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Strategles A Meta -analysis

TIAN Zheng -yun, WU Xiong-wei, WU Yuan-yuany/WEI Jla nan BAI -H'é GU Jiang- xin *
(College of Natural Resources and Environment, Northwest A&F Unlversny, Yangling 712100, China)

Abstracts Agloecosystems are a significant source of nitric oxide (NO), a potent atmospheric pollutant. It has been well documented that the NO emissions from upland
cropping systems and their emission factors are large relative to those from paddy fields. However, a clear understanding of their uncertainty and regulating factors is still
lacking. To date, various field experiments have been conducted to investigate NO emissions and mitigation, providing an opportunity for a Meta-analysis. The aims of this
study were to (D) investigate the uncertainty and regulating factors of NO emissions and emission factors from maize-winter wheat rotations, non-waterlogging period in rice-
winter wheat rotations, vegetable fields, tea plantations, and fruit orchards across China by extracting data from peer-reviewed publications, and ) quantify the mitigation
potential of management practices, such as reducing nitrogen fertilizer input, organic substitution with chemical fertilizers, and application of enhanced-efficiency nitrogen
fertilizers or biochar by performing a pairwise Meta-analysis. A total of 49 references ( published from 2006 to 2021) were collected. The results showed that annual NO
emissions from the maize-winter wheat rotations, tea plantations, and fruit orchards averaged 1.44, 7.45, and 0.92 kg-hm ™| respectively, with significant differences
among the three cropping systems (P <0.05). The seasonal NO emissions from the non-waterlogging period in rice-winter wheat rotations and vegetable fields within a single
growth period averaged 2. 13 kg-hm = and 2. 09 kg-hm ~* | respectively. The NO emissions positively related to nitrogen inputs in the maize-winter wheat rotations, non-
waterlogging period in rice-winter wheat rotations, and tea plantations (P <0.01) but not in the vegetable fields and fruit orchards. The emission factors averaged 0.31%,
0.71%, 0.96%, 1.74%, and 0. 13% in the maize-winter wheat rotations, non-waterlogging period in rice-winter wheat rotations, vegetable fields, tea plantations, and fruit
orchards, respectively, with significant differences among the cropping systems (P <0.01), except between the maize-winter wheat rotations and non-waterlogging period in
rice-winter wheat rotations or vegetable fields (P >0.05). Considering the substantial differences in emission factors among the cropping systems, a specific emission factor for
each system should be applied when estimating an agricultural NO budget at a regional or national scale. Reducing nitrogen input only mitigated NO emissions ( by 36% ) at
a reducing nitrogen ratio above 25% but did not impact emission factors. An optimal reducing nitrogen ratio has to be further evaluated without crop productivity penalties.
Organic substitution in soils with organic carbon content < 15 g+kg™" or pH <7 and application of enhanced-efficiency fertilizers in the maize-winter wheat rotation
simultaneously mitigated NO emissions (hy -46%--38% ) and emission factors (by —62%--45% ). By contrast, biochar amendment had no significant effects on either
NO emissions or emission factors. These findings highlight a possibility of choosing an effective NO mitigation strategy under specific field conditions.

Key words: nitric oxide (NO) ; emission factor; upland cropping systems; mitigation strategy; Meta-analysis
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Table 1  Data sources of maize-winter wheat cropland

(S0C) it ZA AIELER NO HEjil & HolcRE A AW .
o e M e AU /kgehm 2 R N B
17 2008 ~2010 10.3 8.3 0~600 JREZEM 4% Fe 0.29 ~3.09 0.1~0.47 H — [9,10]
IIZR 2015 ~2016 17.3 7.8 0~600 JRZE — 0.49 ~2.65  0.28 ~0.35 - — [11]
it 2013 ~2015 8.9 8.1 0~425 MRS — 0.01 ~3.26  0.35~0.74 H  — [24,28]
ARG 2009 ~2019 6.1 8.3 0~420 JREM 4% Bl 0.1~3.78 0.02~0.77 — H  [29-~31]
17 2007 ~2010 11.3 8.7 0~850  JREM 4% — 0.25~2.6 0.26 ~0.6 — —  [4,6,32]
BePE 2016 ~2019 15.8 8.1 0~353 JR#E Bl 0.1~1.53  0.05~0.39 - - [21,22]
TFh 2017 ~2019 3.3 8.3 0~600 JRFE — 0.04~0.35  0.03 ~0.05 o — [25]
g 2013 ~2014 5.1 8.2 0~280 ki A0 -0.02~0.57  0.07 ~0.21 - — [33]
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Table 2 Data sources of tea plantation
w(S0C i ANLARAY NO HEB = &Y B .
Ko R /;- kg ’? pH /fg fm -2 AL AR HHLE /kgﬁflrr{(’z ﬁﬁéc%?%z gﬁﬂ %tg K
VLR 2014 ~2019  21.4 4.5 0~450 HEAHE e 1.44 ~8.34 0.2~1.14 — A [18,19]
95 2014 ~2016 17.3 4.7 0~300 HEA&MN ZEhe 1.18 ~9.81  2.17 ~2.65 i [20]
VLFR 2015 ~2016  24.1 4.4 0~150 JRE ZNEMPEAE 1,42 ~4.64  0.03~2.15 — A [34]
4 2012 ~2014 12.9 5.0 0~450 JR#E BEAE 0.38 ~19.4 2.0~4.0 — — [35,36]
AFE 2013 ~2014 1.1 4.5 450 JRE o it 2.2~5.2 — - = [37]
%3 REEXRER
Table 3  Data sources of fruit orchard
. P T(skoc? oH Eﬁ?ﬁi%z ANOZA NO Hkﬁk% iR im” i% ik
g kg /kg+hm e AL /kg-hm /% A s
VLI 2013 ~2015 20.3 ~34.4 4.8 0~1006 JREME A 2 0.15~2.0 0.02~0.3 - — [5]
YLVE 2013 ~2014 9.4 5.0 0~176 REMEATE — 2.28 ~3.19 0.52 — @ — [17]
MR 2009 ~2010 6.0~8.7 5.1~5.5 0~520 JRE FEHE 0.01 ~0.13  0.001 ~0.02 —  — [38]
x4 KBE-ZPNERBERER f
Table 4  Data sources of rice-winter wheat cropland ‘_-""_“' i i
K FEAS w(S0C) JiTER eSS NO HEi ik mg  wmleEys
L /g-kg™! /kg-hm =2 | figllE B ket 2 % A g LAk
1996 ~2008 18.4 8.0 0~225 REMELI — 0.1172.05 | 0/23~0.83 — — ;_}[12 ~14]
jrgp 2011~2012 15.0~21.5 6.6~8.0 0 ~225 ) REME AN — 0/16%9. S oM2N3.97 — = _,E--Xb,;[;-*'
2011 ~2013  #714.9 8.4 0~270, SREME A — 0.91 ~798 4 0.28~2.62 A =& [[40,41]
2011 ~2014,° 11.4-20.3 5.6~6.2 (0300 sHEAEAI  — | 01-4d6 0074060 A A [4-m4]
= I S RS R ERESR ‘ " -
/ i | Tauble 5 Dal;'; sources of vegetable fiélds f: o
G b ;5'51:)93 , /Z@%}? : . v s Ndﬁkﬁﬁz% e ?jfﬂ i% W{
{ = I/ g-kg g-hm 3 fE © A HUIE /kg-hm /% RIE s
Je5) 2016 g |38 12 0~1200 KA T B 0.32~0.88  0.03 ~0.05 —  [15]
desf 201842019 | 17.0 7.2 0-1200 JR#E e==  EE  0.09-0.96 0.03-0.00 — —  [16]
1% 2010 ~2011 " 17.6 7.2 0~1186 K&K gl 0.1~1.44 0.02 ~0.11 - = [45]
2003 ~2008  12.0 6.2 0~425 JRE 8 0.03~19.3  0.05~28.1 — — [14,46]
2007 ~2008  20.1 8.0 0~315 EAEIEMRE — 0.09 ~1.3 0.16 ~0.57 —  — [47]
2007 ~2008 15.6 7.9 0~418 HEAM PR 0.06 ~1.4 0.09~1.14 — — [47]
YL 2018 24.1 6.5 200 JRZ — 0.39 — H A [26]
2015 ~2016 13.0 5.6 0~180 JR# PR, RSB 0.48~1.92  -0.01~1.29 - — [48]
2015 ~2016  14.3 5.1 0~500 JRZE el 0.08~1.64  0.05~0.46 A  — [23,49]
2013 ~2014 15.2 5.5 0~520 HEA/MI — 0.21 ~5.95 0.84 ~2.63 — i [50,51]
WL 2006 16.5 6.1  45~270 JRE e 0.27 ~30.2 — — —  [52,53]
il 2016 5.5 7.3 0~522 HEAEEMiREL — 0.15~1.14  0.19 - — [54]
mujil 2004 ~2006  17.5 7.4 0~200 XZEANE — 0.02~0.79  0.04~0.39 — — [55]
PuJil - 2006 ~2008 16.0 8.4 0~150 HEAHM — 0.01 ~0.41 0.05~0.27 — — [55]

1.2 B Emge it

v SCHR 7] s 12 38 it 280 R it 8040 38 NO HE il
it WA HRCRE(EF ) 40T

EF, = (Ey - E,)/FN x 100% (1)

K, Ey FE, 5350 A it R AR it A A B NO HE i
i (kg+hm ™) ,FN Wjifi & (kg-hm ).

ABFFAL 3 Bt Ge it A AL B NO HE ik & Fn k7%
FRAH S . AR R G 220 A G AR
AH A At ZAL R ; 7 Meta 4317 B 40 A e it 3 751
B34 R R it A6 40 o e b 3L

Gt A 7E R I H (JRA S 3.6.3, hips://
www. r-project. org/) U 5E M. K FH B OEE A
Kolmogorov-Smirnov ( K-S) ¥ 5a 2 4E#11A 22 NO HEJi
AR R B B 2 IES A6 (P >0.05) , B
SR LAE 5 R (CV) 2R SR ATBUREAS K-S K 56
FANEYIR F AR R BRI R AR A B
225 (P <0.05). T2k R H R TR 22 5
R W HERCER AN PR E A2 Fe 1 | 2% Dl AR el A 47 HE
i it L P A 2 [l U A A 400 HE ik i B HE
ARG H e & (e A & . 5% pH 1A HLEk
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o ISCAE B KB VAT 4320, 43 BG: 56 R [) 1]
SRR A LA AL | A7 2014 5
RNV A 00 55 19 2655 S MG A1) S 0. A9 412 125 4
BTSSR A PR b, 42 P 28 /0 AL A 3 8 Sk 3
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B, S OWR H 1) (BRI 5% 55 126
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A X AL A HLAT B 738 250 800 f e
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