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Substitution of chemical fertilizer with organic manure reduces ammonia
volatilization in maize farmland in North China Plain

ZHANG Yi-bin', LIJun-gai', WANG Zhen', DAI Fu-yue’, ZHAI Li-mei’,
YANG Bo', WANG Hong-yuan', LIU Hong-bin'
( I Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences/Key Laboratory of
Non-point Source Pollution Control, Ministry of Agriculture and Rural Affairs, Beijing 100081, China;
2 China Agricultural University Yantai Institute, Yantai, Shandong 261400, China )

Abstract: [ Objectives ] Ammonia volatilization in farmland contributes to the atmospheric ammonia, thus the
need and methods for reducing ammonia volatilization in farmland have become part of the trending international
research topics. Substitution of chemical fertilizers with organic fertilizers is a widely recognized method for
reducing ammonia volatilization in farmland. The impact of inter-annual climate change on emission reduction
capacity of organic fertilizers was studied in this paper. [ Methods ] This study was conducted in a long-term
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experimental maize field in North China Plain. The experiment commenced in 2007, and ammonia volatilization
monitoring was conducted in three consecutive years (2017-2019). There were four treatments in the experiment,
as: no N fertilizer (PK), single chemical fertilizer (NPK), half of the organic N replacing chemical fertilizer N
(HONS), full amount of organic N replacing chemical fertilizer N (FONS). [ Results ] The substitution of
chemical fertilizers with manure increased the maize yield. Compared with NPK treatment, HONS and FONS
treatments increased the maize yield by 20.7% and 30.9%, respectively. The partial N productivity of the
different treatments ranged from 35.6 to 46.7 kg/kg. Compared with NPK treatment, HONS and FONS
treatments increased the partial N productivity by 20.8% and 30.9%, respectively. The ammonia volatilization
pattern among years and treatments was the same, with the peak ammonia volatilization appeared in 2—4 days
after fertilization, and then gradually decreased and stabilized within 9 days. About 70.1% and 63.7% of the
total ammonia volatilization occurred in the first 9 days after basal application and topdressing of fertilizer,
respectively. Compared with NPK treatment, HONS and FONS treatments reduced ammonia volatilization by
average of 33.5% and 58.7%, respectively. The inter-annual change in ammonia volatilization in HONS and
FONS treatments were significantly higher than that of chemical fertilizer. The ammonia volatilization in NPK
treatment was 12.3% higher in 2018 than that in 2019, while volatilization in HONS and FONS treatments were
higher (91.2% and 105.0%, respectively) in 2018 than that in 2019. The corresponding reduction rates in HONS
and FONS treatments were higher in 2019 than 2018 (54.3% vs. 22.1% and 71.1% vs. 47.2%, respectively).
Principal component analysis showed that the variations of air temperature and soil moisture were the main
reasons for the differences in ammonia volatilization. [ Conclusions ] Compared with sole application of
chemical fertilizers, the replacement of chemical fertilizers with organic fertilizers can increase crop yields. Full-
scale replacement of chemical fertilizers with organic fertilizers has a stronger potential to improve crop yields
over time than partial replacement. More importantly, results of this study suggest that the substitution of chemical
fertilizers with organic fertilizers could effectively reduce ammonia volatilization in North China Plain, but the
reduction rate could vary among years.

Key words: North China Plain; substitution of chemical nitrogen with organic nitrogen; inter-annual differences;

ammonia volatilization loss; crop yield
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Fig. 1 The temperature, rainfall and irrigation during the three experimental years
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Table 1 Basic physical and chemical properties of soil
Ab T FHLET SOM MA Total N HAZNO,-N EEZSA NH,-N 7 # Bulk density
Treatment (g/kg) (g/kg) (mg/kg) (mg/kg) (g/em?) pH
PK 14.47+0.40c 0.89+0.04b 3.83+0.02¢ 1.08£0.01 a 1.32 8.2
NPK 16.68 £0.09 b 0.9+0.04b 5.07+0.11b 1.52+0.03b 1.32 8.3
HONS 18.02+0.14 a 1.07+0.09b 6.22+0.04 a 2.46+0.09d 1.32 8.2
FONS 18.24+0.13 a 1.32+0.11a 5.18+0.04b 1.84+0.06 c 1.32 8.2

H (Note) : FH B M3EMEIME £ brni2s, B GAF/ING FHRRR A LA 2257 1 3% (P < 0.05) The data in the table are the

three-year average + standard deviation. Values followed by different lowercase letters in a column indicate significant difference among treatments

(P <0.05).
*2 JZAEWERE
Table 2 The fertilizer application rates of each treatment
A3 JR# A Urea-N (kg/hm?) A (kg/hm?) S (kg/hm?) JABE (kg/hm?) S (kg/hm?)
Treatment AN Basal SEJE Top-dressing Pig manure N Total N Total P,O; Total K,O
PK 0 0 0 0 120 180
NPK 90 150 0 240 120 180
HONS 45 75 120 240 120 180
FONS 0 0 240 240 120 180
V=24xC/(S xt)x 107 )

F=1/2% ) (V4 Vi) x(T,=T,.)] )

EFy, =) (NH). = > (NHy), | /Fy 3)

Ky VORI L HR [kg/(hm*-d)]; C NSLLBE
FERFES IS R E (mg/L); S % = 5 55 1
L (m?); ¢ AT (h); 24 BT RS 102
J R R F oA R BRBULE (kg/hm?);
n A ENE S I A VRS | RN I Y
KR [kg/(hm*d)]; V., A5 -1 W E I i 245 &
BOR [kg/(hm>d)]; T, 05 § Y E It A J5 1R B,
T—T. ., WA FILBINE B W 2 8] ] E ks (OR) .
EFy, HZIE KUK B (%); Z(NH3)F5@$1ﬁE$R
P UL B R R B R B (kg/hm?); ) (NHL), K
PRV TH R PN A it AL B R R & & (kg/hm?);
Fy R SA R (kg/hm?),
1.4 HURLIE

& ] Microsoft Excel 2016 F1 Origin 2019 {44k
FEBHE IR, IR SPSS 19.0 & (BA K & 7 2%
48T (One-way ANOVA) H1 ) Duncanik K 56 A0 ¥ 2
[\l 225, P<0.05 NEREFE,

2 HPRE

21 I EMERRESN

2017—2019 4F, ARt EME (PK). HiEfbiE (NPK).
HAEA P (HONS) K2 WL (FONS) 45
4 MRER R T 2 R B E (B 20), AL
R EREEY =&, 5 PKAFEAH, NPK b3
F AR 100.5%. FRA VLIS —2
P THEY &, W HONS &b A1 FONS &b B [t
NPK b3 (1) K 77 5 o 4 5 1 20.7% 1 30.9%.
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LAY, 2EA R TEY = 2 12
PANI VAL EL
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F1 FONS &b 3 i) 203K Dt 28 7 77 43 il 4 55 20.8% Al
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P, MR RAIUERR, ARa PR AR
A7 T B RO T R
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Fig. 2 Maize yield and partial factor productivity of applied N (PFP,)
[ (Note) : Jikk BARFIFREFR AL HA] 22 53 .25 (P<0.05)

Different letters above the bars indicate signifficant difference among different treatments (P<0.05).]
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Fig. 3 Characteristics of ammonia volatilization in farmland after fertilization
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Fig. 4 Cumulative loss and emission reduction rate of farmland ammonia volatilization

[ (Note) : Jrk bR FHERIR G — AL BN [RIAF (03 0] 25 57 i 3 (P<0.05)

Different letters above the bars indicate signifficant difference among different years for the same treatment (P<0.05).]
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Fig. 5 Principal component analysis of ammonia
volatilization factors in farmland
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Fig. 6 Correlation analysis of temperature, soil humidity and ammonia volatilization accumulation
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