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Factors Affecting Fertilizer N and Soil N
Transformations and Plant Recovery

Lynn K. Porter and William O'Deen

PROBLEM: One of the foremost problems confronting agronomists and
farmers is the apparent low plant recovery (50 to 60%) of the fertilizer
N applied. We need to develop technology that increases N use effici-
ency, i.e we need to increase plant assimilation and utilization of
applied N and thereby lessens the amounts of fertilizer N released into
water resources and the environment. One of our major tools for measur-
ing plant recovery of N is isotopic 13N, It is well known that the
addition of 19N fertilizer N causes a positive uptake of nontagged or
soil N. Why this occurs is not known but several mechanisms have been
advanced to explain the phenomenon. The understanding of this phenomen-
on is important because it affects our interpretation of 15N data and
what is really being assimilated by plants, what is being exchanged or
interchanged with the biomass and organic matter of the soil, and what
effect the fertilizer N has on mineralization and long-term N racovery
(residual) by subsequent crops.

Another aspect of increasing the N use efficiency 1is the volatile
losses of ammonia and amines from the foliar portions of the plants,
especially after anthesis and during senescence and the loss of
denitrification products (N, N7O, and NO) from soils. We must measure
the magnitude of these volatile losses and if the losses are serious
then so0il enviromental factors and pPlant genetics may need to be ex-
Plored in order to find a means to limit such losses.

APPROACH: Greenhouse studies have been initiated to study mechanisms
involved in the positive uptake of nontagged soil N when soils are
fertilized with tagged nitrogen. The approach is to try and feed the
5N salts into the plant so that the fertilizer salt doesn't cause pH,
osmotic, exchange or interchange and rhizosphere effects in the soil.
We also want to examine what effect soil microorganisms and rhizosphere
organisms have on the phenomenon. In order to accomplish the above we
have grown corn seedlings on sterile and nonsterile soil and then intro-
duced ammonium sulfate into corn Plants through a cotton wick into the
corn stem. Also we are initiating a split root study where half of the
root can be treated in a sterile sand or sapd super-slupper media and
the other half of the root is only exposed tn soil. These studies are
being conducted only on one s0il in order to get. detailed information on
the possible mechanism or mechanisma. We then hope to expand to
addtional soils with different nitrogen mineralization potentials to
determine the magnitude of this effect in different soils.

In order to study volatile ammonia and amine losses from foliar plant
parts, Mr. O'Deen working on his Ph.D. research has designed a special
chamber where the aerial parts of winter wheat that has reached anthesis
can be isolated from its growth medium. The continous free flow (12 L
min~!) open system was designed to attain low ultimate relative humidit-
ies of 10 to 20Z. Entering air was purified and dried and then surfaces



of 0.1 M HCL were used to trap evolved ammonia and amines both within
the chamber and from the air flowing from the chamber. The total
ammonia and amines are measured and portions of the solutions perserved
in order to look at the various types of amines evolved.

Other investigators (Drs. G. L. Hutchinson and W. Guenzi) in the Soil-
Plant Nutrient Research Unit have been measuring the emissions of N2,
N20, and NO from both natural and agricultural ecosystems and and Dr. A,
R. Mosier, et al. has been measuring Ny and N20 in a phytotron system
and their research results are briefly mentioned.

In addition to these studies we are trying to improve 15N techniques for
the recovery of ammonia for isotope analysis. One of the greatest needs
in the Indo-~U.S. initiative is to devise a cheap and simple method for
the recovery of ammonia from Kjeldahl digests and soil extractant solut-
ions. Hopefully such a method will improve 13N technology and be
especially helpful to equipment poor Indian scientists. During the year
we have examined two systems. One is an evacuated Erlenmeyer flask and
the other is a masonary jar system. The recovery of ammonia by
diffusion at 80°C from different ammonium sulfate concentrations wag
determined and when it was determined that we were obtaining
quantitative recovery we explored for cross-contamination. This was
dccomplished by diffusing one mg 5N-NH4~H in each flask which was
followed by natural abundance NH;~N to determine if any cross-
contamination occured.

RESZARCH FINDINGS - CY 85: The wicking up of tagged ammonium sulfate .

through cotton treads didn't produce any positive uptake of soil N.
However, the introduction of ammonium salts into the stem of the corn
Plant did produce drastic morphological changes in corn roots compared
to plants that hadn't received any ammonium sulfate. Since the corn
primordia exist in the stem of the plant we did considerable damage to
the plant by running the wick through these tissues. It is possible
that the wick technique would work on dicots since their primordia

exists in apex meristematic tissue and the cotton threads in dicot

tissue probably would not be so injurious to the plant.

Gaseous losses of ammonia and amines from heavily fertilized winter
wheat yielded a sensitive double~peaked emission curve over a 90 day
period afier anthesis, Fig. 1. The 90 day average plant emission wag
1.8 mg N m—2 day"1 representing a crop loss of 1.6 kg N ha=l, The
volatile N loss represented 3.1%Z of the total N contained in the foliar
Plant parts inside the chamber.

Drs. Hutchinson and Guenzi working with various sites (coniferous
forest, shortgrass prairie, deciduous forest, and a cultivated fallow
field have observed under well-aerated conditions that soil NO emissions
were usually several times larger than soil N20 emissions. The order of
the emissions from the various sites was coniferous forest >> native
shortgrass prairie > deciduous forest > fallow agricultural field.

Dr. A. Mosier et al. have been attempting to assess the role of growing
Plants on fertilizer and soil N denitrification utilizing 14C and iy in
a phytotron. They have found that even though significant quantities of



plant C remain in the soil, little of the plant-derived C was utilized
for denitrification. Even when nitrate concentrations were maintained
at relatively high levels throughout the growth period, N losses were
less from planted soils than from unplanted soils until the end of the
growth period when root biomass began to decrease and root decay begins
to provide energy source to hetertrophic denitrifying organisms.

The percent recovery of ammonia in the two different diffusion systems
is given in table 1. Recovery in both systems is excellent. However,
both systems showed cross contamination. Starting with a atom ¥ 13N of
9.5 the diffusion systems were contaminated. This was followed with
rinsing with either deionized water or 1N HCl rinse and thenm 1 mg N
normal abundance ammonia (.372 atom % !59N) was diffused in the
differeucly rinsed systems. In the vacuum flasks the mean of & reps
for recovered N was .4305 atom % 19N with HCl rinse and with deionized
water was .4175. In the Mason Jars it was .4032 for the HCL rinse and
upacceptable in both cases and we are now exploring various rinses that
we hope can remove the adsorbed ammonium.

FUTURE PLANS: 1) Greenhouse studies on the effect of tagged N on the
positive uptake of soil N will continue. Studies will involve a split
root technique to separate the effects of the tagged salt from the soil
and sterilized soil. 2) Mr. 0'Deen will continue the chemical analyses
for a second ctudy that has been compieted on volatile ammonia and
amines from foliar wheat parts. Qualitative analyses will be completed
for types of amines being evolved. 3) Will explore various means (22
BF, alcholic~KOH, 1M acetic acid-ethanol, 1M formic acid-ethanol) to
eliminate cross contamination in the diffusion systems,

Publication: 0'Deen, W. A. and L. K. Porter. 1986. Continous flow
system for collecting volatile ammonia and amines frop senescing winter
wheat. Agron. J. (In Press).

Also enclosed is a listing of publications and abstracts prepared by
the scientists in the Soil-Plant Nutrient Research Unit during 1985 and
1986, even though their research was not funded by AID.



Table 1.

Recovery of ammonia by diffusion in an
evacuate Erlenmeyer flask and a masonary

jar.
pg N as Z N recovered Z N recovered
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