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Effects of different agricultural wastes on the carbon and
nitrogen transformation and losses during the process of
treating chicken manure with black soldier fly

WANG Liwen'?, ZHANG Guoyan'?, REN Hongyang'?, WANG Hongliang"*

(1. College of Resources and Environment, China Agricultural University, Beijing 100193, China;

2. National Institute for Green Agricultural Development, China Agricultural University, Beijing 100193, China)

Abstract In order to study the effects of adding different agricultural wastes on the carbon and nitrogen
transformation and losses during the process of treating laying hens’ manure with black soldier fly, this
study selected bean dregs, vegetable waste and their 1: 1 combination as auxiliary materials and mixed
them with fresh laying hens” manure according to equal weight ratio. Four treatments were set up as follows:
chicken manure group (CK), vegetable waste addition group (VW) , soybean dregs addition group (SD)

and mixed vegetable waste and soybean dregs addition group (Mix). The effects of different agricultural
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waste additions on related parameters such as chicken manure biomass conversion, carbon and nitrogen loss
and insect sand nutrient retention were determined and compared. The results showed that: Compared with
CK, the insect biomass yield of VW, SD and Mix groups significantly increased by 15. 60%-36.96% and the
waste reduction rate by 5. 51%-27.30%, and the biological conversion rate increased by 16.57%-39. 35% (P
<0.05). In addition, the total organic carbon content in the insect sand decreased by 16.94%-42. 24%, and
the total nitrogen content increased by 0.46%-9.63% (P<C0.05). The fermentation parameters such as Gl
index, humic substance and C/N reached the organic fertilizer standard. The addition of agricultural waste
12.26%-46.81% of NH; volatilization, 20.23%-42.48% of N,O emissions and
49.78%-57.27% of CH, emissions (P<0.05). The cumulative emissions of VW and Mix decreased by 21.50%
and 11.19%, respectively, compared with CK, and SD increased by 14.53% (P<C0.05). The global warming
potential of the agricultural waste addition groups was significantly reduced by 22.49%-45.27% (P<<0.05).

also reduced

Among them, the group Mix had the best effect of sand rot and biotransformation, the least greenhouse gas
emission, the better biomass production and carbon and nitrogen fixation ability, which was suitable for the
green and efficient treatment of feces in laying hens.

Keywords black soldier fly; chicken manure; agricultural waste; biotransformation; gas emission reduction
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Table 1 Basic physical and chemical properties of test materials

J5RE HAKE/Y - SR/ (ms/ecm) A HL#K/(g/100 g) 4%/ (g/100 g)
Material Moisture content P Electric conductivity Organic matter Total nitrogen
2
. 74.21 5.81 6.16 31.59 2.64
Chicken manure
88. 84 6.05 2.27 42.82 1.75
Vegetable waste
SR
76.02 4.22 4.15 46. 25 5.72
Soybean dregs
A
. 9.27 52.54 0.23
Wood chip

il A8 R A A (R X 98 X BN 21,0 em X
19.0 em X 9.5 eco) AT FRIH , 25 o b i B AR IER
BE (B Do ¥ 1.2 kg ) CH D PRI ER L 73 %)
AR 20 g 19 6 H % BB K i &y A, AN A0 PR E 34N

o Mg n AR E T N TARAR (20 °C.RH
TSV U R R IR . 2 50 06 Y 4l Uk B T4 )
I WSO 4 R LA B HOYD IF R T A RE A AR A A
— 4 CHYPKAE P T 22 AR AR A AE

A -
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Packed pistnr\ D:] \
o bas i
Syringe

290 —
2% Boric acid

FRK -4
Black soldier fly larval

Fetk

Reaction box

HiFRIET

Culture substrate

Bl1 BAKEBEFMSEBERE

Fig. 1 Black soldier fly cultivation and gas collection device
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1.4 BIEHH

2 56 B % Excel 2019 #F #4745 31 047,
2 B B A% % JH Origin 2021 Kk ¢F 9474 #) . R H
SPSS 20. 0 34 % 18 o5 1 25 2L AT 5 3R 0 2547

Br CANOVA) , LSD i #4722 7 8 3 MK %,
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2 HER54H5H
2.1 ARRWVEZFWHRMIGBKMGIEEBREE
YMRFENT N
A 26 2 0, SN T2 AL BE (SD) Y B K i

AUHLEE (& e, 5 Al 2 2 CCRO A 43 51 T
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Py 4 B VWD 9 8 1) 9680t 25 A e, WS N8R 3R TR R
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e W B AL R T CK Hod, Mix B i, 34
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Table 2 Effect of chicken manure supplemented with different agricultural wastes on production performance of black soldier fly

fib B/ g HLE 11/ (g/100 @) TR A %/ EX7/ R Xl
Treatment Gross production Crude protein Waste reduction rate Bioconversion rate

CK 67.74+0.10" 40.9340. 02" 41.5740. 86" 10.62+0. 02°
VW 78.31+1.13° 42.96+0. 35° 52.924+1. 24" 12.38+0.19"
SD 92.78+1.81" 46.75+0. 58" 43.86+0.57° 14.8040. 80"
Mix 92.46+1.03" 44.10+0.97" 48.55+0. 84 14.73+0. 17

T CKBr S AG FEA XF 1E VW I8 285 B e e W it Ll 10 1AIRG 415 SD I8 385 T i i B 12 19 TR & 41 s Mix A9 3% (T B2 1)

Fiim b 2: 1 1R A AL FE . [R5 B N TR b 3R R 25 5 35 (P<<0. 05) . T,
Note: CK, fresh chicken manure, control group; VW, chicken manure and vegetable waste mass ratio of 1: 1 mixed group; SD, mixed group
of chicken manure and soybean dregs with a mass ratio of 1: 1; Mix, a mixed group of chicken manure, soybean dregs and vegetable

waste with a mass ratio of 2: 1: 1. Different letters in the same column data indicate significant differences (P<Z0. 05). The same below.
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2.2 AERWVEZFDHRMIG EAit B RESH (P<<0.05) . WHARNO,-N)&HFF B FETwE,CViH

s
i 3 AT A1, F29H 45 5, SD Fl Mix % 7K 2 4%¢
CK 3 5 FA% 16. 77 % F1110. 97 % (P<<0. 05) , 1lif VW
o CK JHi 7.46% (P<<0.05), 5 CK A, VW,
SD H Mix H 7> DOC F1 NH, -N & & 1 i Z A%,
Mix [ W& ¥ & K, 43 5 4 15.67% 1 58.78%

R f K, M 38.01% (P<<0.05), VW Ay U 5l 2 Lt
CK F# ik 34. 55% , 1M SD H1 Mix 43 5 T+ 5 40. 86 % il
49.63% (P<<0.05) , A U I 65 20 P2 B ¢ o, AT #IL o
A T 5 4x 5 & ZE FE MY B 0E R 2K 8 Mix
(36.34%)>SD(35.43%)>VW (19.44%) , % ik
5 21 34735 B 58 4 AR I
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Table 3 Quality of insect sand from chicken manure treated by black soldier fly

A BLRR /

TAKE/ NO,-N/ NH, -N/ (g/kg) S B TR/ KAFE/ Y%
Ab ) (g/kg) . L
Moisture ) ) (mg/kg) Ammonium (g/100 g Germination
Treatment Dissolved organic ) ) ) _ )
content Nitrate nitrogen nitrogen Humic substance index
carbon
CK 65.18+0. 45" 24.6740. 36 347.54+0. 91 1.434+0.12° 9.3540.24"  69.15+0. 36°
VW 70.0440. 28" 20.2340. 74" 479.63+1.01° 1.32+0.06" 9.2240.25"  82.59+0.87
SD 54.25+0. 95 12.33+0.48° 380.2840. 81° 1.2040.11° 13.17+0.42° 93.6540. 44"
Mix 58.03=+0. 16° 10.17+0. 25¢ 393.45+0.01° 1.11+0. 10 13.99+0. 78" 94.284+0. 16"

2.3 AERWEFWRMIT B KL IEGLE TR
PRk RN ZN

HY 3% 4 AN, 35 58 T IR 5 BT 6 d, B8 2 5% 5 1) [

JER BT AR S N SRS R (BB 13 %),

VW .SD il Mix B 4 & ¥ 5 T CK, Mix 1Y 3 I8 i K,

Fo CK 48 m 12. 74 % (P<<0. 05) ; CK 194> B R 4L A%

AWM 9.54% . VW . SD il Mix B A7 HLER % it
PIRE L G , H AR AA ok AR rh iy IR R i TS . B
b )5, SD WY B W 5 K, A LR & R CK AR
40.70% (P<<0.05), It4h, 55 13K VW . SD Hl Mix
C/N ¥y i Z K T CK(P<<0.05) , F& i =5 2K h .
Mix(40. 56 %) >SD(39. 36 %) >VW(17.35%).

R4 BAEAEEBENBR.ETH

Table 4 Changes of total nitrogen and organic carbon content of chicken manure treated by black soldier fly at different time

BH fob B R A] /d AbFE Treatment
Parameter Treatment time CK VW SD Mix
0 2.41+0.09° 2.02£0.04° 2.1540.04" 2.1240.16"
4%/ (g/100 g)
. 7 2.284+0.25 1.95+0.23 1.84+0.32° 1.91+0. 16"
Total nitrogen
13 2.18£0.02° 2.1940.01° 2.26+0.03" 2.3940. 10"
0 48.63+1. 80" 41.4341.13° 42.95+0. 81" 44.0240.72"
BB/ (g/100 @)
& i & 7 44.28+0.65" 36.2340.72 31.26+0. 74 35.1940. 95°
Total organic carbon
13 41.84+0.83" 34.62+0.91° 24.8140. 15 27.174+1.18°
C/N 13 19.13+0.41° 15.81+0. 56 11.60=+0. 58 11. 37+0. 59°

2.4 AR EF Y I E ok ik A 38 I8 25T iR
e A
m & 2w, B CK 4, VW . SD F1 Mix ) CH,

HE 38 R A SR 58 00 W s A BT B R T R R AR
K S, IF 7R 55 10 K 3 9k sl JE 08 — A e .
CK % CH, HF 755 7 5 B I 5] 2 18 389 i, 7626 6 K ik
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Fig. 2 Emission rate and cumulative emission of CH, and CO, during the biotransformation of black soldier fly
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Fig. 3 Emission rate and cumulative emission of N,O and NH; during the biotransformation of black soldier fly
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Table 5 Carbon and nitrogen balance of chicken manure before and after treated by black soldier fly

BT E

Lfiﬂﬂrﬂ/d Treatment time
(d) NH, ZEji i The cumulative emission of NH,

it F-ffif Carbon balance
b 7
> =] 24 =]
reatment e o 4 S Bk S R %
< 4 2 .
BSFL-C Residue-C Other C loss Total C loss
CK 0. 00 6. 44" 6.09° 70. 30 17.16° 23.61°
VW 0. 00" 5. 94¢ 8.33" 79.40° 6.33¢ 12.27¢
SD 0. 00" 8. 36" 9.93" 72.43 9. 28° 17.64¢
Mix 0.00¢ 6.32° 9. 54 71.76¢ 12. 38" 18. 70"
% V- Nitrogen balance
b 7
) HA BRARMA At S 2R BAR
Treatment N,O-N NH,-N /]X A R B
BSFL-N Residue-N Other N loss Total N loss
CK 0. 00" 2.69° 20. 14¢ 52. 85° 24.32* 27.01°
VW 0. 00" 1.71° 29.16° 51. 04¢ 18.09" 19. 80"
SD 0.00¢ 2.64° 35.32° 59.01° 3.02¢ 5.67¢
Mix 0. 00° 2.03" 33.67 58. 00 6. 30° 8. 33
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