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Abstract: Ammonia volatilization from soil is an important pathway for fertilizer N loss from field, and al-
so a major source for air and environment pollution. Majority of soils in north China are calcareous ones
with higher pH that has created a condition favorable for such loss. and intensive cropping with over ap-
plication of N fertilizer and unreasonable fertilization practices has made the situation more serious. Win-
ter wheat (T'riticusp aestvum L.. ) and summer maize (Zea Mays 1.. ) are major crops in this area and a ro-
tation of wheat followed by maize constitutes the common cropping system. For understanding the seri-
ousness of ammonia volatilization in this area, experiments were carried out on a field with the rotation
system at China Agriculture University in Beijing from October 1998 to October 1999. N fertilizer was
applied at the rates of 120, 240 and 360 kg N/hm® respectively with no N fertilizer as control, and 26 kg
P/hm? was applied for all the N levels, using urea as N fertilizer and calcium superphosphate (containing
5.2% of P) as P fertilizer. The P fertilizer was uniformly mixed with topsoil as base just before wheat
being sown, and the N fertilizer was applied twice: one-half being supplied with P fertilizer together, and
the other half being dressed on April 9, 1999 at wheat elongation stage. Winter wheat was sown on Octo-
ber 8, 1998. After wheat being harvested, summer maize was sown immediately at June 21, 1999 with

the same N rates as winter wheat. However, for summer maize, the phosphate fertilizer was not applied
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and one-half of the N fertilizer was dressed on July 5 at 3-leaf stage of maize, and the other half on Au-
gust 5 at 10-leaf stage. Ammonia volatilization from soil of this rotation system was determined by vent-
ing method immediately after N fertilizer was applied at different stage.

The obtained results showed that the rates and the amounts of volatilized ammonia differed in differ-
ent growing seasons and with different N rates. For winter wheat, ammonia volatilization occurred imme-
diately after N fertilizer was added to soil followed by wheat sowing. It was gradually increased to the
maximum value at the 3rd to 5th day with the corresponding volatilized rates of 0.27, 0.57, 1. 96 and
5.53 kg N/(hm? + d) respectively for the plots received 0, 60, 120, 180kg N/hm?. Since then it was de-
creased slowly and no significant difference could be observed among the volatilization rates of different
plots at the 17th day after fertilization. The cumulative amounts of the volatilized ammonia from each plot
were 2.9, 4.8, 10.5 and 35.7 kg N/hm?* during the determined period from October 8 to November 18,
1998. However, after dressing of N fertilizer at the elongation stage of wheat, the ammonia volatilization
from the soil kept low, stable rates, which fluctuated from 0. 01 to 0.17 kg N/(hm? * d). The cumula-
tive amounts of ammonia emitted from different plots were 1.5, 2.1, 2.4 and 2.7 kg N/hm?* during the
determining period from April 10 to May 15, 1999. For the entire growing stages of wheat, the total
amounts of ammonia released from the field were 4.4, 6.9, 13. 0 and 38. 4 kg N/hm?, correspondingly to
the N rates of 0, 120, 240 and 360 kg/hm?®.

During the growing season of summer maize, the ammonia volatilization rate was high and increased
more quickly after dressing of N fertilizer. At 3-leaf stage. it reached the highest rates at the 1st day after
fertilization, which were 0. 33, 1.82, 3.33 and 5. 41 kg N/(hm? « d) for the plots added 0, 60, 120 and
180 kg N/hm? respectively, and at 10-leaf stage, the highest rates were found at the 2nd day with the cor-
responding values of 0.70, 2.50, 3.11 and 3. 25 kg N/(hm* + d). However, the high speed of volatiliza-
tion continued only for a shorter period. Seven days after fertilization, the volatilization rates for the plots
received fertilizer had decreased to the lowest values, being of no significant difference among plots with
and without N fertilization. The cumulative amounts of ammonia volatilized from different plots were
8.4, 15.1, 20.0 and 26.1 kg N/hm? during the period from July 6 to September 20, 1999.

Ammonia volatilized from the fertilized plots derived from two sources: one from the N fertilizer
added to soil and the other from the residual organic and inorganic N existing in soil. Assuming that the
amount of ammonia emitted from the residual N were equal to that from the plot without N fertilization,
the amount of ammonia emitted from the N fertilizer could be estimated from the difference of the amount
determined between plots with and without N addition. In this way of calculation, the total emitted am-
monia from N fertilizer was 2.5, 8.6 and 34.0 kg N/hm? for winter wheat, and 6.7, 11.6 and 17. 7 kg
N/hm? for summer maize during their entire growing seasons, corresponding to the rate of 120, 240 and
360 kg N /hm?. Based on these data obtained from the experiments, it can be estimated that the total
amount of ammonia emitted to the air from soil would be as high as 238 000 to 1 202 000 tons of N during
the entire growing season of the 18. 64 million ha of wheat-maize in north China. Of these. about 172 000
to 964 000 tons of N were from N fertilizer, which accounted for 2.1% to 9.5% of the total amount of
the fertilizer being applied.

Clearly, large amount of N from fertilizer was lost by ammonia volatilization during the winter wheat
growing seasons, and most of the ammonia loss occurred when N were applied as basal fertilizer. This is
related with the unreasonable fertilization measures. Before wheat being sown, farmers always apply fer-
tilizer a few days after irrigation, when the soil moisture is suitable for tillage, this subsequently keeps

most of the fertilizer existing in topsoil. When the fertilizer, such as urea is hydrolyzed to ammonium, it
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is prone to volatilize to air from soil surface. During the growing season of summer maize, N fertilizers

are usually dressed before irrigation, and the fertilizer N can be leached to a deeper soil layer by water,

thereby the ammonia volatilization reduced to a great extend. However, this can enhance the risks of N

leaching out of the soil layer where the plant roots reside for taking up the available nutrient. Fertilization

and irrigation are the important measures in agriculture production. and also the major factors affecting

soil N transformation and ammonia volatilization. Therefore optimization of field water and fertilizer man-

agement is of great importance for increasing N use efficiency and eliminating environmental pollution

caused by unreasonable application of N fertilizer.

Key words : winter wheat; summer maize; ammonia volatilization from soil; in situ determination of am-
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Fig. 2 Ammonia volatilization from soil in field after basal fertilization and sowing of winter wheat
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Fig.4 Ammonia volatilization from soil in summer maize field after dressing fertilization at 3-leave stage
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Fig.5 Ammonia volatilization from soil in summer maize field after dressing fertilization at 10-leave stage
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