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Abstract: Reducing agricultural ammonia emissions is considered the most economical and effective method to mitigate haze
pollution. Notably, ammonia emissions caused by fertilizer application in agricultural practices are a significant contributor to
atmospheric ammonia. In this context, this study aimed to explore the effect of straw returning on ammonia emissions from soil using
a winter wheat-summer maize multiple cropping system to provide a theoretical basis for reducing agricultural ammonia emissions to
control haze pollution. The study was conducted from June 2018 to June 2019, in the Shaanxi Guanzhong region, China. The
experiment used a random block design encompassing different straw returning treatments — no straw returning (S0), half straw
returning (S0.5), and full straw returning (S1), as main treatments; and different fertilizer applications — no fertilization (F0), 20%
fertilizer reduction (F0.8), and conventional fertilization (F1), as sub-treatments. Soil ammonia emissions, inorganic N (in 0—40 cm
of soil), and crop yield, were measured for all treatments. The results showed that straw returning and fertilization, and the interaction
between the two, had a significant effect on cumulative ammonia emissions (C) in the summer maize season. Conversely, straw
returning had no significant effect on C in the winter wheat season. The C of the entire wheat-maize multiple cropping system was
1.31-19.26 kg-hm™, accounting for 2.17%—4.69% of the fertilizer application. Performance among the treatments was as follows:
SOF1 > S0.5F1 > S1F1 > SOF0.8 > S0.5F0.8 > S1F0.8 > S1F0 > S0.5F0 > SOF0. Notably, straw returning showed an increase in C
without fertilization. However, when compared with no straw returning, straw returning combined with fertilization significantly
reduced the C and the amount of ammonia loss that occurred. There was no significant difference in ammonia emissions between full
and half straw return treatments. Notably, the ammonia emission reduction effect of S1F0.8 and S0.5F0.8 treatments were the most
significant for the study, reducing 38.64% and 37.35% from SOF0.8 treatment, respectively. Straw returning combined with N
fertilizer also demonstrated a significant reduction in NO3-N and NHX-N in soil, while increasing the yield of summer maize by
6.23%-20.20%, and winter wheat by 16.60%—28.17%. Further to this, PCA analysis indicated that S0.5F0.8 and S1F0.8 treatments
were the optimal treatment combinations of those tested for the study, providing a balance between ammonia emission reduction and
increased crop production. Therefore, our findings indicate that long-term straw returning combined with fertilizer reduction could
improve crop yield as well as reduce soil ammonia emissions, suggesting an agricultural practice that can assist in the reduction of
agricultural ammonia emissions, and thus help mitigate haze pollution in the Guanzhong region.
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1 #RI5AZ 2011 10 o, 2011
L1 0~20 cm 13.4 gkg ™,
32.7 mgkg ™, 12.08 mgkg™,
(34°17'N, 108°07E), 145.65 mg-kg™ 2018 6
, 13.7 26.6 2019 ,2018 0~20 cm
1.1, 550 mm 1
, 1
R1 2018 F 6 BEERMIEZAET 0~20 em HIRERIEIR
Table 1 Foundation indexes of 0—20 c¢m soil before summer maize planting in June 2018
Treatment PH  Organic matter  Hydrolysable N Available P Available K Total N Total P
(gkg™) (mgkg™) (mgkg™) (mg-kg™) (gkg™) (g'kg™)
SOF0 8.37a 13.38e 27.10g 7.78f 94.38g 0.5%h 0.67g
SOF0.8 8.12¢ 14.71d 38.20d 9.62d 115.11d 0.74¢ 0.77¢
SOF1 8.30b 15.95¢ 39.46¢ 10.57bc 117.84cd 0.79d 0.79¢
S0.5F0 8.15¢ 15.89¢ 32.28f 8.36e 100.35f 0.66g 0.74f
S0.5F0.8 8.23cd 18.05a 39.33cd 10.20c 119.82bc 0.81c 0.85d
S0.5F1 8.20d 17.12b 41.43b 11.36a 122.88ab 0.82b 0.87¢
S1F0 8.25¢ 15.43cd 35.39¢ 8.30e 106.77¢ 0.68f 0.79¢
S1F0.8 8.12¢ 18.63a 41.36b 10.76b 121.07abc 0.83ab 0.92b
S1F1 8.00f 16.75b 42.88a 11.68a 123.69a 0.84a 0.94a
(P<0.05) SO: ; S0.5: ; S1: ; FO: ; FO.8:
F1: Different lowercase letters in the same column indicate significant differences among treatments (P < 0.05). SO: no straw returning;
S0.5: half straws returning; S1: all straws returning; FO: no fertilization; F0.8: fertilizer reduction; F1: conventional fertilization.
_ m— ] Y[R Monthly rainfall
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Table 2  Fertilization of winter wheat and summer maize during the experiment

Conventional fertilization

Fertilizer reduction

Crop type Fertilizer type [kg(N)-hm 2] [ke(N)-hm 2] Fertilization method ~ Fertilization time
Winter wheat Urea 172.5 138.0 Base fertilizer Before sowing
Diammonium phosphate 655 524
Summer maize Urea 172.5 138.0 Top dressing Flare opening
=46%, =17.4% Total nitrogen contents of urea and diammonium phosphate are =46% and =17.4%,
respectively.
. cnll’°°° mL) : 2 RSN
24 h , 2.1
NH, , ,
3~7 d 13d , 3d
| , , 0.06~3.13 kg-hm™>d™";
, SOF1>S0F0.8>S0.5F1>S1F1>
20 d, 7d 1, 9d 3d S1F0.8>S0.5F0.8>S1F0>S0.5F0>SOF0( 2a) 3
1, 4d 1 , ;
3 ;
5 ( , FO
), 8 , ; FO.8 F1 ,
( ,
), 0~40 cm s
10 cm , ( SEAL Auto , « — —
Analyzer 3) s — — ” ) 2d
, , 4
1.3.2 ,  15d ,
V) : 14~15 d 57,
Vikg-hm™-d™"=Mx10"/(4xT) (1) ( 2b) 15d
M 4~5d 0.06~0.81 kg-hm™2d™,
(mg), 4 (m®), T S1F1>80.5F1>S0F1>S0.5F0.8>S1F0.8>S0F0.8>
(d) S1F0=S0.5F0>S0F0
©) : , ,
Clkg'hm™)=Y( x ) (2) : ,
1.3.3 1d
, 3, ,
1 m?, > s
1.4

Microsoft Excel 2010
, SPSS 17.0 ,
Origin 2016 Canoco 5
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Fig. 2 Changes in ammonia emission fluxes from soil of summer maize (a) and winter wheat (b) under different treatments of straws
returning and fertilization
S0: ;5 S0.5: ; S1: ; FO: ; FO.8: ; F1: S0: no straw returning; S0.5: half

straws returning; S1: all straws returning; FO: no fertilization; F0.8: fertilizer reduction; F1: conventional fertilization.

®3 AERBEHFTHMEELETEERNENZERTEERHREMEIREKE
Table 3 Accumulated ammonia emissions and loss rates in summer maize and winter wheat growing seasons under different
treatments of straws returning and fertilization

Summer maize Winter wheat Wheat-maize multiple cropping system
Treatment Accumulated ammonia Loss rate Accgmulgteq Lossrate  Total accumulated ammonia emissions  Total loss rate
emission (kghm?) (%) e ey ) (kg'hm?) (%)
SOF0 1.05+0.08¢ / 0.26+0.03¢c / 1.31 /
S0.5F0 1.53+0.09ef / 0.29+0.05¢ / 1.82 /
S1F0 1.52+0.07ef / 0.33+0.09¢ / 1.85 /
SOF0.8 10.10+1.15b 7.32 1.52+0.19bc 0.80 11.62 3.54
S0.5F0.8 4.14+0.78def 3.00 3.14+1.29abc 1.65 7.28 2.22
S1F0.8 4.82+0.58cde 3.50 2.31+0.25abc 1.22 7.13 2.17
SOF1 14.00+2.74a 8.14 5.26+3.43ab 2.21 19.26 4.69
S0.5F1 7.95+0.81bc 4.61 6.18+0.56a 2.60 14.13 3.48
S1F1 6.80+1.19bcd 3.94 6.08+0.61a 2.55 12.88 3.14

(F ) Significance (F value)

S 11.76" / 0.36™ / / /
F 39.04" / 14.93" / / /
SxF 3.91° / 0.11™ / / /
S: ; F: ;5 SO: ; S0.5: 5 S1: ; FO: ; FO.8: ; Fl1:
(P<0.05) ** * P<0.01 P<0.05 ; ns S: straw returning; F:

fertilization; SO: no straw returning; S0.5: half straws returning; S1: all straws returning; FO: no fertilization; F0.8: fertilizer reduction; F1: conven-
tional fertilization. Different lowercase letters in the same column mean significant differences among different treatments at P < 0.05 level. ** and *
mean significant effects at P < 0.01 and P < 0.05, respectively. “ns” means no significant effect.

. SOF 1>
S0.5F1>S1F1>S0F0.8>S0.5F0.8>S1F0.8>S1F0>S0.5F0>
, , SOF0, 19.26 kg-hm™, 1.31 kg-hm™
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Fig. 3 NO;-N and NH,-N contents in 0-40 cm soil of summer maize (A, B) and winter wheat (C, D) under different treatments of

straws returning and fertilization
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Table 4 Average contents of inorganic nitrogen in different layers
of 0—40 cm soil of wheat-maize cropping system under different

treatments of straws returning and fertilization —mgkg™"
Soil layer (cm)

Treatment 0~10 10~20 20~30 30~40
SOF0 8.96+0.07f  5.46+0.0251 4.3440.10d  4.46+0.10e
S0.5F0 11.874+0.23e  8.47+0.13¢g 5.08+0.06d  5.68+0.049¢
S1F0 10.31+0.07ef  6.62+0.10h 4.91+0.06d  5.4340.19ef
SOF0.8 66.86+0.11b 28.64+0.12d 23.30+0.84a 18.53+£0.63b

S0.5F0.8 61.91£0.58¢c 22.84+0.13e¢ 12.07+0.20c 10.48+0.12d
S1F0.8 43.20+0.43d 15.91+0.06f 11.38+0.21c  9.66+0.05d
SOF1 74.70+1.12a  37.84+0.066b  23.09+0.34a 22.49+0.19a
S0.5F1  62.44+0.22¢ 34.06+0.15¢ 18.04+0.54b 19.01+0.23b
S1F1 76.73+£0.24a  39.94+0.56a 21.80+£0.39a 15.44+0.02¢c

S0: ; S0.5: ; SI: ; FO:
; FO.8: ;F1:

(P<0.05) SO: no straw returning; SO0.5: half straws

returning; S1: all straws returning; FO: no fertilization; F0.8: fertilizer
reduction; F1: conventional fertilization. Different lowercase letters in
the same column mean significant differences among different treat-
ments at P < 0.05 level.

24

>
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Fig. 4 Yields of winter wheat and summer maize under dif-
ferent treatments of straws returning and fertilization
S0: 5 S0.5: ; Sl
; FO.8: ; F1:
(P<0.05) SO: no straw returning; S0.5: half straws re-

turning; S1: all straws returning; FO: no fertilization; F0.8: fertilizer
reduction; F1: conventional fertilization. Different lowercase letters
mean significant differences among different treatments at 0.05 level.
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