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Effects of dicyandiamide and hydroquinone on greenhouse gas emissions during composting

YANG Yan, YIN Ziming, YUAN Jing, LUO Yiming, LI Guoxue”

(Beijing Key Laboratory of Farmland Soil Pollution Prevention and Remediation, College of Resource and Environmental Science, China
Agricultural University, Beijing 100193, China)

Abstract: Dicyandiamide and hydroquinone have been widely used to improve crop yield and reduce nitrogen loss in farmland. With the
aim of achieving simultaneous emission reduction of greenhouse gases and ammonia during manure composting, this study explored the
effects of dicyandiamide with different addition ratios and addition times on greenhouse gas and ammonia emissions based on the addition
of hydroquinone during composting. In this study, pig manure and corn straw were used as compost materials, and five composting
treatments were carried out for 40 days in a 60 L composting vessel. The control check continued without any additives, the HD treatment
condition was supplemented with only 0.03% dry weight hydroquinone, and the other three treatments involved the addition of
hydroquinone, 0.1% dicyandiamide on the 19th day, 0.2% dicyandiamide on the Oth day, and 0.1% dicyandiamide on the Oth and the 19th
days. The results showed that the addition of 0.1%~0.2% dicyandiamide and 0.03% hydroquinone had no substantial adverse effects on the
composting process of pig manure and corn straw. Hydroquinone, as a urease inhibitor, had little effect on ammonia and greenhouse gas
emissions, but adding dicyandiamide on the basis of hydroquinone addition reduced NH; emissions by 8.88%~12.94%, CH4 emissions by
6.79%~13.55%, and N,O emissions by 24.71%~35.83%; the total greenhouse effect could be reduced by 18.61%~19.97%. Considering
the economic cost and emission reduction effect, it is suggested that dicyandiamide should be added during the composting cooling period.
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Table 1 Basic physicochemical properties of raw materials of

composting
ok SRR s TRA
) Total organic ~ Total nitrogen/ ~ Moisture C/N"

Raw material

carbon/(g-kg™) (g-kg™) content/%
¥ 3¢ Pig manure 365.6 27.8 77.1 13.2
F&#F Corn stalk 413.8 9.6 8.9 43.1

TEra, B AL b, BT T AL

Note:a, wet weight basis; b, dry weight basis.
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BRI LA N 0.03% (LA B i1 ) 1 2 Sy Ltk
TN LA 0.19%~0.2% (A XUFUE , 3535 5 b # . X
TN AE HENE & W 25 1 CF- B BE 65 °C) ' 1 [ A
THARTRE/NT 18 do Ayl 20 3 AL 3 30 %o WU e % e
(AR VR T, s SO0 B W i [ 3 428 4 e JES o ik 4
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2 R, 38 R B 0.36 Lo kg™ - min™', 438 K
20 min #1540 min. AKX IR ILIEE 40 d, 73 HITEH
0.6.12.19.26.33 .40 d KA [HIAKE i, Fk003 [ AR b
Jit 29 500 g, 73 A AR ORAF o T AR T
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T % B A5 MUK (Total organic carbon, TOC) Al & %
(Total nitrogen, ™),
F2 R (%)
Table 2 Design of the orthogonal experiment(% )

XU A
4t Dicyandiamide Hydroquinone

Treatment

0d 19d 0d
XFHE(CK) — — —

A (H) — — 0.03
SR (HD-1) — 0.1 0.03
BB (HD-2) 0.2 — 0.03
B+ SR (HD-3) 0.1 0.1 0.03

o T T,

Note: a, dry weight basis.
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Figure 1 Changes of physico chemical properties during composting
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0.1% (T 53 ) F A A4 ol 50 BCURE , 5 350H NOS-N
HE— 2B H 4B R AR BT

AL TN AR B B TF 3 (K 2¢) , &% 5 AP)
U719 19.54~21.99 g-kg' I F+5125.63~29.74 ¢+ ke, 22
5 (P<0.05) . HENEWI TN 29 F R, X2
A ML 43 i R NH HEROUT 3 B B 2% o bl
B HENEHEAT , AL P 53 A HENE ) 8/ (45 TN
TR A TR YANG SRR e I LA ] A R
A, BEBEMEIEAYHEFE, TOC S 3 T a3 (K 2d) , e
HEI 4R B 45 AL HE TOC 7% 2k 375.89~384.58 ¢-ke ', I
F THEAR 45 TR 294.86~314.89 g-kg ',
2.3 NH,.CH,F1 N0 HE 7%

NH 75 HEJE 28 7 r i) HE s s 5 R B2 BRHE it
&l 3a~[&] 3b 75 , NH; (4 HF 00 (i 34 48 v 7 v TR0 Y
B R BIHES , CK H HD-1 HD-2 F1 HD-3 &b B ity HE
TR 43 51 4 0.84.0.76.0.62,0.65 g- kg™ - d' F1 0.65
g-kg - d™, RBFL 40 5.95.5.85.5.18.5.42 g+
kg ' F15.39 g-kg™'o AT ULTEHENE £ 78 o S o SR AW
e T d 2 ek /b NH. 9 HE i (P<0.001) , H HD -1,
HD-2 il HD -3 &b P %5 CK Ab P (1 NH, HE il sk /> 7
1.70% . 12.94% . 8.88% F119.37% ., JIKFA1 1] 7 R 1)

NI 2 00 ) A A H R Tt ) 955 P DA D20 NHs ) 7
A, A e TV I WA S Ak A o 7RG B4 Y NH 98 HE
ROR

AR 38 2 v NLO 9 ik 8 A 3 AR ik o 4n &
3~ 3d i, NoO F 2RI T4 E 18 0L T NHI-N 1Y
Til§ A6 1 FH A 48 45 1 NOS—N 4 B2 g Ak A8 i,
NoO A HE IR 3 22 45 vh 78 MEJE ) 01 R0 28U, K
H.HD-1,HD-2 Fl HD -3 4b B i HE i 0 8 43 5 A
0.059.0.061.0.052.0.060 g-kg " -d™" 1 0.055 g- kg ™' -
A, HER AR 7E HE AR S 2 d B AR, X T A 3R
TRV A 240 T 7 M IS o 305 B0 T R A ARG, SR T 7 3 NLO HE
i F IR T R ARE T, R NOS-N #E— 20 &
A SUAEAL A B NLO X 5 HENE R 9] NOS-N 5 1t A%
IS E—EUReY, HEAEZS sRINE, CK \H . HD-1 . HD-2
FTHD-3 2L FL Y N.O-N SEFHE &= 435124 0.37..0.38
0.24.0.28 g- kg F10.25 g~ kg™, %% 01 XU e F1 4 TR
Al 2 2 980 N0 19 HE i (P<0.001) ,HD-1 ,HD-2 fil
HD -3 4b 3 & CK Ab PR A9 N.O HE il ik /> 1 35.83% .
24.71% F131.79%. JIANG Z£*H THOMPSON 25/
5% 26 B NLO =5 28 78 M B J6F 24309 7= 4 | il HD—-1 A
HD-3 Kb BRAESE 19 d A T 0.1% HXUFIE , AT 18

WWW.Qes.019.CN




nes 2444

A FFITSIE i A 200 TR P % i 194 5 R 4 D 7 A i Ak
AR T, DA 52 0 NH 1) NOS 44k, s /b N.O 1 HE
M, HD-2 b FRAEHENE RN T S, (AU
JEEE T U T 5 4, B0 HD -2 Ak BR7E JE8 8B NLO HE
WA FiF B, HD AR N.O 2 AHECRAHE: T CK
ARBEIE TN T 4.15% , 5% W A6 3 A rp 20 fiff P SR 25 1
T NLO 9 HE R, 75 000 Ji R A FEHE AR J5 1 NOS-N 7 &
e A SO AR E 8 NL0 B R R

M O 3 R A WL TR Al W D i, RS HE
P B A B R R DR SRR 03 3k A7 AE , DT 5 3K CHL ™
A R, CHLZEHEAE o A2 Hp A HE s 2% A SRR HE

—_
(=)
1
—~
©
—

NH.-N it %
NH;—-N emission rate/(g-kg™-d™")

N20-N HEif 3
N,O-N emission rate/(g-kg™+d™")

0 10 20 30 40

I I
=) 3

CH.—CHEGH %
<
~

CH.—C emission rate/(g-kg™'-d™)

e
o

=]

A5} 1] Time/d
—a— CK

3 CH..N,O FA NH, HEB 3 2 & B2 FRHE AL

Figure 3 The CH4,N>O,and NH; emission rate and cumulative emission during composting

1% WHART]

——H —=4— HD-1

RAUIMER 24 - BB AESHBEET]

F405F 115

it UL e~ 8] 3f, 4540 FRHE I (E AR T e R i, 5
AWASTHI %I 245 —%. CK.H.HD-1.HD-2
FTHD-3 Kb # CH.HECIEAE 53 5114 0.73.0.62..0.59
0.53 g- kg -d"' F10.58 g- kg™ - d™, HEAC A 4 76 HEAE
H5dBNE T dy A XS TR m IR AR T R
VAT RL, GRS . Gt A
TR, CH. Y HE T 38 5 40 0Mk B 52t B AR DG ¢
%, EME J-0.465~-0.617 (P<0.005) , 5 i J& S 31
3 IE M & &R, A SR 0.512~0.619 (P<0.001) o
CK.H.HD-1.HD-2 1 HD-3 &b ¥ () CH, EFHHE i &=
I3 91h 6.21.5.93.5.79.5.37 g-kg ' F15.61 g-kg',H.

= 67 (b) goosseIe
b ‘.ll='="'
an¥ge oo
% pstmees s ggtIITIIIIINT
=3 vt
B 4 A/
fral=! A‘A
Elé [5)
T
LE 27
jun}
z £
=
=
E . . . .
< o 10 20 30 40
FF 6] Time/d
/T\ 04r (d) °®
2 o L
o o)
=< 03f e
I /
@% .'..":ﬂ- vv:;vv
TR Vo®924A
= a2 0004
252 e Ky
B & me 08 oo:;,“‘gxx
it ottty
= 9988e, ',v od
o z .ol"; ‘“Q
Ze 0.1 Qv"vva'V
E
E
5 0 . . . )
© 10 20 30 40
B ] Time/d
=~ 87(f)
=
;‘D [t L1
= L manan :
wE O annmntt e
=2 A::::;;iggga:::%*""'
I ‘g - 3"“:"
KT o4t wvvY
<
15
Sz 2t
E
E
5 0, L L L )
S0 10 20 30 40

A 1] Time/d

—¥- HD-2 —+- HD-3



e, 5« M A UL I A 5 P HERE R R

2445

HD-1 .HD-2 #l HD-3 Zb# 1) CH, HE R T 4.51% .
6.76% .13.55% F19.60% , FHoys HEHLI Jy WUFUIE T 90 ]
7 FBE B I MR D82 CHL B 7= 2 | T SR AT 10 6 DA Ty
PR R R IV 1 7 HE ot TR & T ok A R B AT CHL HE R
AT DL A 400 ) 500 AR 00 8 50 3K (s P AT 2 AT
CH, SRR (P<0.001 ) , HoHr HD-2 Ab PRy HE4CR
Y
24 Bk RIRKSWEEE

HEAE 2 B2 v e A LA AL R A R
RN AT AN 3R . EHENELE R, S Ab LS
ML ST 15t 73 £ HE B 2 463 14 375.89~384.58 g+ kg '
[%%51) 294.86~314.89 g- kg™ ; B AU B 43 BONME B 4
) 19.54~21.99 ¢+ ke | Ft%]25.63~29.74 ¢-kg'o HE
B AR P A B A A UC R FE LI RMAIE
PR o £ b PR AR o W) IR B A ALK 7Y 47.61%~
54.59%, Hoop F L €O, - C B X it 2k (34.76%~
36.88%) , UL CH,—CIE A R /b, KG9l ik B
HLBR HY 1.39%~1.61% ,H . HD-1 HD-2 HD-3 % T
CK A MUBR A 25 40 )36 1 5.26 .6.98 . 4.44 2454
a3 e AR IR AR 31.83%~35.84% , EE L
NH:—N #9240 2% (23.55%~27.05%) , L N.O JE 236
2 B A AL (1.08%~1.75%) o KU i AU BR 3L R 7%
Jnay g /0 L NH,-N F1 N0 B2 A AU 2%

HEJE 2ok A R SR AR CHL L N0 il
CO,, (HHERE 1L 72 P Y CORIE TS P W AE T, T
FAEY R, TR AR RN A5
CH. I NLO #4552 X il 2 500 o7 ik A K i & 00
HD-1 HD-2 F1 HD-3 b BE T, CH. ™ Az 1 IR 800 54
CK AbFE 43 5198,/ T 35.85% . 24.60% #i1 31.81% , N,O
PR IR A N IR D T 6.74% 13.47% 1 9.66% , %

Y RS0 e o 2 s ] e ) T il 2 M S o A v 1 i =
SARHE RS 1 B E AR HE Y s> T 233~
25.0 kgt AR F R = SR HEROR A B
2 (WHESRN 0.56% ) , T 76 20 14 S Al _E 78 i SRR
Xof ik 2 RIS HE AR 2 4 R (18.61%~19.97% ) , XL
FRE R Es It (O T T B 4 0.1%~0.2% ) FHS Jin B i)
(550 d FEE 19 d) XFIRHFRCR FE A i %

3 #ig

(1) 7 ) g = il e KUHE AL R e rp , U 46
AT 5T 5 0.19%~0.2% 1Y RBUFIE F10.03% 1Y S A 25
SEM ARG FEHENE S s o R A 45 A B A 34 R B
TCEALAE A BRI b P = L ) ] K 2 20 d
DL 5287 i) Gk 83.12%~135.45%

(2) SUBRAE Ay W 00 ) 700 XoF M FES NTH i =8 50
£ - U 2 N o = o o NS 1D - I
8.88%~12.94% %) NH3 HE T . 6.79%~13.55% 11 CH. HE
T AN 24.71%~35.83% B9 NoO HERL , 36 28 %40 A F#AIG
18.61%~19.97%.

(3) WU AEAS [ s It (T 1 5T 3 0.1%~
0.2% ) FIAS nes 8] (55 0 d FIEE 19 D BYREOL T, 343t
[V AR T RS0 g AR A 174 Ak FER 6 I 2 S AR el R A R 22
SRR LR R R LU A T HERCR , T
S A R R I S I, EL S = Oh 2 R
0.1%.

S 3

[ #RKE. FERMAMEFE L ICAFLBAIRD] B, 2020
(13):56.
uation of pollution—free treatment[J]. New Agricultural, 2020(13) : 56.

XU C C. The harm of livestock manure and the present sit-
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Table 3 Mass balance of carbon , nitrogen and total global warming potential during composting

b BA T WAV A R
hb C balance /% N balance /% Greenhouse gas equivalent/(kg-t™)
Treatment -
CH:-C  CO-C Bk Total loss NH;-N  N,O-N 51K Total loss CH. N.O IR A Total greenhouse gas
CK 1.61 36.79 47.61 27.05 1.68 33.07 56.9 68.3 125.2
H 1.54 34.76 52.87 26.59 1.75 35.45 59.3 65.2 124.5
HD-1 1.50 34.86 54.59 23.55 1.08 33.52 36.5 63.7 100.2
HD-2 1.39 35.00 52.05 24.65 1.26 35.84 429 59.1 101.9
HD-3 1.46 36.88 50.06 24.52 1.14 31.83 38.8 61.7 100.6

SRk COL 9 298 135 F1 25 4% .

Note: The balance of carbon and nitrogen is the percentage of carbon and nitrogen loss in the initial total organic carbon and nitrogen , respectively ; the

greenhouse gas emission equivalent value is calculated on the dry basis of the material,, and the global warming potentials of N.O and CH.s are 298 and 25

times that of CO,, respectively.
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