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Effects of excipient incorporation and fly maggot pretreatment on ammonia emissions and greenhouse gases
emissions during chicken manure composting

LIU Shangbin"?, ZHENG Xiangzhou®’, WANG Huangping’, WU Yiqun®, LU Jian', ZHANG Yushu?

(1. College of Resource and Environmental Science, Fujian Agriculture and Forestry University/ Fujian Provincial Key Laboratory of Soil
Environmental Health and Regulation, Fuzhou 350002, China; 2. Institute of Soil and Fertilizer, Fujian Academy of Agricultural Sciences/
Fujian Provincial Key Laboratory of Plant Nutrition and Fertilizer, Fuzhou 350013, China)

Abstract: To investigate the effects of fly maggot pretreatment and excipient incorporation on greenhouse gas emissions and NH;
volatilization during chicken manure composting, a mixture of weathered lignite, kitchen waste, mushroom residue, and chicken manure
was chosen for evaluation. Specifically, NH; volatilization and greenhouse gas emissions during composting were studied. The study

included four control groups (no fly maggot pretreatment), which were composed of pure chicken manure (CK1), a blend of 30% weathered
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lignite and 70% chicken manure (CK2), 30% kitchen waste and 70% chicken manure (CK3), and 30% mushroom residue and 70%

chicken manure (CK4). Additionally, there were four test groups with fly maggot pretreatment, including pure chicken manure (T1), a
blend of 30% weathered lignite and 70% chicken manure (T2), 30% kitchen waste and 70% chicken manure (T3), and 30% mushroom
residue and 70% chicken manure(T4). The results indicated that maggot pretreatment prolonged the period with temperatures =50 °C by 5—
9 days compared to CK1. During the whole test period, the NH; emissions of the test group were concentrated in the 2nd day of composting,
and the NH; cumulative emission of pretreatment of fly maggots was significantly lower than that of the control group, with a decrease of
42.7%-61.1%. The NH; cumulative emission from mushroom residue was the lowest in the control group. N,O emissions were significantly
reduced by weathered lignite. Fly maggot pretreatment significantly reduced CO, emission equivalent(£co,.), which is 32.1%-73.2% lower
than CK1. The combined combination of mushroom residue and fly maggot pretreatment had the lowest Eco.c. In summary, the test group

experienced increased composting temperatures, while significantly reduced NH; and Eco... Based on composting temperature and Eco.c, a

combination of fly maggot pretreatment and mushroom residue is recommended as an optimal management solution.

Keywords: fly maggot pretreatment; aerobic composting; kitchen waste; greenhouse gases mitigation; ammonia volatilization
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Table 1 Physical and chemical properties of compost materials

o PrKE AP (FH)  BETR)
Material Water pH Organic Total C/N

AL ontent/% carbon/% nitrogen/%

e 61.1 6.53 21.9 2.56 8.5
IR e 6.4 6.20 9.5 0.42 22.7
B4k 645 3.87 39.8 3.79 10.5

i 11.4 7.69 432 2.40 18.1
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Table 2 Composting test treatments

Xof HE A (TG L T4k 2 ) TR0 2H (WRMH T4k 3 )

Control group( pretreatment without Test group(fly maggots

fly maggots ) pretreatment )
Hir' Qb Hi' Ab
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CK1 4l T1 IR

CK2  30% Kb HE+70% 3838 T2
CK3  30%Jsf A il +70% W93 T3
CK4  30% I i it +70% 3% 3% T4
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Figure 1 Temperature of different treatments during experiment
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Table 3 Changes in basic physical and chemical properties of different treatments
4b3 i I NH;-N/ NO:-N/ ALK BA
Treatment Time/d pH (mg-kg™") (mg-kg™") Organic carbon/%  Total nitrogen/% CN

CK1 0 8.84+0.08b 1223.32+81.63a 205.84+10.93h 15.96+0.15a 2.03+0.18b 7.95+0.04a
28 9.11+0.05a 213.62+16.24b 430.96+29.56a 14.39+0.26h 2.59+0.04a 5.55+0.12b
CK2 0 8.80+0.29a 1297.26+96.99a 214.67+23.92h 14.01£0.14a 1.27+0.06b 11.03+0.11a
28 8.71+0.01a 478.82+16.71h 430.69+55.14a 11.48+0.28h 1.80+0.08a 6.37+0.09h
CK3 0 8.78+0.14a 1420.21+58.37a 251.80+14.82h 16.88+0.31a 2.47+0.20b 6.83+0.10a
28 8.34+0.03b 448.53+17.20b 404.61+81.25a 15.38+0.45a 3.06+0.09a 5.02+0.11b
CK4 0 8.83+0.06a 1422.50+55.71a 273.61+21.03b 22.03+0.69a 2.51+0.04a 8.31+0.12a
28 8.77+0.12a 821.91+46.15b 429.43+33.12a 18.59+0.41h 2.65+0.07a 7.40+0.15b
T1 0 9.12+0.04a 1 064.34+33.52a 284.81+14.19b 15.56+0.13a 1.45+0.07b 11.00£0.09a
28 8.99+0.13a 300.39+21.03b 512.42+42.18a 13.98+0.25b 2.07+0.06a 6.75+0.11b
T2 0 8.91+0.18a 1042.77+27.27a 315.70+20.57b 13.36+0.29a 0.97+0.05b 13.77+0.15a
28 8.78+0.05a 532.22+66.15b 473.95+56.23a 12.40+0.21a 1.43+0.04a 8.67+0.04b
T3 0 8.84+0.07a 1 159.65+75.09a 220.74+27.90b 17.71+0.25a 2.07+0.21b 8.55+0.12a
28 8.65+0.09b 449.64+19.56b 425.86+59.45a 15.43+0.36b 2.65+0.10a 5.82+0.08b
T4 0 8.94+0.11a 1 124.55+37.90a 270.56+16.88b 21.55+0.28a 2.40£0.15a 8.98+0.09a
28 8.95+0.06 a 762.95+23.53b 417.52+23.12a 16.56+0.37h 2.51£0.04a 6.87+0.08b

T AN JF) - RER R[] — Ak BEER 0 K ANHE 28 K22 5+ 1 % (P<0.05) .

Note: Different letters indicate significant differences between the Oth and 28th days of the same treatment (P<0.05).

HE FIAL BB BEES T K (& S) , 4y 48 HE A 40 1) 4% b #1
CHAHERGHE KT 1 mg-m™-d™", 7EJ 25 A 2 20
G202 BT FAR . BR T4 bR SN [R] A /)0
shah, KA FETE 0.2 mg-m2-d™ s,
2.4.2 WESK B HHE R

H 8] 6a 1 401, g E T 40 A A5 CO, RAHHER 1S
B KM FE v, T, T2 A1 T3 43 51 F CK 1, CK2 A1 CK3
B4 39.2% .57.3% F148.9% , H Ak FH 7] 15 1k F) 4y 2
#Z 5K (P<0.01) . CK4 kb CK1 34411 35.3%, H Ak ##
1] 35 5] i % 2% 5K (P<0.05) . CK2 4b 3 CO, 2R
HECRE e AR . 76 N.O AR HECRE J5 18 (K 6b) , B T1
AT L At b B N,O SRFRHE B AR F X B4,
W T3 T4 AH b F CK3 . CK4 43l &A1 28.3% F130.4% ,
15k 3 B 2 22 5K F (P<0.05) o ZEHRNA 5 1, X
A B AR N RE A% . 25 K NLO R AHHE R, CK2 [
CK1 FF%52.7%, 1 CK3 H CK1 3401 37.7%., 3640
T2, T3 B T4 43 ) Eb T1 F [ 84.7% . 47.8% FiI
68.8%, 75 A P 5 T1 [a] ¥ 3k 3] g & 22 5 K F (P<
0.05). T1 1Y CH, BFHEL i i 2K T CK1, B IE 5
#) 37.6%. 5 T1H L, T4 F [ 67.4%, 1 T3 4 0
29.1%. X B H A R IS I AEAS [R) R BE b YRR AIG
T CH.HEjil i, CK2 ,CK3 il CK4 4 Hb T CK1 B 43 51
53] 33.1% .61.9% F187.1% , & 4L P4 5 CK1 153 B

22 5K (P<0.05) o 2 T YN i AL FHUR Ll Ath 4k 2
CH. 2R AR (Kl 6c) o
2.4.3 W E SR RBHEON

A TPCC 2014 4R 58 HOR S WS il = R
AT, 02 B CGE & 2508 78 AL ME S 0 H R =
MR AR HAR RN ) T/ZGCERIS 0006—2019"
T E SRR E I 5 S 28 A HUT R T AE I, ok
JE 3o A i 7 A Y COLHE R AN 133 7R IR 2 A A HE
Wb SRR (K 4) , WU AL B RS I B
A& HAE ¥ g 2 AR Eco., £ A FE SR B R CK1>
CK3>CK2>T3>T1>T2>CK4>T4, T4 HA ALK Eco..,
966.90 g+m™, fH L CK1 TR 71.8%.
2.4.4 AN[E) R B AR T A By X S AT ol i Hh i ==
SARHECA BN 2 5

A o U4k FRD A 22 10 B L IR R 22 40 B T A
(F25) , WIH TS BRI COLHER AN Eco, 47 B E 540,
AL D Rl R AR B 1Y A8 AR FH A R ) NLO HEJR
CH.HEWL . COHERT N Ecose.,
2.4.5 SRHERCS AL PR T 0] B A S

FHOE A BT 22 B (32 6) - NHL HEGHE -5 HEK pH Al
NH-N 3 EADE, 5 TN BB & oG, 5 NOs-N &2
e d 2 ARG o COHE IR i 5 pH 24 I 2% 11 AH
X, 5 TN.TOC 2 B FIEMK. NOH G S
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Table 4 Cumulative greenhouse gas emissions of different treatments
Ex,0 N;O emission/(g-m™) Ecu, CHs emission/(g-m™) Exu, NH; emission/(g-m™)
Kb IR Treatment ’ g ‘ 8 ’ 8 Eco../( g* m?)
Ngo COze CH4 COze NH; COze
CKl1 0.036 9.54 4.06 113.68 27.32 113.77 236.99
CK2 0.017 4.50 2.70 75.60 21.34 88.87 168.97
CK3 0.058 15.37 1.56 43.68 31.46 131.01 190.06
CK4 0.035 9.27 0.54 15.12 15.64 65.13 89.52
T1 0.080 21.2 2.54 71.12 14.46 60.22 152.54
T2 0.012 3.18 2.54 71.12 10.08 41.98 116.28
T3 0.042 11.13 3.28 91.84 12.22 50.89 153.86
T4 0.025 6.63 0.82 22.96 8.96 37.31 66.90

RS AEER HEHAEREZEERMERTEPSEHENERSH

Table 5 Interaction effects of auxiliary materials and reactor pretreatment on gas emissions during composting

KAbFRH 2 Treatment factor N,O HEZ N>O emissions CH.HEfX CH4 emissions Eco,e CO-HEi CO, emissions
SE I T4k F 3.061ns 0.102ns 22.735%% 448.546%
Akt 145.520%% 36.358%* 62.005%% 38.366%*
Sl bx b 72.697%% 17.639% 8.071%% 33.848%

R B R FAE,* P<0.05, %% P<0.01,ns fRRTC T 50
Note: The data in the table is an F value, * P<0.05,** P<0.01,ns represents no significant effect.

B ARG, DT B IR 07 NH HE A, A 0F S 45 R R HINH; DLk 2 sAHRRCR o
NHHEHGE 5 pH 1 3 IEA G BUAh, KA 3.2 Rt FAb IRt — 5 PR HE (K NHL HERY
HAT 15 2 10 2R 48 MALBRE AT 7 — i R 1 IR N TEATR I, g 504 AR BG4 R TR0 4

P 1%) WHARTY
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Table 6 Correlation coefficient between greenhouse gas emission and environmental factors
T H Ttem pH NH;-N NO;-N TN TOC C/N
CO HEHE & CO, emission rate —0.723%* 0.238* -0.056 0.623%#* 0.410%* 0.260
N2O HECE £ N-O emission rate 0.003 -0.077 0.275% 0.005 0.310 -0.269
CH.HE i & CH, emission rate —-0.309%* 0.091 0.161 0.208 0.423%%* -0.160
NH: i i NHa emission rate 0.231°* 0.271* ~0.405%* -0.347* -0.148 0.031
T #3RRTE0.05 K B B E ARG 5 ##RORTE 0.01 /KF B AN
Note : *indicates significant correlation at the 0.05 level. **indicates significant correlation at the 0.01 level.
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Figure 6 Cumulative greenhouse gas emissions of different treatments
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SRR ZR A AL R AT S A 4 B 7 T AR R A P
WG A 477 HE N,O7, CK2 1 T2 b 3 AH Fr F o Ath &b
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