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Seasonal characteristics of canopy-atmosphere ammonia exchange
and its influencing factors in a winter wheat field
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Abstract ; This study aimed to further explore the contribution of canopy ammonia exchange to ammonia volat-
ilization in wheat field, and to reveal the mechanism of canopy ammonia emission in agronomic and physiological
perspectives. In this paper, winter wheat ‘ Xiaoyan 22’ and ‘Zhengmai 366’ were used as test materials to exam
the effects of NH, exchange on NH; volatilization in wheat field at growing seasons, the effects of dry and yellow
leaves on NH, emission, and the relationships between NH; volatilization and nitrogen metabolism indicators inclu-
ding nitrate reductase, glutamine synthetase activity, apoplast NH; and soluble protein content etc in leaves. The

results showed that the NH; was absorbed by the shoots before booting-flowering, which reduced ammonia volatiliza-
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tion in wheat field by 23% ~40% while NH,; emission was from the shoots after the booting-flowering, which con-
tributed to total field ammonia volatilization 17% ~27%. The absorption and emission of canopy ammonia in Xiaoyan
22 were 28% ~47% and 19% ~68% higher than those of Zhengmai 366. Soil and canopy ammonia exchange under
nitrogen application were 2.82~3.19 and 0.972 ~1.463 kg + hm™ higher than that under no-nitrogen treatment.
Soil and canopy ammonia exchange of fertile soil were 15.18~15.55 and 0.947~1.438 kg + hm™> higher than that
of infertile soil. The effects of dry and yellow leaves on the canopy NH; emission were affected by variety, growth
period, and soil fertility. Under fertile soil and nitrogen application (N180) , wheat stubble was also sources of am-
monia release after post-harvest. The canopy NH, emission had a significantly positive linear relationship with soil
temperature, apoplast NH concentration, and soluble protein, and a negative linear relationship with glutamine
synthetase activity and nitrate content significantly. It is concluded that the canopy absorbed ammonia from the at-
mosphere in the vegetative growth period of winter wheat, then it emitted ammonia during the reproduce stage, es-
pecially at late filling stage and maturity. The direction of ammonia exchange was affected by the growth period and
nitrogen metabolism process, and also by wheat varieties and soil fertility.

Keywords: canopy ammonia exchange; nitrate; glutamine synthetase; apoplast NH; ; soluble protein
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Table 1 Physical and chemical properties of topsoil (0~20 cm)

EREE AL EX WA Y AL pH(H,0)
Growth stage ~ OM/(g - kg™") Total N/ (g« kg™') Mineral N/(mg - kg™')  Avail. P/(mg - kg™')  Avail. K/(mg - kg™')  (1:2.5)
2016-2017 13.16 0.89 6.82 7.36 136.58 8.30
2017-2018 13.38 0.91 13.28 6.21 124.55 8.03
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Table 2  Effects of variety and nitrogen treatments on accumulative ammonia volatilization

of canopy and wheat of 2016-2017 seasons

Rb 3 N M S )2 Canopy 7% [ Wheat field
Treatment ACAV AWAV Factor F P F P
A XY22 -0.990a 8.438a EhAh Variety 9.13 0.0943 24.00 0.0392
Variety ZM366 0.084h 10.278b AJIE Nitrogen 6.70 0.0607 12.88 0.0230
it A NO 0.033a 8.438a ERFP Variety 1.31 0.3161 1.49 0.2893

N rate N180 -0.939b 10.278b ZJE Nitrogen

TE: ACAV Wied)Z NH, 485 R AWAV S5 FUE)Z NH, 554 28U ; RISIEUE G A R/ING TR F0R RZE R AL BRI 22 5+ .25 (P<0.1)
Note ; ACAV , accumulative canopy ammonia volatilization ; AWAV , accumulative wheat field ammonia volatilization ; Values followed by different lower-

case letters in the same column are significantly different between the treatments at the 0.1 level for the same factor.

Fz3 BWMIMEEX 2017—2018 FEKZEEREZH NH,IEX RREMHIE/ (kg - hm™)
Table 3  Effects of variety and nitrogen treatments on accumulative ammonia volatilization

of canopy and wheat of 2017-2018 seasons

Ab P )= FH K% )2 Canopy # H Wheat field
Treatment ACAV AWAV Factor F P ¥ P
A XY22 2.088a 27.028a FuFl Variety 8.83 0.0971 7.14 0.1161
Variety ZM366 -0.608b 24.807a ZME Nitrogen 1.70 0.2620 6.31 0.0660
it ZA NO 1.471a 25.055b FFp Variety 1.09 0.3546 1.59 0.2752

N rate N180 0.008a 26.780a ZE Nitrogen

TE: ACAV Wied)Z NH, 4552 SR ; AWAV S5 He)2 NH, 505 R B0 ; [RISIEURE G ARG TR FOR M2 R AL B 22 53 8.3 (P<0.1)
Note;: ACAV , accumulative canopy ammonia volatilization ; AWAV , accumulative wheat field ammonia volatilization ; Values followed by different lower-

case letters in the same column are significantly different between the treatments at the 0.1 level for the same factor.
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2.5.2 Jrsbk NH R EAe T e B & 4 F T AL
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[CIXY22-NO

R A, FUAME NH; FfAE & 012 30T & ke 34, 78
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R, /M 22 RIS ZE 366 At &AL #L S /MA NH 3
1o TR AL 3 A6 =2 5 it A 3 T O it R A
B, ATEEPEE A S R SRR T R
FEAEIH TR B B KAH, /IMIZ 22 AN it 280 ALk FH it AE Ak 2
ARTEEA SN 31.83 mg - g ' MI33.43 mg - g,
366 4315 31.47 mg - g ' F133.52 mg - g, BT
AN, A S T A A B (A 4b)

2.5.3 NH R & E vt b AR & &2 Ho A IR LR
Brigtr  /ME 22 T HE 366 72 NH 84 HR S
EERER o R R R R, HY/IME 22 KR IA W EK
S (P<0.05) ([l 5a) , /IME 22 FIFRA 366 )2 NH,
P 3R B T 30 I it 17 2 TG S 3 A G (1B 5b)
2.5.4 A& NH,8 2 5 et b 5 2B b B 6 1
JRSMA NH, R EAeTEEE G S E  /IME 22 AR
7 366 i) NH, 7 A& 156 34 55 48 S e 5 s 1k
EE B P £ (P<0.01) (& 6a) ;5 FidhMA
NH; B 1EAISE(P<0.05) (F 6b) ; SHAlIFHEA & &
BIFZMECR /IME 22 KB E KT (P<0.05) (E 7).
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02~ () ;
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I o a
Eh’r(; _ a
== 0.1F ab
¥ E_ 5L b
w< 02
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[CIXY22-N180 [ ZM366-NO [l ZM366-N180

T4« NO AR AN it 20 B AT R AL B N, #2530 B8 22 el 3 I R R A B NTHL, 8 % Y 25 (L 22 FT, N 180 AR it L 180 kg + hm ™23
AR AL 3 NH, 32 52 530 B R BRAR 35 A MR AL B NH PR 252, [ —E B B AR TR NG 8 308 IS DN 3R i A BRI 22 55 |

(P<0.05) ,

Note: NO, the sum of the difference between NH; volatilization in the treatment of NH; volatilization and the removal of NH; volatilization

from the dry and yellow leaf plants without nitrogen treatment; N180, the sum of the difference between NH; volatilization in the treatment of NH,
volatilization and the removal of NH, volatilization from the dry and yellow leaf plants with nitrogen application of 180 kg - hm™2. Values followed by
different lowercase letters during same growth period represent significantly difference between the treatments at the 0.05 level for the same factor.

2 M NHIERRRE

Fig.2 Ammonia volatilization of dry and yellow leaves

F4 BIRE 15 dZHEMLENLELZERE/ (kg - hm™?)

Table 4 Accumulative ammonia volatilization of wheat stubble and soil in 15 days post-harvest

HKZ= Growth stage KbF Treatment XY22-NO XY22-N180 ZM366-N0 7ZM366-N180

2016-2017 ﬂ%ﬁ*AWSAV 0.112+0.138a -0.164+0.125b —0.003+0.048ab -0.189+0.168b
+15 ASAV 0.883+0.050b 1.234+0.177a 0.910+0.040b 1.172+0.091a
2017-2018 ﬂ@ﬁ*AWSAV 0.093+0.104b 0.519+0.123a 0.183+0.033b 0.535+0.186a
13 ASAV 2.297+0.035b 2.513+0.077a 1.926+0.047¢ 2.369+0.007b

TR AWSAV SRR A B ASAV I BB O PR A2 | RTT AR NG R0 R AL 2 (77 3522 5 (P<0.05)
Note; AWSAV, accumulative wheat stubble ammonia volatilization; ASAV, accumulative soil ammonia volatilization ; the mean + standard deviation

in the table, the different lowercase letters of the peer indicate significant difference between treatments ( P<0.05).
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