This photograph of native meadow on the Morgan R
nitrogen fertilizer. Area on the right had 160 lbs. of nitg
hay; area on the left had no fertilizer and yielded 2@‘
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results of several field experiments il-
Iustrating the effect of various rates
of phosphate fertilizer on beet and
sugar yield are shown in Table 3.
These experimental plots received an
over-all application of 100 Ibs. of ni-
trogen and 100 1bs. of K:O per acre
in addition to the following rates of
phosphate fertilizers: 0, 80, 160, 240,
and 320 Ibs. of P:Os per acre. The
increased yield due to the phosphate
fertilizer varied from less than 2 tons
to about 6% tons per acre. The in-
crease in total sugar varied from about
one-half ton to over 1 ton per acre.
There was no significant change in
sugar percentage due to phosphate
applications in any of these field ex-
periments.

The percentage yield increase of
sugar beets from phosphate applica-
tions was quite closely related to the
original soil-test value. The absolute
increase, however, varied considerably

for the different experiments. Figure
2 shows the amount of P:Os necessary
to apply to a soil with various soil-
test values in order to obtain 95 per-
cent of the maximum yield. The curve
indicates that very little response
from phosphate would be expected
when the soil-test value is higher than
55 1bs. of P:Os per acre.

The effect of both nitrogen and
phosphate on vyield of sugar beets is
shown in Figure 4. An over-all appli-
cation of 120 lbs. of nitrogen was
applied to the phosphate treatments
and 160 pounds of P:Os was applied
to the nitrogen treatments. The data
indicate that, when adequate phos-
phate was added to the soil, yields con-
t'nued to increase with applications
of 160 1bs. of nitrogen or more. With
an over-all application of 120 lbs. of
nitrogen, the yield of sugar beets in-
creased with applications of phos-
phate until a maximum was reached

ZYield as affected by nitrogenl/

“Yield as affected by phosphorust/

N
Yield of Sugar \
Beets (Tons/Acre) \
N
] %
N
LSD. .05 o0
13—
L/Nitrogen treatments received phosphorus at the rate of 160 pounds P,O; per ire
2/Phosphorus treatments received nitrogen at the rate of 120 pounds N per acre
12 -
! ! o o o o

Pounds P,O. or Nitrogen Applied per Acre

Figure 4. The Effect of Various Rates of Nitrogen and Phosphorus on the Yield of Sugar Beets
Burgener Farm, Powell, 1955
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at the 160-1b. P:Os rate. These data
are representative, but undoubtedly
yields may be further increased by
higher applications of phosphate and
nitrogen under certain other field
conditions. This is indicated in Fig-
ure 2, which shows that higher appli-
cations of phosphate may be necessary
in order to obtain 95 percent of the
maximum yield at very low soil-test
values.

Fertilizer recommendations for su-
gar beets—Nitrogen and phosphorus
are the two elements which generally
limit the yield of sugar beets in Wyo-
ming. The need for potash or minor
elements has not been established. Ni-
trogen recommendations depend
largely on the past history and man-
agement practices of the field. On soils
of medium to high fertility in good
rotation systems, application of 80 Ibs.
of nitrogen per acre would be re-
commended. On low-fertility soils,
where adequate phosphate is present
or supplied in the fertilizer, the appli-
cation of 100 to 120 Ibs. of nitrogen
per acre is recommended. The amount
of phosphate fertilizer to apply de-

pends quite largely on the original
phosphate content of the soil. No
phosphate application is recomended
where soil-test values are above 50
Ibs. of P:Os per acre. Application of
80 1bs. of P:Os per acre is recom-
mended if the soil-test value is be-
tween 30 and 50. If the soil test is be-
low 30 1bs., the recommended rate ol
application is from 80 to 120 Ibs. of
P:Os per acre. The recommended
rates should be lowered for very sandy-
textured soils and increased somewhat
for [ine-textured soils under the same
conditions.

Beans

Beans rank fifth in toal acreage
of the field crops grown in Wyoming.
They are fairly heavy feeders of nitro-
gen and contain approximately three
times as much nitrogen and twice as
much potassium as they do phosphor-
us. Being a legume, however, they
obtain part of their nitrogen from the
air. Except where root rot is severe,
beans are a fairly dependable crop,
and they are generally a good source
of cash income to the farmer.

TABLE IV: The Effect of Various Rates of Phosphate Fertilizer on the
Yield of Dry Beans at Eight Locatiors

Treatment

Yield, Cwt./Acre

Powell Torrington Torrington Powell Torrington Riverton Powell Powell
Pounds P,0, (Baxter) (Murphy) (Knowlton) (Sedwick) Exp-2 Exp-2 Exp-2 Exp-17
Per Acre (Farm) (Farm) (Farm) (Farm)
0 930 1485 1595 1630 21.09 1271 16.34 15.78
20 10.87 14.60 16.58
40 10.76 16.83 17.16 15.00 16.82
80 1158 1658 1593 1800 20.33 1344 1530 18.51
120 §5.205 1507 <1420 1510
160 1393 1659 1754 1510 1938 1354 16.78 17.62
200 15.40
240 2060 1386 1536 - 17.77
320 2083 1878 1521
LSD 05" 584 NS NS. NsS. N.S. N.S. NS - NS§
01~ 54D
Soil Test*
9 31 25 45 71 48 47 15

1Pounds P,O, per acre as determined by NaHCO, extraction.
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A summary of eight experiments on
the effect of various rates of phosphate
fertilizer on bean yield is pre-
sented in Table 4. Phosphate was ap-
plied in these experiments at rates
varying from none to 320 Ibs. of P:Os
per acre. In only one experiment was
there any significant increase in yield
duc to the application of phosphate,
and this occurred on a soil containing
less than 10 lbs. of available P-:Os per
acre by the soil test. There was a slight
but insignificant response to phos-
phate on the soils containing 15, 25,
and 30 Ibs. of available P:Os per acre
and no response from soils contain-
ing medium to high amounts of phos-
phate. In experiments with nitrogen
on beans, very little response was ob-
tained from applications of nitrogen

where adequate phosphate was pre-
sent.

Fertilizer recommendations for
beans—No phosphate fertilizer s re-
commended for beans except where
the soil-test values are less than 20 Ibs.
of P:Os per acre and where phosphate
or manure have not been applied to
other crops in the rotation. For these
soils, approximately 40 to 60 lbs. of
P:Os per acre is recommended. No
phosphate is recommended for beans
in a good rotation system where
manure or phosphate is applied to
some other crop in the rotation. Ni-
trogen is not recommended for beans
except on very low fertility soils. Forty
to 60 lbs. of nitrogen per acre should
be applied to these soils.

B
80—
N with 100 Ib. P,O;
70— |
N with no P.O;
Yield of
Barley
in Bushels
per Acre
LS.D. .05 01
0=
—® 5.0, with no N
L ]
i I I I T
0 50 100 150 200

Pounds Nitrogen or P.O: Applied per Acre

Figure 5. The Effect of Various Rates of Nitrogen and Phosphorus on the Yield of Barley
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TABLE V: The Effect of Various Rates of Nitrogen, Phosphate, and
Potassium Fertilizers on the Yield and Quality of Oat Hay,
Hansen Ranch, Jackson, Wyoming

Yield!

Treatment, Pounds per acre Tons
N P205 K,0 Hay /A

0 0 0 229

80 0 0 2.69

0 80 0 2.36

160 0 0 3.17
80 80 0 2.55

80 80 60 2.64

40 160 60 2.36

80 160 60 2.66
160 160 60 3.34

)i W 6 A .05 0.58
.01 0.80

1Average of 3 plots 129 moisture in the hay.

Irrigated Small Grains

Small grains represent the largest
total acreage of any cultivated crop
in Wyoming. About one-fourth of
the total small-grain acreage is grown
on irrigated land with three-fourths
grown on dryland. Dryland winter
wheat makes up slightly less than
one-half of the total acreage in small
grain. It is produced primarily in
the eastern part of the state. The
acreage of the three crops—spring
wheat, oats, and barley—is approxi-
mately equal. These crops are nor-
mally grown only on irrigated land
or in the more favorable non-irrigated
areas of the state.

Wheat, barley, and oats are quite
similar in their nutrient requirements
and in their response to fertilizer.
They normally utilize more nitrogen
and potassium than phosphorus. No
increase in yield from the use of
potassium has been shown in the
state. The effect of nitrogen and
phosphorus, alone and in combina-
tion, on the yield of barley, is shown
in Figure 5. This experiment was
carried out on a typical rotation in-
cluding alfalfa, corn, small grain, and
sugar beets.

Protein? Protein!

Content 9, Lbs/A Cal 9, PL o
7.61 348 0.350 0.282
9.73 023 0.440 0.263
7.28 343 0.408 0.303

13.50 843 0.454 0.269
9.87 503 0.426 0.319

10.63 561 0.416 0.519
7.65 361

10.04 534 0.450 0.306

13.31 889 0.743 0.355
1.66 0.162 N.S.
2.29 0.225 N.S.

(Ca means calcium; P means phosphorus.)

The soil contained 24 lbs. of avail-
able P:Os per acre and had received
no commercial nitrogen before this
experiment. ‘There was no yield
increase due to the phosphate alone,
or to the phosphate and nitrogen
combination over the nitrogen treat-
ments alone in this study. This ten-
dency for no response to phosphate
was true in nearly all small-grain
experiments, even though soil-test
values were as low as 12 lbs. of P:Os
per acre in some cases. Barley yield
was increased by applications of ni-
trogen up to approximately 100 or
120 Ibs. per acre. At higher rates of
nitrogen application, lodging resulted
in decreased yields.

In some areas of the state, small
grains are cut before maturity for
forage. The effect of various fertili-
zers on oats harvested for hay is shown
in Table 5. This experiment was
carried out near Jackson, Wyoming,
on a soil high in available phosphate
and natural fertility.

The yield of oat hay was increased
significantly only by the 160 1b. rate
of nitrogen application. The protein
content of the hay, however, was in-
creased about 2 percent by the appli-
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cation ol 80 Ibs. of nitrogen per acre
and over 5 percent by the application
of 160 lbs. of nitrogen. The total
protein yield per acre was more than
doubled by the application of 160 Ibs.
ol nitrogen. In some sections of the
state this high-protein hay is used as
a protein supplement during the win-
ter feeding operations. Precaution is
necessary however in the case of oat
hay, since high applications of nitro-
gen may cause an accumulation of
nitrate in the forage high enough to
be toxic to animals.

Phosphate and potassium had very
little effect on yield and composition
of the forage. There was no signifi-
cant change in the phosphorus con-
tent of the forage, and the calcium
content was increased only by the
higher rates of nitrogen and phos-
phate in combination.

Fertilizer recommendations — The
most profitable return from fertilizers
on small grains results generally from
application of nitrogen fertilizers
alone. Even soils relatively low in
available phosphate failed to give a
significant increase in yield from phos-
phate fertilizers. Soils deficient in
both nitrogen and phosphate generally
give a good increase from the appli-
cation of nitrogen and very little ad-
ditional increase from the application
of nitrogen and phosphate in combi-
nation. On low-fertility soils that
have not been recently plowed out
of alfalfa, 80 to 100 Ibs. of nitrogen
per acre is recommended. For soils
of medium fertility in a good rota-
tion system, 40 to 80 lbs. of nitrogen
per acre is recommended. Forty to
60 1bs. of P:Os per acre is recom-
mended for small grains only on very
phosphorus deficient soils, where the
soil test is less than 10 lbs. of P:Os
per acre.

No significant fertilizer response
has been reported from the dryland

grain area in Wyoming, where a
wheat/fallow cropping system is em-
ployed. On sandy soils or severely
eroded soils of heavier texture, ni-
trogen may be deficient. If nitrogen
is used it should be applied only at
the rate of 20 to 40 Ibs. per acre.

Irrigated Pastures

Irrigated pastures are an important
part of the agriculture in a state such
as Wyoming, where livestock consti-
tutes a major part of the state’s eco-
nomy. The quality of irrigated pas-
tures varies considerably from one
area to another and depends largely
on past management practices. In
some areas, irrigated pastures are
native mountain meadows consisting
primarily of rushes and sedges, which
are fairly high in protein but very
low in yield. They respond very little
to fertilizer applications primarily be-
cause of the lack of water control by
the farmers. In areas of the state
where good soil and water manage-
ment practices are employed, the mea-
dows consist largely ol timothy, or-
chardgrass, and alsike and ladino
clovers. These pastures yield fairly
well and respond very well to com-
mercial fertilizers.

The effect of various fertilizers on
the yield and composition of a typ’cal
irrigated pasture is shown in Table 6.
This experiment was carried out for
2 years on the Frank Curtis ranch in
Sheridan County, Wyoming. The lack
of late irrigation water in this area
limited the yield data to one cutting
per season and consequently the yield
and the increase due to the fertilizer
are somewhat smaller than would nor-
mally be expected. These pastures
were seeded about 5 years before the
experiments, and the forage was about
half legume and half grass. The prin-
cipal species were timothy, orchard-
grass, alsike clover, and ladino clover.
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TABLE VI: The Effect of Various Rates of Nitrogen and Phosphate
Fertilizers on the Yield and Composition of an Irrigated Pasture,
Frank Curtis Ranch, Sheridan County, Wyoming

Treatment, 1b/A 1954 — 19552
N P05 Yield T/A 9. Grass! 9% Legume! Yield T/A 9% Protein
0 0 0.81 38 35 0.78 11.9
27 0 1.50 58 10 1.38 1157
54 0 1.83 64 0 1.89 11.8
108 0 2:82 58 4 2.42 12.9
0 100 1:11 38 36 0.76 14.1
0 200 1.22 33 44 F:12 12.3
27 100 1.46 58 12 1.26 11.1
21 200 1.84 47 19 1.87 11.4
54 100 2.06 61 14 1.61 112
54 200 2.16 53 6 1.96 11.8
108 100 2.36 68 3 2.00 14.0
108 200 2.61 a9 2 2.25 123
LS.D; .05 0.29 0.46
.01 0.38 0.63

1Stand counts made in August 1954 on regrowth following first cutting.
2N#Hrogen fertilizer reapplied to same plots in 1955. Phosphate not reapplied.

The yield of the forage increased
markedly with the applications of
nitrogen, being more than doubled
by the application of 54 lbs. and al-
most tripled by application of 108 Ibs.
of nitrogen per acre.

There was only a slight yield in-
crease due to application of phosphate
alone. Stand counts were made in
1954 on the regrowth following the
first cutting. The yield increase due
to the combination of nitrogen and
phosphate was only slightly larger
than that due to the application of
nitrogen alone. Nitrogen alone in-
creased the percentage of grass and de-
creased the percentage of legumes in
the stand. This decrease in the per-
centage of legumes in the stand was
proportional to the rate of nitrogen
application. The percentage of le-
gumes in the stand decreased from 35
percent to 4 percent or less by the ap-
plication of 108 Ibs. of nitrogen per
acre.

This change in species composition
occurred with the application of ni-
trogen regardless of the rate of appli-

cation of phosphate. The protein
content of the forage remained rela-
tively constant although the percent-
age of legumes in the forage was
decreased from 35 to 2 percent by
application of nitrogen. In pastures
where legumes are not present, the
application of nitrogen generally in-
creases the protein content of the
forage (See Table 5).

Fertilizer recommendations—for ir-
rigated pastures depend quite largely
on the fertility of the soil and the
pasture composition. Where nitrogen
and phosphate are both deficient in
the soil, the species composition of
the pasture can be regulated with
fertilizers.

If the pasture is primarily grass,
very little response will be obtained
from applying phosphate. If the water
control is adequate, nitrogen should
be applied at the rate of 80 to 160 Ibs.
per acre with the total amount being
added in two or three applications
during the growing season. On grass
legume pastures the application of
60 to 80 Ibs. of P:Os is recommended
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TABLE VII: The Effect of Minor Elements on the Yield of Sugar Beets'

Treatment? Sheridan Exp. 8 Torrington Riverton Mean
Exp. 6 Torrington Exp. 7 Exp. 5
1. Check 100 100 100 100 100
2..Zin¢ 112 116 109 113 113
3. Manganese 116 106 109 116 112
4. Iron 112 106 115 102 109
5. Copper 114 102 106 96 105
6. Zinc and Manganese 128 114 116 109 117
7. Boron 116 109 107 99 108
8. Fritted Elements® 112 102 102 105 105
9. Zinc & Manganese Sulfate 121 113 112 105 113
L.S.D. .05 N.S. 7 9 11
.01 N.S. 9 12 15
Yield of Check, T/A 6.72 17.43 17.10 17.65

1Each value is the yield average of 4 plots expressed as a percentage of the check yield.

2Except for treatment 9, zine, manganese, iron, and copper were applied as the sequestrenes at
1 1b. per acre in 100 gal. of H,O and boron as polybor 2 at the rate of 5 lbs. per acre per
100 gallon of water. Sprays applied 3 times during season.

3Fritted elements (No. FN253) contain copper, manganese, zinc, boron, iron, and molybdenum
and were sidedressed at the rate of 50 1b/A. )

TABLE VIII: The Effect of Minor Elements on the Yield of Beans’

Treatment? Riverton Powell Torrington lorrington Riverton Mean
Exp. 0 Exp. 9 Exp. 6 Exp. 5 Exp. 8
1. Check 100 100 100 100 100 100
2. Zinc 114 102 102 100 104 104
3. Manganese 111 112 103 102 104 106
4. Iron 99 100 107 94 96 99
5. Copper 93 104 99 101 98 99
6. Zinc and Manganese 101 106 101 100 102
7. Boron 100 90 90 103 96
8. Fritted Elements 96 113 101 106 104
9. Zinc and Manganese Sulfate 102 103 103 95 101
LaS.D: .05 15 N.S. 9 N.S. N.S.
01 N.S. 12 N.S. NS
Yield of Check Cwt/A 19.2% " 1624 2460 - 2617 1151

1Each value is the yield average of 4 plots expressed as a percentage of the check yield.
2See Table VII for treatments.

TABLE IX: The Effect of Minor Elements on the Yield of Four Crops’

Treatment™ Sugar Beets® Beans? Corn?* Peas*
1. Check 100 100 100 100
2. Zinc 113 104 108 99
3. Manganese 112 106 116 95
4. Iron 109 99 97 90
5. Copper 105 99 90 101
6. Zinc and Manganese 117 102 104 92
7. Boron 108 96 114 98
8. Fritted Elements 105 104 106 91
9. Zinc and Manganese Sulfate 113 101 114 96

1Yield expressed as percent of the check plot yields.

2Average of 16 plots (Table VII)

sAverage of 20 plots for treatments 1-5; average of 16 plots for treatments 6-9 (Table VIII)
+Average of 4 plots

sSee Table VII for treatments
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every 3 or 4 years on low-phosphate
soils.

Minor Elements

With the possible exception of
iron, no minor-element deficiencies
have been reported on field crops in
Wyoming. In 1953 a series of experi-
ments was initiated to determine
whether or not the lack of minor ele-
ments was limiting the production ot
some of the major field crops in Wvo-
ming. The minor elements used i
these experiments were zinc, manga-
nese, iron, copper, and boron. Zinc,
manganese, copper, and iron seques-
trenes and the zinc and manganese
sulfates were applied at the rate of
1 1b. per 100 gal. of water per acre
as a foliar spray. Boron was applied
as Polybor 2 at the rate of 5 lbs. per
100 gal. per acre. Sprays were applied
three times during the season, June
15, July 1, and July 15. The fritted
elements were sidedressed at the rate
of 50 Ibs. per acre.

A summary of the results of these
minor-element studies on sugar beets
is presented in Table 7. The beet
yields are expressed as percentage in-
creases or decreases with respect to
the check or untreated plots. These
data show that in three of the four
sugar-beet tests there was a significant
increase due to the application of zinc.
In two of the four tests there was a
significant increase due to the applica-
tion of manganese, and in one of the
four tests there was a significant in-
crease due to the application of iron;
and another due to boron. In two
of the four tests there was a highly
significant increase due to the appli-

cation of zinc and manganese in
combination, either as the sequestrene
or as the sulfate. There was an aver-
age over-all increase of 13 percent
for the application of zing, 12 percent
for the application of manganese,
and 17 percent for the application ol
the zinc and manganese in combina-
tion as the sequestrene; and 13 percent
increase when the zinc and manganese
were applied as sulfates. There was
no significant change in the sugar
percentage due to the application of
any of the minor elements.

A summary of the minor-element
studies on beans is presented in Table
8. The data indicated very little
change in the vyield of beans due to
the application of the various minor
elements. A summary of the minor-
element studies for four crops—sugar
beets, corn, beans, and peas—is pre-
sented in Table 9. The data indicate
that there was no significant increase
in the yield of peas or beans due to
application of these elements. There
was some slight increase in yield of
corn from manganese, boron, and the
zinc and manganese sulfate treat-
ments. For sugar beets there was an
increase in yield from the zinc, man-
ganese, and the combinations of zinc
and manganese.

These data are preliminary in na-
ture, and no recommendation for the
use of minor elements on field crops
in Wyoming can be made at this time.
They do indicate, however, that in
certain locations the yield of some
crops may be increased by application
of minor elements. Additional studies
are in progress to determine practical
methods of application of these minor
elements on field crops.
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Summary

MOST WYOMING SOILS are low in available phosphorus and nitrogen.

Some areas have an iron deficiency, but there are no reports of other
minor-element deficiencies. Wyoming soils generally contain ample potash,
although under certain conditions a need may develop. Soils generally contain
enough calcium, magnesium, and sulfur.

If Wyoming farmers are to produce and maintain high crop yields, they
must supply the elements that their soil needs. They can do this with farm
manure, crop residues, or commercial fertilizers. Use of commercial fertilizers
is especially important in the state since most areas are limited in amount
of available manure and crop residues.

Field experiments show good economic responses from both nitrogen and
phosphate fertilizers. Recommendations based on these trials are as follows
(all recommendations are given in actual pounds of nitrogen and available

P20.'-) .

Alfalfa—use 20 to 40 lbs. nitrogen per acre at seeding time. If the soil
tests show 45 1bs. or more available P:Os per acre, phosphate is not necessary.
Use 80 to 120 Ibs. of P:Os per acre for soils that test below 20 Ibs. and 80 1bs.
P:Os per acre for tests above 20.

Sugar Beets—use 80 Ibs. of nitrogen per acre on soils of medium to high
fertility in good rotation systems. Use 100 to 120 lbs. per acre on low-fertility
soils with adequate phosphorus. If the soil-test values are above 50 pounds
of P:O: per acre, don’t use phosphate. When test is between 30 and 50, use
80 1bs.; when below 30, use 80 to 120 Ibs.

Beans—need no nitrogen application except on low-fertility soils. In that
case, use 40 to 60 lbs. per acre. Phosphate is not necessary unless the test
shows less than 20 Ibs. P:Os per acre and other crops in the rotation haven’t
received phosphate or manure.

Irrigated Small Grains—use 80 to 100 lbs. of nitrogen per acre on poor
soils not recently plowed out of alfalfa. Use 40 to 80 Ibs. of nitrogen per acre
on soils of medium fertility in a good rotation system. Only soils where tests
show less than 10 Ibs. P:Os per acre need phosphate. Then apply 40 to 60 Ibs.
per acre.

Dryland Grains—wheat on wheat/fallow cropping systems generally shows
no response to fertilizers. But nitrogen may be deficient on some sandy or
heavily eroded soils. If nitrogen is used, apply only at rates of 20 to 40 Ibs.
per acre. Moisture conditions largely will control the response.

Irrigated Pastures—need nitrogen if they are primarily grass and have
good water control. Use 80 to 160 lbs. per acre. Apply the total amount in
two or three applications during the growing season. Fertilize grass/legume
pastures on low-phosphorus soils with 60 to 80 1bs. of P:Os every 3 or 4 years.
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