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Abstract:
Influences of NH3 from ammonium phosphate fertilizers on germination, seedling growth, and small
plant yield of wheat (Triticum aestivum L.) were evaluated in laboratory, growth chamber, greenhouse,
and field experiments. Measurements of NH3 were made using techniques of diffusion from the
soil-fertilizer system and distillation of NHg from the seed-plant system.

A "Diffusion Can" was designed for quantitative measurement of NH3 production from the ammonium
phosphates—mono (MAP, 11-48-0), di (DAP, 18-46-0), poly (APP, 15-62-0), and urea (UAP,
24-42-0)—upon reaction with 10 soils varying in moisture from 10 to 25% and in CaCOg contents
from zero to 12%. Total amount of NHg produced from fertilizer reacting 6 days was in the order of
magnitude: UAP »» DAP »> MAP > APP, or the ratio of 18 : 4.5 : 1.5 : 1. This relationship was
generally true for any soil, but the absolute values increased directly with % CaCOg in the soil and
inversely with soil moisture. Averaging all soils, the total 6-day NHg production was in the soil
moisture order of 10% > 15% > 20%.

Ammonia absorption by plants was measured directly from the seeds or seedlings by a. "Distillation
Technique", and indirectly by differences between "Soil-Fertilizer" mixed and "Soil-Fertilizer-Seed"
systems. The patterns of NHg accumulation by seeds or seedlings were governed by the kinds and rates
of fertilizer application, soil moisture, CaCOg content, and the stages of plant germination or growth.

Dry weight of wheat seedlings was less when germinating seeds, with radicles emerged, were exposed
to NH3 for one day than when seeds were treated with NH3 one day after moistening.

Absorption of NHg by seedlings was directly related to NH3 production from fertilizer-soil reactions.
Maximum absorption occurred . in day 3 for 10% CaCOg soil and day 2 for 0% CaCO3, but the latter
was a very low absorption except for UAP. Ammonia concentration in seeds or seedlings in the range
0.3 to 0.5 ppm-NH3 inhibited seedling growth, and symptoms of NH3 injury were evident. Radicles
had a brown color as a "burnt off" appearance and coleoptiles were stunted. Germination of wheat
seeds was completely prevented when the concentration of NHg in seeds reached about 0.8 ppm-NH3.

Plant yield results from growth chamber studies on 0% CaCO3 soil indicated the same responses to
fertilizers for roots as for tops with the fertilizers in the order: APP >_ MAP > DAP > UAP. On the
10% CaCO3 soil the order was APP > MAP > DAP > UAP, and growth of roots for DAP and UAP
increased relatively little from 6 to 12 days in contrast with APP and MAP. In all cases, plant growth
was inversely' related to concentration of NH3 in plants. Ammonia measured by microdiffusion from
soil samples taken from field experiments having fertilizer banded with wheat seed was directly related
to reduction in numbers of crowns ' and stems and inversely related to dry weights of plants at the stem
elongation stage of growth.

Using information developed in this research 4 ammonium phosphate fertilizers reacting with soils



varying in CaCOg content can be arranged according to NHg production. If greater than 0.5 μg
NH3/100g soil measured by the diffusion can technique is considered potentially hazardous for
banding fertilizers with seeds, the fertilizers and allowable soil CaCOg percentages before serious
seedling damage occurs are as follows: APP, 12% CaCO3; MAP, 10.5% CaCO3; DAP, 3.5% CaCO3;
and UAP exceeds the limit at 0% CaCO3. 
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