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Effects of exogenous additives in cattle farm slurry on soil ammonia volatilization after application

LIU Muheng', WANG Guiyun', ZHANG Yandong’, DU Yanqin®, ZHAI Zhongwei', LIU Fuyuan®, DU Huiying"", ZHANG Keqiang'

(1. Agro—Environmental Protection Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China; 2. Agricultural and Rural
Bureau of Xushui District, Baoding, Baoding 072550, China; 3.Institute of Animal Husbandry and Veterinary Medicine, Xinjiang Academy
of Agricultural Sciences, Shihezi 832000, China)

Abstract: In this study, the method of indoor cultivation was adopted to study the addition of different exogenous additives (humic acid,
sulfuric acid, biochar, and citric acid) to the slurry of cattle farms. The boric acid absorption method was used to monitor the ammonia
volatilization in the soil to determine the best slurry additives to reduce ammonia volatilization. The results showed that the addition of
acidic exogenous additives to cattle farm slurry under alkaline soil conditions reduced the loss of ammonia in the soil. The inhibitory effect
of acid additives on ammonia volatilization was in the order of citric acid>humic acid>sulfuric acid. The ammonia volatilization decreased
by 46.62% and the total nitrogen content on the 14th day of culture in the humic acid treatment was higher than that of other treatments.
High urease activity could promote the increase in ammonia volatilization and increase the soil nitrate nitrogen content. Studies have shown
that adding humic acid as an exogenous additive in cattle farm slurry application to the field is beneficial to reduce the amount of soil
ammonia volatilization, and plays an important role in protecting the soil ecological environment and improving soil fertility.

Keywords: cattle farm slurry; additives; soil; ammonia volatilization
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Figure 1 Changes in ammonia volatilization rate of cattle farm

manure water added with different additives after application
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Table 1 Accumulated emission of ammonia volatilization after

application of cattle farm slurry with different additives (kg+hm™)

M H1d H2d Hiad #74d Hi14d
Treatment First day Second day Fourth day Seventh day Fourteenth day

CK 0.00 0.00 0.00 0.00 0.00
U 0.12 0.12 0.12 0.12 0.12
BS 1.38 1.38 1.45 1.45 1.48
BSHA 0.69 0.69 0.79 0.79 0.79
BSB 1.67 2.98 3.16 3.16 3.16
BSS 0.79 0.97 1.11 1.17 1.17
BSCA 0.35 0.57 0.72 0.72 0.72
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Table 2 Correlation between soil ammonia volatilization rate and

NH:i-N,NO;—N content

AR NH-N &S % NO-N
0.741% 0.674%

i H Ttem
K 2B Correlation coefficient

T 3R RAE P<O.0T K BE AR

Note: ** indicates a significant correlation at the P<0.01 level.

IR Tl 3% 1 3 o 5 e PR 2R 43 i o S ) L 4 4
PR JE R L BRI — KR EZ IR R, K40
P A IR TS PR AN S BR o RIS RS SR, Bl
BRFR BRI, - SR Bl S PR RS . BRI
%51 d, BSB S BSS Ab PR i 17 44 A 4 At it IS Acb 34!
B 5. U.BS M BSB &b #7Ejifi I )5 565 2 d 35 B AR .
TERG TR A0 55 14 d, Jitd AR Ak F9 A JOR 6 355 1k A 72 7 1.82
mg-g - d™ KA B ) HR B NS T TR R
JOS LN

9.00 %51 d First day

%57 d Seventh day

(o
]
a

7.
00 CK U BS

O %52 d Second day
M % 14 d Fourteenth day

e
n
!

g
=}
T

IR A I
Soil enzyme activity/(mg-g™+d™")
(3]
W

201
1 2 3 4 5 6 7 8 9 10 11 12 13 14
S KA Time/d
B 5 TEREEENTLES
Figure 5 Change trend of soil urease activity
3 i

FGFOK P EA KRB ABEEFRIUR IR R i
PR B R 3 SN IR ST pH LA KB ) 5 A
R, BEABIZERL, T A BA £ = LB AS
e B R T A R RV it P 2 9 2 ] L2 40.49%

M % 4 d Fourth day

abab

BSHA BSB BSS BSCA
Kb FH Treatment

4 REVFS DI040 435 2 7K e FA X 3% pH B9 1

Figure 4 Effects of cattle farm slurry application with different additives on soil pH

WWW.Qes.019.CN




m@g 2572

AR, H R R B 2R TR R T I B
Al 2B e HLAT BT 08 3RO R RE SR A 4
PERFETHVE MY, WA= 9 e b R + AR K W)
W ¥ e B X 5 WELZESF FAN 280 fF 57 2%
20, A= W e B 1 T 0 ) B A1 0 S R 1Y
FEERZ M R 2R 15 5 B H 2R A o) 23R W A
8 kb X5 ik K SRR A SR
LTS R — 3

WF5E R, LR S 0 A R A B4 A [ AL
N, 2 2 PR AR HE R AR AR g AR L —
2, VSN R R i BSHA b B i 133 1 & e G 5
BIEF 14 d S22 8 T HABAC B 0 BH 25 35 28 K i N 8 A
PR AR F H A s I s/ - e ) /R ik, A
PER PR A SRR, 7RIS 4 d, i g Fa e Ak
PR R R IR TS T — WM, 5 F
SIS A I — B, AE B R I T A R T 3 Ao 3 o
IR Tl 3 2 el A5 2 R TR O B (1 1L ]
5)  ARASHIF G b 82 15 38 2R R R G T 1 B R (L
HR A LA R A A 3 20K o 52 2, R DR it A
TEEMIEY . JEHER T 5 A AR B 45 Fil
ZR YA, 3 3 A7 A T TV R AR R 1) AR SE M, S
B MR R L P B S E AR, TR
VR ZRU I s LB o AV DR T 9 PR A R
R REWS 52 R AE Y 1Y 2 Fh A= AR K AR bR, R P B9
ABEFSF o8 Ml R ARKREE EEEH
SET PR R R AE Y R BB | A T AR R A
NE A 25 ) FH 2255 5 IRTRR AT 5200 o

AT JE pHAE S fL 5 0 0.11~0.74, ZH %
KRB K 0~1.68 kg-hm?-d”, —F M LA B
o HFB R e T 25 k5 [ B 327 S IR 1
B RAT I it IR RS N A 45 2
DR 2828 SUAE T, o 2 4 R 1 ) BT RS — 17T A2

-3 R A ) TR R 2 Bt A R RN
VERMR SR 25, it A 5 7= A B A 28 SRR A AN T skt
Hoo MRAERTAIBIESE , A5 HILAE AT 354 i - 58 A1 3R fAkr
1 VA AT WLt & i, DA B w5 FH S A4 i, (o 38
PSS R ERERE TR FEARBER BRI 20K
IRINAER B RbBRAN 565 14 d T4 A0 BRAY SR &
A At FH 2 37 2K Ab B . SiE B 4R 3 2K AR
RIS I 2 16 e P RS A /R 2 . e A= ) ¢
BN 3K A B oy AR i 1) 22 FL 25 4 B L
BFELS) AT L RE G h 3R 4 - 39 R R A % [
I PR S R S R R A R AT

1% WHART]

RARERZ2E - EEFESHNEET

F40EF 115

4 ZEig

A= 35 28 KR IS [R) SIMIE S g it FH I %) 1= 18 24
VER MR T B . SN R Ak B R J5 A
Mg ab PR BRI R e, S UG AR 2K AR
1) SR L 22 #4E  i 3 D T 51.35% 1 46.62%
TSI A 100 1 b BELAE it A ) B 2842 ek B S o B
B[R] A4 20 4% A e TR (A 245k 2R s, 1k
3.16 kg-hm™. WS HE R 1 4 37 2% K it FH 38 5 45
[V A O R e o 4 % A R B A T Ak P - 3 R
SRR T 170.82% F180.70% .

S 3

[17AI P, JIN K, ALENGEBAWY A, et al. Effect of application of different
biogas fertilizer on eggplant production : Analysis of fertilizer value and
risk assessment|[J]. Environmental Technology & Innovation, 2020, 19:
101019.

[20X0 3%, E U, i, A5 . SENEHGHEXT /KRS i R R A 1 5
WEN[J). Ak B 5 -5 R84 4R, 2021, doi: 10. 13254/j. jare. 2021. 0096.
LIU T, WANG H Y, YANG B, et al. Effect of additional applications of
manure on rice crop yield and nitrogen use efficiency[J]. Journal of Ag-
ricultural Resources and Environment, 2021, doi: 10. 13254 /]. jare.
2021. 0096.

[3] A, G, iCHCH, 45 . K U 0 RO R i S - e e 4
ARG R ()], AL E SR S LR, 2016, 22(4) :949-957. LI
Y K, WU X P, WU Q F, et al. Effects of irrigation and nitrogen applica-
tion on ammonia volatilization loss from vegetable fields under green-
house cultivation[]]. Journal of Plant Nutrition and Fertilizer, 2016, 22
(4):949-957.

[4] T, FETE, B B b R A S I o 2 I A R UL
FAARHE RS m 1], SR EE R R4, 2019, 39(12) : 4132-4139.
LEI M, CHENG Y Z, MIAO N, et al. Effects of mixing loess and other
additives with pig manure on ammonia and greenhouse gas emissions
during storage[J]. Acta Scientiae Circumstantiae, 2019, 39( 12):4132-
4139.

[5] WANG S X, XING ], JANG C, et al. Impact assessment of ammonia
emissions on inorganic aerosols in east China using response surface
modeling technique[J]. Environmental Science & Technology, 2011, 45
(21):9293-9300.

[6] KIRKBY J, CURTIUS J, ALMEIDA ], et al. Role of sulphuric acid,
ammonia and galactic cosmic rays in atmospheric aerosol nucleation[J].
Nature, 2011, 476(7361) : 429-433.

[7] DAVID F, JOSE L P, SOFIA M, et al. Surface application of acidified
cattle slurry compared to slurry injection: Impact on NH;, N,O, CO,
and CH. emissions and crop uptake[J]. Geoderma, 2017, 306: 160-166.

[8] WEI W L, YANG H Q, FAN M S, et al. Biochar effects on crop yields
and nitrogen loss depending on fertilization[J]. Science of the Total En-
vironment, 2020, 702 :134423.

[9] FAN Y, CAO X, GAO B, et al. Short—term effects of rice straw biochar



RUVKHT 45 + 2 53K TR NSV N PG %4 M4 2 O 3 2573

on sorption, emission, and transformation of soil NHi—=N[J]. Environ-
mental Science and Pollution Research,2015,22(12):9184-9192.

[10] 25 5%, FIONI, IRIMEE, 55 AR T T4 7K B2 /K I X s A e
FAR IR []. A B BER 2R, 2020, 39(7) £ 1623-1632.
LIMY, WANG X G, XU X F, et al. Effects of treated domestic sew-
age irrigation on ammonia volatilization in straw — returning paddy
fields[J]. Journal of Agro—Environment Science, 2020, 39(7) : 1623
1632.

[11] JOANA P, JOAO C, ANABELA R, et al. Bio-acidification and en-
hanced crusting as an alternative to sulphuric acid addition to slurry
to mitigate ammonia and greenhouse gases emissions during short
term storage[J|. Journal of Cleaner Production, 2020, 263 :121443.

[12] DAVID F, MAIBRITT H, FABRIZIO G. Acidification of animal slur-
ry: A review[]]. Journal of Environmental Management, 2015, 149:
46-56.

[13] BASTAMI M S, JONES D L, CHADWICK D R. Microbial diversity
dynamics during the self-acidification of dairy slurry[J]. Environmen-
tal Technology, 2021, 42(16) :2562-2572.

[14] J1EA, W, skmg, 55 . FRE Y5385 I HPUR 52556 1
HOARBEX T HTI]. oP I F ek, 2016, 52(14) :62-66. SHIZ X,
WANG P L, ZHANG L, et al. State of dairy waste treatment and com-
prehensive management mode in China[l]. Chinese Journal of Animal
Science, 2016, 52(14) :62-66.

[15] & g, L geflh A=z 3 Hr 5 R M. JEaT R AR B T At
2000. LU R K. Soil agrochemical analysis method[M]. Beijing: Chi-
na Agricultural Science and Technology Press, 2000.

[16] £, Eit ez, #havde, 55 . 3758 ALK FH X b 39 523 % 14 5% k) K%
W 137 TR R 0], Al BEIR-5 R 24417, 2020, 37(6):931-938. FU L,
WANG G Y, DU H Y, Effect of slurry application on soil ammonia
volatilization and response factors[J]. Journal of Agricultural Resourc-
es and Environment, 2020, 37(6) :931-938.

[17] XUBEAT, o 45, BRILAR . R RFFT A= Wy 50 R R 43 M 952 R[], 4%
v FREE R} 242247, 2015, 34(6) : 1142-1148.  LIU Z Q, MENG J,
CHEN W F. Effect of corn stalk biochar on urea hydrolysis[J]. Journal
of Agro—Environment Science, 2015, 34(6) : 1142-1148.

(18] #= 5, B, 5K Ue, 55 . ARALREFT S AL Wy 5 b AR 4% R 1Y
SR ()). AR FREE R 22447, 2014, 33(10) : 1987-1994. LI Q, LI-
AO N, ZHANG N, et al. Effects of cotton stalk and its biochar on am-
monia volatilization from a drip irrigated cotton field[J]. Journal of
Agro—Environment Science, 2014, 33(10) : 1987-1994.

[19] DAVID L, PIERCE F, WANG B Q, et al. Biochar impact on nutrient

leaching from a Midwestern agricultural soil[J]. Geoderma, 2010, 158
(3):436-442.

[20] TRAHE, TR IH, 55, 45 . AW BT AL AL J5t 4 Bl e R - A/
A B SR B2 )] AL B IR BB 24, 2021, 38(1)
127-134.  ZHANG S Q, ZHANG B, YUE K, et al. Effects of biochar
on NHj volatilization from four typical soils during early growth stage
of winter wheat in the North China Plain[J]. Journal of Agricultural Re-
sources and Environment, 2021, 38(1):127-134.

[21] A% 3CHR, XBIEWT, 2505, 45 AR e AR TR & X & 4 2 A [ 28
HISZIRT]. FREERLE, 2021, 42(1) :467-476.  YANG W N, DENG
Z X, LI J, et al. Effect of biochar and chemical fertilizer mixture on
ammonia volatilization and phosphorus fixation[J]. Environmental Sci-
ence, 2021, 42(1) :467-476.

[22] AHMED O H, AMINUDDIN H, HUSNI M. Reducing ammonia loss
from urea and improving soil-exchangeable ammonium retention
through mixing triple superphosphate, humic acid and zeolite[J]. Soil
Use & Management, 2010, 22(3):315-319.

[23] £F . EHERRA FUILH AL 05 B3 A= K A2 [D]. 284 10 &R
Al K 2F, 2018:34-35.  WANG P. Effects of humic acid on nitro-
gen transformation, losses and the growth of rape[D]. Tai’ an: Shan-
dong Agricultural University, 2018:34.

[24] BAL'Y, WU F C, XING B S, et al. Isolation and characterization of
Chinese standard fulvic acid sub—fractions separated from forest soil
by stepwise elution with pyrophosphate buffer[]J]. Scientific Reports,
2015, 5(5):8723.

[25] NEBBIOSO A, PICCOLO A. Basis of a humeomics science : Chemical
fractionation and molecular characterization of humic biosuprastruc-
tures|J]. Biomacromolecules, 2011, 12(4):1187-1199.

[26] X Le, BT G, MRIALE . R RR DR AR AR AR I K il LR R 5
0] H &R SR, 2010, 16(1):208-213.  LIU Z B, ZHAO
B Q, LIN Z A. Ammonia volatilization characteristics and related af-
fecting factorsof humic acid urealJ]. Plant Nutrition and Fertilizer Sci-
ence, 2010, 16(1):208-213.

[27] STAEHELIN C, FORSBERG L S, D" HAEZE W, et al. Exo-oligosac-
charides of Rhizobium sp. strain NGR234 are required for symbiosis
with various legumes[J]. Journal of Bacteriology, 2006, 188 (17) :
6168-6178.

[28] YIN F, FU B, MAO R. Effects of nitrogen fertilizer application rates
on nitrate nitrogen distribution in saline soil in the Hai River Basin,

China[J]. Journal of Soils and Sediments, 2007, 7(3):136-142.

WWW.Qes.019.CN




