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SUMMARY

Two rates of phosphate, with and
without nitrogen, were applied on
soils of high, medium, and low pro-
ductivity levels. Two grass/legume
hay mixtures were seeded on the soils
and the fertility response was meas-
ured by hay and crude protein yields.
The percentages of dry matter, crude
protein, calcium, and phosphorus were
also determined.

The yield of hay and crude protein
from each grass/legume mixture dif-
fered greatly between locations. These
differences were related to the esti-
mated productivity level of the soil.
The mixture of alfalfa bromegrass
produced the highest hay yield from
the soils of high and medium fertility,
and the complex mixture produced
the highest hay yield on the soil of
low productivity.

Phosphorus applied at Powell at
rates of 100 and 200 Ibs. of P,O; per
acre caused substantial increases in the
yield of hay from each grass/legume
mixture on soil of low fertility. Nitro-
gen fertilizer applied at the rate of 40
lbs. of nitrogen per acre in combina-

tion with phosphorus caused a slight
increase in the yields of hay from the
grass/legume mixtures at each loca-
tion. The yield data from the fertilizer
treatments indicate that hay and crude-
protein yields may be increased by
nitrogen and phosphate fertilizer.
The magnitude of the increases de-
pends upon the productivity level of a
particular soil and on the rate of fer-
tilizer applied.

Chemical analyses of the hay from
the two grass/legume mixtures varied
among locations. There was a gradual
decrease in the percentage of crude
protein, calcium, and phosphorus in
the hay produced on soil of high to
low productivity levels.

The productivity level of the soil
caused greater differences in the
chemical composition of the hay than
did the different fertilizer treatments.
Differences in the chemical composi-
tion of the hay, comparing fertilizer
treatments, were masked because of
the variation in the vegetative compo-
sition of the hay.
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IDESPREAD INTEREST has

developed in recent years in
Wyoming in the value and use of ir-
rigated pastures consisting of mixtures
of grasses and legumes. Such pastures
make it possible to keep more live-
stock on the farm and help to main-
tain soil productivity.

Farmers and ranchers in the Big
Horn Basin have become especially
interested in grass/legume mixtures
adaptable to the area. They are also
concerned with fertilizers that should

be used on various grass/legume mix-
tures grown on soils of different pro-
ductivity and how fertilizers would
affect the protein and mineral content
of the hay.

From 1950 through 1953 experi-
ments were conducted to investigate
the effects of commercial fertilizer ap-
plications on the yield, crude protein,
calcium, and phosphorus contents of
hay from two grass/legume mixtures
at each of three locations in the Big
Horn Basin.

*This work is the result of cooperative investigations between the Extension Service, the
Wyoming Agricultural Experiment Station, and the Soil and Water Conservation Re-
search Branch, Agricultural Research Service, U.S.D.A. The author expresses appreciation
to County Agents J. M. Nicholls of Park County and Arvil D. Ashment of Big Horn
County for their valuable assistance in selecting the locations, applying the fertilizer, and
harvesting the plots. Through their cooperation this information has been made avail-

able.



EXPERIMENTAL PLAN AND PROCEDURE

Experiments began in April 1950
in the Big Horn Basin at three loca-
tions: one on Howard Flitner’s ranch,
20 miles northeast of Greybull; one
on Glen Neilson’s farm, one-half mile
south of Cody; and one on DBruce
Murray’s farm, 7 miles southwest of
Powell. These sites were chosen be-
cause it was desirable to seed the
grass/legume mixtures on soils of
high, medium, and low productivity.

The soil at Greybull is Billing’s
loam. It is highly productive and has
never been intensively farmed. The
crops grown in the past were grain
and sweet-clover pasture.

The soil at Cody is Ralston gravelly
loam. Of medium productivity, it has
been irrigated for many years. The
main crops grown in the past were
grain and pasture.

The soil at Powell is Ralston sandy
clay loam. This soil was known to be
very low in productivity. It has been
irrigated and intensively cropped with
alfalfa, beans, sugar beets, and grain
for about 25 years.

Table 1 shows the physical and
chemical characteristics of the soils at
the three experimental locations. The
pH and soluble salts were measured
on soil paste, lime was determined by
CO, displacement, and available phos-
phate (P,O,) was estimated by the
sodium-bicarbonate method.

At each location the cooperators
plowed, disked, harrowed, and leveled
the soil, then seeded it to each of two
grass/legume mixtures :—

ALFALFA/ BROMEGRASS :
Ranger alfalfa, 4 pounds; Lin-
coln bromegrass, 12 pounds
COMPLEX MIXTURE:
Lincoln bromegrass, 5 pounds;
orchardgrass, 5 pounds; Alta
fescue, 4 pounds; Ranger alf-
alfa, 2 pounds; Ladino clover,
- 3 pounds; and Cumberland red
clover, 3 pounds

They seeded mixtures at the rate of
about 18 pounds per acre with a com-
panion crop of barley seeded with a
drill at the rate of 40 pounds per acre,
2 to 3 inches deep. After the barley
was planted, the grass/legume mix-
ture was seeded about ¥4 inch deep.
The grass seed was placed in the
grain hopper and the clover seed in
the grass-seed attachment. Continual
stirring helped to distribute the seed
uniformly. Stands of grasses and
legumes were uniform at each loca-
tion (Figs. 1 and 3).

The workers arranged the fertilizer
treatments in a randomized block de-
sign with seven replications. Nitrogen
fertilizer was applied annually in two
equal applications; one in April and
one at time of the first harvest as
ammonium sulfate (20.5 percent ni-
trogen). Phosphorus fertilizer was
applied in single applications in 1950
and 1952 as double super-phosphate
(43 percent P,0O,). Minor elements
were applied in 1950 in a “shotgun”
mixture made up of copper, iron,
manganese and zinc sulfates, and
boron. The fertilizer treatments in-

'Olsen, Sterling R., C. V. Cole, F. S. Watanabe, and L. A. Dean, 1953. Estimation of
Available Phosphorus in Soils by Extracting With Sodium Bicarbonate. U. S. D. A.
Circular No. 939. March. Washington, D. C.



FI1G. 1—Alfalfa and

cluded: (1) 40 pounds of N plus 200
pounds of P,O;, plus 50 lbs. of minor
elements; (2) 40 Ibs. of N plus 100
Ibs. of P,O;; (3) 40 Ibs. of N plus
200 Ibs. .of P,O;; (4) 100 Ibs. of
P,O;: (5) 200 lbs. of P,O.; (6) check
plot without fertilizer.

All plots had uniform irrigation
when the plants showed signs of need-
ing moisture.

Workers collected data from a strip,
34 in. wide and 21.8 ft. long, cut from
each plot. Samples for analysis were
collected from a strip 6 in. wide and
21.8 ft. long, cut within the plot and
dried in an oven at 65° C. for 24
hours. All hay yields were based on
oven-dry weights.

Bromegrass, June 1951

Hay yields were not obtained in
1950, nor from the first cutting in
1951 from any of the locations. Yields
were obtained at Greybull from the
second and third cuttings in 1951 and
from the first, second, and third cut-
tings in 1952 and 1953. At Cody,
workers gathered yield data from sec-
ond and third cuttings in 1951, from
first, second, and third cuttings in
1952, and from first and second cut-
tings in 1953. Shortage of moisture
prevented sufficient regrowth for a
third cutting in 1953.

At Powell, experimenters took yield
data from the second cutting in 1951
and from the first and second cuttings
in 1952 and 1953. There wasn’t
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enough growth for a third cutting of
hay at Powell at any time. This may
be due to low fertility, since temper-
ature and moisture were favorable.

At each location the workers made

the first cutting of hay when the crop
was about at one-tenth bloom, the
second when approximately one-fourth
third before any blooms were show-

ing.”

RESULTS AND DISCUSSION
Hay Yields

Figure 2 shows the average yield
of hay in tons per acre from each
grass/legume mixture, at each loca-
tion, for each fertilizer treatment, for
1951, 1952, and 1953.

Yield data from the treatment,
which included 40 Ilbs. of nitrogen

Pade ¢ X2
FIG. 3—Bromegrass,

alta

orchardgrass,
fescue, alfalfa, ladino, and red eclover,
June 1951

plus 200 Ibs. of P,O; plus 50 Ibs. of
minor elements, were not included in
Figure 3 because the data are not
comparable to that shown. In 1951
there was no significant increase due
to the minor elements. It was con-
cluded, therefore, that minor elements
were not needed at these locations.
They were eliminated from the exper-
iment, and 8o lbs. of nitrogen was
added in place of the 40 lbs. originally
used.

Applications of phosphorus caused
slight to substantial increases in the
yield of hay. Significant increases
in yield were obtained in four of the
six trials. On the soils of low produc-
tivity at Powell, the 200-lb. rate of
P,O, caused significant increases over
the 100-1b. rate of P,O, on both mix-
tures.

Nitrogen applied at the rate of 40
Ibs. per acre, and in combination with
phosphorus, caused a substantial in-
crease in yield of hay from the alfalfa/
bromegrass at Powell and a slight in-
crease from the complex mixture. At
the other locations, this treatment had
little effect on yield.

*In 1953 the samples of hay collected for determining percentage of moisture were com-

posited by treatments for chemical analyses.

The Gunning modification of the Kjeldahl

method was used for determining total nitrogen, the results being expressed as percentage

of crude protein (N x 6.25).

Calcium and phosphorus were determined from an extract

obtained by digesting the ground plant samples in nitric-perchloric-sulfuric acid.?

“Richards, L. A., 1954. Diagnosis and Improvement of Saline and Alkali Soils. Agricul-
ture Handbook No. 60, U.S.D.A. pp. 129, (54a), (55a), and page 134 (61). Febr.



Lr g It V44 |t4 A I 8¢ M0 [Paodq
4 5 el ve A A 4 9¢ WnpeN £pe)
87 vl 81 62 8 vl 61 0¢ Y3H 1ng4a19
% % % % % % % %
snioydsoyJ wnmje) urjo1d Jpew  snioydsoyg wnmje) urjo1d Japew [10S JO [9A9] uoned0’|
apni) L1 apnad) Liq Ayanonpoa g
UMIXIPY  X[dwo)) sserdawoag /eyey|y
sBuiyn) pup spuswypal] I9Zijpia4 [P jO
unsy ‘£661 403 SUOKPI0] d91Y] woiy AbH jo uolisodwo) PIIwWLY) — Z J19VL
10> 14 200 €8 weoy  Lejly 09-9¢
10> ¥ 200 Vi pues duy Aureo’] 9c-L1
10> 14 S0°0 8 weol  Apueg L6
Poo3 A1/ o> ¥ S0°0 '8 weo| Aep Apueg uosiey 670 e
[PABI3 PaySeM JIAIY] 09-81
8 (4 00 S'. weo[ Aep Ajpaciy 81-01
JAISSIOXH £ z c00 S/ weoy A[[pArix) uojsjey 01-0 £po)
0¢ S 110 03 uwreo} \Aeg0) 0s-41
8¢ ¥ 00 08 weo| Aep Apueg L1701
ety 9 4 3070 '8 weo| £ep Apueg s3ulig 01-0 1nq4a.19
QD) SQPT  JUIIAIJ  FUIIADJ sayouy
‘O°d s}jes
aseurel( EIRIGIN awry a1qnjos Hd 2NIXI T, sadA g, ydacy uoneso’|

SeIpni§ J4azi|iJe4 ul pasn s|10g @adyl jo saledoid — | I19VL



>A?) /(L[X eTg\bbY ZeT X gb _XzZh'Xf
jTf  \aVeXTfXW\g[ /+ _Uf) bY a\gebzXa

cXeTVeXTcc \XWg HbjX__'Olb\az

L[X [Z[Xfg NX_WDbY [Tl Yeb™ g[X
gjb ZeTf_XZh'X “\kgheXf Tg HbjX__
jTf cebWhVX\Wg[ /+ _Uf)bY a\gebZXa
TaW -++ AUf) bY c[b c[TgX cXe TVeX)
LIX NX_WYeb™ T_YT_Yeb XZeTf Ybe
g[\f geXTg Xag[bjXiXe' |Tf _Xff g[Ta
g[Tg cebWhVXWg ?eXIUh__j\g[bhg YXe(
g\_\mXe)L[X NX_WYeb" g[X Vb'c_Xk
“\kgheX jTf ba_ | f \Z[g_| 'beX g[Ta
g[Tg cebWhVXW\g[bhg YXeg\ \mX&g
?eXlUh__) @\Z[Xe eTgXfbY a\gebzXa
TI [TiX \aVeXTXWg[X NX_W bY XTV[
ZeTif* XZh'X “\kgheX' faVX eXVXag
fghWAXT[TiIX flbja g[Tgg[X X fb\_f eX(
fchaW gb [\Z[Xe eTgXfbY a\gebzZXa)

L[X W\YYXeXaM&fg[X TiXeTZXNX_W
bY [Tl Yeb® XTV[ ZeTf *_XZh'X "\k(
gheXj\g[bhg YXeg\ \mXgg[X g[eXX_b(
VTg\ba TeX bY \agXeXfg) L[X TiXeTzZzX
NX_WYe+,, gX T_YT_YT*Ueb XZeTHk(
gheXTg ?eXlUh__jTf /)0 gba 6 ;bWI'
.p0 gbafé Taw HbjX__' ,)0 gbaf cXe
TVeX) L[X NX_W Yeb™ g[X Vb'c_Xk

\kgheX Tg ?eXlUh__ jTf /) o gbaf6
bWl )0 gbafé Taw HbjX__ ' - gbaf
cXe TVeX) L[XfX W\YYXeXaVvdf \NX_W
UXgjXXa_bVTg\bafjiXxeX V_bX_| eX_TgXW
gb g[X TIT\_TU_XI[b c[TgX YbhaW\a
g[X b\_TgUXZ\aa\azbyY g[X fghwI $LT(
U_XA%)

,R Vb'cTe\fba bY g[X NX_W WTgT
Yeb® ?eXlUh__TaW;bWI Ybeg[X gjb
“\kgheXf f[bj g[Tg T_YT_YT*Ueb™X(
ZeTff ceb _hvXWg[X [\ [X g NX_W bY
[Tl Ybe g[eXX VbafXVhg\iX IXTef6 Tg
HbjX__ g[X Vb'c_Xk “\kgheX cebWhVXW
glX [\Z[Xfg NX_W)

>eb”  bUfXeiTg\baf "TWX ba g[X
A\gX' \g TceXTeXWY[Tg g[X a\gebzXaTc(
c_\XWTg HbjX__ WXY\a\gX_laVeXTXW
g[X eTg\bbY ZeTffX gb _XZh'Xf\a XTV][
\kgheX' TaW g[X c[b c[TgX \aVeXTfXW
g[X eTg\b bY _XZh'Xf gb ZeTff $>\zf)

/| TaW0%) O[XeX a\gebzXaTaWc[bf(
c[behf jXeX Tcc_\XWAa Vb'U\aTg\ba'
be j[XeX ab YXeg\ \mX& h XW'g[X

>A?) O(L[X eTg\bbY _XZh'X gb ZeTffX
jT  \aXeXTXWj\g[ ,++ be ‘beX _Uf bY
c[b5c[beh cXe TVeXERHbjX__



ratio of grasses to legumes was about
equal (Fig. 6).

In comparison, at Greybull and
Cody, there was no evidence of
changes in the ratio of grasses to le-
gumes due to application of fertilizer.

These data indicate that where the
soil is deficient in nitrogen and phos-
phorus, nitrogen stimulated the grasses
which crowded out the legumes in a
mixture, and phosphorus stimulated
the legumes and retarded the yield of
grasses.

It may be of interest to note here

Crude

Figure 7 shows the yield of crude
protein in pounds per acre for each
fertilizer treatment from each hay
mixture at each location for 1953.

The differences in the yield of crude

FIG. 6—The ratio of grasses to legumes

was about equal when fertilized with 40

Ibs. of nitrogen and 200 lbs. of phospho-
rus per acre applied at Powell
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that at each of the three locations,
approximately 8 acres of each of
the hay mixtures were seeded in 1950.
At Cody and Powell, cattle and sheep
grazed each of these hay mixtures in
1951. Several head of each died from
bloat on the alfalfa/bromegrass mix-
ture, but no losses occurred from the
complex mixture. The two farmers
believe that the alfalfa in the mixture
caused the bloating. The amount of
alfalfa in the forage from the alfalfa/
bromegrass mixture was considerably
more than that in the complex mix-
ture. (See Figures 1 and 3.)

Protein

protein for the three locations are the
most interesting features of the data.
The yield of crude protein for the
alfalfa/bromegrass mixture was high-
est at Greybull and lowest at Powell.
The average yield of crude protein
without fertilizer at Greybull was 702
lbs. more than that produced at Cody
and 1,322 lbs. more than that pro-
duced at Powell. The average yield
of crude protein from the complex
mixture was also highest at Greybull.
It was, however, only 42 Ibs. more
than that produced at Cody and 735
Ibs. more than that produced at Pow-
ell.

The hay yield data in Figure 2 and
the protein-yield data in Figure 7
show the differences in yields that one
may expect to receive from similar
pasture mixtures, fertilized with the
same kinds and rates of fertilizer but
grown at different locations and on
different soil types. These data illus-
trate the problem involved when rec-
ommending fertilizer for irrigated hay
mixtures in the Big Horn Basin of
Wyoming.
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It is probable that, on each field on
each individual farm, the fertility level
of the soil will vary; when this is true,

the fertility requirements for each
field will differ.

Chemical Composition of Hay

Table 2 shows the chemical compo-
sition of hay produced from the two
grass / legume mixtures at the three
locations for 1953. The data include
the average chemical composition of
the hay for all fertilizer treatments
and cuttings. The chemical constitu-
ents include the percentage of dry
matter, crude protein, calcium, and
phosphorus,

A brief summary, comparing the
data for each grass/legume mixture
at the three locations, shows that the
dry-matter percentage was highest in
the hay produced at Cody. There was
general decrease in the percentage of
crude protein, calcium, and phospho-
rus in the hay produced on the soils
of high to low productivity levels. The
productivity level of the soil caused
great differences in the composition of
the hay between locations.

Differences in the chemical compo-
sition of the hay, due to fertilizer
treatments, were masked by the vari-
ation in the vegetative composition of
the hay. The ratio of grasses and le-
gumes varied considerably between
fertilizer treatments at each location.

A preliminary study of the chemi-
cal composition of alfalfa, brome, and
orchardgrass samples collected from
the first cutting of hay from the com-
plex mixture from the no-fertilizer
check plot at each location shows the
following average results:

Crude
Protein Calcium Phosphorus

Percent Percent Percent
Alfalfa 19 1.6 22
Brome-
grass 10 .23 24
Orchard-
grass 9 24 .25

Wyoming Agricultural Experiment Station
H. M. Briggs, Director
Laramie
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