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Effects of organic acid additives on nitrogen loss in low C/N ratio during composting

XUE Wentao, SUN Hao, SUN Qinping, ZHANG Ling, WU Rong, TIAN Ye, CHEN Yishan, ZOU Guoyuan, LIU Shanjiang”

(Institute of Plant Nutrition, Resources and Environment, Beijing Academy of Agriculture and Forestry Sciences, Beijing 100097, China)
Abstract: Ammonia volatilization as a result of composting processes has raised public concern. The study of ammonia emission control
technology in composting can provide a reference for effective control of nitrogen loss. Studies on this ammonia emission and its control can
provide practical technology for efficient nitrogen loss control. To reduce ammonia volatilization and nitrogen loss in the process of
composting, chicken manure, corn straw, and bacterial residue were composted aerobically for 41 days in static forced—aeration composting

reactors. The effects of two organic acids (citric acid and oxalic acid) on ammonia emission reduction and nitrogen transformation in

RS E#E:2021-10-20  FRAHH:2021-12-29

YEB BT B (1991—) , 55, I B3R Ao 2E | BRI SR 51 NSl I8 s 5 BE AL R FHIFSY . E—mail : xwihj2014@163.com

“BIEMEE XYL E-mail : liushanjiang@263.net

EETE « [E KGRI H (2017YFD0801400) ; b st AR 2 BeR-H2 €1 iE 71 8 1% 11 (KJCX20190302) 5 b st i A MR 7 BEAR Y8 77
5 G IRFR BT T PR R ST BT (YZ5201908)

Project supported : The National Key Research and Development Program of China (2017YFD0801400) ; The Science and Technology Innovation Ability
Construction Project of Beijing Academy of Agriculture and Forestry Sciences (KJCX20190302) ; The Science and Technology Capability
Improvement Project of the Institute of Plant Nutrition, Resources and Environment, Beijing Academy of Agriculture and Forestry Sciences

(YZS201908)



SR, 26 < AT WLV IR O S0 L 2% M SR 3 e AR 1087

composting process under low C/N (15) conditions were investigated in this study. The results showed that 5% (fresh weight) citric acid

and oxalic acid addition increased the number of days with a maximum temperature above 50 “C and the number of consecutive high
temperature days as well as reduced the pH value of the initial compost by 1.70 and 1.88. Oxalic acid had a significant effect on ammonia
emission reduction during the fermentation period of composting, while the reduction of ammonia volatilization by citric acid addition was
primarily concentrated in the first 10 days of composting, and then the ammonia volatilization rate increased rapidly. Compared with the
control treatment, citric acid and oxalic acid addition treatments reduced the cumulative ammonia volatilization by 44.15% and 69.57%
and reduced total nitrogen loss by 25.16% and 48.54%, respectively. Nitrogen in compost mainly exists in the form of organic nitrogen.
Compared with the control treatment, citric acid and oxalic acid addition also increased the organic nitrogen by 9.44% and 23.13% and
increased the amino acid nitrogen by 11.23% and 15.53%, respectively. Furthermore, the amide nitrogen content increased by 18.43% and
39.99%, respectively. The addition of citric acid and oxalic acid increased the content of inorganic nitrogen at the end of composting, the
ammonium nitrogen was raised by 68.13% and 408.48%, and nitrate nitrogen was raised by 17.94% and 45.75%, respectively. The
contents of organic carbon decreased by 31.44%, 22.16%, and 15.70% in control, citric acid treatment and oxalic acid treatment,
respectively. All treatments met the relevant requirements of composting maturity based on temperature, fecal coliform number, and ascaris
egg mortality. However, the seed germination index of oxalic acid treatment did not meet the non—toxic standard. The results of the study

indicates that adding organic acids has significant effects on nitrogen loss reduction, and oxalic acid is a better choice than citric acid.

However, the addition amount and method of oxalic acid as harmless composting products needs to be further studied.

Keywords : organic acid; composting; low C/N; ammonia volatilization; organic nitrogen form
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Table 1 Basic physical and chemical characters of raw materials

AR

YR 2R S Total organic carbon/ eI GESS H
Material Total nitrogen/%  Total phosphorus/%  Total potassium/% ( & K 4) C/N ratio  Water content/% P

2% Chicken manure 3.91 1.17 479. 70 12.27 59.60 6.31

T KFHEFT Maize stover 1.22 0.32 415.89 34.09 69.50 5.94

T 78 Mushroom dreg 1.94 0.56 387.47 19.97 62.15 6.76

1% WHART]
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Figure 2 Changes of the temperature during composting
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Figure 3 Changes of the pH value during composting
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Figure 4 Changes of the EC during composting



SR, 26 < AT WLV IR O S0 L 2% M SR 3 e AR 1091

9 000

a

8000 [
Tep 7000 [
)

& 6000 [

0 3 11 28 41
i} ] Time/d

0 3 11 28 41
A 18] Time/d
¥R Citrice acid —A— HR Oxalic acid
B 5 HEE R RSRMESRSENETL
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Figure 6 Changes of the total nitrogen during composting
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B, HE I o A P pH 5 AR A RCHE ik =2 1R A

13 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41

A~ W
wn O
T 1

[SCRNCINN
o O
L

Fisf 1] Time/d

AR Rt
NH; cumulative volatilization/g
)
G

)
wn O W O
— T T

-- S w W W W K. ST T T T S S S S S S S S S S SR SR S S S S S SR S S S S S S |

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41
I [7] Time/d

@ CK X FFEEER Citric acid —A— BEJR Oxalic acid
E7 RS ERPESEZREZMERELSNTH

Figure 7 Changes of the NH; volatilization rate and cumulative volatilization during composting
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CO, I G FEL 5T 40 J53 , DR] 1 A S AT ) 10 P9 A ML A 2 30
TR X SET AR e — 80 m IR B B

R2 HRIEFRFERK(%)

Table 2 The total nitrogen loss during composting(%)

AR RFAR A

Ab B R IR AFE R L
, X X NHsvolatile nitrogen loss as a
Treatment Total nitrogen loss NHjvolatile nitrogen loss R
percentage of total nitrogen loss
CK 24.64+1.07a 16.95+1.05a 68.85+4.63a
PR 18.44+2.14h 8.70+0.91h 47.90+9.74b
R 12.68+1.34¢ 4.86+0.72¢ 38.84+8.64b

T [l — G NG PR R — 38451 P<0.05 K EHARE 2SR TlE.

Note: Different lowercase letters in the same column indicate significant difference in same index at P<0.05. The same below.

®3 HRERFENEREASE(mg-kg')

Table 3 The content of organic nitrogen components after composting(mg-kg™)

M T Treatment FHLE TON IR AAN SIS E ASN T JHie 2 28 AN
CcK 23 843.61+1 583.69h 573.00+14.18b 72.89+4.79a 12 256.13+1 078.55¢
iR 26 094.06+1 523.52b 637.33+13.43a 52.43+10.70b 14 514.63+899.57h
TR 29 359.38+1 000.09a 662.00+28.05a 90.56+11.25a 17 156.79+1 005.88a
600
— a
550 F
&
i T 500!
£ 450 + z
fé : S st
fe s 4001 6l
.2 4t
S 350t
5 N
o 300 1 1 1 J 0 1 1 1 J
0 3 11 28 41 0 3 11 28 41
IF[E] Time/d I5F[a] Time/d
—-@- CK X ¥R Citric acid —A— %R Oxalic acid

& 8 HEPE T FE s HEMR BB HLERFA C/N B4

Figure 8 Changes of organic carbon and C/N ratio during composting
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15.51, Z5 54351 24 10.52,10.50 . 10.09 , [ 8 4351 hy
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(4) A WL R R R 2B, e 45
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Table 4 Basic physical and chemical characters of raw materials after composting

e 2R s ol BRI KAY FER MR Wt R AL T A T K2R
Treatment Total Total Total Total Water Fecal coliform  Determination of mortality Seed germination
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