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Abstract: This study aims at investigating the effects of treatment by different proportions of laying—hen manure on the growth performance
and insect sand fertilizer potential of black soldier fly larvae. In this study, fourteen groups of 3—day—old black soldier fly larvae with
different densities were cultured in 150-day—old laying—hen manure in an artificial climate incubator. The study examined the growth
performance and nutrient composition of black soldier fly larvae and the changes of nutrients in laying—hen manure. Results of the study
showed that the growth performance of larvae in the T50 and T100 groups was significantly greater than that in other larva treatment groups
(P<0.05). The fresh weight of larvae in the T50 and T100 groups reached 134.70 mg and 98.47 mg, respectively. The dry matter content in
the two groups reached 37.49% and 34.61%, respectively. The moisture content of insect sand in T100 to T1000 groups was significantly
less than that in the CK (fresh laying—hen manure), TO (insect—free), and the T50 groups (P<0.05). The pH of the insect sand was
generally alkaline. The pH of the larva treatment group was higher than that of the CK group. The pH of only the larva treatment T100
group met the Organic Fertilizer(NY 525—2012). The crude protein content of insect sand in the larva treatment groups was significantly
lower than that in the CK and TO groups(P<0.05). The T350 group had the lowest crude protein content of insect sand(7.32%). The humic
acid content of insect sand in the CK and TO groups was greater than that in the T50~T1000 groups (P<0.05). The humic acid content in
the CK group was significantly greater than that in the T50 and T100 groups. Meanwhile, the humic acid content of insect sand in the larva
treatment groups T50 and T100 was greater than that in other larva treatment groups (P<0.05), which is nearly zero. All heavy metal
concentrations in larva treatment groups T50 and T100 met the Organic Fertilizer. Further, the ratio of 100 black soldier fly larvae to 100 g
of laying—hen manure met the requirements of larvae and insect sand. Black soldier fly larvae have higher levels of growth performance and
nutrients with the treatment by laying—hen manure than without. With treatment, insect sand retains more humic acid, which is conducive
to improving plant growth. Furthermore, with this treatment, pH, total nutrient content, and heavy metal concentrations meet the Organic
Fertilizer in China. Results show that the larvae to manure ratio in the T100 group provides an efficient treatment of laying—hen manure by
black soldier fly larvae, is conducive to the feeding and management of black soldier fly larvae, and can effectively turn pouliry waste into a
profitable product.

Keywords: black soldier fly larvae; laying—hen manure; insect sand; growth performance; organic fertilizer
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Table 2 Nutrient composition of 6 instars larvae in each treatment group

b3 KL H MRS T (LSS i o IRAES
Treatment Crude protein/% Crude ash/% Dry matter/% Body length/mm Fresh weight/mg Surviving rate/%
T50 36.16+1.25bed 21.97+0.58e 37.49+0.66a 17.60+0.29a 134.70+12.42a 98.00+3.46a
T100 36.18+0.76bed 25.52+3.41d 34.61+0.36b 15.90+0.69b 98.47+5.59h 95.67+5.13a
T150 35.44+2.38cd 28.03+3.61cd 31.55+0.95¢ 14.43+0.92¢ 75.57+7.09¢ 97.56+4.23a
T200 35.38+0.65¢d 29.20+0.73bc 29.89+0.29cd 13.55+0.15¢ 64.33+3.40d 99.67+0.58a
T250 34.68+1.49d 29.61+1.36bc 30.12+0.52¢d 12.49+0.84d 44.67+6.28e 99.33+0.61a
T300 34.32+0.77d 31.73+0.46ab 30.74+1.07cd 11.93+0.34de 44.80+4.55¢ 98.22+1.39a
T350 35.09+1.23cd 31.91+0.65ab 29.24+2.18de 11.96+0.31de 40.63+2.99¢ 94.67+2.31a
T400 35.60+1.21cd 31.14+1.64ab 27.89+0.90ef 11.32+0.51ef 40.07+1.70e 93.92+1.01a
T500 38.80+1.27ab 30.80+0.50abc 26.75+0.90fg 10.45+0.38fg 27.57+3.44f 87.27+2.83b
T600 37.65+1.71abc 30.78+0.57abc 26.46+0.89fg 9.77+0.93g 24.47+5.01f 83.00+1.61b
T700 38.86+0.85ab 31.42+0.58ab 25.31+1.34¢g 8.74+0.61h 18.27+2.481g 86.52+7.04b
T800 39.31+0.89a 32.90+0.53a 25.32+1.43g 7.91+0.76hi 14.67+1.79¢ 94.30+2.75a
T1000 39.70+2.87a 33.20+0.15a 27.00+0.88fg 7.57+0.401 13.63+1.78¢ 81.67+2.80b

1 ANEINE FREFOR Ab H R 25 57 18 35 (P<0.05) . T[],

Note: Different lowercase letters indicate significant differences among treatments (P<0.05). The same below.
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Table 3 Insect sand composition of each treatment group
fhgm ﬁﬁ% ML HLURSY Eﬁ éﬁ. %@ﬁ@ ﬁmﬁ
Treatment Moisture pH Crude Crude ash/  Total nitrogen/ Total phosphorus/ Total potassium/ Humic acid/ Organic matter/
content/% protein/% % (g-kg™) (g-kg™) % %
CK 83.96+2.71a  7.89+<0.01d  24.26+3.80a 34.42+2.45e 38.81+6.08a 23.75+0.71c ~ 34.89+1.22a  48.64+7.56a
TO 57.14+1.80b  8.74+0.15bed  15.75£1.09b  44.75+1.84abed  25.20+1.73b 28.05+3.00ab  31.08+0.48h  50.48+3.14a
T50 54.83+1.48h  8.62+0.25¢d  10.62+0.67cd  41.97+3.88d  16.99+1.07cd 31.29+2.78a  23.42+0.69¢  50.27+2.04a
T100 42.97+1.41c 8.48+0.39d  10.61x1.74cd  47.45+2.13abc  16.98+2.77cd 31.61+2.76a  21.25+2.50cd  48.24+3.56a
T150 32.71+15.53cde 8.95+0.19abe 11.11+1.88cd 47.12+0.20abed  17.77+3.02¢d 26.60+2.47be  21.06+0.78cd  47.28+6.53a
T200 29.13+8.63de  8.75+0.02bed  12.52+1.45¢  46.21+3.88abed  20.04+2.31¢ 27.59+1.96abc  19.65+2.55de  45.90+4.14a
T250 27.97+5.06de  9.20+0.1la  9.94£0.47cde 44.12+2.11bed 15.91+0.75cde 29.03+1.76ab  21.36+2.25¢cd  45.98+1.26a
T300 24.71+4.41de  9.36+0.07a  7.85+0.8le  47.10+3.30abed  12.56+1.30e 29.09+3.06ab  19.70+1.84de 43.23+6.61a
T350 24.68+4.85de  8.96+0.64abc  7.32+0.37e 48.64+3.32ab  11.71+0.60e 26.36+0.59bc  17.46+2.89¢  39.70+6.82a
T400 25.85+6.08de  9.18+0.27ab  7.46+0.29¢  43.90+3.08bcd  11.93+0.46e 27.32+0.20abc  19.90£0.49de  49.09+11.62a
T500 21.47+2.28e 9.33+0.14a  9.15+091de  43.774#2.30bed  14.64+1.45de 28.83+1.07ab 20.43+1.87cde 45.23+2.33a
T600 29.75+8.82de  9.27+0.04a  8.87+0.89de 45.82+2.37abcd  14.19+1.43de 28.29+1.13ab  19.20£0.97de  51.89+9.85a
T700 34.69+6.99cd  9.16+0.12ab  7.87+0.45¢ 43.08+1.30cd 12.59+0.72¢ 28.47+3.87ab  18.42+1.52de 49.10+4.67a
T800 28.30+6.99de  9.17+0.13ab  8.94+0.91de 49.85+3.77a  14.30+1.45de 26.82+2.51be  19.53+0.79de  43.00+4.67a
T1000 27.10+3.26de  9.15+0.15ab  9.04+0.96de  46.73+2.38abcd  14.46+1.53de 28.20+1.64ab  20.73+1.38cd  45.97+6.15a
40 10
a
A _:l::_ ab e be bed
-:[— cde _I_ cde de e €
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Table 4 Heavy metals index of insect sand (mg-kg™)

§sL:] 0.43+0.01 0.60+0.02 0.59+0.02 <3
JxS 7.110.54 7.33+0.77 6.81+0.25 <150
TV 1.22+0.09 1.57+0.19 1.61+0.20 <50
o] 0.42+0.03 0.51+0.04 0.53+0.07 <15
HR 0.07+0.02 0.09+0.04 0.10+0.02 <
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