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INTRODUCTION

The Sandhill region of the Southeast is an area of approximately
3,432,000 acres in o rather narrow strip that extends southwesterly
{rom south-central North Carolina for approximately 400 miles into
the castern border of Alabama. The main area includes all or part
of each of 39 countics in North Caroling, South Carolina, and Georgia.
The outstanding characteristic of this region, from & farming stand-
point, is the sandy nature of the soil. The soil for the most part is
open, porous, and low in organic matter, and is considered of low
value for growing feed crops and pastures. In general, however, the
response to applications of fertilizer is favorable though temporary,
and the elimatic conditions are favorabie for growing feed crops.

The Sandhill Experiment Station, located near Columbia, S. C., in
the heart of the reginn, was established by the South Carolina Agri-
enltural Bxperiment Station and the United States Department aof
Agriculture in 1927. This station is carrying on investigations of
dairy-farming problems on typical S8andhill land.  Ameng the prob-
lers of most importance ave those of raising low-cosi feeds for milk
production, especially in the form of good roughages, and the de-
velopment of & grazing system that would supply adequate pasturage
thronghout most of the year. Heretotore there has heen little pub-
lished information on the production of feed crops in this region.

PURPOSE AND PLAN Or THE EXPERIMENTS

The experiments veported in this bulletin were conducted at the
station farm to determine the extent to whieh annual eraps, and also
permanent pastures. could be usea to provide grazing for dairy cattle,
and to determine also the velative economy of the two systems of
producing the nutrients requived for milk production.

Tor the experiment with annual crops, cight 2-acre plots were fenced
and sceded to a succession of aunual crops to provide grazing for the
summer, {all, winter, and catly spring months. During the 5-year
period 1933-37 the plots were grazed in rotation by dairy eattle, and
records were kept of the number of days of grazing obtained, the
seasonal distribution of the grazing, the amount of nulrients produced
by the craps, and other pertinent data, including all costs.

For the permancnl-pasture experiment, a 6-acre representative area
in & pasture that had been seeded in 1928 was enclosed for grazing.
Data comparable to those for the annual erops were recorded for this
experimentsl pasture plot.  The grazing experiments, both with the
permanent pasture and the annual crops, were repeated for several
years to minimize yearly variations in the results.

Details of the methods used in carrying out the experiments are
given. in the appropriate sections in the lollowing pages.
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TOPOGRAPHY, SOIL TYPE, AND CLIMATE OF THE SANDHILL
REGION

The Sandhill region, sometimes referred to as the Carolina Land of
Tongieaf Pines, lies between the Piedmont region on the north and
west and the Coastal Plains region on the south and east. The general
location is shown in figure 1.

e%/e{q??

C‘Aavéfaffe

ﬂoﬂfyomgr_y

Ficoae 1.—lLacation of the Sandhill region of the Sountheastern States {after
W. I& Hearn).

Topographically it is a land of low-lying, dune-shaped hills and
ridges, wmmong which are plateaulike areas and bottom land through
which many small {resh-water streams How. These streams usually
originate from numerous springs, many of which do not have central-
1zedd water m-ads bul seep through the sand and spread over consider-
abic arcar. The water [rom these areas finally congregates to form
rivulets which in tuen converge to form larger streams,

Though the hills and ridges are sometimes used for agricultural
parposes, the seattered plateaulike arens and the land adjacent to
smal) streams are preferable.

The typical soils are the coarse phases of Norfolk sand and other
similar types. The soil, gencrally, is open and porous. As a con-
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sequence.of this physical nature, moisture retention is low and leaching
is excessive, resulting in a deficiency of organic matter. - Thus the soil
in its natural state is wnsatisfactory for optimum plant growth.

In contrast to soil conditions, the climate is well adapted for plant
growth. The winters are relativeiy mild and short and the summers
are long. As shown in table 1, the winter femperature rarely drops
helow 15° F. and that of the summer seldom rises above 100°. Normal
annual precipitation is about 44 inches (table 2), of which approxi-
mately 32 inehes fall during the growing season, a period averaging
between 240 and 246 days (table 1),

Tarne l~~Maonthly range of lemperaiures af Columbia, 8. C., date of last killing

Jrost in spring and first killing frost in fail, 1983-37, and average monihly lempera-
fure for the 10-year period 1925-37%1

TEMPERATURE 1DATA

i
1033 i 1034 1835 1936 7
i : o v Il-yvear
Month 1 ] i ! | AVerage
Alaxi-| Mind- . MaxI-; Mind- | Maxi- - Mini- ¢ Maxi- | Mink | Maxi-; Mini—j 1928-37
M | N | o j o m | o | |t

| R | o -

. . N AT a A LY
January. . E M, -4 : ] k 2]
Fehruary .. 5" I i 4. T2 L ' o
Muareh 5 i 301 a5 | I
Aprii

May..

June .

July

Auenst

Septemier |

Ociaher

snvember

Trecembér

DATA ON FILLING FROSTS

Ttem B s £ pih ] 1035 1030 I 37

I¥nto of lnst kPling frosl i Spring-. . ueoweeeeecaoo_. | Mar, 11 Ma. 15 5 Mar. 10 Mar. 19 Mar. 20
Date of first kRling frostinfall _._._____.______.f Nov. 9! Nov. 12 Nov. 24 | Nov. 16 + Nov. 3§

Dugs  Pegs | Dugs Dam Days
244 42 268 2 231

Frost-free prerinil

U Thuese da are from e Wenther Bureau station ac Golumbin, 3, (., 15 miles from the Sandhlll Experi-
et Statjon.

The ranges of temperature by months and the dates of first and
last killing frosts for cach scoason of the S-year period, 1933-37, are
shown in table 1. With the exception of the minimum temperatures
of January and February 1934, the ranges of the temperature during
the period of these experiments were normal.  The intervals between
killing frosts were normal in 1933, 1934, and 1936, but abnormal in
1935, when the interval was longer than normal by 25 days, and in
1937, when the interval was shorter by 22 days.

The record af the total annual rainfall at the Sandhill Experiment
Station during the period of the experiments is shown in table 2.
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The range was from 29.92 inches, 14.13 inches below the 10-year
average, in 1933 to 56.57 inches, 12.52 inches above, in 1936, With
the exception of these 2 years, the annual rainfall deviated very litte
from the 10-year average.

TABLE 2.-—Actuel monthly precipilaiion, 1933-37, compared with 10-year average
and {ofal for the growing season

i
: Syesr | Idyear
1934 3 1836 1437 average, | average

[ 113337 1828-37

Tuches freches - Ineh Inches
1. 19 1. 710 3. 50
3.63
345
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13 }OL2 50 2o £ 80 50
[ ] — ] 3 ol
P83 B 1 ¢ e B e o B G0

Badises

December . ..

P
o

Total yearly precipita- |
tion . .

56, 57 §2.18 | 43. 83

&
&

4000 | 34, 2 3

Precipitation  fur  growing | . [
season only (March through
ber) . .

20300 29000 ATl s Lo a2.07

Percenlage Lhal the preejpita- ] J
tion I growing seasoh is of | Percent | Percent | Percent | Percent | Percent | Percent | Pereent
the total yearly procipitation 73.4 4l e .00 73 0.9 72.8
| i . :

1 These datu obtained from the OfMes of Soil Fertility [nvestipntions, Bureau of Plant Incustry. Rain
gage Jocated ai Cutumbig, 8. C., (Sandhill) Experliient Station.

More important than the annual precipitation is the pertodie dis-
tribution.. Plants growing in the open porous soil, the prevailing
type, need frequent rains for optimum growth. During the growing
season, & span of several days without rain tends to retard the growth
of the crops. Obviously then, the monthly distribution as given in
table 2 covers too long a period to indicate fully the effect of distribu-
tion on pasture yields. The uniform distribution during 1935 ren-
dered this the most satisfactory year of the experimental period for
crop production, Though the annual rainfall was low for 1933, the
distribution was good until late in the year. In contrast, the total
roinfall for 1936 was high but the distribution was poox, being very
dry during late spring.

EXPERIMENTAL PROCEDURE WITH ANNUAL CROPS FOR
G.['{AZING
DEescrirtion oF tae ProTs

A 16-acre field was selected at the Sandhill station for use in the
grazing cxperiment with annual crops and subdivided into cight
fenced plots of 2 acres each as shown in figure 2. The land was fypical
of the Sandbill region, and the plots were similar in type of soil and
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general topography. Figure 3 shows the generai topography of the
experimental area.

Prior to the fall of 1931 the avea in plots 1, 2, 8, 7, and 8 had been
used for routine crop production, the aves in plot 4 was a pench orchard,
and plots 5 and 6were in
virgin growth of dwarf
oaks. In the winter of
1931-32 the entirve 16-
acre areg was seeded to
rye, which was grazed
late that winter and in
the following spring.
‘The rye was followed
during the summer of
s 1932 with corn for si-

Ficung 2—Arrangement of the plots used in the lage. Immediately pre-
grazing cxpeviment with annual crops. coding the last eultiva-

N

Figuas 3. -—-General view showing topography of the area wsed Tor the grazing
experiment with apnual crops.  The erop being grased is soybeans and pearl
niliet.

tion of the corn the area was sceded to cowpeas by broadeasting.  The
crop was turned under that fall just belore the first erop was seeded
for the grazing experiment, which began in the spring of 1933,

FEurtoizER AND MANURE TREATMDNTS

The fertilizer nutrients that were added to the soil were in the form
of pulverized hmestone, commercial ferlilizers, and barn manure.
The manure was that collected daily from the box stalls of dairy cows,
and it contamed considerable guantitics of straw bedding,
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Early in the fall of 1932 dolomitic limestone was applied to the
entirve 18-acre area ab the rate of 2,000 pounds per acre. In addition,
an application of 10 tons of manure pev acre was made on plots 1, 2,
and 8, prior to sceding the first experimental grazing crop (oats,
barley, rye, and vetch) in late September, 1932, and on plots 4, 5, 8,7,
and 8§ in the spring of 1933, Before the spring crop was seeded In
1083, basic slag was applied to all plots at the rate of 560 pounds per
acre.

After the initial manurial treatments in 1932 and 1933, annual
applications of 5 tons of manure per acre were made on all plots. In
1934, and also in 1935, the manure was applied at two different periods,
215 tons per acre before the fall sceding and a tike amount before the
spring seeding, In 1936 and 1937 the total yearly amount (5 tons)
was applied just before either the spring or the {all seeding.

The original plan of applying conmercial [lertilizers, which was
continued through 1934, consisted in the application of 400 pounds
of 4-8-4 (N-P-K) fertilizer per acre to a plot when a crop was seeded,
and of subsequent applications of sodium nitrate at intervals during
the growth of the crop.  The time and rate of the nitrogen treatments
were governed by climatic conditions and by the apparent need of
the plants.

This system was changed after 1934, as recommended by the Office
of Soil Fertility Investigations, Bureau of Plant Industry. Since the
annnal applications of manure probably provided enough available
phosphorus and potash for maximum plant growth, it was suggested
that additional amounis of these two clemoents were UNnReECessary.
[nvestigations at the Samdhill station, where four lysimeter tanks
were subjected to the same cropping system and soil management as
the experimental grazing plots, had shown that the amount of available
nifrogen present in the soil and the amount and distribution of rain-
fadl were the major facters determining the degree of utilization of
this eloment by the plants. Excessive rainfall removed the nitrogen
belore it conld be assimilated; whereas insufficient moisture obviously
prevented its utilization.  This was the reason for the recommneida-
tion to reduce the total amount of phosphorus, potash, and nitrogen
applied in the form of a commercial fertilizer al sceding fime and to
make {requent applications of sodium nitrate daring the growing
SCASON.

Beginning with the sceding of the spring crop in 1935, and vontinuing
throughout the remainder of the experiment, the quantity of commer-
cinl Tertilizer applied to a plot when seeding a crop was reduced from
400 pounds to 200 ponnds per acre and the formula changed from
4-8 4 to 2-8-4. Applications of nitrogenous lertilizer during the
erowing season [or the erop were made immediately after the grazing
cows were removed from the plot. Since the amount applied each
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fime was constant (50 pounds per acre} the total quantity depended
upon the number of rotational grazings made on any crop and was
from 100 to 150 pounds per acre. After the third grazing and the
subsequent application of nitrogenous fertilizer, no further applica-
tions were made during the growth of the erop.

Sysrem oF Crops Usen

Different annual crops were planted in succession, in an effort to
provide continuous grazing throughout the year,

The principal crop planted for swmmmer grazing was n ecombination
of Biloxi soybeans and pear] millet.

The principal crop planted for fall, winter, and early spring grazing
was & combination of frostproof oais, beardless barley, Abruuzes rye,
and hairy vefech. Two unit seed mixtures of these crops were tried,
as follows:

Mixture 1 consisted of oats, 32; barley, 48; rye, 56; and veteh,
30 pounds per acre.

Mixture 2 consisted of oaws, 96; rve, 56; and veteh, 20 pounds per
acre.

These rates of sceding probably would be considered oxeessive in
most localities. The need for a thick growth (more plants per unit
aren) for grazing was the principal reason for heavy seeding.

Mixture 1 was planted for every winter-grazing season except the
second. The poor growth of the barley in comparison with the oats
during the first season (1932-33) and the low palatability of the vetch
had made it seem advisable to oreit the barley, increase the amount
of oats, and reduce the amount of vetch, so mixture 2 was used the
second season (1933-34). The use of mixture 2 did not prove very
successful, however, because there was considerable winter-killing of
the oats during the severe gold of 1934, and the use of mixture 1 was
resumexl. ;

In addition to the foregoing crops, other plants or combination of
plants, designaled as trizl crops, were tried in an eflfort to find crops
more suitable for grazing under the Sandhill conditions or that might
he used as supplementary crops to span the interval between the
major supuner- and winter-grazing crops. The trial crops included a
combination of Italian ryegrass and crimson clever for late-spring
grazing; pearl millet for summer; lespedeza (common, Tennessee 76,
Kobe, and Korean) for late summer; alfalfa for summer and ’ate fall;
and corn interplanted with velvetheans for late fall and early wint:«.
The fertilizer freafments for these crops were the same as already
described for the major crops. The results from only the following
trial crops are included in this report; Ttalian ryecgrass and crimson
clover; pearl millet; and corn interplanted with velvetbeans. The
alfalfs, and the lespedeza failed to develop proper stands.
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SEEDING aNDp ULLTIY ATIHON

The nature of the soil in the S8andhill region is such that the prepara-
tion of land for a seedbed is usually a minor problem. In this experi-
ment, however, the relatively heavy applications of barc manure,
which contain a high percentage of straw, and the stubble remaining
on the axes after grazing increased the operations necessary to get
the soil in a satisfactory condition for sceding.

The general procedure for seedbed preparation wus as follows:
After the final grazing of any crop, barn manure was spread over the
area. The manure and the stubble on the land were eut by means of
o, disk harrow. The cut material was plowed under and the land ve-
disked, which left the soil in excellent condition for-sceding. Imme-
diately before the crops were planted, conunercial fertilizer was applied
on the area, either by broadcasting it over the land or drilling it in
rows, depending on the individual crop. Soybeans and the combina-
tion of corn and velvetbeans were the only cvops cultivated. The
sovheans were cultivated twice, vsually within the first month of
growth, The rate, time, and method of seceding the crops arve shown
in table 3.

TanLe 3.—The rate, time, and method of seeding various crops userd in the experiment
with annual erops grazed by dairy ceitle al the Columbia, 8. C. {(Sandhill) station,
1933--37¢

Avorame ralie ol 1

acerine }
CMass of crop Quan- . Time of seeding Alethod of seeding
tily i
Sem! nor
acre
Primary, winter: Osts m,:‘;":{";
["_?}r;lrllgl:lln'ﬁlfolr'l .(‘“f ";‘T'ﬁ{ Darley . 4 W1 HLate Seplember to (fAN seeds were mixed and sown
y -h)' ¥ Rye 5L early November, s a unil, with & greain Jrill,
rtal, el Veteh 230 |
3 i : Stown independontly. The
(‘“m:i'r".::':::I?Lg}r‘::;g: Ryoprass a4.0 '}Lntv Oetober  wod elower secd was hrondeast by
Hm-_p}" Clnver 0 eatly Novemher, hand seeder, and immedi-
- ately followed with ryorrss
sown hy drilk
\ sith e . Jl!ntlh L?im uanI heansl were
Coeainterplanted with { i3] 0.7 } | planted  stimultanconsly  in
velvethonns Velvetbeans A0 Apr. 15 lo May 15 . s drill, by means of sinzle
row sceder,
Plrmtded by mueans of sinoli-row
- . sepder in raws 2 foet aparl.
Prm‘:‘lg{"'n‘-‘ilin]:ui?ﬁ:‘rp!nnwﬂ Bovheans | G0 | Latwe Moreh Lo corly The millet secid was broad-
= \.\\"if.ll ear] mitlel . Alny. cast by hand Immediately
P - Millet 30.0 | 30 dnys inter preceding Inst ealtivation of
the saghean plants, cxeepd in
%17 when it wag seeded in
Trin, summur: Faws. . .
Penrl millet nleme_ ... [ Millet . . i0o0 | Early April to fabe | By meens of o drill designed
May. for sioal] seeds,

1 For years and dates sach crop was goeeded, see eble §,
1 The earn crop Was grazesd 05 uncut stover.

414584% 41— -2
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SeLECTION, MANAGEMENT, AND FEEDING OF GRAZING ANIMALS

All animals used to graze the annual crops were selected from the
registered Guernsey herd maintained at the station. The sclection
of satisfactory individuals presented & difficult problem throughout,
because of the fluctuation in the numbers required on the plots and
the relatively few animals available. Usually the cows selected wore
In moderate to heavy production, and were at Ieast 6 weeks advanced
in lactation yet not too far advanced to prevent their completing the
grazing season. However, in order that all crops might be grazed to
capacity, it was somebimes unecessary o use cows well advaneed
in lactation. Whenever possible the same individuals were used
throughout the grazing season.

The grazing of the trial erops was condueted with n mixed group of
cattle consisting of cows well advanced in lactation, dry cows, virgin
heifers, and bred heifers,

Prior to being placed un the experimental plots, all animals were
allowed to graze for sovecal days on crops similar to those in the
experiment. During the experimental grazing, eatile were rotated
from onc plot to anothier as frequently as was considered necessary to
obtain optimum yields. Insofar as possible, available growing
material was grazed to capacity, that is, cows were added or vemoved
as the quantity of available grazing varied. This system, of course,
could not be followed with the corn and velvetheans, which were
mature before grazing was started.

All experimental animals were driven from the grazing plots to the
harm, a distance of 300 yards, and returned at least once daily.  The
grazing day for all lactating animals averaged about 7 hours, which
was divided into two periods—from 7 a. m. o 10:30 a. m. and [rom
3p.m. toabout §:30 p. m. These cows were milked three timoes daily
by means of meehanical milkers. At night the milking cows in
winter were confined in small individual pens in o pen barn, bus in
summer they were turned inlo a dey lot where salt and water were
available. Al dry cows and heifers were also retained in the same dry
lot at night.

The only feed provided in addition to that ebtained from the grazing
was A concenirate. An experimental mixture with o digestible-
protein content of 12.6 percent and a sotal-digestible-nutrient eontent
of 76.6 pereent, was fed until the summor of 1934, After shis the
regular herd mixture was fed, which averaged 17.7 percent in digestible
protein and 72.9 percent in total digestible nutrients.  The object was
to feed enough grain fo the milking cows te maintain their body
weight and to prevent an abhnormal decline in milk preduction, and
enough to dry cows to mainlain their weight or to produce slight gains,
and enough to the heifers to promote econtinnops growth. The
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lactating cows were fed the supplementsry concentraie at the rate
of 1 pound daily for cach 4 pounds of milk produced. The feed
adjustments were made each week. Dry cows and heifers either
were fed 2 pounds of grain daily or were restricted to the nutrients
obtained from grazing.

Estmmatmve THE RETURNS From Tae Annuasr-Cror Prots

ES‘I-‘IMATING THE COMPOSITION AND TOTAL YIELD OF HERBAGE

The yield of herbage and of dry matter produced by the annual-
crop plots was estimafed by weighing and analyzing the herbege
harvested from o small representative area in each plot. The aress
were protected from the cattle during the grazing period by portable
cages, each covering an arca of one one-thousandth of an acre.
Immediately before the initial grazing period began on each plot, a
cage was placed on an area selected ab random, where it remained
until the cattie were transferred to another plot.  Then the profecied
ares was harvested, by cutting or plucking the herbage, and the cage
was moved o another location in the same plot before the next
grazing period started.

The herbage was weighed soon after it was harvested, and repre-
sentative 500-gram samples were retained for determining the chemical
composition and dry-matter content, This procedure in harvesting
and sampling the herbage in each plot was repeated with each rotation
of the grazing cattle.

ESTIMATING THE QUANTITY OF NUTRIENTS OBTAINED BY GRAZING

The quantities of total digestible nutrients obtained from the
annual-crop plots by the grazing animals were determined by first
celeulating the nutrients they required for their maintenance, for
their change in weight, and for their production of millk and butteriat,
and then deducting {rom this amount the guanlity of nulvients they
received in supplementary feeds. This difference was considered the
amount of nutrients they obtained from pasture.

The amount of nutrients the cows required for milk production was
calculated on the basis of the revised Mozrison * staudard.

The maintenance reguirements of each animal were based on the
average live weight for the trial. The gain or loss for the entire
period was computed as the difference between the initial and the
fins] weights. The initial live weight is the mean of three weights
taken on consccutive days during the second week of grazing, and
the final weight is the mean of three weights taken on consecutive
days at the conclusion of the grazing period. The average live weight

A NornmoN, FoThL FEEDS AND FEEIMNG, & HANDBODE FOX HEIE STUBENT AND STOCHMAN. Y. 20,
unabridged, 1060 pp., Mg, Btheen, N YL 88, !

-y i
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for the entire period is the mean of weights tazken each week during
the trial.

As suggested by Knott and associabes,’ the pasture was credited
with 3.5 pounds of digestible nutrients for each pound of gain in
weight of cattle and debited 2.7 pounds for cach pound lost in weight.
Where the yields are presented by weekly periods, the amounts of
nutrients required for mesintenance, and the amounts involved in
changes in live weight, were determined for the entire grazing scason
and then divided equally among the weekly periods.

The milk production of individual cows wis summarized by weekly
periods, and butterfat tests were made on samples composited from
milk taken one day during the week.  The milk and butterfat yields
were converted to a 4-percent fat~corrected mitk according to the
Gaines formula.?

LESTIMATING THE COST AN VALUE OF THE NUTRIENTS

The cost of producing 100 pounds of total digestible nuérients in
each of the annual erops was ealeulated on the basis of the total exponse
required per acre to procduce the crop and the quantity of wutrients the
cattle obtained by graszing it. The costs of the limestone and basic
slag, which were applied at the beginning of the trials, were prorated
over the 5-year period. Since a double-cropping system was used,
the crop-nere was doubled for each year. In calculating the crop-
production costs, the following basic figures were used: Limestone,
$6.25 per ton; besic slag, $11.25 per ton; manure, $1.50 per ton; seeds
and commercial fertilizers, market price ab time of purchase; man-
hour, $0.10; mule-hour, $0.15; and tractor-hour, $1.25. Of these
items, the rate per hour for man labor is lower than would be paid. in
many regions. On account of the small units of land used in these
experiments, however, the Inbor, mule, and tractor costs are probably
higher than they would be where larger units of land are cropped.

To indicate the vahie of the system of growing annual crops for
grazing, caleulations were made to defermine how much would have
to be paid for a ton of alfalfa hay if the nutrients in the hay were
charged nt the same rate as the cost of producing their equivalent in
the various annual erops. Morrison’s data ® show that an average
ton of alfalfa hay contains 1,006 pounds of total digestible nutrients.
I the cost of producing 100 pounds of nutrients in one of the annual
crops was §3.28, for example, the equivalent feeding value in alfalfa
hay would make the hay worth $33 o ton (10.06 % $3.28).

$ Kxort, 1. C., Aobosor, I. B, and FLLivaroN, E. V. METHODY OF MEASURING (ASTURE YIELDS
WITII BAIRT CATTLE.  Wash. Agr. Bxpt. Sto. Bul. 205 30 pp. 1934,
L Gaives, W. T THE ENARGY BAZTS OF MEASUILNG MILK YUELD X DALY vows. 11, Agr. Expt. 8la. Bul

308, pp. 404-438, 1llus, 1928,
4 Bec footuele 3, p. (L



http:1O.06X$3.28

EXPERIMENTS, ANNUAL CROPS AND PERMANENT PASTURES 13

EXPERIMENTAL RESULTS WITH ANNUAL CROPS

OBSERVATIONS ¢N THE Growrr OF rAE Ceops ano How TrEY WERE
Guazip

The rotational system was used in graziug the annual crops because
it was felt that larger yvields of pasturage would be obtained, the groz-
ing season would be extended, and a more uniform supply of grazing
would be available. In order to obbain optimum returns from an
annual crop it must be grazed at the proper thme and rate.  Both the
growth response of the plants and the grazing chavacteristics of the
cattle are important factors in determining the extent to which the
crap can be utilized,

THE WINTER-GUHAZING CROPS

Uniform grazing of the combination of dats, barley, rye, and vetch
was the most difficult to accomplish, This was due primarily to the
rapid growth eof the rye in late winter and early spring. When the
rapidly growing rye was not grazed to capacity, it headed and subse-
uently was not consumed by the cattle. This condition was most
proncunced when winter was prolonged, followed by a rather sudden
change to spring conditons, ss was the case in 1934, 1936, and 1937.
Oats and barley of the winter crop were later maturing end slowér
growing than rye; consequenily, the control of grazing became easier
as the season advanced.

The vetch, which was included in the winter mixture primarily to
improve the soil, was nol readily grazed by the cattle; but since they
would eat it when it was cut and allowed to wilf, the grazing schedule
was continued by cutting the estimated amount they would eonsume
daily. The cattle would not eat the cut material until it was com-
pletely wilted, however, which was usually the day after it was cut.

The ears were harvested from the corn interplanied with velvet-
beans, and the velvetbeans and the corn stover were grazed by the
cattle continucusly until the crop was consumed, The green leaves
of the velvetbeans were consumed before the pods were eaten. As a
rule, the cattle refused the pods until after they had been frosted.

The combined crop of erimson clover and Italian ryegrass was very
palatable. Though grazing was started rather late on this crop, all
the materiel was entirely consumad,

THE SUMMER-GRAZING CROPS

Soybeans and pearl millet, two crops that are mavkedly difierent in
their growth characteristics, wore almost ideal for summer grezing
when grown as o combined crop. Soybeans supplied the principal
grazing in emrly summer, and pearl millet in midscason and late
summer. With each rotation less feed was available from the soy-
heans and more from the pear! millet. Whenever a fourth grazing
was possible, thr only availeble forage was the pearl millet,
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It was interesting to note the manner in which the cattle grazed
this combined crop. When the cows were first turned on the forage, -
in the years 1933, 193¢, and 1935, they consumed all available millet
before they started grazing the soybeans. In 1986 and 1937 the
order of grazing was reversed, that is, the soybeans were consumed
‘before the pearl millet. It is difficult to explain this change in
manner of grazing.

The stage of plant development when grazing was started was
about the same each year. The cattle were turned on the crop when
the soybeans were 14 to 16 inches high and the pearl millet was in
very early stage of growth. In 1937 the crop was somewhat farther
advanced than in previous years, and the rate of growth was retarded
by drought,

YIELDS OF HERBAGE AnD DRy MATTER A5 ESTIMATED From HarvESTED
AREaS ’

"The material harvested from protected aress in each of the annual-
crop plots was used to estimate the yields of groen forage per acre and
of dry matter in the forage, and to furnish samples for chemical
gualyses. The results of this phase of the study are presented in
table 4,

The general change in the composition of all the erops indicates
that the plants were more nutritious in the carly periods of sessonal
growth, as shown by the higher contents of protein, ash, and ether
extract, and lower content of crude fber than in later stages of
growth. The crude fiber tended to increase, and the protein, ash,
and ether extract to decrease with each successive grazing period for
all the crops.

The oats, barley, rye, and veteh combination changed less in com-
position than any other crop, from grazing period to grazing period,
and the dry-matter yield increased progressively with each successive
period. The other crops tended to reach their peak in yiclds at the
second grazing period.

Based on the average of all elippings, the pear] millet had the lowest
protein, lowest ethor extract, and the highest erude-fiber content of all
the crops, but also the higlest total yields of green matter or dry
matter per acre, and the most uniform distribution of the yields
throughout the grazing season. When soybeans were planted with
the pear] millet, the total yields were lowered considerably and the
distribution of the yiclds was less favorable, but the cemposition was
improved, as indicated by the inereased percentage of protein and
ether extract and the lower percentage of crude fiber.

The corn stover and velvetbeans showed next to the lowest yield
when compared with the other crops. It is pointed out, however,
that a considerable amount of ear corn was harvested each year from
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the corn plants and this is not included in the above yields. The
Italian ryegrass and crimuson clover combination was low in yield
and inferior in composition, as compared with most of the other zrops
grown at the same time.

TaBLE 4.-— The green-matier and dry-mailer yields per acre, and the composition of the
dry malter, of the annual crops used for grazing dairy calile, as estimaled from
clippings or pluckings oblained from caged arecs, during the period 1933-87 1

SUMMER-GRAZING CROPS

Bstimated yearly Aversge composition of the dry
vieid per acre matter

Crop and period of ] | i i |
top and period o I pinge ! i WNitro-
anaiysis anely- 1 Bther | Crude gen-
Green | Dry | ses Ast i ex- ro- free

mattor | matter i tract tpegn ex-

; tract

Num-| Per- | Per- | Fer- | Per- Fer-

Borbeans and pearl millet: Pornds t ber | oeent U ocent | ocent | eent cent
First olipping L. .} 3.0881.2 ) 1,183.7 15| 23,81 ¢ 5.55 . 18.15 .32 1 45,4
Second clipping e HET | 4361 14| 2603 ) i & 3 . £44.73
Third elipping. . et : 5.3 30243 8004 2T L2 L 26 1 48,73

4'otal of average,... 32100, %048 ¢ 32 | .51, T.BQ G MR ) OI6. O A6 4533
Pear] milletr . e : )
First elipping L2 164 1987 984  4.33 ¢ 135 e .52
Seconed clipping. L0 1,523, SLE&, 338 LG & 32,05 | 47.36
Third elipping. .. - 31,1 . . 47 z 8.3s, 2 .59 a2 47.98
Fourth clipping 4.4 - . 25.49, 672, 2 . 43 | 52.47
Total or average. _._ SEY 20,58 I 898 2 3 . 46,67

WINTER-OQRAZING OROFES

T

Corn stover and velvet-

ans:
First elipping B 6, 7600 | 1.G86.0 25,45, 5.47
Totel or average ... | $, 767,04 | 1,085.0 3P onah L 5.47

Osts, barley, rye, and i
vetch: i
First elipling 2, 3536 4771 3188
Sapomid cHpplog. J, 65T 536 6 G A48
Third elipping_ £ 3 | 4. 4 % ;29,39
Fourth clipping £.9 1 3|3 LREINH
Totel or nverage..... 1, 645.0 . 2,386 29,25 |
Itaiian ryegrass and erim- T : e
son clover:
First olipping . _. ..._. 1,540 486, 0 V3492 0 8. .
Second clipping. i,200.¢ 410.8 b I . . .35
Third clipping_ .. __._|. .- . 1154 48,2 V40,88 0 B40 0 A 13,9 #3.25
Total or average. . .; LU ' 945§ : 35,45 0 B l . iL.78 I 25,44
! i . . ]
5 Por number of years cach crop was inelheded in Lhe experiment, soe table 5.

o G

Yi:Lps oF INUTRIENTS AS KSTIMATED BY GRAZING

Resulis from the grazing of annual crops with deiry cattle in this
experiment are presented in tables 5 and 6. Table 5 is a general
summary of the yearly resuits from various crops. The data include
period of grazing, supplementary feeds, millk and butterfat production,
changes in live weight, nutrients required, percentage of nutrients
supplied by supplementary feeding, and nutrients credited to each
crop. Table 6 shows the distribution of the yields of nutrients by
crops, by years, and by months.
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TaBLE 5.— Yearly data showing period of grazing, supplementary feed, milk and butlterfal production, nuirients required by cows, and nutrienis
crediled to each crop

SUMMER CROPS

91

’ f

! Supplementary feed - Production Qain () or h)igcstible nutrients required
> v : - #
Period of grazing i ner acre ; per gcre loss (—? in per acre
I e e i pe i - . live weight |

o : = ; ! per nere N

! vy . o ; _ requirgments | nuytri-
Crop and year . : ; uay S(“)l‘]]- : cc‘(?rll‘- ! Hay 4ch2{ ) T For | For | For supp]lied in “3& ,
Date Date o i trates | trates | eaten | fat- ! | mnin- 1 itk {changel o0 | SERPIERRR s ci(fx()
hegun ended ¥ 1 f eaten | eaten | hy cor- ! Heil-{  te- wro- {inlive} © oF ACTC Sor acre

by | hy i ecows  rected ers |nance] duc iweight L4 ¥

cows | heifers milk !

Proportion of | Digest-
total nutrient | ible

Soybeans wnd. pearl 1 ] i :

millet: ; ' Lbh, | N . H . y N Lb.
; i June 14, , i 420 3 88, 8 .82
i June 0] 50, 412 . b 3 5 441
June Jet. ] 00 ; 2 . 00 . L9000 | 008
July i J ; ; 3 C12 3 94 9 ¢ 535
June ) K i 5 9 2,040 © 126, f . 568

Average June 2} i X 35 ' 7 496

Pearl millet:
1934 . o June 6 } : 5 3 -+ i 163

. June 12 0O 0 o320 0 0 220

June ; : i ! 868 168
P June ) : : ¢ ! ' 0
Avernge . Vi June . 2 7 ; . 22 3 59 ¢ 130

AYAITA0IYDY d0 "IdAd 'S ‘N ‘c08 NILETIOG TVOINHOHL
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PALL-WINTER-SPRING CROPS

it St 4 o

Oats, barley, rye, and
tel

Jan.
Jan,
Jan,
..+ Mar,

iJan,

Average... ... | Jan.

Italian tyegrass and
crimson clover:
036, .. . Apr.
1936. .. . Apr,

Average.. Apr.

Corny stover and velvet-
beans: ] ;
e Oct, ; (1] i 0 607

L0 Ot . P 8374 1 1,187
. .4 Nov, Mar, 0 07 1,456

1
i

Average.. ot mix Y e s

! Qrazing was not continuous.

2 Beet pulp.

3 Milking cows advanced in lactation and dry cows,

4 Dry cows.

3 Deduction.

¢ 1935 spring grazing concluded May 7 and autnmn grazing of new crop Dece, 17,
1105 pounds of silage and 31 pounds of hay,

s Corn and soybean silage.

91038,

SEUNISVA ININVIWHEd ANV SJ0HO TIVANNV ‘SILNITWINHdIXT

L1




18 TECHNICAL BULLETIN 805, U. & DEPT, OF AGRICULTURE

TaBrLe 6.—The disiribulion of yields of digestible nuirients oblatned per acre from
rotalionul grazing of annual crops, by months, 1933-37 :

ORIGINAL CROPS

- Yenrly av-
1933 1834 1435 1836 1937 erope
13 o B[ m @ kt [T 173 53 oz b S
E|EE |5 | B8 181283 ElzZg 5|22
Orop and month 12518 | 55|58 13 AR =
P E{EE (6| B2 | Bl 88! R B|EE| 5|88
Sl=E8 | |28 |B|=cE % Tl EE | 5| =8
= 3| = E| = R - 22 z
1@ |2 i8S | 2| B85 & 21 EE | & | =
5| 8% 3] =) 51 BE 5 | 88 5§ B:
- = [ —B = e - -1 HE oy k=1
Winter and spring—oats, .
barley, rye, and vetch: | Daps Lb. [Dogsf Lh, |Dups|l Eb. |Dave Fd.
January. .. ... 113 [17 %3 U PR I+ X T T 7ot
February.._.._. L0 kg 63.0 (. . A POS PR B 42.8
March.. ., A 31 2250 31 {346 L5 96,4 24 173.8
April an 0.5 28 | 2F5.4 a0 | 250.4 a0 2503
May . 31 43 H) L1 7 233.0 LA 1001
November!, | 335 ... 4 3.7
Decomber? . P k] 54
Summer anel  fall—soy- i .
henns and pear] millst:
June .. o_ .. 1T | i08A4 11 B4.3 19 [ MB.7 {_, .. el k] . 4 n .2
July ... o . - TR < ]7. 12521 31 | 2.6 31 32321 31} 40.7 28 2053
Augnst, . . a1 ! 232, 424,231 [ 411.0 240l 3§ AsLE al 380 6
Jeptemhber. .. . 0 0 200 0 30 35627 A0 [ NTT 0 3 RS anfont2 ! a0 | 3449
Cetober ....... ... 41, 1521 16 ; 1566 | 8 t 9.4 t fi | ?3":'1 i1 5.9 13 HLS
i i 1
THIAL CROPS
Winier wned sprinpg--lisl-
ian ryeerassamd ceitnson ¢
clover: '
April [N SR M . 14 | 97.9 20 M6 | e B 07.3
May LR ORI F, A1 0) 1) 2. |.... 14 185. 5
Bumtmer wnd Iaf)l - pearl | : !
millet: ! i , :
June ! 25 70 1925 LT 22+ 327 18, 218.2
July 1 ETe. o wlawd d1j®Wnsl 3 @231 0.0
Aupust oo [ SRR B S <1 M T VI 0 IO S O T a1 | G182 3E 437.0
September - P I+ 121 9 40 333,30 5 | 220.8 a0 | A5 27 6.3
October A I . IER LN _— a0 4 415.0
Foll ant winter-—corn | i :
staver @ amd velvet- | .
beans: i
Octoher i 57.8
November, | 1971
Leceanbwr, 128.2
Jantiney 2., jIN]
Februsry 3., 8K,
March 3, ... [ - 3.0

' Same eolemlar yoear but «(iiferent coop veur,
? Tars husked from sialks [n the feld.
! Yoear 1838,

It is obvious that the seasonal yields of nutrients by the summer-
grazing crops were considerably greater than those by the winter-
grazing crops. Both the relative length of season and rate of growth
contributed to these differences. With the time factor as a unit for
all crops, the yields of total digestible nutrients per acre per day were
as follows: Soybeans and pearl millet, 10.66 pounds; pearl millet
alone, 13.03; oats, barley, rye, and vetch, 6.72; Italian rycgrass and
crimson clover, 9.62; and corn stover and velvetbeans, 7.80. The
two summer-grazing crops {(soybesns and pearl millet), which provided
grazing at the same time, were slightly different in yield. Pearl
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willet alone produced somewhat greater yields than when it was com-
bined with soybeans (table 6).

With the exception of the crops of erimson clover and Italian Tye-
grass, the annual grazing in nearly all eases produced slight increases
in live weight of the cattle (table 3).

The average daily yield of 4-percent fat-corrected milk per cow was
28.9 pounds for soybeans and pearl millet, 25.3 for oats, barley, rye,
and vetch, 25.9 for Italian ryegrass and clover, and 24.6 for corn stover
and velvetbeans. However, this variation in milk vields cannot be
atiributed entirely to the grazing crops, sinee there were differences in
seasons, length of grazing periods, and some differcnee in stage of
lactation of the cows when grazing the several Crops.

The yiclds of total digestible nutrients that were credited to the
various crops by the grazing results (table 5) are not entirely consistent
with the yields indicated by the dry-matter content of the herbage
that was clipped from the protected sample areas in cach crop (table
4). In 2ll cases, the yields of nutrients indicated by the elipped mate-
rial are higher than the yields indicated by the grazing results. This
is logical, but the differences in the vields indicated by the two methods
are considered too wide for the oats, barley, rye, and vetch combina-
tion, and also for the Ttalian ryegrass and crimson elover combination.
There are probably two reasons why the yields indicated by the graz-
ing results are so much lower.  In the ease of the oats, barley, 1ve, and
veteh, the herbage grew so rapidly near the end of the season that the
cows were unable to graze all of it before it became too mature ane
unpalatable. Also, there was probably some loss of nutrients cause
by the practice of mowing the veteh and wilting it so the cows would
eat it more rapidlv. The growth of Iialian rvegrass and erimson
clover came on very rapidly also, and a considerable purtion of the
1vegrass beeame too mature and unpalatable before the end of the
grazing period.

VariaTions &8 YIELDS OF NUTKRIESTS BY YFEArs ANp M ONTHS

The yearly varintions in vields of nutrients from grazing the various
crops are shown in table 5, and the monthly variations by years are
presented in table 6,

Two of the most important causes of variations in crop vields are
temperature and moisture conditions. 1n this experiment, the
importance of the amount and distribution of rainfall (table 2) is
evident, especially when the nature of the soil is considered. The
open, porous soll does not relain maisture well and permits excossive
leaching by rains. Also when a crop is growing rapidly, an interval
of several days without rain may seriously retard the rate of growth.
Seasonal and monthly varialions of temperatures affect not only the
length of the growing period of each crop (table 5) but also the rate

+
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of growth (table 3). With winter crops, periods of warm weather
during December, January, and Febraary stimulated growth suffi-
ciently to provide some grazing, but maximum monthly growth of
these crops was not attained until after the last killng frost i the
spring (lable 1).

THE WINTER-GRAZING CROPS

In 1933, the yield of nutrients by the winter-grazing crop (oats,
barley, rye, and vetch) varied relatively little from month to month
(table 8), and the yield for the year was about average {tablc 5).
Howover, as a tesult of the low rainfall in April, the yield that month
was low in comparison with the yields for the same month of other
years.

Inn 1934 the extremely low temperatures during the winter months
sovercly damaged the grazing crop. As previously stated, barley
had been replaced in the sced mixture by an inercased amount of
onts for this vear. Approximalely 75 percent of the resulting oat
plants were killed by the low temperatures, and grazing was then
limited largely to rve.  With the change to favorable weather condi-
tions, the growth of the rye was so rapid that it was i possible to
graze this one available material adequately. The witimate result
was 2 short grazing scason, inferior grazing, and a conseguent tow vield,

In sharp conteast to 1934 unusually Tavorable climatie colitions
in 1935 resulted o a high viell from the winter and spring grazing.

Te 1936 unfavorable temperatures in the carly part of the year and
a shortage of moisture in the spring, vesulted in an abbreviated
grazing period.  Only during 2 months was there an abundance of
grazing available from the oats, barley. vetch, and rve. The olfoet
of deficiency of moisture was also shown in the low yields of the
erimson clover aud [talian eyegrass erop.

Moisture econditions in 1937 were suitable for the development of
the winter-grazing crops, but the grazing scason was relatively short.
As a result the seasonal vield was somewhat below average, except
for the corn and velvetheans, which crop obviously had been grown
during the summer,

THE SUMMER-GRAZING CHOPS

In the early sunmer of 1933, low rainfall uniformly disteibuted
was favorable o the development of the summer-grazing creps; but
during the latter part of the season, a deficiency of moisture greatly
retarded growth. Thus the yicld of so¥beans and pear]l millet was
decidedly low for the season.

The early growth of the summer-grazing crops of 1934 was retarded
by insufficient moisture, but later in the season the growth was
greatly sccelevated by more fevorable conditions and the yiclds for
the year were only slightly below the average for all years.
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Favorable climatic conditions prevailed throughout 1935, There-
fore an abundance of good-quality grazing material in summer and
fall was available from pear! millet and pearl millet combined with
soybeans. Though the combination of corn and velvetheans is con-
sidered a fall-grazing crop, the growth and consequent yield are
laxgely determined by summer conditions. The yields of both har-
vested corn and remaining grazing material were extremely low in
1935 as a result of destruction by army worms. The yield of har-
vested corn was only 7 bushels per acre in comparison with a 3-year
average of 15 bushels.

Periods of drought during the growing scason of 1936 greatly
reduced the yields of pearl millet, which crop seems Lo be very sus-
ceptible to ehanges in moisture conditions.

During tiae summer months of 1937, moisture conditions were
suitable for optimum growth of crops.  However, conditions were
unique in that yields of the summer crops reached their peak carly
in the grazing season. The high yield of harvested corn (22.4 bush-
els per acre) and the large returns from grazing the corn fodder and
velvetheans, are further indieations of the effects of the favorable
seasonal conditions of 1937,

Distianerox oF Grazise Frow the ANyeag Crors

One of the principal objects of this investigation in grazing annual
crops was to develop a systemn that would supply continuous grazing
throughout the vear. The extent to which continuous grazing was
atlained is indicated in table 5. The nearest appreach during the 5
vears of investigalion was in 1935, when continuous grazing was
available for a total of 315 calendar days. as shown graphicaliy in
Fisure .

For the entire A-year period, the number of ealendar days of available
grizing ohtnined with all erops avernged between 250 and 260 por
vear. Considering the erops melependently, the number of daxs
grazed anrually were as follows: Qats, rye, barley, and veteh, range
(4 to 140, average 99; Halian ryegrass and crimson clover, range 12
16 35, wverage 24 ; sovbeans and pearl millot, range 98 to 140, average
1145 pearl millet glone, range 86 to 116, pversge 109; and corn stover
and velvetbeans, range 35 1o 119, average 70, Since several of these
erops were grazed simultaneously, grazing was not available through-
out the vear.

As & rule the grazing of the prinary winter-grazing crop {onts,
Lbaviey, rye, and veteh) was started about the middle of January and
continued to the middle of May. The maximum growth was usually
carly m April. Gbviously, the amount of carly grazing from this
crop was determined by elimafic conditions. The temperatires
during the early development of the erop usually were sufficiently
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high to afford limited grazing in January and February. Grazing
was interrupted occasionally by unfavorable growth conditions.

Ttalian ryegrass and crimson clover was a trial crop designed to span
the interval between the primary winter-grazing crop and the principal
summer-grazing crop, soybeans snd pearl millet, This trial erop
supplied some grazing in April and May. Sinee both Halian ryegrass
and crimson clover are scriously affected by high temperatures, the
period of growth for this crop was very limited.

The summer-grazing crops, a cembination of soyvbeans and pearl
miHet or pearl millet alone, supplied grazing from the middie of June
to the first part of October. The stage of maximum production was
usually during the latter part of August.
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Fioure 4.~ Weekly distribution of rainfall and of ealeulated yields of digestible
nulrient= obtained per aere by grazing annual erops during 1934.

Corn stover and velvetbeans, another trial-crop combination, was
utilized during the interval between summer- and winter-grazing crops.
The crop was mature before grazing was started ; therefore, the period
of grazing was determined by the total amount available and the rate
of stocking. After the corn was husked, usually by the last of Qctober,
either grazing was started immediately or the crop was reserved until
needed.

CosT oF Prooucing THE NUTRIENTS OBTAINED BY GRAZING

The itemized amounts of lahor and power, sceds, and fertilizer, and
the calculated costs of the annusal crops used in this grazing experi-
ment, are given in table 7. No eredit was given for crop residues
plowed under. An average of 15 busheis of car corn was harvested




TasLy 7.—Average yearly amounts per acre and cosls per acre of the labor, sceds, and ferlilizer used Jor the annual crops in grazing experiment
at the Sandhill dairy farm

Tabor and power per acro . Seads per acro

¥

Manlabor  Mulolahor | Hrector Amount

Amounyf Cost Amonnt] Cost iAmonnL Cost ! "“_]?’:,m wgght

1

Bushels) Pounds Dallm;s Dollars

i Muon- . Mule- “T'ructor- 1Ont
housrs | Dollarsy hours i Dollars: hours | Dollars l)al[ags ”
5.78 i3

Onts, barley, rye, and veteh. ..o oo ioe oo 12,0 1.30 0 1350 2.5 3.13 0.04

.
Sl o8R!l !
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Soco. oo,

Italian ryograss and.crimson clover. ... .......] 12.0 120 : 1.20 1.0 1.25 a.00 {g])(’ﬁgor:\ss.

Soybenns and peartmillet....ooovoonreeeeenn | 3601 350 K 4.80 1.4 176 | 10,05

2.90
4.33

.87
2.16

3
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Corn interplanted with velvetbeans. - . ............| 40.0 4,00 | 1.0 12
Pearl millet...o.oooivivniiino. R 17.0 1.70 Lb 1.88 838§ Millob. . L. e

Fertilizer nnd manurind trentment, per acre

Complete com-
marcial fertd lizer

Limestono Basic slag Manure Nitregen fertilizer

Amonnt]  Cost | Amount Cost Amount, Jost | Amount Cost | Amount Cost

) Pounds | Dollars | Pounds | Dollars Tons Dollars | Pounds | Dollars | Pounds Dollars | Dollars
Oats, barley, rye. and veleh - .. vououvrcoenann.. . 200 % 50 .98 4, 207 2,10 00 1,68 9.00 21,81
. Italian ryegrass nnd crimson clovor. . 204 63 50 : 4.0
Soyboans and pearl millet . - 200 50 4,50
Corn interpisnted with velvetbon Caee 200 50 1. 50
eard suillel. Lo 200 50 . 4,60
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before the corn and velvetbean crop was grazed. In determining the
cost of this crop for grazing, the harvested com was credited with a
nct value of 60 cents per bushel.

The labor and power costs were considerably higher for the com-
bination of soybeans and pearl millet and the combination of corn
stover and velvetheans, ehiefly beenuse of the greater amount of man
and mule labor used, than for the other erops.  On the other hand,
the seed cosis were muel higher for the muxture of oats, harley, rye,
and vetch, beeause of the high rate of seeding emploved (table 3) and
because of the eomparatively high prices paid to get choice seed.  As
a matter of fact, the cost of seeds amounted to over 30 pereent of the
total cost of growing this crop.  The seed cost for the corn stover and
velvetheans was remarkably low.  The lubor, power, und seed costs
for sovhbeans and pearl millet were approximately doulde what they
were [or the pearl millet alone.  This is veflected in the relative low
costs per 100 pounds of Lotal digestible nutrients in the pearl millet.

Table 8 shows the cost of producing 100 pounds of total digestible
nutrienis in each of the annual erops. These ealeulations were based
on the talal production costs per acre table 7Y and the guantities of
nutrients ohtnined per acre by the grazing eattle (table 53,

TanLe K. Cost of produceng 100 pounds of tolal digostible nutrients in eoch of the
annned crops, and the compurative valve of 8 don of alfalfa by

Cost Pt W0 Compneative
oS! per Tl el el valile uf o
acre total divesti- on of alfui
I patriemts haw ¢

Primary . fiodfurn Froftarx
{3l harloy, cye. and voieh . 1 I | 3 2
. Soxbeans and peart millet emman . oAy 1.4
Trial: i
Hahnn eveprass and erimson elover C maimuimmaaes R 1
Pearl milled . .. . e e - . 1
Coriystover amd velvethenns y

5' '
f 11

1
T
B L7

2 I
N
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1 As fronn eeazing— see table 2.

T he LK ponnds af oial disestibde sanrients o ovae of sdidfs bas were valned st the <atae ede as
the annuat eropis,

1T his erop was given b yearly eredil of 3 per aore for aicaveruee of 105 boshels nf eoro larvesied By b
hefore penzing startod

Figures are also ineluded in table 8 to show what a lon of wlalta

hay would be worth il the nutvients in the by were figured at the
same price per 100 pounds as the cost of producing the nutrients in
the various annual evops.  For example, alfalfa hay contains 1,006
pounds of total digestible nutrients and i the nutrients are valued at
the same price as the cost of produieing 100 pounds in the onts, barley,
rye, and vetch combination, the value of a ton of alfaifa hay (10.06¢
$3.28) woutld be $33. If the hay could be obtained for less than $33
a tom, it would appear to be more economical to buy alfalfe hay than
Lo grow this particular annual crop; and if the hay cost more than $33,
it wonld appenr to be more cconomical Lo grow the annual crop.
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Of course, other factors may need to be considered in deciding
whether to grow any of these annual crops or to buy alfalfe hay or
other feed instead, but these calculations based on average costs and
yields of the annual crops at the Sandbill station over a period of
yeers can be used &s a guide for those located on similar soils in this
region.

DiscussioN oF Resurts Wite AnnNuar Crops

One of the main objects of the pasture program at the Sandhill
station 1s to determine whether a system of crops can be devised that
will supply adequate grazing for dairy cattle throughout the year,
under conditions similar to those at this station. The results of this
experiment indicate that the extent to whicli this may be accomplished
by growing a succession of annual crops on heavily fertilized plots,
depends on the crops sclected, their total and seasonal vields, the
degree to which they are utilized by the animals, and the weather
conditions.

In this investigation, the most [avorable series of crops for this
purpesc proved to be the combination of eats, barley, rye, and vetch
for wintler and early-spring grazing, cither o combination of sovbeans
and pearl millet or pearl millet alone for summer and carly-fall grazing,
and corn interplanted with velvet beans for fall grazing.

The choice between using peard miilot alowe or in combination with
soybeans for summer and fall grazing seems to be in favor of the
former when results wre measured in terms of viclds and cost of pro-
dnction.  Measured on the basis of chemicnl compeosition, however,
the combined erop is prefernble.

The cembination of erimson elover and Italian rvegrass is not to be
recommended, primarily because ils susceplibility 1o hot weather
causes it to mature so early or so rapidly in the spring that grazing 1s
available for only a relatively short time, and also heeause of the high
cost of producing nutrients with this ¢rop under the conditions pre-
vailing in the Sandhill region.

The erop of corn and velvetbeans produced considerable corn which
was harvested and utilized independently of the grazing. This in-
troduces the possibility of selecling crops that not only supply grazing
but also yield considernble sced, which may be ulilized cither for
reseeding or as a source of cash income.

The yields of nutrients obtained by grazing the annual Crops in
this investigation, varied eonsiderably from year to year, Para-
mount ameng the fnctors affecting yields are the climatie conditions,
temperature, and rainfall.  Other factors that affect yield, and whicl
may be controlled to a certain extent, include the use of commercial
fertilizers or barn manure or both, the control of insects, time and
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method of seeding, cultivation methods, and the system and rate of
-grREing,

Closcly related to the total yield of nutrients is the distribution
throughout the year. The best distribution of yiclds was obtained
in 1935. (See fig. 4.} Throughout this investigation, the average
daily yield of total digestible nutrients per acre was 6.72 pounds over
a period of 99 days for oats, barley, rye, and vetch; 9.62 pounds over
o period of 24 days for crimson clover and Italian ryegrass; 10.66
pounds over a period of 114 days for soybeans and pearl millet;
13.03 pounds over a period of 109 days for pearl millet; and 7.80
pounds over a period of 70 days for corn stover and velvetbeans,
Since the latter crop was mature before grazing started, the distribu-
tion was determined largely by the rate of grazing, In this system
of anmual crops the days of available grazing ranged from sbout 195
in 1934 to 315 in 1935, a difference of 120 days due primarily to
weather conditions.

With such a system of annual crops, the distribution of the grazing
also may be regulated partly by the dates of seeding the crops. Hot,
dry weather in September would be hazardous to early seeding of
winter-grnzing crops, which grow very little before cool weather of
November. Thus it is probable that late seeding, in January or
early February, of part of the winter-grazing crop would extend the
spring grazing,  Pear]l millet, a hot-weather plant that generally is
ready for grazing about 30 days afier seeding, is usually sown between
early April and late May. A second sceding of pear] millet in July
or early August would extend the summer grazing., The same pro-
cedure may be followed with sovbeans also.  As a precautionary
measure agninst loss of grazing lrom destruction ol the forage by
army worms, it is advisable to plant the combined c¢rop of corn and
velvetheans not later than the middle of May.

Another important phase of grazing annunl crops efficiently is the
problem of complete utilization, especially when growth is greatly
accelernied.  The growth of rye, as noted in the cxperimental results,
was so rapid during ecarly spring that the cattle could nol graze it
completely at the proper time and much of it became unpalatable
and remnined unutilized.  In owder to reduce this loss more intensze
grazing at certain seasons would be desirable,

Observations indicate that when milking cows only are used in
grazing these annunl erops, the milk production decreases vathor
rapidly before the crop has been utilized completely.  If the milking
cows, after grazing the more palatable and succulent parts of the
plants, were fellowed with heifers and dry cows in the rotation to
consume the less nutritious parts of the plants, as in the Hohenheim
system, it is possible that move available grazing would be obtained
and milk production would be maintained at a higher level.
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More intense grazing with move frequent rotation of the catile
might also result in better utilization of the crops. The need for rapid
grazing is more acute during spring or summer when growth of the
plants is most vigorous. With the use of the electrie fence for fen-
porary fencing, the adjustment of the volation area to the number of
grazing animals is greatly facilitated.

In the final analysis, the primary factor that will determine whether
or not annual crops are to be grown for grazing in the Sandhill region
is the cost of producing the nutrients. The various items involved in
the cost of producing these annual crops were high, particularly the
cost of the labor items though labor was cheap. This was because
frequent plowing and planting was necessary. Operating on a larger
scale would probably reduce these costs somewhat.

When the nutrients obtained by grazing the annual crops were
converted to their equivalent feeding value in alfalfa hay, a standard
roughage of known market value, the costs of production for several
of the crops (table 8) were very high. 'This is especially true of the
primary winter-grazing crop (oats, barley, rye, and vetch), for which
the cost of production was the same as paying $33 for a ton of alfalfa
hay. In contrast, one of the summer trial crops, pearl millet, had
an average cost that was equivalent to paying $11.87 for a ton of
alfalfa hay. Next in order was the cost of the grazing obtained from
the corn and velvetbean crop, which vielded considerable harvested
corn with 2 net value that was deducted from the total cost of pro-
cduction. 1t would seem that the costs of most of these annual crops
are too high to meke grazing leasible, especinlly when an cffort js
made fo grow a succession of crops on the same land.

In order to obtain more economical returns from annual crops, it
would seem necessary to use crops that can be grazed in the early stages
and then be allowed to produce seed crops.  The use of craps that will
reseed themselves, such as the bur-clovers and eertain vetehes, is being
tried. This would mean that more screage would have to be used, but
it would eliminate seed costs and nuch cultivation. At current values
for land in the Sandhill region it appears to be more economical to use
a greater acreage, with perhaps only one crop per year, than to attempt
to obtain a succession of crops on the same acreage.  Elimination of
grazing crops that require row planting and subsequent cultivation
ney also reduce the labor costs.  This is one item that increased the
cost of the nutrients from the erop of soybeans and pearl millet in this
experiment.

There ave indications that some crops that are grazed more or less
continuously, when used for temporary pasture, do not produce as
great a total yield of nutrients as they will if permitted to reach a stage
of growth approaching maturity before shey are harvested. If this
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should prove to be the case at the Sandhill station, it would seem desir-
able in raising feed for the herd at this station, on typical Sandhill soil,
o ensile those annual crops that can be produced at the least cost and
that produce the most desirable nutrients for milk production.

There is evidence that & grazing system which affords green feed
throughout much of the year will vesult in better health in the animals
as well as enabling them to produce milk of higher nutritive value, par-
ticularly during the winter season when cows would usually be on dry
feeds that are likely to be deficient in carotene. Alse the frequent
plowing and cultivation of land planted to 8 succession of annual crops
for grazing, should be an effective means of controlling weeds, es-
pecially wild onions and bitter weeds, the flavors of which are trans-
mitted to the milk. However, should it prove that annual crops will
yield enough more when permitted to mature before harvesting to
make it more feasible to ensile than o graze such crops, there is no
known reason why cows will not retain their health on rations contain-
ing large proportions of silage. Certainly legumes that are properly
ensiled will contain sufficient carotene to enable the cows consuming
it to produce milkk of good color. Recent experiments also indicate
that weed seeds are killed for the most part by the ensiling process.

GRAZING EXPERIMENT WITH PERMANENT PASTURE

The general plan of the permanent-pasture grazing experiment was
the same as for the experiment with the annual grazing crops, except
that the grazing trials, which covered the 5-year period 193337, were
confined to a §-acre ares within the general 6G-s¢re permanent pasture
that had already been established at the Sandhill station.

The development of the permanent pasture, and the cost, will be
presented ; also the procedure used in estimating the returns from the
6-acre experimental grazing area. Additional data on the develop-
ment and cost of the permanent pasture will be given in connection
with the experimental results, in pages 35 to 37.

DEVELOPMENT OF THE G0-ACRE PERMANENT PASTURE

TOPOGRAPHY AND SO0IL TYPE

In topography the land on which the 60-gcre permanent pasture was
developed is & combination of low hills and bottom land. Approxi-
mately one-third of the pasture consists of lowlands and the remainder
of hillsides. In the lower piaces along the hillsides and in the bottoms
there are many fresh-water springs with outlets near the surface. The
continuous seepage provides an abundance of moisture in the immed-
iate area. The two extremes of topography and moisture conditions
are typical of much of the area that is best adapted for pasture develop-
ment in the Sandhill region, The soil types arce coarse Norfolk sand
on the hillsides and some Hoffman sandy loam in the lowlands.
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CLEARING, SEEDING, AND FERTILIZING THE LAND

Previous to the conversion of the 60-acre ares into permanent
pasture, virgin forests were growing on the soil. In the winter of
1927-28 all woodland growth was cleared off and in the early spring of
1928 the soil was prepared for seeding and fertilizing. Ceommercial
fertilizer (4~8-4) was applicd at the rate of 450 pounds per acre, and
the following seed mixtures were sown at the rate of one unit mixture
per acre:

Faunds )
Lowland pasture, unit mixture: tUpland pasture, unit mixture:

Cosmnon lespedeza (Lespedeza Commeoen lespedeza

siriata) {Thunb) H. and A__ 23 Bermuda grass (Cynodon dae-
Carpet grass {Azonopus com- iylon (L.) Pers.)

pressus (Swartz) Beauv.)_ . 8
White Duteh clover (Trifo-

Ttam repens Loy _________ . 3

After the general seeding, 12 pounds of Dallis grass (Paspalum
dilatatum Poir.) was sown at random over the lowland sarea.,

Since germination and growth were not satisfactory for the 1928
season, the 60-acre area was refertilized and reseeded in the spring of
1928. The rate of application of {ertilizer was increased to 500, that
of the seed mixture used on lowland areas to 40, and that of the mixture
used on the upland areas to 30 pounds per acre.

The sod developed considerably in 1929, but improved very little
during the following 2 years. In 1931 and each year thereaiter 300
pounds of 4-8-4 fertilizer was applied per acre and, in 1932, 1,500
pounds of dolometic limestone was applied per acre.

In the spring of that year, additiona! efforts were made to improve
the sod on upland pasture by sceding methods. Bermuda £rass roots
from native stock were distributed at about 3-foot intervels in rows
3 feet apart. The area was also resceded with 20 pounds of common
lespedeza and § pounds of Dallis grass per acre. Hop clover (Trifolium
procumbens L.) was sown at the rate of 4 pounds per acre on 6 acres of
the lowland in an effort to obtain early grazing.

GROWTH OF THE PASTURE PLANTS

Seasonal conditions in 1929 were almost ideal for the growth of
pasture plants; consequently, a good sod developed. The sod im-
proved only slightly in 1930 and 1931, because of the low rainfall
which was poorly distributed. The retarded growth was especially
noticeable on the upland aress. In the lowlands, where waser seepage
ereas were abundant, pasture plants were not markedly arrested in
growth,
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The lespedeza failed to thrive on the ridges and hillsides. Ap-
parently this failure was due to the shallow root system of the plants,
which lowered their resistance to drought, especially in the early stages
of growth. During periods of extended drought, nearly all the les-
pedeze plants on the clevated areas died. The Bermuda grass
survived, although it made only slight growth under adverse climatic
conditions, particularly during droughts. The Bermuda grass sod
developed from native roots was superior to that developed from
domestic seed.

In the lowlands the growth of white Dutch clover was rather sparse.
The grazing was primarily from lespedeza and grasses, which were
rather late, and grazing was not available until late spring or early
N summer. As stated proviously, hop clover was
T introduced to provide early grazing.

The cost of developing the permanent pasture,
including all labor and materials for clearing
the land, draining, preparing the seedbed,
seeding and fertilizing in 1928, reseeding and
fertilizing in 1929, and [lencing, was $41.28
per acce.

ExPERIMENTAL GrazING AREA WiTHIN THE
PrrmaNENT PASTURE

The lay-out of the 8-ncre avea selected for
the grazing experiment is shown in figure 5, aud
the topography of the general pasture isshown
in figure 6.

Fioons 5. —-Lav-out of  OF the 6 acres, 4.33 were pasture sward that
the b-nere experimental  afforded grazing, and 1.67 was exceedingly
grazing area withinthe swampy ground on which unpalatable weeds,

permanent pasture,
showing the swampy
portions.

urasses, and small bushes were growing.
Approximately one-third of the 4.33 acres was
jowland and the remainder was hillside.

In addition to the scedings described previously, two prospective
grasses, Japanese lawngrass (Zoysie japonice Steud.) and centipede
grass (fremochioe ophiwroides (Munro) Hack.), that had been grown
previously in trial gardens 7 were planted on a small arca of the
G-acre cxperimental grazing scetion i 1932, Both grasses grew
slowly but they gradually developed dense sods and suppressed the
development of other grasses. Since the cattle grazed Lhe Japanese
lawngrass only sparingly, this little area was excluded from the experi-
mental grazing in 1937,

Thus the pasture plants on the ecxperimental area consisted of
Bermuda, grass, carpet grass, Dallis grass, centipede grass, Japanese

1 Phe trigl gardens were conducted by Lhe Burewu af Plant Lndustry, Division af Forage Craps and 1Ms-
eases, in an offotl to discaver pasiure grasses sultably for pastures in Lhe Sandhill reglon.
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lawngrass, lespedeze, and white Duteh and hop clovers. The last
two were rather sparse but gradually increased from year o vear.

Other plants included noxious weeds, which were controlled by
- mowing annually. Further details as to the nature of the pasture
florn are given on pages 35 and 37.

Along with the general pasture, the experimental area received the
annual applications of 300 pounds of 4-8 4 fertilizer per acre,  In
addition, during the winters of 1934 and 1936, this wren also reeeived
barn manure at the rate of 2% tons per acre,

EstimariNe ToE YiELDS oF HERBAGE AND NUTRIENTS

"To determine the yields of pasture herbage, on the 6-acre grazing
area, the herbage was clipped with a lawn mower from three diflerent
caged arcas, each covering one five-hundredths acre. The yields

Ficore 6.-—View of part of the permanent-pasture area, showing growih in
background similar to that on the pasiure area before it was cleared.

were based on the average weight of the herbage elipped from the
three areas; the clippings were thoroughly mixed and sampled, and
aliquot samples from the respective areas were vetained for chemical
analysis.  Originally it was planned to clip the areas at 2-week
intervals, but subsequent obscrvations indicated that the stage of
growth would be the preferable basis for determining the time of
clipping.  Therefore, the rate of growth was the major factor deter-
mining the frequency of clipping. The cages remained on the same
areas throughout the year, but they were moved at random to different
areas at the beginning of cach grazing season.

To delermine the yields of nutrients, the quantilies obtained by
the grazing animals were ealculated by the same general methods
as were used in estimating the yields of the annual crops.  The G-ncro
pasture was grazed with either milking cows alone or a combination




39 TECHNICAL BULLETIN 803, U. 8. DEPT. OF AGRICULTURE

of milking and dry cows. Dry cows remained on the pasture contin-
uously; whereas, the milking cows were on the pasture only during
the day between milking hours, being held in a dry lot at night.
Supplementary feed (the grain mixture described previously) was
given to the milking cows only. It was fed three times daily at the
rate of approximately 1 pound of concentrate for each 3 pounds of
milk produced.

EXPERIMENTAL RESULTS WITH PERMANENT PASTURE

Yieins oF Hersace ann Dry Marrer as Fstimaren Fuom CLiepen
AREAS

The yields of herbage and dry matter per acre, as estimated from
the weights of the herbage clipped from the caged areas in the perma-
nent pasture, are shown in table 9.

TanLe 9.—The green-moller and dry-matler yields per aere oblained from lhe per-
wianenl pasture, and the compoxition of the dry matier, as estimated with cippings
Sfrom caged areas, 1938-37
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The chemical analyses of the pasture plants show there was a
tendency toward a higher percentage of protein and ether extract
early in the growing season and a higher percentage of crude fiber in
the latier part of each season. There was no apparent significant,
difference in the compesition of the pasture plants from season to
season, with the possible exception of 1937, In 1937 an incresse in
clovers early in the season was observed, which might have been re-
sponsible for the higher content of protein in the first and second
clippings. The ether extract and the ash contents, however, did not
show the same increase as protein. The relative higher vield of dry
matter from the first clipping may alse be due to more clover in the
plant mixture that spring than in previous seasons.

Y1ELDS OF NUTRIENTS aAS ESTIMATED BY GRAZING

The results obtained from grazing the experimental section of the
permanent pasture with dairy cattic are summarized by years in
table 10,

The supplementary concenirnles were fed to milking cows only.
The ratio of grain fed to milk produced by the cows for § years was
L pound of grain for each 3.4 pounds of milk. The supplementary
feed supplied an avernge of 24 percent of the total amount of nutrienis
needed by all cows, dry and milking. The relatively large proportion
of dry cows was probably the principal factor contributing to the low
percentage of supplementary fead.

As evidence of the adequacy of the pasture for the dry cows, the
body weights were cither maintained or increased slightly. The
weights of all cows were relatively uniform from week to week.

A more significant cstimate of the value of the grazing is the aver-
age quantity of fotal digestible nutrients credited to the pasture.
This average per season for 5 years was 1,253 pounds per acre,  In
terms of alfalfa hay, the yield was 1.25 Lons per acre.

The varintion in the yearly yields of digestible nutlrients over the
S-year period was from 967 pounds per acre in 1936 to i,578 pounds
in 1937. However, if the vields are converted to a daily basis for the
grezing season, the lowest yield was in 1933, which averaged 6.6
pounds of digestible nutrients per acre per day and the highest in
1937, which was 9.9 pounds. On the same basis the avernge daily
yield for the grazing season of 1836 was relatively high, being 8.8
pounds, or the same as for 1934, That for 1935 was 7.7.
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TanLe 10.—Summary of the grazing returns obtained from a represeniative section of the permanent pasture

Grazing _ { Production per acre Digestible nutrients required -~
S,‘;E{?}" " — Onh]x ot I Proportion of total ll})ﬂlge:lt‘:‘_
fead (& o or (058 nutrient require- | {18 S
Cow- |contrates| +:percent For niilk ments supplied |, o5jtaq
Date Date | Cnlendar dnys per onteli fnt-cor- | Butter- For main- produc- For gain Total in supplement- to pusture
begun ended days acre | per ncre) r:;:itﬁé] fat per nere tenance tion in weight ary feods per acre per acre

,

Number | Pounds | Pounds | Pounds | Pounds | Pounds | Pounds j Pounds Pounds | Percent

June 101 574 84.9 —7 830 643 15 1,464 409 27.9
June 8§ 1127 206 +15 1,072 387 211
May . 22 ) 1130 665 . +4-2 1,012 771 837 484
.{ June 13 2 78 302 437 ¢ 463 1,263 286
Apr, 2 1 156 813 428 1,105 952 583

AVOIAE oo ememomnn i T 58 +15 037 013 : 305

! Milking cows and dry cows.
* Qrazing was not continuous.,
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DISTRIBUTION OF PASTURE PLANTS

The plant population of the pasture was mentioned in discussing
the development of the permanent pastitre and in the description of
the experimental grazing area {pp. 29-31).

No attempt was made Lo oblain definite information on the batanical
composition or changes in the distribution of the plants during the
experiments.  In general, the plant pepulation remained essentially
the same, that is, all species sceded or planted were present. The
sward was almost complete on the lowlands, porticularly in the
vieinity of seepage areas.  On the uplands where the moisture condi-
tions were [requently unfavorabloe and the seil was relatively deficient
m plant nutrients, there was a high percentage of bare ground.

The most pronounced change in the paslure sod was the incresse of
hop clover and white Duteh clover on bath lowland and upland nreas,
A gradual inerease of Bermuda grass, Dallis grass, conlipede grass,
and dapancse Inwngrass, and o decrease of carpel grass were nlso
noted. Lespedeza diminished each vear on the upland but remained
about the same on the lowland.

The most common obnoxious weeds were purplish cudweed (Grap-
halivm purpwreum L.y and common sorvel. In weneral, weeds were
controlled by mowing.

Lt is interesting that the two highest seasonal vields (table 10)
followed the two winters (1934 and 1936) in which barn manire was
applied (o the pasture.  However, the faverable elimatic conditions
during 1935 and 1937 undoubledly contributed to the farge seasongl
vields, and must be considered in vontjunction with the manurial
treatments,

DistintrrioN or Nerrigsts PHROUGHOTT THE GRAZING Siason

The date when grazing was starled caeh season (tubie 10) for the
S-year period vanged from Apeil 28 (0 June 17, and an average date
would be May 24, Though climatic conditions, partictlarly the last
killing [rost, are faetors that generatly determine when grazing may
he commenced. & more important faetor in this ense wis the charneter
ol the pasture sod.  As previonsly staied, there was a pauciky of
clovers, which are needed to supply early grazing.  The inerease of
these plants resulted in the relutively early gruzing date of 1937,
The date gruzing was discontinued in the [l ranged from Gelober §
to November 16, and would average October 22, 1t was datermined
primarily by the amount of wvailable moisture rather than the Lime
of the fivst killing frost.

The average number of grazing days for the season eahged from
112 i 1936 to 175 in 1985, nnd averaged 152 ({able 14}, The abnor-
mally long period between [rosts, 268 dnys, and the fuvorable moisture
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conditions accounted for the long grazing season in 1935, In 1936
the droughts at the beginning and the end of the growing season
resulted in & short grazing period.

The percentage of the tolal pasture vields by successive 4-week
periods, by years, is given in table 11, In 1933 there was iittle difer-
ence between the avernge vield for the first, second, and third monthly
periods and an average for the fourth, {ifth, and sixth periods. In
1934 the average was much higher for the first three monthly periods
than that for the last three periods. 1o 1935 the yiekis were spime-
what greater for the last three monthly periods than for the (irst
three peric s; and in 1937 the last three full meuthly periods (the
third, fourt . and Afth) averaged more than the first and second.
In 1036 the yield was guite uniform for the four maonthly periods
shown., This there was considerable varmtion in the months that
supplied the best grazing.

TABLE 1l.— Perceniuge distribution of the vnnual pasture yielids oblained during
suceessive S-week periods of the grazing season, 1938837

w3 136 joz;  [ryesr aver-

d-wock nverape R | <X . 1 age

Pereent | Prereent Pereenl Pereend Percent
19.3° .2 101 g 2 5.4 %7
. : g

BE3

5
2.0
2.0

~Ewn

i n 040 4t . HOLO

o | Wit A

g

I Reprosents & porfod of loss than 25 dnys.

Even though the clovers inereased from year to year, the quantity
present was not adequate to provide carly grazing,  Consequoently,
when the grasses were developed suficientiy Lo siupply enough material
to initinte grazing, the clevers had muatured and tad started Lo
doteriorate.  While Duteh elover supplied a small part of the grazing
early and late in the season; whereas, hop clover provided only a small
atnount, early in the seasesn.

In general, grasses did not supply grazing before late spring ov early
summer. Bermuda grass, though relatively sparse, provided con-
siderable herbage in late May und in June, very little in July and
August, when drought and high temperatures retarded growth, but
resumed growth in Seplember and supplied fate grazing. This grass
was generally palatable as evidenced by thoraughness of grazing.

The carly growth of carpel grass was always stow. 1t furnished
grazing during June, July, and August, alter which the cattle refused it
Therefore, the gruss matured and was not utilized {urther.
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Dallis grass was perhaps the most desirable of the grasses. It pro-
vided grazing throughout the season, even during periods of drought.
Apparently the palatability was about the same as for Bermuda, grass.

Several characteristics of the centipede grass were observed to be
similar to those of Dailis grass—as it was relatively drought-resistant,
and had a long period of growth. It formed a very good sod and was
palatable,

Japanese lawngrass, which is somewhat similar to cen tipede grass in
nature of growth, was eaten sparingly by the cattle. -Growth was
adequate by early May for grazing, but it was too unpaitable to be
utilized. i

{

Cost or NUTRIENTS OrraiNed FroyM PerstaNENT PASTGRE

Although the cost of do'vo!oping the 80-acre permaneni pasture was
$41.28 per acre (see p. 30), the cost of producing the nutrients obtained
in this experiment was prineipally the cost of maintabting and improv-
ing the G-acre experimental grasing area. The itemized expenditures
by years for the 5-year period 1933-37 are shown in table 12, The
total costs for limestone and manurve were procated over the 5-vear
period. As a basis {or expressing the cost of the nutrients in monetary
terms, the following estimations were used in preparing this table:
Man-hour, $0.10; mule-hour, $0.15; fertilizer, $14.80 per ton; lime-
stone, $6.25 per ton; and barn manure, $1.50 per ton.

TanLe 12.— Average yearly amownt and cost of labor, power, and ferlilizer per acre
Jor maintenance of permanent pasiure

[ [

Comthereigi .

Tertilizor Limestone Manurs  Total

J e B T U R RN SV S .

Year ; f : r e ) pur

vhmount, o lAmounti {Amount| . Alourt : i tper 3 RETE
P aene e RCRE | t | per ncwl_ Cost e fiere Cost et aere Cost 1

! : '

Man lsbor | Mo labor ],

Pust

poMan- o Bole Makee Dol | ol Doi-
¢ howry | furs hours . lars | Pounds ; lurs | Pounds | lurs | Pounds
A0 3 Loy N om Ley 4.60. ... -
L3 do. 2aeed | .| Gean
.34 " 1 I /U P [N PR T
Lah L . N RS
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On the basis of these cost figures, and the yields shown in table 10,
the average cost per 100 pounds of digestible nutrienis for mainte-
nance alone was $0.50, which in terms of alfalfa hay equivalent is
about 85 per ton. When the cost of development is included wnd
this is spread over the 8-year period (1930-37) that the pasture was in
production, the total estimated cost becomes $0,89 per 100 pounds of
nutrients, or expressed in alfalla hay equivalent, $8.20 per ton.
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Discussion oF Pracrical. Resunrs oF PErRMANENT-PASTURE
ExpPERIMENT

In developing a permanent pasture at the Sandhill station, on the
type of soil typical of most of the Sandhill region, the cost per acre for
establishing the pasture was high in comparison to the relative value
of such land. The annual returns in amount of dry matier and in
yield of digestible nutrients per acre were low.

The yields during the last 5-year period of the investigation, as
estimated from grazing the small experimental pasture, averaged
1,253 pounds of digestible nutrients per acre per season of 152 days.
The average daily vield when grazing was svailable during the season
was therefore 8.24 pounds of nutrients per acre, which shows that the
carrying capacity of the pasture was rvelatively low, as compared Lo a
succession of annual creps.  With contined improvement of the
permanent pasture, it is probable that the yields would increase.

As an example of the vields of nutrients that can be expectod from
permanent pastures, on a type of soil differing [rom that at the Sand-
hill station, the results of a series of grazing experiments reported 8
by the South Carolina Agricultural Experiment Station are of interest.
The grazing tests were condueted at Clemson College, on established
Bermuda grass sod on land that was elassed as Ceeil sandy clay loam,
and the various plots received diflerent fertilizer trentments.  Some
of the plots also contained a considerable amount of volunteer hop
clover and white clover. The plots that vecerved lime and ferlitizer
averaged 4,017 pounds of lotal digestible nutrients per aere, and
the plot that received no lime or fertilizer averaged 2,682 pounds.
These vields were 3.2 and 2.1 times as much, respeetively, as the aver-
age annual yields by the permanent pasture at the Sandhill station.
A carpet grass plot at Clemson College, on land classed as Webadkee
sandy loam, that received an application of superphosphate the first
year averaged 2,154 pouwsls of total digestible nutrients per acre, or
1.7 times as much as the permanent pasture at the Sandbill station.

To improve the permunent pasture at the Sandhill station,-one of
the principal needs is to introduce pasture plants thet ave adaptable
te the soil and climatic conditions of the region. Dallis grass seems
to be onc of the few plants that will survive the adverse elimutic
conditions of this region and provide some grazing throughout the
poasture season. Bermuda grass, though persistent, goes into a dor-
mont state during extreme droughts.  There is o pronounced need
for plants that will provide early grazing. Clovers, hop and white
Dutch, are gradually becoming established, and probably will eventu-
ally provide grazimg early in the scason. The sceding of crimson

8 Frrese, 1B, O Lamagtes, I, P, ol MITCHELL, J. 11, PERMANENT CANTURE STURES. S C. Ay
Expt. Sta. Bul, 308, 54 pp., Hlus. 1097,
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clover or vetch on the pasture sod in the fall, also appears to offer a
means of improving the yields in the early spring months. In addition
to offering good grazing during the spring months these legume crops
provide nitrogen that stimulates the growth of grass after their grazing
is compl_ted.

The cost of nutrients from the permanent pasture, approximately
$8.20 per ton of alfalfa hey equivalent, is cousiderably less than tiwe
cost of nutrients obtained from the ¢rops used in the grazing experi-
ment with annual crops. Developed permanent pasteres arve probably
the cheapest source of nutrients for dairy cuttle in the Sandhill region,

SUMMARY AND DISCUSSION
Sumataky OF THE GuraziNe ExrenmiMeNT Wit ANNUAL Crops

The climatic counditions in the Sandhill vegion and the physical
nature of the soil make the region well adapted to all-year grazing.

HEight lots of 2 acres each, located on typical Sandhill land, were
each seeded to various annual crops in succession and grazed with
dairy cattle to determine the possibihity of providing year-round
pasturage, as well as the cost of producing feed for mitk production
in this way. The cxperiment extended over o period of 5 yvears.

Plant nutrients were supplied in the form of barn manure, basie
slag, and commercially mixed fertilizer.

The two major eraps selected were (1) & combinntion of oats, barley,
rve, and veteh used for winter and early-spring grazing, (2) a2 combina-
tion of soybenns and pearl millet used for summer and enrly-fail
genziig.  Three other crops ineluded in the exporiment, as teial vrops,
were (11 corn interplanted with velvetbouns for fall, {2) crimson clover
and Halian ryegrass lor spring, and (3) pearl millet for sunnner,

All crops were sown broadeast except the corn and velvetbeans, and
the sovbearss.  Thoese two erops were planted in rows and cultivatod.

Yields of erops were estimated by harvesting representative caged
areas and by grazing with dairy cattio.

The viclds, and the disteibution of the vields, varied from season
Lo season znd [rom yoear to year. Apparently rainfall and tomperature
varintions were the two principal fuctors enusing varistions In vields
of the same erop.  The lowest yields were obtained from winter-
grazing crops and the highest from summer-grazing erops.  The total
number of calendar days during the year when rrazing material was
available ranged {rom about 185 to 315, with an average of approxi-
mately 255. There were usunlly mtervals during the early winter and
late spring when grazing was not available.

{4 the crops investigated, the combination of cals, barley, rve, and
velel:, the pearl millet, and the corn and velvetheans produced the
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best results in terms of total yield and its distribution throughout
the year. :

The costs of the annual crops were high., This high cost was due to
the necessity of plowing, fertilizing, and seeding for each erop pro-
duced; to the rather small yiclds obtained; and to some extent to the
smallness of the plots used in the experiments.

Changes in methods and management are suggested for reducing
costs, such as the use of crops that will resced themsclves; the use of
seeds that will produce some grazing and also a seed or grain crop; and
harvesting some of the crops, when they reach maximum growth,
and making them inko hay or silage.

SUMMARY OF THE PERMANENT-PASTURE "XPERIMENT

A permanent pasture was established on a typical Sandhill area
including npland, bottom land, and scepage areas.

The rate of pasture development was vather slow, primarily because
of the difficulty in establishing a satisfactory sod.

Annual applications of plant nutrients were made in the form of
commercial fertilizers.  Also, Lwo applications of barn manure were
mde during the §-year experimental grasing period.

The date when the first grazing was available in the spring was
relatively late.  This condition is gradually being remedied by the
introduction of clovars.

The average yield of nulrients [rom grazing per season of 152 days
was 1,253 pounds of digestible nutrients per acre, or the equivalent
of 1.25 tons of alfalla hay.

The cost of establishing and maintaining the permanent pasture
was relatively high, and the earrying capacity was low.

The estimated cost of producing the nutrients, that were obtained
by grazing the permenent pasture, was $0.82 per 100 pounds of digesti- |
ble nutrients, which is relatively low in comparison with the costs of
the nutrients in the grazing experiment with annual crops.

Discussion ofF THE Two Sysrems oF Provipine PasTurace

The two systems of providing grazing (with permanent pastures
and with annnal crops) at the Sandhill station were supplementary
only to a limited extent.  There were two periods when it was difficult
to provide grazing with the permanent pasture, These periods came
during the early spring and the early fall, when there was alse a dearth
of grazing material from the annual crops.

The establishment of clovers in tiie permanent pasture is helping
to reduce the periocd of spring shortage . The seeding of crimson
ciover, veteh, and hop clover on perimanent pasture sod in the fall is
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proving to be promising {or furnishing early-spring grezing. Some
of the annual crops that are now being studied may prove to be
cffective in supplementing the permanent pasture, during periods
when the permanent pasture is least productive,

Considering the relative costs of the two systems, it is evident that
the permanent pesture furnished nutrients at & much cheaper rate
than any of the annual grazing crops, singly or in combination. This
is clearly indicated in table 13, which summarizes the total digestible
nutrients produced per acre, the cost per 100 pounds of nutrients
produced, and the cost per ton of alfalfa hay equivalent for the
several annual grazing crops and the permanent pasture.

TABLE 18.—Swmmary of yiclds and costs of lotal digestible nutrienls oblained from
the permanent pasiure and the annual crops used in the grazing ceperiments

1 . . .
Total iligestible nuirieats Caost per
ton of
Qrazing - . T ulialla
[reriod Yiekl Yiehd | Cost pwr hny
M'.r ucr:: * per nere | ) eqitiva-
pur tlay . i poumds lent
! |
|

Pearl millel. ... . e el e e 1ng
Soybeans und peard millel . T 1
Oats, barley, rye, and veteh. . .0 00770 00 o
[talian ryvarnss and etfmgon clover o L
Corn stover aned velvetheans. | . hy

Permnnent pnsture. .. 3
. 1187

| ;
Days | Pounds | Pounds | Doflnrs | DoHurs
521 8. : §2 L
3
i

1303 | L.

0. 65 [ 1042
3 . 3.4 J3.00

8.

1.

A5. 89
17.81

The costs of nutrients furnished by the combination of oats, barley,
rye, and vetch at $3.28 per 100 pounds, and by Ttaliun ryegrass and
crimson clover at $6.55 per 100 pounds, are prohibitive.

It is possible thai the returns from the annual erops would be greator
if they were not grazed but were made into silage. While this would
involve additional harvesting and handling costs, it would maké
possible the harvesting of the crops at a stage of maturity that would
insure & maximum yield and feeding value. Such a plen wottld
provide a more uniform ration for the cattle than was obtained by
grazing the crops. The chemical composition probably would be
more uniform, and the silage could be fed in amounts required.
Under this plan, the silage would be available when needed to supple-
ment the poor grazing periods on the permanent pasture, The annuael
crops that give the most cconomical yields could be utitized. Making
good silage from these crops is not difficuls, as modern methods insure
the meking of good-quality silage from legumes and grasses when cat
and stored in the proper manuer.
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