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Objectives : This study aimed to monitor ammonia volatilization in upland fields under different nitrogen fertilizer
applications, comparing compost manure (CM) and composite fertilizer (CF) and investigate the environmental

factors influencing ammonia volatilization.

Methods : Ammonia was collected using the static chamber method in upland fields, and the soil analyses were
conducted before and after ammonia volatilization monitoring. Pearson's correlation analysis and machine learning
were utilized to determine the relationship between ammonia volatilization and environmental factors. Growth
characteristics of harvested crops were analyzed, and Duncan analysis confirmed significant differences between
nitrogen fertilizer treatments.

Results and Discussion : In both CM and CF fertilized fields, there was no significant difference in ammonia
volatilization. However, more ammonia volatilization was observed in the potato field compared to the Chinese
cabbage field, attributed to higher NH,*-N content in the soil of the potato field. Machine learning identified soil
temperature and moisture as significant factors affecting ammonia volatilization. The analysis of crop growth
revealed a positive effect of increased nitrogen fertilizer application. The result showed that single CM application
was insufficient to meet crop nutrient demands.

Conclusion : This study quantified ammonia emissions, identified influencing factors, and provided valuable data
for enhancing fertilizer use efficiency and nitrogen management strategies in agriculture.

Keywords : Ammonia emission, Compost manure, Composite fertilizer, Soil NH,'-N concentration, Machine
learning
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Fig. 1. Upland fields o potato and Chinese cabbage cultivation.
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Table 1. Total ammonia volatilization and total ammonia
emission ratio in potato and Chinese cabbage.

Control 6.42 5.92

CM_0.5N 7.01 (10.23%) 6.58 (4.11%)
CM_1.0N 7.44 (5.43%) 7.28 (2.28%)
CM_1.5N 8.05 (3.92%) 7.96 (1.66%)
CF_0.5N 7.32 (10.68%) 6.49 (4.05%)
CF_1.0N 7.79 (5.69%) 7.43(2.32%)
CF_1.5N 8.40 (4.09%) 8.26 (1.72%)
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Table 2. Soil analysis before and after experiments in potato and cabbage fields.

Parameters Soil before soil after experiment
experiment Control CM_O05N CM_10ON CM_15N CF_0.5N CF_1.0N CF_1.5N

Potato pH (H,0, 1:5) 54 55 6.1 59 6.1 52 5.6 5.6
EC (uS/m) 40.2 28.2 18.1 74.8 74.7 58.1 81.2

Organic matter (g/kg) 40.3 6.7 7.1 5.4 1.4 7.4 9.7 7.1

NH4"N (mg/kg) 43.4 1121 1121 103.16 119.1 105.1 126.1 91.1
NOs™-N (mg/kg) 433 210.2 147 1 203.1 175.1 189.1 1541 182.1

Chinese pH (H0, 1:5) 54 5.1 58 6.0 54 52 5.0 52
Cabbage EC (uS/m) 52.9 22.0 59.4 24.0 59.0 189.9 108.3
Organic matter (g/kg) 40.3 3.7 8.7 141 10.1 5.4 5.0 3.0

NHs*-N (mg/kg) 43.4 91.1 84.1 98.1 63.1 771 91.1 84.1
NOs™-N (mg/kg) 433 140.1 182.1 133.1 189.1 1541 3222 2522
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Fig. 6. Feature importance obtained by a random forest model (left) and gradient boosting (right) in predicting the amount
of ammonia emissions from (a-b) potato, and (c-d) Chinese cabbage. Note: CM is Compost manure and CF is Composite

fertilizer.
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Table 3. Phenotypic analysis of several key growth characteristics in crops grown under different nitrogen fertilizer and nitrogen

content applications. Different letters indicate significant differences according to Duncan's multiple range test (p <
0.05).

Parameters Control CM_0.5N CM_1.0N CM_1.5N CF_0.5N CF_1.0N CF_1.5N
Potato  Plant length (cm)  46.39.1 44.3%4.0 58.0°+4 .6 53.3°9+9 1 56.3°9+9 7 64.3%+2 1 69.7%+3.2

Tuberyield (t/ha)  23.8%¢2.2 248439 32.8%23 34.4°+2 3 26.3%42.5 34.1°%+16 44.2°44 3
Tuber number 3.7°40.6 4.7%+0.6 5.0° 5.3°+0.6 43106 4.7%+0.6 4340 6
Tuber weight (g)  253.7423.0  263.3%441.6 349.0°%24.6 365.7°424.0 280.0426.5 363.0°415.6 470.0°+45.8
Chinese  Leaf length (cm) 18.0%1.0 17.7°40.6 19.7%1.2 33.041.0 50.7°°+3.1 50.0°+1.0 53.3%2.5

cabbage | eaf width (cm) 9.3%0.6 8.3°+0.6 11.0%1.0 16.740.6 26.0°41.0 25.7°+0.6 29.3%+0.6
Leaf number 10.7%0.6 10.7°40.6 23.3%¢1.5 44.3%41 2 52.3°+6.0 65.3%+3.1 72.3%+12.1
yield (t/ha) 31.3%44.8 37.3%3.9 52.0°43.8  137.9%t19.6 203.0432.3  255.4°t9.1  329.0°%24.9
Weight (g) 0.3%0.1 0.4¢ 0.6° 1.5%0.2 2.2%40.3 2.7°+0.1 3.5%0.3
Bulb width (cm) 0° 0° 7.3%1.2 16.741.5 20.0° 17.041.0 25.0%1.0
Blub height (cm) 0° 0° 16.7%1.5 24.0%41.0 26.7°1.2 28.3°+0.6 33.0%42.6
Open head (%) 0 0° 0° 20° 100° 100° 100°
SPDA 24.4%0.6 24.0%1.0 22.4%2 5 29.7%1.7 444541 1 45.1°%+1.1 50.3%1.2

(chlorophyll color)
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Fig. 7. Phenotypic analysis of key agronomic characteristics in (a-c) potato, and (d-f) Chinese cabbage grown under different
nitrogen fertilizer and nitrogen content applications. Different letters indicate significant differences according to

Duncan's multiple range test (p < 0.05).
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