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The Yield and Feeding Value of Prairie Hay
as Related to Time of Cutting

By H. M. BRIGGS, W. D. GALLUP, and A. E. DARLOW*

The feeding value of forage plants changes continually as the
plants grow and reach maturity. After maturity, the plants slow-
ly lose in nutritive value due to weathering.** It is to be expected
therefore that prairie hay will vary in feeding value according to
the time of year when it is cut. This effect of time of cutting on
feeding value of prairie hay has been investigated by the Experi-
ment Station, and the results are described in this bulletin.t

Results varied somewhat with seasonal conditions, as would
be expected. In general, however, they showed that:

1. June cuttings had the highest feeding value per POUND
(total digestible nutrients, or T.D.N.}.

2. July cuttings had the highest feeding value per ACRE. Hay
cut in July had the highest average yield in tons per acre, and its
T.D.N. per pound ranked next to June hay. Consequently, July
cuttings gave the best combination of tonnage and feeding valuc
per pound, and the greatest yield of total digestible nutrients per
acre. (Figure 1). .

3. Hay from all cuttings lost considerable amounts of carotene
during the first six months of storage. Despite these losses, suf-
ficient amounts remained at the end of the usual storage period
(6 months) to make the hay a valuable source of vitamin A for
livestock rations.

This research is being continued with the aim of finding what
effect time of cutting may have upon the kind and stand of grasses
and weeds in the meadow. Results of this work will be reported

later.

* Respectively: Animal Husbandman; Research Chemist; and Head, Department
of Animal Husbandry. The authors are indebted to Clifford Kinney and J.
S. Dinning for their capable assistance in caring for the animals and making
collections during some of the digestion trials.

** See ‘“‘Other Research Related to the Problem,” page 10.

7 Annual reports of results of this work have been made in the following pub-
lications of the Oklahoma Agricultural Experiment Station: Mimeo. Ofir.
M-136 (1945), Bulletin B-296 (1946), and Miscl. Pub. MP-11 (1947).

[5]
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How the Tests Were Made

The experimental plots used in this test were representative
ol a typical Oklahoma native hay meadow. The entire area had
been in meadow for many years, except that for a year preceding
the test it had been used as a pasture. The grasses were predom-
inantly big and little bluestem, with a scattering of switch grass,
sideoats grama, and Indian grass.

The test area was divided into tour blocks. One plot from
each block was mowed the third week of June, another the third
week of July, a third the third week in August, and the fourth the
third week in September. After field curing, the hay was raked
with a side delivery, baled with a pickup baler, and stored in a hay
loft. The hays made in 1944 and 1946 were stored without rain
damage. Two of the 1945 crops had some rain damage. The June
hay that year received one-half inch of rain between mowing and
raking; and the September hay was thoroughly soaked by 14 inches
ol rain, over a two-week period, after it was raked into windrows.

Each year, hay from the different plots was compared as to
yield, palatability, and content of major feed nutrients and of cal-
cium, phosphorus, and carotenc (the plant source of vitamin A).
Differences in digestibility of the different lots of hay were de-
termined by digestion trials with steers.  Loss of carotene during
winter storage of the hays was determined at monthly intervals. In
addition, the late summer and fall grass (regrowth, or second-
growth grass) produced on these plots after the hay was cut was
analyzed for its content of feed nutrients.

Tonnage Yield

The yield per acre of the different cuttings of prairie hay is
given in Table 1.* Variations in yield from year to year were due
chiefly to variations in the amount and distribution of rainfall
during the growing season.

Chemical Composition
The chemical composition of the hays cut is different months
is given in Table II
Pro1EIN. The average protein content declined as the season

advanced from June through August, but because of fall rains and
consequent new growth the average protein content of September

¥ Tables will be found at the end of the bulletin. pp. 12 ff.
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Fig. 1.—Average Yield and T.D.N. Per Acre of Prairie Hay Cut in June,
July, August, and September.

Hay cut in July produced the largest tonnage of total digestible nutri-
ents per acre, as well as the largest total yield. The June-cut hay had
a somewhat higher feeding value per pound, but the July yield was
enough greater to give July-cut hay the greatest feeding value per acre.

hay exceeded that of August hay. There was relatively less change
in the other nutrient constituents.

CaLciuMm AND PHospHORUs. Although differences between the
hays in calcium and phosphorus content were small, it is note-
worthy that the hays highest in protein were also highest in phos-
phorus but lowest in calcium. Non-legume hays are characteris-
tically low in phosphorus, and when used in rations usually need
supplementation with high phosphorus feeds.

CAROTENE. There was a marked reduction in the crude
carotene content of the hays during the early part of the storage
period. Most of the indicated loss occured during the first 30 days
of storage. All the hays except those that suffered rain damage
remained fair sources of carotene even after six months storage.
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Digestibility and Nutrient Content

The digestibility of the hays and their calculated content of
total digestible nutrients are shown in Table III.

In general it may be said that all nutrients in the June-cut
hay were more digestible than those in hay cut later in the season.

With the single exception of June hay of 1944, however, none
of the hays when fed at the rate of ten pounds daily provided suf-
ficient protein to keep steers in positive nitrogen balance.

In one experiment (1944) the hays cut at the four different
periods were each supplemented with 2.0 Ibs. of cottonseed meal per
steer daily. When the rations were supplemented, the digestibility
of the nutrients in the hay was improved. These supplemented
rations all resulted in positive nitrogen balances, with the steers
storing from 15 to 28 percent of the nitrogen contained in the
ration.

Palatability.

All hays appeared to be highly palatable, with the exception
of the 1944 crop. The 1944 hay contained ungrazed forage left
over from the previous year when the area was used as a pasture.
Hay that was refused in the digestion trials was composed largely
of this forage. When cottonseed meal was fed as a supplement,
however, the 1944 hay was readily eaten.

Acre Yield of Total Digestible Nutrients.

Figure 1 gives average acre yields for both hay and total diges-
tible nutrients. These data show that although June-cut hay was
highest in percent of T.D.N. (Table III), the July cutting yielded
enough more hay to put it first in pounds of T.D.N. per acre.

Value of Regrowth After Mowing.

The regrowth that occurs on Oklahoma hay meadows after the

hay crop is harvested is often used for pasture. Table IV shows
the chemical composition of this regrowth which is available as
herbage for grazing animals. There was appreciable regrowth on
the area cut in June, and a noticeable amount on the July-cut area.
Very little regrowth takes place after August, and practically nonc
alter September.
: There was a striking decrease in the protein content of re-
growth from September to October, whether the area was mowed
in June or July. This decrease is apparently due to seasonal
maturity rather than the age of the plants.
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SUMMARY

. Prairie hay cut in June had a higher average protein and phos-

phorus content and a higher total digestible nutrient (T.D.N.)
value than hay cut in July, August or September. The T.D.N.
value of August-cut hay was below that of hays cut in the other
months.

. July-cut prairie hay produced the greatest yield of total diges-

tible nutrients per acre because hay cut in that month had the
highest average yield and also had a high feeding value per
pound.

. All cuttings of prairie hay were relatively high in calcium but

low in phosphorus. Only one cutting (June, 1944) contained
sufficient protein to maintain steers in positive nitrogen bal-
ance; when the other cuttings were fed without supplements, ex-
cretion of nitrogen (protein) by the steers exceeded their intake.

. The freshly cut hays were high in carotene. When not damaged

by rain after mowing, the hay after six months of storage still
contained enough carotene to make it a reliable source of vita-
min A for cattle.

. Regrowth grass is high in protein and minerals in early fall but

undergoes considerable change in composition as the dormant
season approaches.
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APPENDIX

Other Research Related to the Problem

Hopper and Nesbit (1930), working at the North Dakota
Station, found that as prairie grass matured the protein content
decreased and the crude fiber increased. Christensen and Hopper
(1932), working at the same station, found that the digestibility
of the nutrients in prairie grass declined as the season advanced.
Crampton and co-workers in Canada (1939, 1940, 1944) found a
seasonal change in herbage and a decline in the digestibility and
nutritive value of pasture grass as the season advanced. Work at
the Washington Experiment Station by Daniel et al (1946) indicat-
ed that as pea forage became more mature it was lower in digesti-
bility. -

McMillen, Williams and Langham (1943) studied western
Oklahoma pastures and found that as the season advanced vege-
tative changes took place in pasture flora and that species changed
in chemical composition and grazing value. Hobbs, Gallup, and
Taylor (1945), working at this Station, found the apparent diges-
tibility of dry matter, protein and crude fiber of prairie grass was
lower in June than in July, August, and September. The grass
was harvested from an old hay meadow and fed to steers in a
digestion trial. Naturally the June harvested grass contained a
higher percentage of regrowth of the previous year than the later
cut grasses. Baker and co-workers (1947) harvested Nebraska
grown prairie hay in July, August, and September and fed it to
yearling heifers in a one-year trial. The tonnage yields of the hays
for these months were 1.12, 1.43, and 1.51 tons, respectively, in
1945. The early cut hay proved most valuable in wintering year-
ling heifers.

Details of Experimental Procedure.

A native hay meadow which during the previous year had been
used as a pasture was divided into four blocks of 2.34 acres each,
and each block was subdivided into four plots. For three succes-
sive years, Series I plots were cut the third week in June and Series
I1, 111, and IV plots were cut in the third weeks of July, August.
and September, respectively.

Methods of cutting and storage, and rain damage, arc describ-
ed in the text (page 6).
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The hays were weighed in January of the year following cut-
ting to secure the cured yield. The chemical composition of the
hay was determined by usual procedures (A.O.A.C. 1940). Crude
carotene was determined by Peterson’s (1941) modified procedure,
and so called “true” carotene by chromatographic separation as
described by Wall and Kelly (1943).

To determine the digestibility of the hays, four digestion
trials were conducted each year with four yearling steers, each
steer being fed a different hay cutting during each trial. Salt was
the only supplement fed with the hay. All trials were equally
divided into 10-day preliminary and 10-day collection periods. The
general procedures followed in the collection and analysis of feeds
and excreta have been previously described (Briggs et al. 1946) .

The T.D.N. value of the different hay cuttings was calculated
from the average results. TFeces and urine were collected separate-
ly to obtain information on the efficiency of utilization of the
nitrogen (protein) of the hays when fed without supplements. The
results are expressed as nitrogen storage in Table III. The 1944
trials were repeated with 2 lbs. of cottonseed meal being fed as o
supplement to 10 Ibs. of hay. The results are shown in Table V.
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Table I—The Yearly and Average Yields of Prairie Hay Cut in Different

Months
Yield per acre (tons)*

Time of cutting hay

1944 1945 1946 Average
June 9 1.09 .85 91
July 1.26 1.20 1.06 1.17
August 1.00 1.36 .84 1.07
September 124 1.20 .16 1.07

*Weights taken January 1 of year following, to get cured yield.



Table IL—Chemical Composition of Prairie Hay Cut in Different Months.

Composition of hay (oven-dry basis)

Time cf Ether
cutting Year Dry Ash Pro- ex-
hay matter tein tract Crude N.F.E.* Ca
(fat) fiber

- Je e Ve T o o Yo %o

June 1944 92.60 6.61 6.14 2.20 34117 50.28 0.31
1945+ 94.33 6.92 5.7 1.93 2394 51.44 0.36
1946 93.45 6.70 5.25 2.11 33.37 52.57 0.38
Av. 93.46 6.74 5.712 2.08 34.03 51.43 0.35

July 1944 92.95 6.40 4.69 2.47 33.96 52.48 0.42
1945 94.43 7.32 5.70 2.25 32.44 52.29 0.40
1946 93.80 7.25 487 2.16 33.52 52.22 0.43
Av. 93.73 6.99 5.09 2.29 33.31 52.36 0.42

August 1944 92.79 7.04 3.80 2.44 32.80 53.92 0.41
1945 93.92 6.88 4.70 2.19 34.24 51.99 0.41
1946 93.17 6.94 4.13 2.66 - 34.46 51.81 0.56
Av. 93.29 6.95 4.21 2.43 33.83 52.57 0.46

September 1944 93.22 7.46 4.15 2.45 33.47 52.47 0.41
19457  94.25 7.06 4.05 2.14 35.03 51.72 0.42
1946 93.18 6.91 5.40 2.53 35.37 49.79 0.49
Av. 93.55 7.14 4.53 2.37 34.62 51.33 0.44

Crude Carotene

At Stored
time of 6
storage Mos.
ppm** ppm

71.8 175

34.6 10.0

63.5 18.7

64.5 24.0

66.6 28.7

50.9 20.7

27.3 18.5

3.2 29.3

315 183

51.0 24.0

8.7 6.0

70.3 31.0

* Nitrogen-free extract (soluble carbohydrates as starch, sugar, etc.)
** Parts per million
“ In 1945 the June and September hays were damaged by rain before storage.
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EN
Takle 1II.—Average Digestibility and Total Digestible Nutrient Content
of Prairie Hay Cut in Different Months of 1944, 1945, 1946.
Dalily feed Apparent digestibility of:
Time of Year Nitrogen T.D.N.** o
cutting retained Pro- Ether Crude N.F.E.* Or- of hay et
hay Hay Hay daily tein ex- fiber ganic -~
Offered Refused tract matter ],
(fat) 5
1bs. 1bs. gm. o To % o Yo T §
June 1944 100 16 +15 41.2 479 69.0 62.2 - 63.1 56.7 N
: 1945¢ 10.0 0.7 —4.1 26.5 29.4 605 50.9 52.9 46.7 o
1946 10.0 0.2 —2.8 35.8 38.4 1.5 62.2 63.6 56.4 g
Av. 10.0 0.8 —18 34.5 38.6 67.0 58.4 59.9 529 <
July 1944 10.0 2.0 —38 30.1 414 65.3 60.3 60.1 53.4 g
1945 10.0 0.4 —45 28.4 29.2 62.6 56.2 56.3 499 S,
1946 10.0 0.2 —6.0 25.6 311 67.2 56.4 53.4 51.3
Av. 10.0 0.9 —4.8 28.0 339 65.0 57.6 56.6 515 S‘l
August 1944 10.0 3.1 —-17.0 134 39.8 61.6 51.8 53.7 47.1 g
1945 10.0 0.5 —6.9 20.2 26.2 58.9 51.2 51.9 46.0 §
1946 100 0.1 —17.6 16.9 29.5 67.7 479 515 417.1 2
) Av. 10.0 1.2 -17.2 16.8 31.8 62.7 50.3 54.4 46.7 S
September 1944 10.0 2.6 —4.3 23.9 45.1 64.3 54.9 56.9 50.2 <
1945+ 100 1.6 —11.8 13 26.7 57.1 434 46.6 413 8
1946 10.0 0.2 —T7.4 234 333 65.4 53.9 56.0 49.5 N
Av. 10.0 1.5 —17.8 16.2 35.0 62.3 50.7 53.2 47.0 =
* Nitrogen-free extract (soluble carbohydrates as starch, sugar, etc.)

** Values for T.D.N. on air-dry basis.
7 Hays were damaged by rain before storage.
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Table IV.—Chemical Composition of Second-Growth Grass.
(Oven-dry basis)

Pro- Ether Crude “True”

Period of growth Ash tein extract fiber N.F.E. Ca P Carotenz

%o % % % % % % ppm
1944
June to Sept. 7.16 5.08 259 3166 5291 0.48 0.05 83.3
July to Sept .7 6.66 289 3099 51.69 0.47 008 1326
June to Oct. 7.70 3.7 239 3244 53.72 0.36 0.05 44.5
July to Oct. 933 5.50 252 29.69 52.96 0.45 0.06 74.2
1945
June to Sept. 7.35 5.22 253 31.89 5301 0.44 0.05 48.1
July to Sept. 6.27 6.18 225 3359 51.71 0.39 0.06 54.2
June to Oct. 7.61 3.27 214 3486 52.12 0.44 0.03 23.2
July to Oct. 7.86 4.28 203 3483 51.00 0.50 0.05 56.9
1946
-June to Sept. 8.16 127 222 3098 51.37 0.47 0.09 86.4
July to Sept. 8.63 8.68 225 3065 49.79 0.47 0.12 106.1
June to Oct. 8.43 4.09 2.17 32.08 5223 0.39 0.04 85
July to Oct. 8.65 5.07 237 3084 53.07 0.40 0.06 18.7

(1) “True” carotene by Wall and Kelly method.

Table V.—Average Digestibility of Rations
of Prairie Hay and Cottonseed Meal.

- : Daily feed Nitrogen Apparent digestibility of:

me O - -

cutting hay C.S. In- Re- Pro- Ether Crude N.F.E. Or-
Hay meal take tained tein ext. fiber ganic
bs. lbs. gm. gm. % Yo % % %

1944

June 10.0 20 944 238* 629 638 693 659 66.6

July 10.0 20 944 224 628 598 648 613 626

August : 10.0 20 895 211 597 599 63.6 571 59.7

September 10.0 20 911 238 602 599 645 53.7 583

+ Average of three trials. All other values are the average of four trials.
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