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Ammonia volatilization of winter wheat canopy under different nitrogen rates

JING Jian—yuan', SUN Xiao', YANG Yang®, LI Na', TIAN Xiao—xiao', LU Shen-qiang', WANG Lin-quan"*

(1.College of Natural Resources and Environment, Northwest A&F University, Yangling 712100, China; 2.Key Laboratory of Plant Nutrition
and the Agri-Environment in Northwest China, Ministry of Agriculture, Yangling 712100, China; 3.Institute of Technical Biology & Agricul-
ture Engineering, Hefei Institutes of Physical Science,Chinese Academy of Sciences, Hefei 230031, China )

Abstract: A single factor field experiment with three nitrogen rates(0, 90, and 180 kg N+hm™) was conducted in winter wheat during the
2015—2016 growth season. Ammonia volatilization from both soil and canopy in winter wheat field were measured with the modified vented
ammonia trap chambers. Glutamine synthetase (GS) activity in leaves, apoplastic NHi concentration and pH, and ammonia compensation
point were determined simultaneously. Obtained results showed that field ammonia volatilization mainly occurred within the 2~3 weeks after
N fertilization. In the whole growing season, ammonia volatilization totaled in 3.773~8.704 kg N -hm™, and it increased significantly with the
increase of N fertilization rates, of which 3.289~7.773 kg N +hm™ were from soil, accounting for 87.2%~89.3% of the total; and 0.750~1.461
kg N-hm™ from the canopy, accounting for 15.4%~19.9% of the total. It was found that the canopy absorbed volatilized ammonia during
seedling stage under lower nitrogen application rate (90 kg N+hm™), and during seedling, returning green and early grain filling stage under
higher N application rate (180 kg N+-hm™), but did not under no N fertilization. The net canopy ammonia volatilization mainly occurred at
flowering and late grain filling stage, accounting for 4.5%~9.3% and 79.1%~99.0% of total canopy ammonia volatilization during the whole

growing season, respectively. Canopy ammonia fluxes were positively correlated with the ammonia compensation point and apoplastic NH i
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concentration, but showed no relation to the GS activity in leaves and apoplastic pH. In summary, winter wheat canopy volatilizes ammonia

to the atmosphere past flowering no matter fertilization or not, but it absorbs ammonia from the atmosphere with N fertilization, and emits

ammonia without N fertilization during the vegetative stages.

Keywords: canopy ammonia volatilization; winter wheat; apoplastic NH i concentration; ammonia compensation point; glutamine syn—
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Table 1 Effects of nitrogen treatments on soil, canopy and wheat field ammonia volatilization in different growing stages

A KB Growing stages A1F8 Treatment kg*‘;f‘: ’ ) g";"hV ! ) Q;VA}IVH: FALR/%
A Hp JEJS 20 d NO 0.338+0.005¢ 0.029+0.011 a 0.352+0.004¢
10 —12 f 20 d past base fertilization N9O 1.082+0.029h ~0.105+0.025a 1.029:0.042b 0.75
N180 1.54620.194a ~0.110£0.224a 1.49120.111a 0.63
HE S 20~63 d NO 0.583+0.027a 0.0810.043a 0.623+0.033a
- bjiﬁiﬁizaﬁon N9O 0.714+0.105a 0.013+0.080a 0.721+0.088a 0.1
N180 0.681+0.050a 0.062+0.03% 0.712+0.057a 0.05
BHFIE BT NO 0.314£0.009h 0.005+0.033a 0.316+0.009h
3 J]—6 J] Green tuming—Jointing stage N9O 0.769+0.057a 0.0120.055a 0.775:0.065a 0.51
N180 0.832+0.123a -0.077+0.069a 0.794£0.098a 0.27
ZRE-TFE NO 0.798+0.164b 0.030£0.280a 0.813+0.050b
Booting-Flowering stage N9O 1.527+0.051a 0.029+0.241a 1.542+0.146a 0.81
N180 1.43820.155a 0.192+0.082a 1.53320.115a 0.40
TEN T Early NO 0.569+0.034h 0.012+0.022a 0.575£0.036b
grain filling stage N90O 1.352+0.083a 0.064+0.285a 1.384+0.191a 0.90
N180 1.31820.115a ~0.011+0.008a 1.31320.112a 0.41
IR - NO 0.495+0.032¢ 0.283+0.063b 0.63720.002¢
Late grain filling-Mature N9O 1.0230.085b 0.4830.063ab 1.264+0.070b 0.70
e N180 1.319£0.064a 0.743£0.261a 1.6910.066a 0.59
P NO 0.301£0.027c 0.310£0.060b 0.456£0.027¢
Drying stage N90O 0.611+0.044b 0.682:+0.128a 0.952+0.024b 0.55
N180 0.840+0.053a 0.662+0.092a 1.171£0.014a 0.40
R NO 3.289:0.161c 0.750+0.288a 3.773+0.075¢
Whole season N90O 6.819+0.106b 1.177+0.459a 7.667+0.334b 4.33
N180 7.773+0.114a 1.46120.350a 8.704+0.114a 274

TE: ASAV Jy 3L % B ARG ACAV el = 24 R EARAL AWAV D2 INE% A& RPN FALR N FALZFE Lk . ACAV ERTE)Z
WA IEEAFTE R AR E T RS R NG FRAUR A R 2B T 2557 2% (P<0.05 ).

Note: ASAV, accumulative soil ammonia volatilization; ACAV , accumulative canopy ammonia volatilization; AWAV , accumulative wheat fields ammonia

volatilization; FALR,, fertilizer ammonia loss rate. Negative ACAV values indicate ammonia absorped by the canopy. Different small letters indicate significant—

ly difference among nitrogen treatments at 5% level.
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o (HAMIZE & B NO AbFRTH 2 I 0 %A & A R 1)
SRR BLG, P RE ST PR AN it B &b B - 1841 ﬁk/"
(1), 5t )22 P e R B AR T i i M AR
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Table 2 Correlation between canopy ammonia fluxes and various factors(n=18)

R GS JRAMA NH;#E Apoplastic NH; concentration Jii4MA pH Apoplastic pH S AME S NH; compensation point
CAF -0.119 0.502* 0.057 0.603%**
F 0.23 5.39 0.05 9.13

T CAF AR J2 R R A+ 3R

IR FREBAE 5% 1%KF F 225 3.

Note: CAF, canopy ammonia fluxes; *indicates significantly difference at 5% level and ** indicates significantly difference at 1% level.



AT S B RUK T A AN 2 U R R 407

WA () AT B o

AN SR R R R AR AR T AE I S OR -
HiZEIA (1 2b, 1 2¢), 4351 o 5 J2 24 #5 R 1) 4.5%~
9.3%#11 79.1%~99.0%(F& 1), X ZEH NAEF G Y
MR AR R s & JUHES] T2, E K
fif e A K NHE (] 3a), MR EHE R T B
FRUE , L S B8R i R 2 SAME R (] 3e).
32 wiEERELZNESE

JAMA NH; 252 24085k i R IR, 7 4R
M SR TR Y 5 R AR ARy ) R R )
VSR, HEUEMIR YY) R 235 % s 2™,
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iz PG | 3 TR 2R A R B ) S AMAR NHLG IR R Y o6
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FIEAH G (P<0.05, % 2), 15 GS W& A XA B
o AUFRERL M R A RS GS IETEEUIAE,
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W T G R K Rl s kD, KRR
FEMR TR M R R R £ FEERAR
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