 b 39.54+0.93 ab
A+ IR 273.49+7.18b  54.11+7.60 a 1.62+0.23 a 39.41+4.51b 30.45+3.34 b
Cow manure +
fungus
Vb + 18 TR 485.67+34.47a 48.81+1.36a 1.46+£0.04 a 52.21+1.35a 46.02+0.26 a
Insect dung-sand +
fungus
* 4 HESSHRARINRERS L RRA B0
Table4 The effects of the compound technology of insects and fungus on the proportion of
residual membrane and the increaserate
e el s R
ks PRI g BMRITRNLY TR
L (05) el () i (96) LA glpfig EE R
b3 1 800 Proportionof oo of  The ratio of The ratio of BN LA EL
Theoretical residual ; . . . .
X : residual residual residual The ratio of residual
Treatments residual film  membrane of :
; L membrane of membrane membrane  membrane increased
ratio of initial fungus . . . . )
. . insect separation  increased by increased by by insect-fungus
material (%) separation residue (%) fungus insect
material (%) ° 9
JRZ+E A 8.80 15.18+0.93a 35.07+1.25b 1.72+0.11 ab 2.33+0.15b 3.99+0.14 bc
Urea + fungus
X8 CK 8.98 14114242 ab 35.18+3.33b 1.57+0.27 b 2.58+0.16 b 3.92+0.37 bc
BRI TR 7.18 12.13+0.78 ab 36.07+1.96 b 1.69+0.11 b 2.98+0.09 ab 5.02+0.27 b
Pig manure +
fungus
J& f# B Fungus 8.98 13.53+0.26 ab 34.46+0.75b 1.51+0.03 b 2.55+0.06 b 3.84+0.08 ¢
AR 7.18 9.66+0.25b 34.44+257 b 1.35+0.04 b 3.56+0.21 a 4.80+0.36 bc
Cow manure +
fungus
v+ TR 7.18 16.83t1.19a 48.79+0.67 a 2.34+0.17 a 2.94+0.21 ab 6.80+£0.09 a
Insect dung-
sand + fungus

VST WVRVER IBE 7 LU Ry B8 At TR A I g BRS2 RE r BRMRE Y LU 5 B BRI BRI 5 b o R AE B fa gl AR W sl A gy v
&, BRIETEERIE Py L,
The proportion of residual membrane of fungus separation material is the proportion of residual membrane per unit material

after fermentation of decomposing fungus; the proportion of residual membrane of insect separation residue is the proportion
of residual membrane in the residue after bio-dynamic transformation and separation of the larvae of P. brevitarsis.
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X A B2 S A B 3 o AE N TR BRI P oy B 5
B A, BT DLW B HLAE A+ e T
f 3 ANAb FRFRIE , Fkids 22 S AR B AR AT FIAR
7, WAL E, BRI 7 2 ik
IRy AT RErE, R AL,

25 HBEFURSESH

M2 5 Al 1, 2l B TR IR S e 15
A, ERYEFEE, AILES ELE
24.6%-33.0%Z [a], ABEH S KT 5%, HiF
Ky R VAR AR R A d i, GK 6.21%, HEPER
e, KIFEHEEA SRR, AR 1%,

x5 HMERMIDN
Table5 Nutrient composition analysis of insect dung-sand

A LT SA B ] BRI KR
pii Organic Total Total Total Total PHIE  Water-soluble
Treatments matter nitrogen  phosphorus potassium  nutrient pH value chloride
(%) (%) (%) (%) (%) (%)
AR Ze e b 33.00 1.24 1.00 2.97 5.21 8.60 0.81
Insect dung-sand based cow
dung and cotton mixed
PR Ze e ol b 24.60 1.12 1.69 2.53 5.34 8.10 0.53
Insect dung-sand based pig
dung and cotton mixed
Ty YR Ze i th b 26.70 1.21 2.03 2.97 6.21 8.00 0.67

Insect dung-sand based
Tenebrio molitor insect
dung-sand and cotton mixed

MR O . 1 R AL A 40y H R B SR IR [ WS 5 W R A 2R 5 225 I A BB i Hemd s R AR e BL il
Wh: PR AES %) HUBRCE AR AR T WS IR 5 W) S TR 5 25 1 e R T 0 B s s oty de sy A 2 B b . 1
AL 4 f 20y HUBCED AR P RS IR SCTR & W R e VR A5 220 1 R B R ) R b

Insect dung-sand based cow dung and cotton mixed: P. brevitarsis larvae were fed on fermented materials mixed with cow
dung and cotton film residue to produce the dung; Insect dung-sand based pig dung and cotton mixed: P. brevitarsis larvae
were fed on fermented material mixed with pig manure and cotton film residue to produce the dung; Insect dung-sand based T.
molitor insect dung-sand and cotton mixed: P. brevitarsis larvae were fed on a mixture of T. molitor insect dung-sand and

cotton film residue to produce feces.

26 HESAHABASFHILEH

FEBTRE L DX, AR AR NSO A . AR 2SR
WRWIRER, POEFHRHEA I, 25 5)X
Sekl, AT BRI IE Y, B R 2
fE 100 JCAE AT s IRAWRHIBIR | A 5 T UG
B T RIBUAB S G 52, B i b 3 3% 2 7E
200 JoAE AT o e T I, ATOIR 5 BT R Pk 9%
BRI, 36%011 HUED , HUAIGE 12%, 8474 15%
A HLERA (BEFARAT ) ATAG AR A &y s ) el
JEORE, AT 35% A A i £, AR L
skl FRAETT MM (72404 2 000 Jo/it, HED
mM A 1200 o/, HUARRTE Ry Fl U pEER
AR TE T B, Mrfife 2.5 oo/l FH

WA, B 25 TRIE AL BAS , ARl T [l ic sk
BERAYIPTAERIE R AELE 300 JiAA (2 000%
0.09+1 200 x 0.36 - 100 - 200=312 JC. ),

3 @RS

TR A ek 1) v A1 S R S e T 46 Tk A 0 T B
FRIBREN, IG5 — A0 T 1 R S e i At P 5 SR
(HKE, 2014 ), A< SE46 rh HUvb-+ 8 fife i A B R
TRIREE e, FLR - Rl aR I 5 b s, R
BRI e, XATRE S M S A B SR AR (R
WEARE 18%/A 4 ), H5RAYHSHERS
IRRFF A DL RE BGE Y CIN Hf e (3K
E, 2014; SSEESE, 2014), BAN, FRE+HE R
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BRI Ak BRI 2 T L B AN 4 R T — SRR K F
(20-40 °CZfal), {HILTE PRl aR A o b AR
L XS REMIRIEYIEY CIN FE S5 —
ANBERTE B HL A JeAh , B A HAb IR R 5
M, ELARJE A R — R

ARSI RI G BUR LR, BV, ARART
B B A T, WA A R A i it
1y, JFEERE 3 WA W4 A i R, B2
T MR A AR B A ARy B ACR , LA K
SR HURE 15 76 5% TR & W v 245 ORI FE 1) 445 A
G, DRI, HUARTE SEIRHERE S BIAL T AN A AR B
FE FRMNEARTS . ABFFR 25 R, R HLAH
BB 1) SR AR 4 fa g T 25 ORI TR
TN LA AL AL B i 184 o 3 I T R A HL
RO REZE , X AL B 4 45 R d iy, X Al fig
& A 4 0 G Ul B8 IR Il i 2 ik bR
PERTZE AR DI SRR EE R I, 28
FEIE BT, 45 HOR M E R R e I e 2 3
Ay WAz BN 78 R e B B FDRL S Rl R . T4
HORNE I, (R AE 4 el i TR BN Bk
T2, AR h R B, G n] LU B
BRIEAE A R — 5y, XA SRS
BRI A TR, AR F ki
Pk,

ARSI AR G E T 2 AR A7 Ee A b
JZFRIE G 2 ARE b, S5 IR, BT Ab
P JZFRIE Y H 50%72E A7 o (EAS U BH 1 2 SE 50 i
TR 20 KRN 30 K& £ 5 LR FRIE A T AR
—3, X AR LRI R R F RS
Yk BRI ) LR — BT, FRATTR A
SEBREARAIEIH T 3k — 5 AH R BRI R A W & )
Bl Hh— AR ERE 15-20 d B, K S E
R RERIEEGE , 5 — N AVALEE, fEEfT 30 d
J& , B FRFRIEIOH M 252w A F] T IR
AW 1.5 52547, FRIIUEE S TR KR
Fho FETBRM T RE Y, OB R 4 AR b 2
B 10 cm ¥R 2-3 1%, HEWZ, LZREMAR
Xof T4l B IR RN Ay B AR AR A — B,
I, 125 55 X6 4y By AR AU Y 5
M (A5 iE— 20 R G 5T .

e U B A BOR X BRI 7 b R TR RO
M) F) 353 TR, DR R R A B o A e 25 T
YPRRIRZS , W1LR D5 5 o L2 F R FE 33 5 Il
BB Y4 1 WURE PR AT I A5 21 19 5% I EL 4
P, ARGE AN R A ES R UG 5 H, LR
R FIS W Uh e S AL S I SE PRI IR o 25 52
AR IE— . T —25 ] iR R
g SN s T S Ees T

AU B AR S B AR H R RSO B 9
HEAE TR AW P a L R J6 e R T R )
RS2 55 T i R R 1 O DR 2 A AL R 1 SR
JEFRN, AR R, —E 4T, AVLRRRL
FEN, LSRRG (R4, 2011; H
BIWESE, 2018), ARSLE AL S I PRHMUCE T
7 5 A B 5 A AT FDAR Pt BB D I X —
PRI, Al e 5 Sk SE A HLRH AR , Bk
ik — 24 T B R A R 43 B A H AR A RS
BRI ZEME 05, o B S HE 8RR A P 1 [Tl
DIBLAR TSk 32, FEH R AT R 25 2% o 7 48
=, FREE . A RS FT A BGESEE % A A T
F . A ALZE, R R LR 4 i i gE S8 Y 3 )
B, REGRIER BRI, AN (A,
2017; Z2fRUL4E, 2019 ) X FH0iE B T T 4H¢
RS, AR SC e UAE Y 8 11 S5 U sl 1 AR
A7 A B AR AR GRS, R E AL
SR TR 75 Sl IAL E A)
AR, TR “FRIRBRAE R IR AW B
R XL

TEPR BRI+ i A AL B R A4
ARG B AR H DR R S i ad e, 2B L
AL+ A R AR BR TR H RDSER BRTR A
)5 B R A B RO, R, A LR+
i A (R R BESF i , FLAR I 22 Ry e Ml %) 3 R AR
H, ARTREMANTAE, WHEHAR AR
PO B 4 B AL S AR IEIR A P i T B . P
O A H AR S R T [l A5 Y A5 0 R 2R ) i A
GV PIEL 9% FRIEF 36%10 b, Ay
i 12%, oAb, AEmRE R R ISR A P BT RE
RIS FEZ) 300 7T, JE WATEIRS R . PEHRA
it DA S HURE RN H % 45 7 TR AT DAAR R T IR A
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WE5E, LS HUR & BRI B TH A [ iR
aYRAR.
ABFFEAREZMN , MR E G HOR T4
2l J3 RS 3 H8 5 70 B AR T B 5 [l SC TR 5
HAFARAATE, ATl A TR AR [ RT s A
T, FEARIToAERE o il R - AT 2 AE”
A=Wy 5h 353 BRI MG G, n] LIS A 5k 5
IR & P IR R R T AR R, H
AL A BRI R U o R IR R B R Y
AR, AT AR BT S T R, T
HA A2 A0 B B [ WA 5 0 5 D7 T, B
BRI SRR, A ais . HEESR
HATAE R AR, BEHE 7 | e Al ) i 1oy P 52 25
R, AT LASE BN 2000 8 S TR 45 ) AR 1
E, B 2EEE RS R BA A UL BT 7 1) 1R
PR GEIRALAI AT, S B S5 X G I 75 it B
MESHR AL T — BT J5 18
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