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FOREWORD

Good pasture usually furnishes cheaper feed for the dairy cow than
any other farm crop. It is cheaper than the other roughages, such as
hay, silage, root, or soiling crops, because of the higher yield and greater
digestibility of the dry matter and because there are no harvesting costs
and only comparatively low seeding and management costs.

Pasture furnishes the cow with the right kind of nutrients for good
health, reproduction, and milk and butterfat production. Immature plants are
more palatable and their dry matter is higher in digestible protein, total digest-
ible nutrients, minerals, and vitamin A than are the same plants when mature.

Greater use of pastures in the farm management plan is resulting
in lower production costs and greater net returns for many progressive
Oregon dairymen. While pastures were once confined to the poorest
land, they are now being grown on the better soils usually under irriga-
tion and are paying dividends in the form of increased tonnages of di-
gestible nutrients per acre, improvement of the soil, and decreased
labor costs.
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SUMMARY
The results of studies carried on over a ten-year period indi-

cate that it is profitable to establish and irrigate Ladino
clover and grass pastures for dairy cattle.

The return per acre from Ladino clover pasture over a four-
year period was equivalent to 4.37 tons of alfalfa hay, or
191 bushels of oats.

On an average, 3.3 cows per acre were maintained on Ladino
clover for a five-year period when the cows had supple-
mental feed to the extent of 47.7 per cent of their total
requirement.

Ladino clover and grass pastures yielded higher than grass
alone.

The four-year annual average yield per acre on 14.5 acres
of mixed Ladino clover and grass pasture was equivalent to
4.8 tons of alfalfa hay, or 226 bushels of oats.

With the application of irrigation water and the consequent
increase in yield, urgent need arises for adequate
fertilization.

On an experimental area of 8.72 acres various fertilizer
treatments had little effect on the chemical analysis, except
to decrease the dry matter by causing more abundant
growth.

The five-year annual average yield on the fertilized area of
the 8.72 acres was equivalent to 6.4 tons of alfalfa hay,
or 284 bushels of oats per acre, in comparison with 3.7
tons of alfalfa hay, or 163 bushels of oats on the non-
fertilized area.

The yield of dry matter on areas fertilized with 300 pounds
of 16 per cent superphosphate per acre was 75 per cent
greater than on areas not fertilized.

The expenditure of approximately $3.75 per acre for super-
phosphate resulted in an increased yield per acre of pasture
equivalent to 2.6 tons of alfalfa hay, or 117 bushels of oats.

A good irrigated Ladino clover or Ladino clover and grass
pasture will maintain 2 cows per acre when the cows are
obtaining 75 per cent to 85 per cent of their total feed
requirement from the pasture.



The Value of Irrigated Pastures
for Dairy Cattle*

H. P. EWALT and I. R. JONES

INTRODUCTION

Irrigated pastures in Oregon are now quite common and as an eco-
nomical source of roughage are accepted as most desirable for feeding
dairy cattle. With very few exceptions, every attempt to include irri-
gated pasture in the ration of the dairy cow has met with good success.

The returns that may be expected from any pasture are greatly in-
fluenced by the management practices. Possibly the practice that has
been neglected most up to the present time is the application of neces-
sary fertilizers. With the increased tonnage per acre created by irriga-
tion, there is urgent need for attention to the fertilizing program, if the
long-time yield of pasture is to be maintained.

While the high nutritive value of pastures has been demonstrated
and the economy of such pasture has been proved, much yet remains
to be done toward maintaining and increasing the yield per acre of
pasture. Management practices, such as the amount of water, the time
of applying it, and methods of grazing, need further study.

PART I. RESULTS OF INVESTIGATIONS WITH 11.25
ACRES OF IRRIGATED LADINO CLOVER PASTURE

In the fall of 1927 the first field of 11.25 acres was seeded to Ladino
clover by the Department of Dairy Husbandry on its farm at the Oregon
Agricultural Experiment Station.t The rate of seeding was 4 pounds per acre.
Previously the area had been prepared for flood irrigation by the use of strip
borders 24 feet wide. The 11.25-acre area was divided into 3 fields of approxi-
mately equal size and the rotational system of grazing was used. It was neces-
sary for the cows to travel a distance of approximately 1 mile from the dairy
barn to the pasture.

The yield was measured by the total digestible nutrient method.f According
to this method, the requirements for maintenance and milk production are calcu-
lated by use of the Morrison standard. Milk production is calculated to a 4 per
cent fat corrected milk basis by the Gaines formula. Consideration is given to
weight changes on pasture by allowing a credit of 3.53 pounds of total digestible
nutrients for each pound of gain and by subtracting 2.73 pounds for each pound

" All chemical analyses reported in this bulletin were made under the direction of
J. R. Haag, Chemist, Oregon Agricultural Experiment Station.

t Oregon Agricultural Experiment Station Bulletin 264.
Oregon Agricultural Experiment Station Circular 129.
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of loss. From the total digestible nutrients required for maintenance, for gain or
loss in live weight, and for milk production are subtracted the total digestible
nutrients fed in the form of supplemental feeds while the cows were on pasture.
The difference is considered to be the amount of total digestible nutrients fur-
nished by the pasture.

Figure 1. Cows on mixed grass and Ladino clover pasture on a Willamette Valley farm.
This picture taken in early June shows the grass above the clover in early part of the
season.

Figure 2. Part of the dairy herd of Oregon State College on second-year Ladino clover.
The yield on 13.5 acres is reported in Part II of the bulletin.
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Results in 1928. An early hay crop was removed from the pasture
in June. Beginning on August 20, 66 days, or 2,244 cow days, of pasture
were obtained. The net return for this year was calculated to be $27.57
per acre.

Results in 1929. During the 1929 season the Ladino clover pasture
was utilized by grazing dairy cows for a period of 167 days and a total
of 7,032 cow days.

Table 1 gives a summary, expressed in averages, of the records of
three groups of cows. Only those cows that were in their third to eighth
month of lactation were used in the calculations. Group I consisted of
36 cows averaging 22.5 pounds of milk per cow daily; Group II con-
sisted of 10 cows producing an average of 31.5 pounds of milk; and Group
III consisted of a group of lower-producing cows averaging 16.1 pounds
of milk.

It will be noted in Table 1 that the average cow obtained about 45
per cent of her total digestible nutrient requirement from the pasture.

Results in 1930. Again a representative group of animals was used
to gain the necessary data. There were 154 days of actual pasturing
during 1930 compared with 167 days for 1929, and the total cow days decreased
from 7,032 to 5,208.

Table 2 gives a summary of the 1930 records. The daily average
total of digestible nutrients fed in the barn per cow, as indicated in
Table 2, was 6.94 pounds, or 3.35 pounds less than was fed during 1929.
The average total of digestible nutrients received from the pasture per
cow per day was 10.48 pounds, or 2.14 pounds greater than for the 1929
season. The greater consumption per cow was brought about by reducing
the amount of concentrates fed in the barn, thus causing the cows to
graze more intensively. As the grazing became more intense, the carry-
ing capacity in cows per acre was reduced.

Results in 1931-32-33. Table 3 gives a summary of the results of 6
years of grazing, from 1928 to 1933 inclusive. The averages for 1931-32-33
were obtained by the use of representative groups of cows in the same
manner as illustrated in Tables 1 and 2 for 1929 and 1930.

Table 1. SUMMARY OF 1929 LAD1NO CLOVER PASTURE RECORDS

II III
Grand

average
lumber of COWS
Total cow days

Average initial weight
Average daily gain in weight
Average milk production
Average daily butterfat production
Average corn silage fed daily
Average oat.and-vetch hay fed daily
Average grain mixture fed daily

36
2343
Pounds
895.2

.544
22.57

1.024
23.12

7.29

10
700

Pounds
1,115.0

.644
31.52

1.220
16.22
9.14
8.67

40
1,662
Pounds
895.5

1.182
16.18

.786
19.03
7.84
5.33

Pounds
920.89

.784
21.65

.969
20.22

4.13
6.80Average total digestible nutrients required daily 17.82 22.63 18.27 18. 646Average total digestible nutrients fed in barn

daily 8.79 13.60 10.84 10.297Average total digestible nutrients obtained from
pasture daily 8.77 8.66 7.43 8.349

Alfalfa hay equivalent from pasture per cow daily 17.21 16.98 14.57 16.37
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In 1931 there was considerable native velvet grass in the pasture
so that the total number of days grazing was 122, or 32 days less than
during the previous year and 45 days less than during 1929. The total
cow days on the pasture were 4,665 as compared with 5,208 in 1930. Sup-
plemental feed supplied 6.84 pounds of total digestible nutrients compared
with 6.94 pounds for 1930. The rate of grazing was somewhat greater,
there being 3.39 cows per acre in 1931 compared with 2.96 cows per acre
in 1930. There were 46 days of grazing on other pasture areas, however,
at various times throughout the grazing season. Had the Ladino clover
pasture been continuously grazed without utilizing other areas, the num-
ber of cows carried per acre would have been less. The total yield would
probably have been about the same as indicated.

Table 2. SuMM.Jiy os 1930 LADINO Cr.ova PAsrursa RECORDS

In 1932 it was evident that the Ladino clover stand had decreased
to the point where it would be necessary to rework and reseed the area.
The cows grazed in 1932 for a period of 119 days at the rate of 3.19 cows
per acre, and a total of 4,272 cow days. The total digestible nutrient
intake from the pasture was 9.21 pounds per cow daily, or an increase
of 2.37 pounds over 1931. The pasture yield as expressed in tons of alfalfa
hay per acre for 1932 was 30 per cent less than the 1931 yield and about
44 per cent less than the 1929 yield.

In 1933 there were 77 days of pasture and a total of 3,061 cow days.
In the fall of 1933 the pasture area was fall plowed preparatory to
reseeding.

Table 3 gives a summary of the results of grazing the 11.25 acres of Ladino
clover for a period of 6 years, the lifetime of this particular pasture. The
data for the short grazing periods of the first and last years were not
completely summarized. Table 3 also gives the alfalfa-hay equivalent
based on the total digestible nutrients obtained from the pasture. The
pasture returns for 1929 were equivalent to 5.19 tons and in 1930 to
4.79 tons of alfalfa hay per acre. The returns for 1931 were about equal
to those of 1930, but in 1932 there was a considerable decrease in total
digestible nutrients furnished by the pasture.

Pasture management. During the first 2 years the 11.25 acres of
Ladino clover pasture were divided into 3 fields of approximately equal
size, and the cows were rotated from one to the other. In 1929 this

I ii Average

Number of cows
Total cow days

26
2,184
Pounds

25
1,400
Pounds Pounds

Average initial weight 910.96 945.76 928.02
Average daily gain in weight .608 .324 .462
Average daily milk production 24.68 21.89 23.88
Average daily butterfat production .974 .795 .904
Average corn silage fed daily
Average oat-and-vetch hay fed daily
Average alfalfa hay fed daily

16.35
3.30

9.89 13.83
2.39

3.50 1.37
Average grain muture fed daily . ------- 4.14 5.04 4.49
Average total digestible nutrients required daily
Average total digestible nutrients fed m barn daily
Average total digestible nutrients from pasture daily
Alfalfa hay equivalent from pasture per cow daily

18.32
7.25

11.06
21.85

16.03
6.46
9.56

18.89

17.42
6.94

10.48
20.83



Table 3. SUMMARY or LADINO CLOVER PASTURE RECORDS 1928-1933

Length of grazing season, days
Cows pastured on Ladino clover, days
Cows pastured on other areas, days
Total Cow days on Ladino clover, days
Total cow days on other pasture, days
Average cows per acre on Ladino clover, number
Average oat-and-vetch hay daily per cow, pounds
Average alfalfa hay daily per cow, pounds
Average corn silage daily per cow, pounds
Average grain mixture supplement, pounds
Average weight per cow when placed on pasture, pounds- Average gain in weight per cow per day, pounds
Average milk per cow per day, pounds
Average butterfat per cow per day pounds
Total digestible nutrients required by average cow daily, pounds
Total digestible nutrients fed in barn per cow, daily, pounds
Total digestible nutrients from pasture per cow, daily, pounds
Percentage of nutrients from pasture
Pasture equivalent in alfalfa hay per cow per day, pounds
Pasture equivalent in alfalfa hay per acre, tons
Pasture equivalent in bushels of oats per acre

1928 1929 1930 1931 1932 1933

66 183 154 176 153 159
66 167 154 122 119 77

16 46 34 82
2,244 7,032 5,208 4,665 4,272 3,061

672 1,237 1,224
3.03 3.74 2.96 3.39 3.19 3.50

4.13 2.39 3.68 4.68
1.37

20.22 13.83 10.00 15.00
6.81 4.49 4.07 5.31

920.89 930.78 891.80 955.50
.784 .434 .811 .206

21.65 23.588 23.73 24.44
.969 .904 1.045 1.100

18.646 17.423 17.820 16.830
10.297 6.94t 6.840 9.210
8.349 10.482 10.9811 7.620

44.77 60.16 61.61 45.27
16.6 20.7 21.8 15.2-
5.19 4.79 4.52 2.89

227.7 211.7 198.6 126.2
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resulted in each pasture being grazed for 7 days and then being allowed
to grow about 14 days before again being grazed. In 1930 the pastures
were divided into 6 fields of about 1.9 acres each. An attempt was made
to rotate the cows to a new pasture as soon as there was evidence that
they were not obtaining enough feed to maintain production.

It was found that cows bloated readily on Ladino clover pasture,
particularly when conditions were such that they grazed rapidly or tended
to gorge themselves. Feeding them generously with hay or silage before
turning them on pasture had a tendency toward reducing bloat occur-
rence. Hot sultry days and walking for a distance seemed to increase
the hazard of bloat. The stage of growth of the clover or the amount of
moisture on the clover did not appear to be related to the development
of bloat.

It was found that when the cows were left as continuously as possible
on good abundant herbage or when management conditions were such
that the cows did not have a tendency to overeat or eat too rapidly, bloat-
ing would not occur to any great extent. Some dairymen have never
experienced conditions of bloat on Ladino clover pasture, while others
report consideragle trouble. Sowing grass seed with the clover has been
found helpful, but may not completely eliminate bloat.

Irrigation data. The pasture areas were flood irrigated after each
grazing period and in some instances were again irrigated several days
before the next grazing, allowing time enough for the sod to become firm
so that injury from trampling would not occur. Table 4 gives the irriga-
tion records for the 5 years 1929-1933 inclusive. While this table gives
the amount of water run over the field, it does not represent the amount
actually remaining in the soil for plant use. It has been calculated that
there was a run-off of at least one-third of the amount applied in 1929.
In 1930 the amount of irrigation water lost in run-off at the lower end of
the pasture was very little, and in most irrigations there were no losses
in the succeeding years.

Table 4. SUMMARY OF IRRIGATiON REcoiilis

Year

Average acre Total acre
Number of inches per inches per
irrigations irrigation season

1929 5 16.40 81.99
1930 7 9.40 65.80
1931 7 6.43 45.01
1932 r 7 5.75 40.25
1933 6 7.00 42.00
Average, 1929 excluded -- 6.75 7.15 48.26

The excessive use of irrigation water is not a good practice and
in 1929 and 1930 was due in a large part to inexperience on the part of
the man doing the irrigating. A large amount of soil fertility is wasted
by the excessive use of water, especially with regard to droppings scat-
tered over the pasture, The conditions and type of soil have considerable
effect on the amount of wastage that may result from flood irrigation of
pastures.

The areas receiving an application of 10 tons of manure per acre
showed a marked increase in growth. The application of complete
fertilizers also gave good results. Sulphate of potash did not seem to be
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of value when applied at the rate of 100 pounds per acre on this particular
pasture area.

SUMMARY PART I

In the fall of 1927 an 11.25-acre area of irrigated Ladino clover pasture
was seeded and grown on heavy clay soil that had been abandoned
as crop land.

The pasture as measured by the total-digestible-nutrient method gave
returns equivalent to an average of 4.37 tons of alfalfa hay per acre
for the years from 1929 to 1932 inclusive.

The pasture return expressed in bushels of oats per acre was equivalent to
a yearly average of 191 bushels for 4 years.

The pasture produced profitably for the 4 years from 1929 to 1932.
The high carrying capacity, averaging 3.33 cows per acre, was main-

tained for 4 years when the cows had supplemental feed to the extent of -

47.7 per cent of their total requirements.

The application of fertilizer was liberal. Barnyard manure at the
rate.of 10 tons per acre produced marked results.

There was an average of 6.75 irrigations per season with 7.15 acre
inches of water per irrigation.

PART II. RESULTS FROM GRAZING MIXED GRASS
AND LADINO CLOVER PASTURE

In the fall of 1933 approximately 14.5 acres were seeded at the rate of
24 pounds per acre with the following mixture: English rye grass, 8
pounds; meadow fescue, 5 pounds; timothy, 4 pounds; red top, 4 pounds;
and Ladino clover, 3 pounds. In 1934 there was also in use a 9.1-acre area
seeded at the rate of 30 pounds per acre with a mixture of English rye
grass, 10 pounds; red top, 7 pounds; Kentucky bluegrass, 7 pounds; timothy, 4
pounds; and Ladino clover, 2 pounds.

Pasture management. The pastures were rotationally grazed. Suf-
ficient pasture was available so that grazing was continuous from the
beginning to the end of pasture season. Grazing was not begun at the
first of the season until the herbage was at least 6 to 8 inches high and
the ground fairly firm.

Care was taken that the pastures were not grazed too close at each
period of grazing, and grazing was discontinued early enough in the fall
to allow substantial plant growth before the dormant period.

In some years when a considerable amount of grass matured, the
areas were clipped to even up the growth and produce new palatable
herbage. If the clippings were excessive, they were removed from the pasture
areas.

The pastures were fertilized with 300 pounds of 16 per cent super-
phosphate per acre. Some areas were fertilized with barnyard manure
applied in the fall. No effort was made to spread the droppings on the
pasture.
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The pastures were flood irrigated with about 35 acre-inches per
season. Each pasture was irrigated 5 to 7 times during each season

Weeds were controlled largely through the efforts of the man
handling the irrigation water.

Figure 3. A sprinkler system in operation on Ladino clover.

Figure 4. A Willamette Valley pasture under flood irrigation. Borders or ridges for
controlling water can be seen in the center and right of the picture.



Results in 1934. In 1934, 23.6 acres of pasture were grazed for a pe-
riod of 197 days. The average production per cow was 28.15 pounds of
milk daily. The total-digestible.nutrient requirement per cow daily was
18.87 pounds. The cows were fed a small amount of hay daily and toward
the end of the pasture season silage feeding was begun. The supple-
mental feed amounted to 6.06 pounds of total digestible nutrients per cow
daily, leaving 12.81 pounds supplied by the pasture. The 12.81 pounds of
total digestible nutrients are equivalent to 3.63 tons of alfalfa hay per
acre for the season.

The 14.5 acres seeded in the fall of 1933 supplied 143 days pasture of
the total of 197 days for the season. An average of 32.8 cows grazed
daily, or 2.3 cows per acre of pasture. Using the total-digestible-nutrient
return of 12.81 pounds per cow daily, this pasture was equivalent to 4.2
tons of alfalfa hay per acre for the season. The forage on the area was
about 75 per cent Ladino clover.

The stand of forage on the remainder of the available pasture was
quite poor and consisted mainly of rye grass. This resulted in the lower
returns per acre of all pasture utilized during the 1934 season as com-
pared to the 14.5-acre area.

Results in 1935. A total area of 28.5 acres was grazed in 1935 for a
period of 164 days. The average milk production for the entire herd
was 26.43 pounds per cow daily. The only supplemental feed, with the
exception of a small amount of hay at the end of the season, was a grain
mixture of millrun 480 pounds, ground oats 250 pounds, ground barley 50
pounds, cottonseed meal 50 pounds, soybean meal 100 pounds, and 20
pounds each of salt and 'bonemeal. The total-digestible-nutrient require-
ment per cow daily was 18.48 pounds. The supplemental feed amounted

Figure 5. Part of the Oregun State College dairy herd on 5-year-old mixed grass and
Ladino clover pasture. Ihe yields from this area are reported herein under l4 acres
seeded in the fall of 1933.

IRRIGATED PASTURES FOR DAIRY CATTLE 15
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to 3.87 pounds per cow daily. The difference credited to the pasture
was 14.61 pounds of total digestible nutrients per cow daily. This return
is equivalent to 3.69 tons of alfalfa per acre for the season.

The 14.5-acre area of the 1933 fall seeding was grazed for a total of
133 days at the rate of 3.04 cows per acre. Using the total.digestible-
nutrient return of 14.61 pounds per cow daily, the return on this area was
equal to 5.9 tons of alfalfa hay compared with 4.2 tons in 1934, the first
year the area was grazed, The herbage consisted of 50 to 60 per cent
clover.

Results in 1936. There was an additional 4.8-acre field of grass pas-
ture available in 1936, making a total of 33.3 acres, which were grazed for
a total of 198 days. The average daily milk production per cow was
25.72 pounds. The cows were fed hay and silage in the latter part of the
pasture period. The total digestible nutrients in the supplemental feed
amounted to 5.85 pounds per cow daily. The total-digestible-nutrient re-
quirement was 17.52 pounds per cow daily, leaving 11.67 pounds as the,
return from the pasture. This amount of nutrients was equivalent to
3.24 tons of alfalfa hay per acre compared with 3.69 tons for 1935 and
3.63 tons for 1934.

The 14.5-acre area seeded in 1933 provided 124 days pasture. The
average number of cows pastured daily was 47.9. Applying the total
digestible nutrient return of 11.67 pounds per cow daily this pasture in
1936 gave returns equivalent to 4.7 tons of alfalfa hay per acre compared
with 5.9 tons for 1935 and 4.2 tons for 1934. The herbage growing was
from 40 to 50 per cent Ladino clover. Sections of the fields were begin-
ning to show more grass.

Results in 1937. During 1937 a total of 46.8 acres was available for
grazing. This included an additional 13.5-acre area seeded in the spring
of 1937 to Ladino clover only, at the rate of 4 pounds per acre.

The entire area was grazed for a total of 189 days. The average
daily milk production was 30.57 pounds per cow. The total-digestible-
nutrient requirement was 20.08 pounds per cow daily. The only supple-
ment fed was in the form of a concentrate mixture that amounted to 3.63
pounds of total digestible nutrients per cow daily. The difference of
16.45 pounds of total digestible nutrients per cow daily was returned by
the pasture. This return is equivalent to 4.2 tons of alfalfa hay per acre
for the season.

The 14.5-acre area seeded in 1933 produced 91 days pasture for an
average of 44.5 cows per day. Applying the total-digestible-nutrient
return of 16.45 pounds per cow daily as determined for this season, this
pasture gave returns equivalent to 4.6 tons of alfalfa hay per acre compared with
4.7 tons in 1936, 5.9 tons in 1935, and 4.2 tons in 1934. The herbage for this year
was about 20 per cent clover. English rye grass predominated in the grasses
growing on this area.

The 13.5 acres of Ladino clover seeded in the spring of 1937 was
first pastured on July 26. This area produced 32 days pasture at the rate
of 3.2 cows per acre, with the cows obtaining 82 per cent of their feed
requirement.

Results in 1938. The same area of 46.8 acres utilized in 1937 was
again grazed during 1938 for a total of 205 days. The average milk
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production per cow daily was 32.57 pounds. The average total-digestible-
nutrient requirement was 20.09 pounds daily. The amount of total digesti-
ble nutrient supplied daily in the form of a concentrate mixture was 4.8
pounds. The difference credited to the pasture was 15.29 pounds total di-
gestible nutrients per cow per day. This return is equivalent to 3.43 tons
of alfalfa hay per acre for the season.

Part of the 14.5-acre pasture seeded in 1933 was pastured by a separate
group of cows in 1938 and is reported in Part III of this bulletin.

The Ladino clover area of 13.5 acres seeded in the spring of 1937 was
grazed for a total of 81 days at the rate of 2.94 cows per acre. Applying
the average total-digestible-nutrient return of 15.29 pounds per cow daily,
this Ladino clover pasture was equivalent to 3.7 tons of alfalfa hay per
acre for the season. This field in previous years when not irrigated
produced about 11 tons of oat-and-vetch hay per acre or, when planted
to corn, from 4 to S tons of silage per acre.

Summary of records, 1934-1938. Table 6 gives a summary of the re-
sults of 5 years pasture records from 1934 to 1938 inclusive, using the
entire herd of milking and dry cows and the entire acreage of pasture.

Table 6. SUMMARY OF PASTURE Racosos 1934-1938

While the returns as expressed in tons of alfalfa hay per acre are
not particularly high, it should be pointed out that this pasture was for
the most part growing on a heavy type of soil with low fertility. Part
of the area had previously been abandoned as crop ]and and the re-
mainder had a producing ability of about 1 tons of oat-and-vetch hay
per acre. The higher returns, as indicated on the 14.5 acres seeded in
1933, are due in part to a better type of soil with greater original fertility.
In view of this, a direct comparison cannot be made of the returns from
grass alone as pasture and Ladino clover and grass pasture.

The return from pastures as compared with hay crops, if costs of
growing are considered, further emphasizes the importance and value of
good pastures.

Table 7 gives a summary of 4 years grazing on the 14.5-acre mixed
grass and clover pasture seeded in the fall of 1933. The total days of
pasture do not represent continuous grazing. The 14.5 acres were divided
into 3 fields and were grazed rotationally with other fields included in
the rotation. Had the grazing been continuous on this area alone, the
number of cows carried per acre would undoubtedly have been consider-

Average
total

digestible

Average
total

digestible
nutrients

Alfalfa
hay

equiva-
lent

Average nutrients from per acre
Days in 4-per-cent fed in pasture pasture

Acres of pasture milk per barn per per cow for
Year pasture season cow daily cow daily daily season

Number Pounds Pounds Pounds Tons
1934 23.61 197 28.15 6.06 12.81 3.63
1935 28.53 164 26.43 3.87 14.61 3.69
1936 33.33 198 25.72 5.85 11.67 3.24
1937 46.83 189 30.57 3.63 16.45 4.18
1938 46.83 205 32.57 4.80 15.29 3-43

Average 190.6 28.68 4.84 14.16 3.63
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ably less. Two acres of the 14.5-acre area were not fertilized and their
yield was less than half that of the remainder of the area. This will be
pointed out further in Part III of this bulletin.

Table 7. RESULTS FROM GRAZING 14.5 ACRES OF MIXED Gitass AND LADINO Cx.ovss
PASTURE

SUMMARY PART II

Ladino clover and grass pastures yielded somewhat higher than grass
alone.

Ladino clover responded more readily to irrigation and grew more
rapidly, particularly in the fall, than did the grasses.

The 5-year-average yield on all pasture was equivalent to 3.6 tons of
alfalfa hay per acre.

The 4-year-average yield on 14.5 acres of mixed clover and grass was
equivalent to 4.8 tons of alfalfa hay per acre, or 226 bushels of oats
per acre when oats are considered at 32 pounds per bushel.

These yields were obtained when the pastures were supplying 65 to
80 per cent of the total-digestible-nutrient requirement of the cows.

PART III. THE RESULTS OF FERTILIZATION OF
IRRIGATED PASTURES

In the fall of 1933 an 8.72-acre field was seeded with the following
mixture at the rate of 24 pounds per acre: English rye grass, 8 pounds;
meadow fescue, 5 pounds; timothy, 4 pounds; red top, 4 pounds; and
Ladino clover, 3 pounds. The field was divided into approximately 1-acre
plots for annual fertilizer treatment as follows:

2 one-acre plots check plots, no fertilizer.
2 one-acre plots 300 pounds of 16 per cent superphosphate per acre.
2 one-acre lots 300 pounds of 16 per cent superphosphate per acre.

p 150 pounds of nitrate of soda per acre.
300 pounds of 16 per cent superphosphate per acre.

2 one-acre plots 150 pounds of nitrate of soda per acre.
50 pounds of muriate of potash per acre.

This field was flood irrigated using strip borders 24 feet wide. Each
fertilizer plot was composed of 5 such strips with the borders preventing
the exchange of fertilizer from one strip to the other.

Year
Days

pasture

Cows per
acre

during
period
pastured

Total
digestible
nutrients

from
pasture
per cow

daily

Alfalfa
hay

equiva-
lent per
acre pas-
ture for
season

Percent-
age of
clover

in stand

1934

.936

.937
.verage

Days
143
133
124
91

122.7

Number
2.3
3.0
3.3
3.1
2.9

Pounds
12.81
14.61
11.67
1645
13.88

Tons
4.2
5.9
4.7
4.6
4.8

Per cent
75

50 to 60
40 to 50
15 to 25

About 50



The fertilizers were applied in late April or during May with the
exception of one-half of the nitrate of soda, which was applied about the
middle of the pasture season.

Figure 6 A view of fertilizer-trial areas showing cages used to protect areas for clipping
The cows in the background are a part of those used in controlled grazing to determine
yield.

Figure 7. A close-up view of a protected area. The pasture outside the cage had been
grazed for 6 days.
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The plan of the fertilizer-trial area given below shows the fertilizer
treatment in pounds per acre.

Check N 150 N 150 P 300 Check N 150 N 150 P 300
P 300 P 300 P 300 P 300
K 50 K 50

Beginning in 1934, the area was divided into 3 fields and pastured
with dairy cows, the cows being rotated from one pasture to another.
In 1934 an area that fell inside an iron hoop 6 feet in diameter was
clipped from each of the fertilizer plots. Two such areas were clipped
from each plot at the beginning of each grazing period throughout the
season and the samples retained for chemical analysis.

In 1935, 1936, 1937, and 1938 two areas of 100 square feet each were
protected by panels on each fertilizer plot. These panels were moved to
new areas at each grazing period. The areas were clipped at the end
of each grazing period throughout the season of each year. These
samples were weighed and dried and aliquot portions were used for
chemical analysis.

Average chemical composition. Table 8 gives the average chemical
analysis of the dry matter in clippings from the fertilizer-trial area over a period
of 5 years. Table 9 shows the average chemical analysis of the pasture as
grazed on the various plots for the 5 years from 1934 to 1938.

The pasture herbage in 1934 was about 75 per cent Ladino clover, in
1935 about 50 to 60 per cent clover, while in 1936 and 1937 samples were
from 15 to 20 per cent clover. In 1938 the pasture was 90 per cent or
more grass for the first part of the season and about 50 per cent grass
for the latter part of the pasture period.

The fertilizer treatment had little effect on the chemical analysis of
the forage except that the check plots usually showed the lowest crude
protein content. The amount of crude protein decreased as the per-
centage of clover decreased in the pasture during the 5-year period. There
was a marked decrease in the percentage of calcium after the second
year's growth. This was undoubtedly in part due to the decrease in
Ladino clover and increase in grass in the pasture stand from 1934
through 1938.

As shown in Table 9, the pasture as grazed over the season showed
an average of about 20 per cent dry matter for the fertilized and more than 22
per cent for the unfertilized areas. The more luxuriant plant growth on the
former resulted in a decrease in dry matter.

Yield of pasture herbage. The yield of green forage per acre for the
various fertilizer treatments over a period of years is shown in Table 10.
The data for 1934 are not complete for the reason that clippings were not
taken during the first and last periods of pasturing. The yield, exclusive
of the first and last months, however, is higher than the 1936 yield. The
high yield for 1935 was due in part to the high percentage of clover in
the field. While there was not a great deal of difference in yield for
the plots having various fertilizer treatments, there was a considerable
decrease in yield op the check plots that had no fertilizer. This difference



in yield clearly indicates the value of and need for adequate fertilization,
especially with phosphate-carrying fertilizers.

Table 8. AVERAGE CIIERtICAL CoMPosITION OF DRY MATrER OF WEIGItTED COMPOSITE
SAMPLES OF IRRIGATED-PASTURE CLIPPrNGS

z Does not include clippings for first and last periods of pasturing.

Table 10. COMPARATIVE YIELD OF PASTURE HERBAGE PER AcRE OF IST1IGATED LADINo
CLOVER AND CRASS PASTURE

Table 9. AVERAGE CHEMICAL COMPOSITION OF PASTURE GRASSES AND CLOVER A5 GRAZED,
1934-1938

78
72
78
76

lot

Total
dry

matter
Crude

protein Fat Fiber
N-free
extract Ash Ca P

Per cent
22.39
19.52
20.61
19.98

Per cent
3.11
2.98
3.15
3.02

Per cent
0.59
0.51
055
0.57

Per cent
5.26
4.68
5.02
4.82

Per cent
10.87
9.23
9.64
9.36

Per cent
2.56
2.12
2.25
2.21

Per cent
0.224
0.215
0.214
0.200

Per ce
0.0
0.0
0.0
00

Fertilizer
treatment Year Fat Fiber Ash

Crude
protein

Nitro-
gen free
extract

Phos-
phorus

Calcium1

Per
cent

Per
cent

Per
cent

Per
cent

Per
cent

Per Per
cent cent

Check plots 1934 2.31 23.18 12.29 16.09 46.13 1.46 0.32
Check plots 1935 2.36 21.38 10.93 15.91 49.42 1.26 0.37
Check plots 1936 2.46 24.10 11.41 13.44 48.59 0.82 0.40
Check plots 1937 2.83 22.62 11.08 13.64 49.83 0.89 0.36
Check plots 1938 3.16 26.19 11.45 10.39 48.81 0.63 0.30
Five-year average 2.62 23.49 11.43 13.89 48.56 1.00 0.35

P plots 1934 2.09 23.47 12.68 17.88 43.88 1.72 0.36
P plots - 1931 202 22.24 10.75 16.64 48.35 1.34 0.36
P plots 1936 271 24.97 10.66 12.68 48.98 0.83 0.38
P plots 1937 2.67 24.22 9.85 14.93 48.33 0.95 037
P plots 1938 3-47 24.96 10.39 14.06 47.12 0.65 0.37
Five-year average 2.59 23.99 10.87 15.28 47-33 1.10 0.37

N-P plots 1934 2.42 23.55 12.44 16.48 45.11 1.55 0.38
N-P plots 1935 2.41 22.39 11.44 18.81 45.15 1.40 0.41
N-P plots 1936 2.63 26.47 10.31 12.44 48.15 0.72 0.38
N-P plots 1937 2.67 23.42 9.82 15.72 48.37 0.90 0.37
N-P plots 1938 3.27 25.87 10.62 13.01 47.23 0.61 0.36

Five-year average 2.68 24.34 10.93 15.29 46.80 1.04 0.38

N-P-K plots 1934 2.55 23.07 12.40 16.87 45.11 1.49 0.37
N-P-K plots . 1935 2.57 21.35 11.40 19.27 45.41 1.35 0.39
N-P-K plots 1936 2.78 25.90 10.00 12.52 48.80 0.68 0.38
N-P-K plots 1937 3.10 25.00 10.36 13.84 47.70 0.82 0.37
N-P-K plots 1938 3.12 25.20 11.17 13.17 47.34 0.67 0.37
Five-year average 2.83 24.10 11.07 15.13 46.87 1.00 0.38

Tons green forage per acre

Fertilizer treatment 1934 1935 1936 1937 1938
I

Average

Check 14.76 16.05 10.62 9.23 8.05 11. 742
P 26.99 36.86 18.54 17.61 15.07 23 .0 14
N-P 22.28 38.13 19.87 16i29 14.02 22.118
N-P-K 24.97 40.63 19.79 17.67 12.47 23.106
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Dry-matter yield. Table 11 gives the dry-matter yield per acre. Here
again the value of fertilizer is clearly indicated. The average dry-matter
yield is 4.56 tons per acre on the fertilized areas and 2.61 tons per acre on
the unfertilized area. This represents a 75-per-cent increase in yield with the
addition of fertilizer.

Table 11. DRY-MATTER YIELD PER AcsE

Yield of digestible nutrients by clip-plot method. Table 12 gives the
computed total digestible nutrients in the pasture clippings for the years
1934 to 1938 inclusive. This table shows that the percentage of dry
matter was slightly higher in the check-plot clipping where the growth
was not as luxuriant as that on the fertilized areas. The high digestible
protein and total digestible nutrient values of the grass and Ladino clover
pasture emphasize its high feeding value.

Table 12. DIGESTIBLE NUTRIENTS CALCULATED FROM TABLE 10 AND RECOMMENDED
DIGESTION COEFFICIENTS,* 5-YEAR AVERAGE

Tons of dry matter per acre

U. S. D. A. Soil Conservation Service mimeograph No. 1046. Pasture Investigations
Technique, 1936.

The pounds of digestible protein and total digestible nutrients per
acre of pasture have been calculated from Tables 10 and 12 and are shown
in Table 13. This table brings out clearly the yield by various fertilizer
treatments. The high yield of the pastures is indicated by the equivalent
tonnage of alfalfa hay or bushels of oats produced per acre.

Table 13. THE 5-YEAR AVERAGE YIELD OF CALCULATED DIGESTIBLE PROTEIN, TOTAL
DIGESTIBLE NUTRIENTS AND FEED EQUIVALENT PER ACRE

Check 22.39 2.33 0.66 4.16 8.70 15.85
P 19.52 2.24 0.57 3.70 7.38 13.89
N-P -- 20.61 2.36 0.62 3.97 7.71 1466
N-P-K 19.98 2.27 0.64 3.81 7.49 14.21

Fertilizer treatment i 1934 193S 1936 1937 1938 Average

Check 2.872 343 6 2.454 2.161 2.220 2.629
P 4139 6.860 4.282 3.685 3.5 02 4.493
N-P 3.607 7.215 4.669 3.533 3.767 4.558
N-P-K 4.241 7.131 4.707 4.045 2.956 4.6 16

Per acre of pasture
Total digestible nutrient

equivalent per acre

Plot
Digestible

protein
Total digest-
ible nutrients Alfalfa hay Oats

Pounds Posiisds Tons Bushels
Check 547 3,722 3.68 163
P 1,031 6,393 6.32 280
N-P 1,044 6,485 6.41 284
N-P-K 1,049 6,567 6.49 288

Total
dry

Calculated digestible nutrient

Fat N-free
Plot matter Protein (X2.25) Fiber extract Total

Per Per Per Per Per Per
cent cent cent cent cent cent



Table 13 also strikingly brings out the value of adequate fertiliza-
tion. The fertilized areas show an average return for the 5-year period
equivalent to 6.4 tons of alfalfa hay per acre, or 284 bushels of oats per
acre. In comparison, the nonfertilized area gave returns equivalent to
3.7 tons of alfalfa hay, or 163 bushels of oats. The expenditure of ap-
proximately $3.75 per acre for superphosphate resulted in an increased
yield equivalent to 2.6 tons of alfalfa hay, or 117 bushels of oats per acre.

Table 14 gives the calculated total digestible nutrients in the 1938
pasture clippings. This table shows considerably more dry matter and
total digestible nutrients per 100 pounds of green clippings than is shown
in the 5-year average as given in Table 13. This difference is probably
due to the lower percentage of Ladino clover in the clippings and, con-
sequently, slower growth and smaller total yield as indicated in Table 10.
Table 14. CALCULATED DIGESTIBLE NUTRIENTS IN THE GREEN FORAGE FOR 1938 BASED ON

CHEMICAL ANALVSIS AND RECOMMENDED DIGESTION COEFFICIENTSr

U. S. D. A. Soil Conservation Service mimeograph No. 1046. Pasture investigations
Technique, 1936.

The calculated yields of total digestible nutrients for the 1938 season
with various fertilizer treatments are shown in Table 15. While the yields
are lower for 1938 than for the 5-year average of the pasture as given in
Table 13, they remain significantly high as compared with equivalent
yields of other crops.

Table 15. THE 1938 CALCULATED YIELD OF TOTAL DIGESTIBLE NUTRIENTS AND FRED
EQUIVALENTS PER ACRE

Yield of digestible nutrients as measured by dairy cows during 1938.
This pasture of 872 acres was grazed by a group of dairy cows in their
second to fourth lactations. The cows were in early lactation at the be-
ginning of the pasture season. Table 16 gives the summary of the results
of grazing by this group of cows. The pasture period was begun with
a group of 15 cows. This number was reduced as it became necessary
to meet the slower growth later in the season. The average number
of cows for the year was 12.43 daily for the 8.72 acres, or 1.4 cows per acre.

The production of 10 cows continuously grazed on this area through-
out the season is shown graphically at weekly intervals in Figure 2. The

Plot
Total dry

matter
Crude
protein

Fat
(X225) Fiber

N-free
extract Total

Check
P
N.P

Per rent
27.S8
23.24
2687
2371

Per cent
213
245
262
2.44

Per ceNt
.98
.91
.99
.83

Per cent
5.71
4.59
5.49
4.72

Per cent
10.79
8.71

10.15
8.98

Per cent
19.61
16.71
19.25
16.97

Check 3,156 3.12 138 8.44
P 5,036 4.88 221 13.47
N-P 5,398 5.33 237 14.43
N-P-K 4,232 4.18 186 11.31
Average 4456 4.40 195 11.91

Feed equivalent per acre

Total digesti-
Plot ble nutrients Alfalfa hay Oats Corn silage

Pounds Tons Bushels Tons
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ability of cows producing about 40 pounds of 4-per-cent milk daily to
maintain production at the normal level when receiving about 65 per cent
of their nutrient requirements from the pasture is indicated. Figure 8
shows thai the cows declined in production faster than the normal rate
when removed from pasture. The total digestible nutrients from the pasture per
cow per day were calculated to be 15.26 pounds, or a total of 35,958 pounds, as
the yield from the 8.72 acres.

20
0

BARN FED AND ON PASTUREWHEN

LEGEND

of 10
normal

cows Or,

decline
posture.Decline

Eckles

Table t6. THE YIELD FROM 872 Acs AS MEASURED BY GRAZING DAIRY Cows DURING 1938

Total
Average per

cow daily

Average number of cows 12.43
Total days pasture 189.0
Total cow days 2,351.0
Number of acres 8.72
Initial weight, pounds 16,314.0
Gain in weight, pounds 1,455.0 0.647
Milk produced, pounds 103,613.9 44.1
Milk, 4 per Cent fat corrected, pounds 93,201.7 39.7
Butterfat, pounds 3,399.41 1.45
Total digestible nutrient required for milk, pounds.. 30,237.7 12.90
Total digestible nutrient required for gain, pounds -- 5,223.6 2.22
Total digestible nutrient required for maintenance,

pounds 19,599.5 8.33
Total digestible nutrient required, pounds 55,060.8 23.44
Total digestible nutrient fed in grain, pounds 17,471.6 7.44
Total digestible nutrient fed in silage, pounds 1,630.8 .69
Total digestible nutrient fed, pounds 19,102.4 8.13
Total digestible nutrient from pasture, pounds 35,958.4 15.26
Per cent of nutrients from pasture 65.3
Pasture equivalent in alfalfa hay per acre, tons 4.08
Pasture equivalent in oats per acre, bushels 181.00
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The yield by the clip-plot method calculated from Table 15 amounted
to 38,856 pounds of total digestible nutrients for the 8.72-acre tract. This
gives 2,898 pounds of total digestible nutrients higher yield than indicated
by the grazing data. In other words, the clip-plot method gave returns
approximately 8 per cent higher than by actually grazing with cows.

SUMMARY PART III

The 5-year average yield on the fertilized areas was equivalent to 6.4
tons of alfalfa hay, or 284 bushels of oats per acre in comparison
with 3.7 tons of alfalfa hay, or 163 bushels of oats on the nonfer-
tilized areas.

Various fertilizer treatments had little effect on the chemical analysis
of irrigated Ladino clover and grass pastures, except to increase the
rate of growth and thereby decrease the percentage of dry matter.

The yield of dry matter on areas fertilized with 300 pounds of 16- per
cent superphosphate per acre was 75 per cent greater than on areas
not fertilized.

The 8.72 acres of pasture were rotationally grazed a total of 189 days
by an average of 12.43 cows daily.

With an average production of 39.7 pounds of 4-per-cent milk per
cow daily and with the cows obtaining 65 per cent of their nutrient
requirement from the pasture, this experimental area carried 1.4
cows per acre daily.

The two acres of nonfertilized pasture lowered the carrying capacity
per acre of this area.

The grazing method of measuring the pasture yield was about 8 per
cent less than the yield obtained by the clip-plot method.
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