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ABSTRACT

An expetiment was conducled under field conditions to study
the movement and recovery of Nié.enriched nitrogen fertilizer
added to soil in the forms of NaN{, and (NH,):80,. The plots
consisted of the soil mass ingide cylinders 30 or 60 cm in diameter,
which were pressed into the soil to a depth of 45-60 crn.  These
plots were either seeded to sudangrass (sorghum sudanense)
or left uncropped. The plant tops, roots, and the soil, by 15-
cm layers, were analyzed for total N and excess N'% content.

Recovery of added N5 from the 32 plots ranged between 96.3
and 101.8%, and averaged 99.09;. There was ne significant
difference in recovery of (he fertilizer N due to the percent of
excess N in the fertilizer, size of plot, exposure to natural
rainfall, cropping, N source, or the time of application of the
fertilizer. Wide variation in recovery of excess N occurred with
core sampling and it was found necessary to remove, weigh, mix
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and subsample the entire soil mass from within the rims. The
small amounts of unrecovered N were probably due to procedural
ertors in the field and laboratory, and leaching and root growth
beyond the sampling zone. There was no indication of any N
loss in the gaseous form.

The fate of applied fertilizer N was followed under field
conditions using N%-enriched nitrogen feriilizer applied to ithe
soil in situ enclosed by large steel cylinders. Total recovery
of the fertilizer N from ihese experiments after 8 weeks ranged
from 88 to 9657, but dropped as low as 77¢; after 10 months,
Recovery of the fertilizer N was greater from an ammonium
source than frem nitrate. Better recovery of fertilizer was
obtained when the plots were cropped to sudangrass rather than
left fallow. Doubling the rate of application of the fertilizer N
from 336 to 672 kg/ha did not affect percent of total recovery.
The 4 to 1297 of feriilizer N unrecovered after 8 weeks appears
to be due to a loss in the gaseous form, since special precautions
were taken to restrict leaching and to eliminate errors in sampling
and analysis.

ANY LARORATORY and greenhouse studies have shown
that gaseous losses of N from soils may occur under a va-

riety of conditions, the amount lost depending mostly upon the
form of N added, pH, moisture content of the soil, and degree
of aeration (2, 3, ¢, 5, 8, 13). Under field conditions it is known
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that the recovery of added fertilizer N by the fertilized erop
is seldom more than 509 (10, 12). Part of the remaining N is
recovered by subsequent crops (10), part is probably lost
through Jeaching bevond the root zone, some may be ingor-
porated in soil organie matter, and presumably the rest es-
capes as gasses. In lysimeter studies where the amount of N
removed through lesching can be measured, the averape
gaseous losses of N in various experiments have heen esti-
mated to be about 15% (1, 7, 9). (faseous losses of N under
field conditions in undisturbed soil have not been aceurately
determined, chicfly because of the experimental difficulties.
1t has not been feasible to colleet and measure the evolved
gasses directly, It is also difficult to measure leaching losses,
except in lysimeters. I'urthermore, analyses for changes in
total soil N have been unsatizfactory because of the difliculty
of sumpling, and also because ordinary chemical methods {or
determining total N are not sulliciently aceurale to measure
the small losses in the presence of the relatively large quanti-
ties of soil N,

Through the use of N' tagging it beeomes possible to meas-
ure, with satisfactory aecuracy, the amount of fertilizer N
remaining in the soil or plant and henhce to estimate fertilizer
losses. The method, of course, does not help in measuring total
gaseous Joss beeause it does not measure loss of untapged soil
N. Also, the isotope iz too expensive for use on large field plois
or at high enrichment levels, Much can be learned, however,
from small plot experiments about the influence of soil fac-
tors oo gaseois loss, movement in =oil, and plant uptake of
mineralized soil nitrogen in soil if accurate technigues are
available for fertilizer salts labeled at low enrichment levels.

The purpose of the first phase of this study was to develop
procedures thatl accurately measure the fertilizer N in the
soil, and thus permit reliable estimates of gaseous loss, at a
reascnable cost of N5, The objective of the second phuse was
to utilize such wocedures in the evaluation of soil and ferti-
lizer factors on N loss by volatilization under field conditions.

PART I PROCEDURE STUDY
Materials and Methods

The field experimnent, made up of 32 plots, was condueted at
Thorsby, Alabama, on a gently sloping, well-drained Greenville
fine sandy loum which had an initial pH of 5.9 and an N content
of 0.045%%. The experiment involved 16 randomized treatments
replicated twice.

The entire experrimental area was first treated with 2,240 kg
(1 ton/acre) of ground limestone and 1,120 kg {1,000 Ih/acre)
of 0-14-14 fertilizer per heetare. After these materials had been
disked into the soil, metal cylinders, used for confining the area
to be fertilized with N, were pressed into the ground with little
soil disturbance. T'wo different sizes and arrangements of
cylinders were used, 18 shown in Fig. 1. In the first, the cylinders,
which were 60 ¢m (24 inches) in diameter and 60 cm long, were
pressed into the ground. The N source was applied to the
entire ares of the eylinder, In the seeund arrangement, a similar
cylinder, 60 em in length and diameter, was pressed into the soil
around another one 30 em (12 inches) in diameter and 45 em
(18 inches) long, Tn these double-ring tests, the tagged N source
was applied to the soil in the center cylinder only. The outer
ring of soil in the double-ring unite was fertilized with nontagged
N at the same rate in all cases.

In order to get a uniform surface soil in the various eylinders,
the top 15 ¢m (6 inches) of s0il was removed from all cylinders,
combined, passed through a 0.64-cm (1/4-inch) screen, and ruixed.

. B if #. v
Fig. 1-—Arrangement of the two different sizes of cylinders used

The weighed amount of soil required to form a 12.7-em {5-inch}
surface layer was returned to the cylinders. The tagged and
untagged N sotirces, which had been previously weighed, were
transferred in 500 ml of solution to the soil receiving N at seeding.
The next 1.3-em (Y4-inch) of soil wus added, sudangrass {Sorghum
sudanense} was seeded where required, and then covered with the
final 1.3-cm of suil. Nitrogen applied during growth of the crop
was added as a sclution to the soil surface,

Sodium nitrate and ammonium sulfate, tagged at the 8 and 169;
excess N levels, were applied to both cropped and fallow soils.
The N sources were applied either at seeding time or when the
plants were 20 to 25 em (8 to 10 inches) high, which was 24 days
after planting. The rate of application in all cases was 280 kg
(250 ib/acre) of N per ha.

Leaching was restricted in all except four of the plots by
protecting the cylinders with a movable plastic cover suspended
several feet above the soilsurfuce, This cover was placed over the
plots only at infrequent intervals for short periods of time when
heavy rains were expected. Waler was added by irrigation in
quantities ndequate for good crop growth, but not sufficient to
cause a movement of N below the root zone. The atnount of water
required was determined by sampling extra plots provided for the
purpose. The moisturc level of the fallow and cropped plols was
kept approximately the same.

The planis were harvested at 8§ weeks when they were just
beginning to flower. They were ¢ul at ground level und dried at
65C for 72 hr, weighed, ground (v 20-mesh size in o Wiley M,
and sampled.

The seilin the cylinders was sumpled both by core-sumplingand
by removing the soil by layers, mixing, and s2ubsampling. The
soil in the 30-em ¢ylinders was removed and sampled by 15-cm
inerements down to the 45-cm level. The 45- to 60-cm layer was
core-sampled by taking three equally spaced 1.9-em (34-inch)
cores. In the ecase of the 30-em eylinder exposed to natural
rainfall, one additional core sampling was taken at the 60- to
75-em depth. The 60:cm cylinders were sampled te a depth of
15-cm by taking 7 equally spaced 1.9-em core samples, then
removing the remaining seil in the 15-e¢m layer and mixing for an
additional sample, This sampling procedure was then followed
for the 15- to 30-cm and 30- to 45-cm layers. Seven equally
spaced 1.9-ctn core samples only were taken of the 45 to 60-cm
layers, because very small amounts of the N were expected to be



52 SOIL SCI. 80C. AMER. PROC., VOL. 31, 1967

Table 1—The effect of soil pH, drying temperature, and fime of sampling on the recovery of sodium niirate and ammoninm sulfate
fertilizer Nt from sofl

N:¢ recovered

Soil Fertilizer Duration of Drying temperatures
pH treatment incubation
30C 500 65C 80C - 95C
a7
s0
4,5-5.0 NaNO; 0 7.1 97.6 8.3 98.5 96.1
8 weeks 97 .4 95.4 95,6 95.9 95.6G
(NH)s50s 0 101.2 101.8 BD.4 9.0 97.8
8 weeks 100.2 101.8 100.6 100.3 098.7
§5.5-6.0 NaNQO 1] 96.5 7.2 98.6 98,2 97.7
B weeks 4.9 4.9 96.1 94.4 93.6
(NHa)s504 0 100.5 #7.8 95.2 85.1 92.4
8 weeks 98.0 97.98 08.3 97.5 93.3
6.5-7.0 NaNOs 1] 98.8 694 98.9 98.6 100.0
8 woeka 96_8 97.8 7.2 98.9 7.5
{NH)sS0u 1] 9.3 92.5 80.9 90.1 85.7
8 weeks 97.4 98.5 98.1 97.9 5.5
7.5-8.0 NaNOs @7.9 99.0 90.5 99.0 8¢.9
8 weeka 97.2 97.7 97.1 P8.1 97.6
{NHa)e80, 0 85.0 74.9 70.7 69,1 A48
8 weeks 4.6 94.2 2.7 95,7 94.8

present. Plant samples were taken between the two cylinders of
the two-ring plots, but eoil samples were not taken.

Each soil layer, weighing between 13.6 and 84.4 kg (30 and 186
1b), depending on eylinder size, was passed through a 0.64-cm
sereen, mixed, and approximately 2.3-kg (5-1b) subsamples taken.
Each subsample was then dried, using a maximum heat of 656C.
One-half of this subsample was ground to a fine powder in a
pulverizer equipped with ceramic plates, and a final subsample
of 114 g (4 ounces) taken for analysis. The roots were removed
only from the top 15-em layer of soil. SBamples for soil moisture
determination were weighed and dried to a constant weight at
105C.

Analyaes for total nitrogen and for N content were made on
both plant and soil samples. Total nitrogen was determined by
the maecro-Kjeldahl method, modified te include nitrates by the
use of salicylic acid. The presence of nitrites was not found in
any of the samples.

In the Kjeldahl procedure, 40 ml of H.80,, containing 114 g of
salicylie acid per 4.1 kg (8 1b) of acid, was added to the dry soil or
plant material. The sample and acid mixture was then gently
shaken until thoroughly mixed. The mixture was allowed to sit
for a period of 12 to 14 hours before continuing. Five grams
of Nag%0,;- 5H;O was then added to the ssmple, shaken, let
stand for 5 min, and then heated for 10 min. Following cooling
of the sample, 10 g of anhydrous Na,30, and 1 piece of ne. 16
copper wire 1.9-cm long were added and then the sample wua

Table 2—Effect of sampling technique on the recovery of fertilizer
N1t in the crop and soil

Treatment* N1 recovered
N Complete Core
souree gampling sampling
% %
At Seeding
NaNOy 100.9 116.2
98.5 111.0
(NH:50 101.0 109.2
: 8.4 118.0
To Growing Plants

NaNOy 100,89 i17.2
100.1 106.2
(NHy:50 1009 137.2
101.1 86.4

¥ All plots sampled were 60-tm in diameter, cropped to sudangrass, received
8% excess NS, and were covered.

digested for a period of 2 hours. ¥ollowing cooling of the sample,
350 ml of distilled water was added.

The ammonia was distilled into 49 boric aeid solution using
& specially designed connecting bulb that gives an additional
distillation of the ammonia and prevents any NaQH from
contaminating the distillate. The samples were titrated, using
0.1¥ H80, with a microburette and methyl red-methylene blue
as an indicator.

Duplicate samples were then combined and redistilled into a
small excess of HiSO,. The excess water in the samples waa
evaporated and the N content determined with & Consolidated
Electrodynamics Corporation Mass Speetrometer, Model 21-620,
equipped with a glass inlet sample system (11). (Mention in this
publieation of eommercially manufactured equipment does not
imply endorsement by the USDA over similar equipment not
mentioned.)

The amount of excess N® recovered was determined from the
product of the dry weight of the soil or plant material, percent N
in this material, and the pereent excess N®* in the distillate of the
total N determination. The N® was eonsidered to be excesa in the
soil and plant material if the values obtained from the mass
spectrometer analysis were above those received on untreated
samples taken from the same general area. The amount of excess
N15in the plant, and the various soil iayers were added together to
give total excess N recovery., The average weight of the soil in
the various layers of the 60-em cylinder was used to determine the
excess N'® recovered by core sampling. In all other cases, the
actual weight of the material involved was used. All ealeulations
were on an oven-dry basis.

In order to evaluaie possible sources of exror or loss of N during
sampling and analysis, a laboratory study was carried out on
surface soil from the experimental aresa. Fertilizer N recovery,
both at zero time and after 8 weeks, was measured under a range
of sample drying temperatures. Various modifications of the
Kjeldahl procedure were aleo tested.

Results and Discussion

The laboratory study showed that the method of handling
and drying the samples and performing the N analysis gave
satisfactory recovery of the fertilizer N in the sample (Table
1). Significant losses of ammonia N did oceur from ammonium
sulfate, especially at high drying temperatures, but the condi-
tions that caused this loss did not occur in the field experi-
ments,

Recovery of the ammonium N from neutral or alkaline soils
wag generally higher after 8 weeks incubation than at zero
time in the laboratory experiment. This increase in recovery
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Table 3—Recovery of fertilizer N5 after 8 weeka from. soil fertilized with N'5-1abeled sodinm nifrate

Treatment N1 recovered
N1+ —N  Diameteor Cropping Plant Plant roots

wsed of plota aystem topa plus 0-14 em 15-30 cm 30-45 oro 45-60 cm 60-75 em. Total

% em v

N applied at seeding
8 30 Fallow -_ 21.8 61.2 16.0 0.3 —_ $0.3
-_ 8.1 69.0 225 0.1 — 99.7
8 30 Sudangrass 42.6 26.3 20,0 1.3 0.5 -— .7
47.7 20.5 28.0 1.5 0.8 -— 7.2
8 60 Sudangraes 40.6 28.3 33.2 0.4 0.4 - 100.9
38.0 26,6 4.7 0.7 0.8 — 98.6
16 30 Sudangrass 42.4 25.7 28.7 0.9 0.5 —_ 98.2
2.7 26.3 25.8 1.3 0.2 —_ 6.3
N applied to growing plants

8 30 Sudangrass 30.8 25.6 35.3 1.1 0.2 —_ 101.8
40.8 20.3 37.5 0.7 0.3 — 9.8
8 60 Sudangrass 31.7 24.9 43.5 0.7 0.1 — 100.9
32.3 41.6 25.1 0.7 G.4 — 1001
16 30 Sudangrass 41.3 20.7 38.6 0.6 0.3 — 99.5
42.5 32,1 23.0 0.6 0.5 — 8.7
16 30 Sudangrass* 55.0 12.4 24.9 4.0 0.7 0.6 97.6
48.3 13.8 20.§ 5.3 0.6 0.5 pa.I

* [Tncovered plots, nll other plets covered during perioda of heavy rainfall.

Table 4—Recovery of fertilizer N'* after 8 weeks from soil fertilized with N'5-labeled ammonium sulfate

Treatment N¥ recovered
Nit =N Diameter Cropping Plant Plant roots

ussd of plots pystem taps plus 0-15 cm 15-30 cm 3045 cm 45~60 cm 60-75 cm Total

o em v

N applied ot seeding
30 Fallow _ 51.3 38.1 7.7 0.4 — o7.56
— 53.8 37.1 6.1 0.2 — 97.2
b1 Sudacgrasa 56.4 34.8 7.2 0.7 0.7 —_ ob.8
53.0 41.7 4.3 0.3 0.4 — 9.7
8 60 Sudangrass 46.5 43.1 9.2 0.7 1.5 —_ 101.9
50.1 38.5 8.1 0.5 1.2 — 08.4
16 30 Sudangrass 57.1 31.7 6.8 0.9 0.5 -—_ 7.0
59.1 35.8 2.7 0.8 1.0 —_ 86.2
N applied lo growing plants

8 30 SBudangrasa 47.0 51.4 1.0 .5 0.4 _ 100.3
25.9 66.9 3.7 0.3 0.4 —_ 97.2
8 60 Sudangrass 37.0 61.8 0.7 0.7 4.7 —_ 100.9
42.9 55.8 1.4 0.3 0.7 — 101.1
16 a0 Sudangrass 45.1 51.4 0.7 0.8 - 0.7 _— 98,7
47.0 48,1 1.0 0.8 0.3 — 98.2
16 a0 Sudangrass* 49.3 44.1 1.6 0.8 9.5 ¢.0 96.3
52.8 42.4 1.3 0.9 0.7 0.8 98.5

* Uncovered plots, all other piots covered during period of heavy rainiall,

was due to the nitrification that took place during incubation,
making less ammonia available for loss in the gaseous form.

The variation and inadequacy of core samphling in a study
of this nature is emphasized by the data in Table 2. Wide
variations in recovery of excess N occurred with both sources
of N, but seemed 1o be greater with ammonium sulfate. Con-
tributing factors were the unevenness of the original applica-
tion of the N, the difficulty of getting a good sample when
roots were present, and the inaccuracy of determining the total
weight of the soil in the layer sample. Probably no reasonable
core sampling procedure would be sufficiently accurate in this
experimental arrangement. It is shown that it is better to re-
move, weight, mix, and subsample the entire oil mass from
within the rims than to depend upon core sampling,.

The recovery of NS from the field plots varied from 96.3 to
101.8%, and averaged 99.09; of that added (Tables 3 and 4).
There were no significant differences in recovery of added N
caused by treatment, such as cropping, time of application of
N, the two different N sources, size of plot, and exposure to

natural rainfall, The part of the experiment dealing with total
percent recovery of N6 had a coefficient of variation of 1.50
and an average difference of 1.41% between replications. -

In Tables 3 and 4, it is shown that the results obtained were
just as accurate from the 8% enrichment level of N® additions
as from the 169, level.

Tables 3 and 4 show that there were only insignificant dif-
ferences in the results from the two sizes of rims. There are
many disadvantages to using the larger size of rim, including
the ncreased cost of N* and ¢ylinders, the greater amounts
of both plant tops and soil that must be sampled, and the dif-
fieulty of placing larger rims in undisturbed soil.

The double-rim system was used to detect any movement
of any N¥.fertilizer below the center rim and uptake by sur-
rounding plants. None was detected, indicating that in this
soil the single cylinder 45 ¢m deep was adequate,

The recovery of nitrogen was as good from the uncovered
as from the covered plots (Tables 3 and 4). Rainfall during
the period of the experiment was about 30% below normal.
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The covered plots received a total of 11.4 em (4.5 inches) of
water, mainly from irrigation during the growing season. The
uncovered piots received 20.8 cm (8.2 inches) of water, from
both irrigation and natural rainfall, during the same period.
There zeemed to be a slightly greater downward movement of
N in the profile on the uncovered plots, particularly on those
treated with sodium nitrate. The movement of N did not go
beyond the sampling zone and so did not afiect recovery of
the N.

Total recovery of the N was about the same whether ap-
plied at seeding time or when the plants were 20 to 25 em high.
As would be expected, there was more uptake of fertilizer N by
the crop when the fertilizer was applied at the time of seeding.
In this case the fertilizer N was available to the plant for a
much longer time.

The movement of N depended upon the source of nitrogen,
cropping system, and whether the plots were covered (Tables
3 and 4). There was very little downward movement of N from
ammonium sulfate In the cropped soils, Most of the N was
either taken up by the plant or remained in the 0- to 15-em
level. In the fallow plots there was slightly more downward
movement from the ammonium source, but very little moved
below 45 ¢m. There was greater downward movement of ni-
trate N in both the cropped and fallow plots. In the cropped
soil, most of the N was found in the plant and 0- to 30-cm
layer, with slightly greater movement in the uncovered plots.
Again, there was greater movement of N in the fallow plots.
In all cases, only a trace of fertilizer N was found in the 45-
60-cm and 60- to 75-cm {24- to 30-inch) layers. This N** was
probably carried to the lower depth in the cropped plots by
numerous roots which were found in the zone.

This experiment shows clearly that the techniques developed
and used are reliable enough to determine small changes in the
fertilizer N balance of the soil. A single cylinder, approxi-
mately 30 em in diameter, pressed into the soil to a depth of
45 to 60 cm, constituted a satisfactory plot and adequately
confined the added N. The amount of water each cylinder
receives should be controlled to prevent any leaching helow
the sampling zone. The N source need not be tagged at a level
above 89 excess N* when the rate of application of the N is
at a high level. The concentration of the N in the upper 45
em of s0il was ample to make an accurate analysis. There could
he advantages to using a fertilizer containing a higher percent
N¥ where lower rates of N were applied, where the N wag
analyzed in the lower soil layers, and when using soils higher
in N.

Almost complete recovery of the added N was obtained in
all treatments. There was no indication that any of the added.
N was lost either by leaching or in the gaseous form. The
small differences reported are within the experimental errors of
the procedures used.

There was considerable range in the amount of the NI
fertilizer found in the crop and in various soil layers depending
upon the cropping system and the form of N used. Despiie
this variation in location of the added N, satisfactory recovery
of all excess N'® was possible. The methods described permit
detection of small changes of added fertilizer N in the plant
and soil. The added N fertilizer can be traced in its trans-
formation throughout the soil profile as well as in the plant.

PART Il EFFECT OF NITROGEN RATE,
SOURCE AND SOIL pH ON RECOVERY
OF APPLIED NITROGEN

Materials and Methods

The experimental plan consisted of 35 randomized treatments
in duplicate. The experimental and analytieal procedures used
in this study were essentially as described in Part 1.

The treated areas consisted of 30-cm diameter metal cylinders,
pressed into the 80il to a depth of 60-cm, The top 15-¢m of soil
was removed from the cylinders and the weighed amount of soil
of the proper pH returned at the time of fertilizer addition. Soil
of pH 5.5-6.0 and 6.5-7.0 was selected from nearby plota that had
been untreated for a number of years, and had approximately the
same N content. The soil of pH 4.5-5.0 was obtained by treating
the soil of pH 5.5-6.0 with sulfurie acid, thorcughly leaching, and
incubating the treated soil for 2 weeks before application to the
experimental plots.

Ammonium sulfate and sodium nitrate, both labeled at 8%,
excess N® for the 336 kg/ha-(300 lb/acre) N rate and 49 excess
N for the 672 kg-{600 Ib) rate were applied in 500 ml of solution.
Unlabeled N fertilizer, at the rate of 336 kg N /ha, was applied to
the soil outeide the treated cylinders. Sudangrass was then seeded
on the eropped plots and on the surrounding area outside the
treated cylinders.

Leaching was prevented by use of movable plastic shelters
during rainstorms, with adequate moisture being maintained by
supplemental irrigation.

Plots receiving the nitrification inhibitor 2-chloro-6~{trichloro-
methyl) pyridine were handled separately from the other treat-
ments (). The chemical was applied in solution to the upper
22.5 em {9 inches) of the aoil at a rate to give a final 6-ppm
coneentration in the soil. The method used io obtain this
concentration was to first prepare a 109, solution of the chemical
in acetone (10 g made to 100 ml). ‘This solution wae then diluted
with distilled waterto give a final concentration of 50-ppmsolution
of the chemical in water {1 m) of acetone, chemical combination
per 2,000 ml distilled water). The chemical-water mixture was
violently agitated during addition of the chemical in acetone in
order to get itinto solution. A total of 640ml of this solution was
added to the surface of the subaoil followed by the addition of
1,360 ml to the surface 15 cm or 13.8 kg (30 1b) of soil. The
treated cylinders were covered with aluminum foil for 36 hours
before further treatment. The upper 10 em (4 inches) of this soil
was then removed and N' fertilizer was applied in the same
manner as the other plots.

At the end of an 8-week growing period the crop was harvested
and the soil removed from each plot in 15-cm increments to a
depth of 45 em. Core samples were taken by 15-cm increments
from 45 to 90 cm {18 to 36 inches).

Results and Discussion

Total recovery of fertilizer N from these experiments after
eight weeks ranged from 88 to 969 (Table 5). This recovery
value was lower than in the first year’s study, probably be-
cause of slight differences in soil conditions or conditions that
were not measured in this experiment. There was greater re-
covery of the N1 fertilizer from the ammonium than from the
nitrate souree of N, Also, total recovery of the N was greater
from both sources of N when the plots were cropped rather
than when left fatlow. The soil pH, fertilizer concentration,
and the addition of 2-chloro-6-(trichloromethyl) pyridine had
no significant consistent effect upon the perventage recovery
of the N, The unrecovered fertilizer N, after eight weeks,
appears to have been the result of N loss in the gaseous form,
sinee precautions were taken to prevent leaching and to reduce
errors in sampling and analysis o & minimum.

Plant uptake of the added N'® was slightly greater from the
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ammonium than from the nitrate source (Table 5). There was
a greater uptake at the higher soil pH levels on the ammon-
jum-treated plots. Also, there was an increase in the total
amount of fertilizer taken up when higher rates of the fertilizer
were used.

The loss of N increased with time as was indicated by soil
samples taken two and ten months after applying 336 kgof N/
ha from sodium nitrate to soil at pH of 5.5-6.0 (Table 8).
A total of 10% of the added N was lost in the 2 warm months
following application in July; followed by a 139 loss (77.1%
N recovery) during the 8 fall, winter, and spring months that
followed. There was no evidence of loss of N by leaching in
any of these treated cylinders as indicated by amounts re-
covered at various soil depths, This indicates a slow rate of
gaseous loss of N during all seasons that is more rapid during
the warmer periods of the year.

In & supplemental experiment, a 14-month incubation was
also tested. During the last 4 months of this test, however, the
eylinders were closely covered by plastic sheets. Under these
conditions an additional loss of 32% of the added N occurred.
Such a loss appears inconsistently high, and suggests that
anaerobic conditions may have been inadvertently induced,
leading to excessive denitrification.

There was an increased loss of N from the plots that were
not protected with a plastic cover (Table 7). Significant quan-
tities of the N were found in the lowest soil layers sampled,
indicating that leaching of the N was occurring. This loss of
N was probably due to leaching of the fertilizer below the
sampling zone, The uncovered plots received 20.0 cm (7.88
inches) of water from irrigation and natural rainfall during the
growing season, The covered plots received 17.1 em (6.73
inches) of water, mainly from irrigation sources during the
same period.

- The application of 2-chloro-6-(trichloromethyl) pyridine to
soils receiving ammonium fertilizer had little effect on total
recovery or plant uptake, but had considerable effect upon

Tahle 5—Effect of N source and rate on recovery of N after 2
months In cropped and fallow goils at different pH levels

Treatment NS recovered {0-60 em moil)
Cropped soil
N/ha Soil pH Fallow soil
total* Plant tops Total*
ke % % %
NaNOQ,y
338 4.5-5.0 890.5 43.9 93.1
5.5-6.0 90,2 41.6 94.8
8.5-7.0 83.2 45.3 94.5
672 4.5-5.0 88.5 22.8 91.8
5.5-68.0 88.9 24,0 93.5
6.57.0 92.3 24.2 94,0
(NH 3804
336 4.5-5.0 25.1 40.7 3.
5.5-6.0 03.2 49.2 3. ¢
6.5-7.0 93.2 49.8 93.0
G72 4.5-5.0 95,2 20.2 96.2
5.5-6.0 91.9 32.6 495.0
6.5-7.0 2.2 36.4 95.5

*18D 5% = 2.4, 1% = 3.3. Average difference of 1.48% between replica-
tiona.

movement of the fertilizer N (Table 8). Nitrification of am-
monium fertilizer was decreased on the treated =oil with little
movement of ammonium in the soil. The N6 fertilizer that did
move into the lower horizons was generally in the nitrate form.
The greatest advantage of adding the chemical to retard nitri-
fication was to hold the N in the root zone for longer periods
of time.

There was very little difference between the total N tech-
nique and the N technique for determining recovery of
fertilizer nitrogen by the plant (Table 9). This close agree-
ment between the two techniques was favored by the low N
content of the soil and the large concentration of fertilizer
used. Additional work is needed to show that close agreement
would exist on soils of higher nitrogen content and lower levels

Table 6—Effect of time on recovery and movement of added fertilizer N5

N1¥ recovered
Time ¢f pampling?

0-15 om 15~30 em 30-45 cm 45-50 cm B80-75 em Total

Lird

('3

2 months (fall) 20,2 51.1 20,0 0.3 _ .

22.3 50.3 15.9 0.3 —_ 88.8
10 months (spring} 24,8 21.6 25.3 3.2 .7 . 15,6
26.4 20,9 27.8 1.3 0.5 78.7

* All plots weare failow and received 336 kg N pet ha as NaNO; applied to soil of pH 5.5-6.0. Plots were protected with a plastic tover.

Table 7—Effect of covering plots on recovery and movement of added fertilizer N'* after 2 months

Treatments* N1 recovered
Nitrogen 8pecial Plant, Plant roots .
source treatment tops plus 0-15 ¢m 15-30 em 30-45 cm. 45-60 em Total
o

NaNO; Covered 24.0 7.2 46.9 5,1 0.3 93.5
Unoovered 21.2 5.7 8.4 30,0 5.6 7t.4

(NHnSh Covered 32,6 38.8 22,6 0.6 0.6 $5.0
Uncovered 30,2 11.38 23,0 14.5 4.4 83.4

* All plota received 672 kg N per ha applied to soil of pH 5.5-6.0,
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Table 8—Effect of 2-chloro-6-(trichloromethyl} pyridine on the recovery, movement, plant uptake, and nitrification of fertilizer
N1 in fallow and cropped soils

Treatment N5 pecovered in plants and soil Nitrification}
(NH):50, Chemical* Plant Plant rootst
tops - plus 0~15 em 15-30 cm 3045 cm 46-60 ¢m Total 0-15 cm 15-30 cm
kg N/ha o,
Fallow
336 - — 50.4 30.3 8.5 0.0 2 68.9 93.9
+ - 82.2 11.8 1.2 0.0 96.2 29.1 90.2
672 - — 54,2 35.5 2.2 0.0 a1.9 age 75.6
+ — 83.3 7.4 0.5 0.0 18.3 88.1
Cropped
336 - 19.2 2.4 21.9 0.8 0.3 . 22.3 75.4
+ 51.1 38.4 1.7 0.6 1.0 92.7 4.5 27.0
6872 - 32.6 8.6 22.8 0.6 0.6 95.0 13.1 47.9
+ 20.6 58.9 8.1 0.4 0.1 95.1 2.0 66.2
* 2—chlnrov6~(hriehlomme;l31) pyridine.
¥ The 0-15 cm aoik layer included plant stubbles in addition to roots in soil.
t The percentage of total N recovered for a given depth found as NO: and NOs.
Table H“'“I’N“’?"r':‘i‘l.“‘ tolal N qu:lb excﬁss:l N5 for determining fication was taking place, since the losses increased with move-
_ prifizer recavery by sucanyras ment of nitrate into the lower horizons where anaerobic con-
N recovered dittons in the micropores of the soil are more likely to occur
Rate of Soil NaNO, (NH)\S04 .
spplication — pH LITERATURE CITED
Using Using Using Usi 1. Allieon, F. E. 1955. The enigma of soil nitrogen balance
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