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Year-round measurements of nitric oxide emissions from a typical forage grass cropland in the Qinghai-
Tibetan Plateau, China

LIN Fei'?, LIU Chun—yan'’, HU Xiao—xia'’, FU Yong—feng'?, ZHANG Wei ', WANG Rui ', YAO Zhi—sheng', ZHENG Xun—hua'?

(1.State Key Laboratory of Atmospheric Boundary Layer Physics and Atmospheric Chemistry, Institute of Atmospheric Physics, Chinese
Academy of Sciences, Beijing 100029, China; 2.University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Fertilized soils are major sources of atmospheric nitric oxide (NO). However, year—round measurements of NO emissions from
croplands are still scarce and exclusively concentrated in the temperate and subtropical monsoon regions of China. In this study, year—
round measurements of NO fluxes and environmental factors were conducted in a typical forage grass (oat) cropland in the Qinghai-Tibetan
Plateau, which has a plateau climate. The annual NO emissions from the fertilized (F) and unfertilized (UF) treatments were 0.80+0.06 kg
N-hm™-a™ and 0.18 + 0.04 kg N+-hm™-a™', respectively. The cumulative emissions from the tillage—fertilization and freeze—thaw periods
dominated the annual totals. The fitting equations between environmental factors and NO fluxes well characterized the integrated effects of
substrate availability, oxidation-reduction condition, and microbial activity on NO emissions (r>=0.92). The sensitivity coefficients of NO
emissions on soil temperatures( Qi) were 2.4(F) and 2.5(UF). The low Qo values indicated that the enhanced effects of global warming on
NO emissions were much lower than the promoted effects of fertilization on the emissions. The direct emission factor (EF,) was calculated
as 0.93%+0.10% in the alpine oat field, which was higher than that of the regional, national, and global averages. Thus, the default EF, pro-
vided by other studies should not be applied to estimate NO emissions from croplands in a plateau climate. Considering the huge variation
of precipitation across the plateau, multi—year continuous measurements are essential for quantifying the interannual variations of cumula-
tive emissions and EF.
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Table 1 Soil properties and aboveground biomass of the fertilized

and unfertilized treatments

i H Items F UF
Ji 4. (0~20 em)Soil texture
k2 (0.05~2 mm)Sand/% 15.7+0.7 15.9+0.2
B2 (0.002~0.05 mm ) Silt/% 67.0+0.6 66.8+0.3
FhRE(< 0.002 mm) Clay/% 17.3+0.3 17.5+0.5
A LA (0~20 em)SOC/g C-kg™ T+ 34.3+1.1 34.3+0.6
B (0~20 cm)TN/g N-kg™' T4 3.5+0.1 3.4+0.04
pH(H,0,0~10 ¢cm) 8.5+0.02 8.520.03
+ 785 (0~6 cm) Bulk density/g-em™  0.91+0.08  0.93+0.05

i A=W Aboveground biomass/g-m™  892.3+37.7  578.7+13.8

K WFPS -3 7 K FLBRE , % ; VMC Sl (R R
K&, % BD A LI g em ™ B L EAT P2
(A 2.65 g-em
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Table 2 Definitions of growing and non—growing seasons and

EFd:

tillage—fertilization and freeze—thaw periods

g ] Ik H IS
Period Starting and ending date Time/d
AR 2014-05-22—10-02 134
Growing season
LR 2014-05-03—05-21 231
Non—-growing season 2014-10-03—2015-05-02
T 2014-05-22—06-11 21
Tillage—fertilization period

VR R 2015-03-01—04-21 52

Freeze—thaw period
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Figure 1 Year—round dynamics of environmental factors at the fertilized and unfertilized treatments
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Table 3 Seasonal and annual averages of precipitation and soil factors at the fertilized and unfertilized treatments

pis: Nl Rk 3L FEKSLBRIE AR AR KBRS PL

Treatment  Period  Precipitation/mm T./C WFPS/% NH."/mg N-kg™" T+ NOy/mg N-kg"' T+  WEOC/mgC-kg" T4

F GS 468.2 9.1+0.7 47.8+2.5 4.2+1.3 12.2+2.3 48.0+2.1

TFP 73.1 11.4+2.3 33.3+4.7 10.6+3.3 23.0+2.9 54.2+4.6

NGS 135.6 -2.1+1.0 59.1+2.6 1.7+0.3 15.2+1.8 41.5+1.7

FTP 34.0 1.9+1.4 58.9+3.6 2.1+0.7 18.0+2.8 45.1+3.3

603.8 2.9+0.9 53.4+1.9 2.8+0.6%* 13.8+1.4%* 44.5+14

UF GS 468.2 9.2+0.7 44.6+2.6 2.0+0.6 6.5+1.4 48.5+2.9

TFP 73.1 10.8+2.2 29.1+5.0 3.9+1.9 13.4+2.8 56.3+9.2

NGS 135.6 -2.2+1.0 62.5+2.7 1.9+0.4 11.9+1.3 43.5+2.4

FTP 34.0 1.8+1.4 63.0+3.7 2.0+0.7 13.4+1.4 46.3+4.6

A 603.8 2.9+0.9 53.6+2.2 1.9+0.3%%* 9.4+1.0%* 45.7£1.9

T AL T AE=GS+NGS ; *+ F 7R i IL A S AL B8] 22 5 1 2 (P<0.01) . R IA].

Note: A. Annual=GS+NGS; **indicates significant differences at the 0.01 level between I and UF treatments. The same below.
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Figure 2 Year—round dynamics of NO fluxes and cumulative emissions at the fertilized and unfertilized treatments
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Table 4 Seasonal and annual cumulative NO emissions from the

fertilized and unfertilized treatments

S SF-FA T %fﬂj@i X\TEE\EH’J TR
Treatment Period Average flux/  Cumulative flux/  Ration to annual
pg Nem™+h”' kg N+-hm™ total/%
F GS 36.1+18.3 0.70+0.06 87+3
TFP  137.2+63.1%*  0.60+0.05%* 75+5
NGS 3.1+0.7 0.11+0.01 13+3
FTP 6.6+1.2 0.08+0.01 10+4
A 19.4+9 2% 0.80+0.06%* —
UF GS 4.7£2.0 0.10+0.01 55+5
TFP 14.9+7.1 0.06+0.01 36+3
NGS 2.3+0.4 0.08+0.01 45+5
FTP 4.2+0.4 0.05+0.01 29+4
A 3.5+1.0 0.18+0.04 —

T BB AR H(Q10) FE IR BT 57 10 CHE# I
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ATTEASF RN H NO HEBCGE F X T BUR R Qo lE N
8.8(F)F18.3(UF); unSRH Z N+ ik 46 807
e rp i i R SR AR a0 5 AR R AR 2 NO HE
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PR 2 XX A HH it I 4 (85~1156 kg N-hm2-a™") il
NO HEMGE 1 (1.66~6.59 kg N-hm™-a™)?, At A 40

P HE L H R AR BT SeHER, AR BT M AR
M NO % 5+ HEic i (UF:0.18 + 0.04 kg N-hm™2-a™) [
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Figure 3 Correlations between soil factors and NO fluxes at the fertilized and unfertilized treatments
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Table 5 Relationships between soil factors and NO fluxes at the fertilized and unfertilized treatments
Kb FE Treatment Tﬂ{:}jﬁf*g/Fitting equations YLE R FEAK n P Qo
F T. Fro=2.18exp(0.22T,) 0.86 65 <0.01 8.8
WEFPS Fyo=exp(-125.69 + 9.80WFPS-0.18WFPS?) 0.48 62 <0.01 —
IN Fro=0.001exp(0.24IN) 0.80 55 <0.01 —
WEOC Fxo =2%x10"exp(0.36WEOC) 0.80 55 <0.01 —
Z AT Frno =(=0.36WFPS + 1.04NH; + 0.24NO3 + 0.42WEOC) * exp(0.097.,) 0.92 55 <0.01 2.4
UF T. Fro=0.36exp(0.21T.) 0.84 65 <0.01 8.3
WFPS Fro = exp(24.55-1.26WFPS-0.01 WFPS?) 0.42 62 <0.01 —
IN Fro=0.59xp(0.11IN) 0.25 55 <0.01 —
WEOC Fyo = 0.11exp(0.06WEOC) 0.83 55 <0.01 —
ZHF Fro =(-0.03WFPS-0.02NH; +0.13NO;3 + 0.04WEOC) * exp(0.097.,) 0.92 55 <0.01 2.5

VE : Fyo: — %0 A8 2 Nitric oxide fluxes ( pg Nem?h™');T.: - IR R Soil temperature(°C) ; WFPS: T HE 7K FLER & Water—filled pore space(%) ;
IN: +3ETALA T Soil inorganic N content(mg N-kg™ +4) ; NHi: £ 3474 & % & Soil ammonium content (mg N-kg™ +4) ;NO;: RIEATS A & &
Soil nitrate content(mg N-kg™ 1) s WEOC : 3K IZ $245 HLEK 5 i Soil water—extractable organic carbon content (mg C kg™ T 1) 5 Qo HiLEE SR

Z ] The change ratios of nitric oxide fluxes per a 10 °C increase of soil temperatures .
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