N-FERTILIZER SOURCES
FOR DRYLAND CROPS

J. Alessi and J. F. Power

For maximum crop production, plant nutrients
must be available at levels required to meet the
needs of the crop. Generally, any nutrient insuf-
ficiency reduces crop growth and production. In
the semiarid region, the dryland farmer must
conserve and use stored soil water as effectively
as possible. This objective may be partially
achieved by proper N and P fertilization. Mineral-
ization of soil organic nitrogen and phosphorus
and availability of nutrients from fertilizer sources
may also depend on the supply of soil water.
Hence, knowledge of the availability of nutrients
from different fertilizer sources applied to dryland
soils is needed to develop systems of efficient soil
management. Results of several dryland field
studies conducted at Mandan, North Dakota, uti-
lizing different sources of nitrogen, are summar-
ized in this paper.

Nitrogen carriers used in the different experi-
ments included urea, ammonium nitrate, ammon-

ium sulfate and calcium nitrate, with the latter

three fertilizers common to all experiments. An-
nual applications rate ranged from 30 to 160
pounds N per acre in the various experiments.

Fertilizers were applied for either four or five -

years in all experiments, and either drilled in
before seeding spring wheat or eorn, or broadcast
on the soil surface for bromegrass and crested
wheatgrass.

Carryover effects were evaluated by cropping
for three years to barley after fertilizer appli-
cation to corn and bromegrass, for four years to
spring wheat after fertilization of spring wheat,
and for six years to crested wheatgrass after fer-
tilization of crested wheatgrass. Experiments were
terminated when yields from fertilized plots were

no longer greater than that of the check. Results
of this study are summarized in terms of dry
matter yield, fertilizer production efficiency, and
soil pH. To facilitate comparisons between ferti-
lizer sources and crops, yields were adjusted to a
uniform N rate of 60 pounds per acre for all ex-
periments by plotting yield as a function of N
rate for each crop experiment and determining
yield at the 60-pound N rate. This does not neces-
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sarily mean that this adjusted rate of 60 pouhds
N per acre was the optimum rate for the various
crops.

Spring wheat fertilized with ammonium ni-
trate, ammonium sulfate or calcium nitrate pro-
duced similar amounts of dry matter during eight
years of cropping. No differences were found be-
tween the fertilizers during either the fertiliza-
tion period or the carryover period (Fig. 1). Cum-
ulative grain yields (not shown) for the various
fertilizer N sources followed trends similar to
those for dry matter production of wheat. Corn
forage yield was somewhat less from calcium
nitrate than from the other N sources during the
four years of fertilization. Also, slightly less yield
was obtained from calcium nitrate in the carry-
over period (barley was the test crop). Nitrate-
nitrogen distribution in the soil indicated that this
reduced carryover yield from calcium nitrate was
probably the result of nitrate leaching below the
root zone, following a period of high prec1p1tat10n
Soil samples collected at the end of the experi-
ment showed an ‘accumulation of nitrate in cal-
cium nitrate plots at the 6- to 8-foot depth. Other
treatments contained appreciably smaller accum-
ulations at these depths. .

Cumulative dry matter production by brome-
grass was similar for the three N sources, and
carryover effects on barley grown on these plots
likewise showed little differences between sources.
Crested wheatgrass yield was appreciably less
from ammonium sulfate than from the other N
sources during both the fertilization period and
the carryover period.

- All crops responded significantly to N ferti-
lization (N vs check). Average annual dry matter
production for check and nitrogen treatments (all
sources combined) was 4,560 and 6,130 pounds/
acre for corn, 2,860 and 4,520 pounds/acre for
spring wheat, 1,530 and 3,070 pounds/acre for
crested wheatgrass, and 1,060 and 2,740 pounds/
acre for bromegrass, respectlvely Thus, 60 pounds
N/acre increased dry matter approximately 1,600
pounds/acre for all crops.

Urea (data not shown) was used as a fertilizer
source in all except the spring wheat experiment.
When used at rates of 60 pounds N/acre or less,
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dry matter production or grain yield from urea
was about ecjual to that from ammonium nitrate.
At higher rates, urea was generally less effective
than the other N sources.

Increased crop production per unit of ferti-
lizer applied is a measure of the effectiveness of
the fertilizer material. This value, known as fer-
tilizer production efficiency (FPE), was calculated
for each period as follows:

Fertilized yield - Check yield
FPE =

Fertilizer applied

Production efficiencies for N fertilizers are shown
in Figure 2 in terms of average pounds of dry
matter produced per pound of N applied. For
spring wheat, FPE was similar for all N sources
in both the fertilization and carryover periods.
Ammonium nitrate and ammonium sulfate ap-
plied annually to com for four years were much
more efficient than was calcium nitrate. During
the carryover period (test crop barley), FPE was
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Figure 2. Fertilizer production effic-
iency for various crops as
affected by nitrogen
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November-December, 1973

5 yre erected wheotgraee
6 yri created wheetgreee

Fertilized - Wheat

23

Figure 1. Cumulative dry matter pro-

duction for various crops as
affected by nitrogen ferti-
lizer sources at Mandan,
N. Dak. (comparisons made
at 60 pounds N rate).

greater for ammonium nitrate than for the other
sources.

FPE for bromegrass was not greatly affected
by N sources during both periods. Ammonium
sulfate applied to crested wheatgrass was slight-
ly less efficient than the other sources. FPE dur-
ing the carryover period was lowest for brome-
grass and highest for spring wheat. FPE values
during the fertilization period were similar for
all crops fertilized with ammonium nitrate. Be-
cause of greater carryover effect, FPE for both
periods combined was significantly greater for
spring wheat.

In Figure 3, changes in soil pH in the surface
six inches are shown for check and ammonium
sulfate treatments. N rate ranged from 60 to 160
pounds N per acre for the various crops and no
attempt was made to adjust values to a common
rate. Soil pH for ammonium nitrate was inter-
mediate between that of check and ammonium
sulfate treatments, and values for calcium nitrate
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Figure 3. Effect of N fertilization on soil pH for vari-
ous crops. Spring wheat received 60 pounds
N/A, corn and bromegrass 100 pounds
N/A, and crested wheatgrass 160 pounds
N/A.
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were similar to those of the check. The pH data
indicate that increased soil acidity resulting from
fertilization usually remained after fertilization
was discontinued. At the end of both periods, the
pH in fertilized soil was lower than that in un-
fertilized soil. Changes ip pH of check plots with
time were not associated with the treatments
under study. However, neither N source nor N
rate seriously affected crop, stand or plgnt growth.

Results of this work indicate that fertilization
with ammonium nitrate usually produces dryland
crop yields equal to or greater than yields ob-
tained from other N sources. However, ammon-
ium sulfate and calcium nitrate are in most re-
spects only slightly less efficient during the fer-
tilization «period. Where included in the experi-
ments, urea was as effective as ammonium nitrate
at low to moderate rates of application, but not
at the higher rates. Since fertilizer N source had
no influence on water use (all available water in
the root zone is normally used by harvest for most
dryland crops), fertilizer N sources providing the
greatest production also provided the greatest ef-
ficiency in water use. By proper selection of fer-
tilizer materials, the dryland farmer eliminates
N as a growth limiting factor and obtains near
maximum yield and water-use efficiency from
available water. However, a long-term reduction
in soil pH resulting from N fertilization and con-
sequent carryover effects may require future
changes in fertilizer management practices for
these semiarid soils.



