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Ammonia release from vegetation canopies and its contribution to grassland ammonia volatilization and

source apportionment

BAI Yinghui, XU Yinghao, LU Shenqiang, LI Jia, LI Huitong, YANG Zeyu, WANG Linquan”

(College of Natural Resources and Environment, Northwest A&F University, Shaanxi 712100, China)

Abstract: The main aims of this study were to quantify soil ammonia volatilization (AV) and canopy ammonia emission (AE) of three lawn
varieties and to investigate the physiological mechanism of canopy emission and its contribution to turfgrass AV. A randomized block
experiment was used, which included three varieties (Ophiopogon japonicus, tall fescue, and bermudagrass) and three fertilization
treatments (no nitrogen treatment, 30 g+m™ slow-release urea, and 30 g-m™ urea). The soil and canopy ammonia emissions were monitored
in situ with a portable ammonia detector between March 2021 and November 2021, and glycolate oxidase (GO) and glycine decarboxylase
(GDC), glutamine synthase (GS), and phenylalanine ammonia lyase (PAL) activities in the canopy were measured by enzyme —linked
immunosorbent assay. The results were as follows: the accumulated soil AV, canopy AE, and total ammonia loss in the tall fescue,
bermudagrass, and O. japonicus were 2.8-135.3, 1.6-101.6 kg - hm™+a™', and 4.4-236.9 kg - hm™ - a™', respectively. The application of
nitrogen fertilizer significantly increased soil AV and canopy AE. The response of bermudagrass to nitrogen fertilizer was greater than that
of 0. japonicus and tall fescue. Canopy ammonia emissions were important sources of turf fields, contributing approximately 37%—-39% of

the total turf field volatilization. Canopy ammonia fluxes were significantly positively affected by PAL and apoplast pH and significantly
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negatively regulated by GDC (P<0.05) in C4 plants. Soil AV was mainly controlled by soil ammonium nitrogen (P<0.05). In conclusion,

canopy ammonia emissions had pivotal impact on the turf field AV; both C3 and C4 plant canopy ammonia emission sources were

phenylalanine metabolic pathways, and it was directly negatively regulated by photorespiration and nitrogen assimilation in C4 plants;

however, it was indirectly negatively regulated by photorespiration via the phenylalanine metabolic pathway in C3 plants.

Keywords: C3 plant; C4 plant; ammonia volatilization; photorespiration; phenylalanine metabolic pathways; glutamine synthase
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Table 1 Soil physicochemical properties of the experimental site

fb A ﬁ’rﬂﬁﬁ ﬁ‘ﬁjf’fk . ’f*z:z".f’fh 75 Rk Jiiﬁl’fﬁ‘
Treatment Total N/ Organic carbon/ Ammonia nitrogen/  Nitrate nitrogen/  Available P/ Available K/ pH
(g-kg™) (g-kg™") (mg-keg™) (mg-kg™") (mg-keg™) (mg-kg™)
4% Ophiopogon japonicus 0.53 7.4 4.6 2.3 16.0 159.6 8.6
F A M Bermudagrass 0.51 8.3 1.0 2.7 18.6 183.2 8.7
" F24 Tall fescue 0.73 11.5 2.3 2.0 228 183.9 8.7

1% WHART]
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Table 2 Soil and canopy ammonia accumulation in different seasons (kg+hm™+a™)

it 4 7% Spring 5 2 Summer FXZE Autumn JE4F: Annual

Treatment NO N30 NO N30 NO N30 NO N30
+ 45 A4 Ophiopogon japonicus 0.5Ch 2.5Ca 1.4Ch 12.8Ca 0.9Ch 10.0Ca 2.8Ch 25.3Ca
Soil M) AR Dermudagrass 4.9Bb 29.3Ba 5.1Bb 54.6Ba 2.5Bb 24.4Ba 12.5Bb 108.3Ba
A2 Tall fescue 30.9Ab 38.8Aa  50.5Ab  627Aa  39.5Aa  33.8Ab 120.9Ab 135.3Aa

{15 Mean 12.1b 23.5a 19.0b 43.4a 14.3b 22.7a 45.4h 89.6a

R 4 Ophiopogon japonicus 0.3Ch 0.5Ca 0.7Ch 5.5Ca 0.6Bb 2.1Ba 1.6Ch 8.1Ca
Canopy H1F HE Dermudagrass 5.3Bb 15.7Ba 2.6Bb 31.9Ba -0.3Ch 1.6Ba 7.6Bb 49.3Ba
1 2E5F Tall fescue 31.9Ah 30.4Aa 34.1Ab 54.8Aa 13.0Ab 16.4Aa 79.0Ab 101.6Aa

{15 Mean 12.5b 15.5a 12.5b 30.7a 4.4b 6.7a 29.4b 53.0a

TF AR K G R R A [ R 2 0] - e 50 RBUE & A7 AE B35 22 5 (P<0.05) , /NG A 3% it HE -5 A it AE 22 [7] - e 4 RBVE & oA e

Z5(P<0.05). NOJAHIEALFE, N30 S ZZ R PR 2 (SRU) FIE-8 FR 2 (U) AR BRI FE . R IR,

Note: Different capital letters indicate significant differences in soil ammonia accumulation among different varieties (P<0.05), different lowercase

letters indicate significant differences in soil ammonia accumulation between fertilization and no fertilization (P<0.05). NO means no fertilization treatment,

N30 is the average of slow—release urea(SRU) and ordinary urea(U). The same below.

R3 EMPNEERMELENRBHEREE

Table 3 The total ammonia accumulation loss in field and N fertilizer loss rate

B RFUE K i Total ammonia accumulation loss*/(kg-hm™-a™) 42 Loss
b ;
i % 2 Spring K7 Summer FXZ Autumn JE4F Annual rate™*/%
Treatment
NO N30 NO N30 NO N30 NO N30 N30
72 4 Ophiopogon japonicus 0.8Ch 3.0Ca 2.1Ch 18.3Ca 1.5Cb 12.1Ca 4.4Cb 33.4Ca 9.7
Ji) A #) Bermudagrass 10.2Bb 45.0Ba 7.7Bb 86.5Ba 2.2Bb 26.0Ba 20.1Bb 157.6Ba 45.8
55 F3F Tall fescue 62.8Ab 69.2Aa 84.6Ab 117.5Aa 52.5Aa 50.2Ab 199.9Ab  236.9Aa 12.3
I{H Mean 24.6b 39.1a 31.5b 74.1a 18.7b 29.4a 74.8b 142.6a 22.6

T % Oy A PR S i+ el )2 28 SRR it 5 oDy (Rt MES DX 1)t 2 SRS e — AN ML X ) b e 2 2 R AP i) i M o

Note: * indicates total cumulative amount of ammonia volatilization in the soil + the cumulative amount of ammonia emisson in the canopy ; **indicates

(the total volatilized ammonia in the fertilized turf feild— the total volatilized ammonia in the non—fertilized turf field )/the amount of fertilization.

WWW.Qes.019.CN
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Figure 2 Changes in soil temperature during lawn growth period
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Figure 3 Changes in soil pH and soil water content during lawn growth period
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Figure 4 Changes of soil mineral nitrogen during lawn growth period
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Figure 6 Apoplast pH and ammonia compensation point
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Figure 7 Structural equation model of each physiological index
and canopy ammonia flux of C3 grassland grasses(tall fescue and

Ophiopogon japonicus)
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Figure 8 Structural equation model of physiological indexes and

canopy ammonia flux of C4 grass(Bermudagrass )
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