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Temperature conditions and the distribution of summer rainfall
are important factors that determine the optimum time for planting
grain sorghums. Dwarf Yellow milo and feterita generally pro-
duced highest yields of grain from June 15 planting at Lubbock,
Spur, Big Spring, and Dalhart; from May 15 planting at Chillicothe
and Temple; and from April 1 planting at Beeville. Dwarf Black-
hul kafir produced highest grain yields from May 15 planting at
Lubbock, Chillicothe, Spur, and Temple; from June 15 planting at
Dalhart and Big Spring; and from March planting at Beeville. The
best grain yields of hegari are usually produced from the later
plantings. At Big Spring, hegari planted June 15 yielded 7
bushels, or 40 per cent, more grain than when planted earlier than
this date.

Forage yields are ordinarily increased and better quality of
forage is produced from the later plantings. At Chillicothe, June
15 plantings returned the highest yield of forage, and at Temple
yields were highest from May 15 plantings.

The spacing requirements of grain sorghum varieties depend
largely upon their tillering habits. For best yields of grain, varie-
ties that tiller freely require greater plant space than those that
tiller but little. The milos are freely-tillering in habit, are grown
primarily for grain, and should be spaced 12 to 24 inches. Approxi-
mately 20 per cent more grain, or five bushels, was produced from
milo spaced 18 to 36 inches in the row at Lubbock than when
spaced 3 to 9 inches. The average results at all stations indicate
the best spacing of milo to be 12 to 24 inches. Kafir is sparsely-
tillering in habit and produced the best yields from a close spacing
of around 6 inches, yielding 10 to 20 per cent more grain, or three
to four bushels more, than when spaced 12 to 24 inches. Hegari
and feterita tiller freely but as they are important forage types
they should be spaced so as to allow 6 to 12 inches between plants
in the row.

The largest yields and best quality of forage of all varieties were
produced from close spacing. Kafir and milo, spaced 3 to 9 inches,
produced 11 per cent more forage than when spaced 12 to 18 inches.

Losses in grain yield, due to planting in wide rows instead of
normal rows, are too great to withstand unless the use of wide
rows fits in with some other farm practice, such as planting wheat
following grain sorghum. Forage yields are reduced when plant-
ing is done in the wider rows instead of normal rows and over a
period of years a reduction of about 25 per cent occurred in
forage yields when grain sorghums were planted in wide rows
instead of normal rows. Under certain circumstances paired rows
can probably be used to advantage, in view of the comparatively
small reduction in grain yield resulting from the use of paired
rows, particularly with milo. The average decrease in grain yield
from paired rows, as compared with that from normal rows, was
1.1 bushels to the acre, and the corresponding decrease when
grown in wide rows was 4.6 bushels. The results are fairly con-
sistent in favor of normal rows, but a smaller reduction in yield
from using the wider rows occurred at Chillicothe and Spur than
at Lubbock, Big Spring, and Dalhart.

Grain yields of kafir were reduced 4.3 bushels; feterita, 6.9
bushels, or about 25 per cent, when cowpeas were planted in alter-
nate rows with these grain sorghums, and forage yields were also
decreased about 25 per cent.

The use of the most effective commercial dry-dust seed disin-
fectants increased germination and emergence of feterita seed 30
to 40 per cent over that of untreated seed. Either Copper Carbonate
or Ceresan, applied at the rate of 2 to 3 ounces per bushel of seed,
is a convenient and effective dry-dust treatment for sorghum
kernel smut.
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GRAIN SORGHUM DATE-OF-PLANTING AND SPACING
EXPERIMENTS

R. E. KARPER, J. R. QUINBY, D. L. JONES,
AND R. E. DICKSON*

The grain sorghums rank third in total production and money value
among the crops grown in Texas, being exceeded only hy cotton and
corn. The total average annual production is approximately sixty-three
million bushels, having a money value of about fifty-one million dollars
for the grain alone. The value of the forage incidental to this grain
crop is ofttimes underestimated since it is ordinarily consumed on the
farm where it is produced but it is the basic roughage and forage in the
western part of the State. Texas is the }uullnn state in grain sorghum
production, producing, ordinarily, about 47 per cent of the total grown
in the United States l<|<r 1). With Hw exception of Arizona and
(California, where 1nu(]1 of the crop is grown under irrigation, Texas
also ranks first in yield per acre, averaging 25.4 bushels.  This high acre
yield is due to the fact that the sorghums respond favorably to the soil
and climatic conditions existing in this State and also to the \\'i(]u distri-
bution and use of improved and adapted varieties within the State in
the past ten to twenty years.

The sorghums are particularly adapted to the western two-thirds of
Texas (Iig. 2) and are grown there almost to the exclusion of other feed
crops. Following the introduction and improvement of the sorghums,
which have provided a basic grain and forage crop for this large and
important region, a successful and dependable agriculture has heen
developed.

Experiments in the management and culture of grain sorghums,
looking toward further increases and 0(‘()110111'\' in acre production, have
been conducted for a number of years at the various substations.  Some
of the results have already heen ])lll)]l~]l(‘([ and the object of this Bulletin
is to present further oxpounwntdl results upon some of the important
factors in the production of this crop.

SCOPE OF THE BULLETIN

This Bulletin is a report of experiments conducted at Tabbock,
Chillicothe, Spur, Big Spring, Dalhart, Temple, and Beeville to deter-
mine the best practices in growing grain sorghums in the various parts

*Credit is due H. N. Vinall, Senior Agronomist, and J. C. Stephens
Assistant Agronomist, Office of Forage Crops and Diseases, U. S. A.;
F. E. Keating, H. J. Clemmer, and B. F. Barnes, Supenntendents Ofﬁce of
Dry-Land Agriculture, U. S. D A.: and D..'T. Klllou;,h and R. A. Hall of the
Texas Station, for data used from the Chillicothe, Big Spring, Dalhart,
Temple, and Beeville Stations.
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of the State. The work at the Chillicothe Station has been conducted
cooperatively by the Texas Agricultural Experiment Station and the
Office of Forage Crops and Diseases, U. S. Department of Agriculture.
Inclusion of the results from Big Spring and Dalhart has been made
possible through the courtesy of the Office of Dry-Land Agriculture,
under whose direction these stations are operated, and the Office of
Cereal Crops and Diseases, U. S. Department of Agriculture.

lotaL Propuction oF GRAIN SORGHUM
(Averace ror Years 1919 -1928, IncL)

Texas
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Fig. 1. Total production of grain sorghum, by states, 1919-28, inclusive. Texas pro-
duces 47 per cent of the Nation’s crop.

Climatic factors, especially rainfall, are recognized as having a most
important influence on production. Cultural practices also materially
influence production, and these, to some extent at least, are under the
control of the grower. Two of the most important factors in obtaining
maximum production are planting at the optimum time and the correct
spacing of plants. Because of the different climatic conditions existing
in the several grain sorghum producing regions in the State and the
variability exhibited by different varieties under different climatic condi-
tions and cultural practices, investigations have been conducted at the
several state and federal experiment stations to study more fully these
various factors in production.

Grain sorghum varieties have been planted at different dates, at differ-
ent spacings within the row, in normal, paired, and wide rows, and in
rows alternated with cowpeas. Yields of grain and forage resulting from
such plantings are presented here along with data to show the develop-
ment of varieties under ine environmental conditions existing at the
various stations. Data are presented to show the effect of various com-
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mercial seed disinfectants upon the germination and emergence of grain
sorghum seed in comparison with untreated seed. Information upon
rate of planting and stands obtained from seeding 1, 2, 3, 4, and 5 pounds
of Dwarf Yellow milo and Blackhul kafir seed to the acre is also
presented.

pRaE!

Fig. 2. Distribution of grain sorghums in Texas. One dot represents 100 acres;
1919 census.

LOCATION OF STATIONS, CLIMATIC CONDITIONS, AND SOILS

A brief discussion of the location, soil types, and climatic features
existing at the various stations where these experiments were conducted
is given here. A summary of meteorological data by months is shown in
Table 1. It will be seen that the location of these experiments has been
fairly well distributed over the western part of the State where the
sorghums are of principal importance. A study of the climatic condi-
tions at the various points will be found helpful to a better understanding
of the results of experiments presented later in this Bulletin (Figs.
3 and 4).



Table 1.—Summary of meteorological data from the stations at which these grain sorghum experiments were conducted.

|
Jan Feb. | Mar. | April | May | June | July | Aug. | Sept. i Oct.
Lubbock:
Rainfall, inches, 1911-30. .36 .75 LT SOAN D LG D
Mean maximum ttmpcraturc. o 1:563,2-1:60.1:1'66.3| 743 1 806188
Mean minimum temperature..... | 24.6 | 28.5 | 34.4 | 43.5 | 53.1 | 61.
Mean mean temperature. ....... | 38.9 | 44.3 | 50.4 | 58.9 | 66.9 | 75.
Ave. Rel. humidity, percent..... | 66.0 | 56.2 | 49.3 | 48.4 | 54.9 | 54.
Evaporation, inches............. L. 51=2 741 5.001:62971->7.29] 8
Windiran.miles. ..o - o5 o 443 | 5443 6 | 6954 | 6573 | 602
Erostfreespeniodldays i ot o i ol e N [ e B S R e e e R
Chillicothe:
Rainfall, inches, 1906-30........ St g2 141" 025521 3:831F 3:42] '2.59] 2.55| 2.82] 3.45
Mean maximum temperature. ... | 51.8 | 58.5 | 66.7 | 75.2 | 82.4 | 92.1 | 95.8 | 91.7 | 87.1 | 75.3
Mean minimum temperature. . 26.6 | 30.9 | 38.3 | 49.0 | 58.5 [ 67.5 | 71.0 | 69.7 | 62.4 | 50.4
Mean mean temperature. . ... 3920l 47 1252 5510621 70-451579 81 83 4 | 829 [i 7407 15949
Ave. Rel. humidity, pu‘ cent. . 69.3 161.2 | 56.0 | 54.1 | 59.4 | 57.0 | 53.9 | 55.7 | 62.3 | 65.9
Ivaporation, inches. . . > 2.021 3.01] 5.09] 6.67| 7.91 87819 300EBI67]" 5.36] 4,38
Wind run, miles. . ... .7.. .. | 4740 | 5180 | 6621 | 6412 | 5983 | 5195 | 4126 | 3629 | 3816 | 4030
Krost-freefiperod; daysit.ioaon [Laiti el - Srial i S aoie s i o e el o S S e e :
Spur:
Rainfall, inches, 1911-30...... .. 233 .67 L9920 191END ERB1E 2 3R T 9y IS DGR D 77l =290
Mean maximum temperature.... | 56.3 | 60.6 | 67.4 | 76.1 | 83.2 | 92.2 ; 2 LT R [
Mean minimum temperature. .. . . 260515315111 36 .0 1546527 '55.0:'| 63.5 58.9 | 48.0
Mean mean temperature. . . ... .. 41-2:10465.5 | =617 - 611 Q1 77.9 73= 0511626
Ave. Rel. humidity, per cent. .. .. 68.6 | 63.4 | 61.1 | 62.9 | 66.0 | 63.7 68.9 | 71.5
Evaporation, inches 2 003D b 162612 ST Dl BE SR 5.91] 4.96
WindSrunSmiles SEia s 4385 | 4726 | 5479 | 5609 | 5584 | 4780 3773 | 4004

Bif Spring:

Rainfall, inches, 1916-30. .......
Mean maximum temperature. . . .
Mean minimum temperature. .. . .
Mean mean temperature
Evaporation, inches. . . . ..
Frost-free period, days..........

Dalhart:
Rainfall, inches, 1906- 30 ........
Mean maximum temperature. . . .
Mean minimum temperature. .
Mean mean temperature. . . ..
Evaporation, inches. .. ... e
Frost-free penod daysiss e e an

Nov.

Dec.

Monthly)

average

73.5
44.8
59.2
8.1

66,06
58,596

66.83
55 187
213

8
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Temple:

Rainfall, inches, 1913-30.........
Mean maximum temperature. . . .

Mean minimum temperature
Mean mean temperature. . . .

Ave. Rel. humidity, pcr cent.....

Evaporation, inches. .
\Wihdarnn i tmilesa s gt
Frost-free period, days.....

Beeville:
Rainfall, inches, 1904-30. . ..

Mean maximum temperature. . ..

Mean minimum temperature
ean mean temperature. . ..

Ave. Rel. humidity, per cent. .. ..

Evaporation, inches........
Wind run, miles............
Frost-frec’ period, days. .....
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The Lubbock Station js Jocated three miles east of Lubbock in the
High Plains Region of Texas and near the center of what is known as
the South Plains. The altitude is 3106 feet above sea level. The
average rainfall over a period of 20 years is 19.3 inches, 83 per cent of
which falls during the months from April to October, inclusive. The
average dates of the last killing frost in the spring and the first killing
frost in the fall are April 9 and November 2. The soil is of the Amarillo
and Richfield fine sandy loam types, which are typical of a considerable
portion of this area.

The Chillicothe Station is |ocated in the eastern part of Hardeman
County, five and one-half miles southwest of Chillicothe, about midway
between the Red and Pease Rivers. The altitude is 1406 feet above sea
level.  The average rainfall over a period of 25 years is 25.51 inches, of
which about 80 per cent falls during the months from April to October,
inclusive.  The average dates of the last killing frost in the spring and
the first killing frost in the fall are March 24 and November 6. The
soils in this section of the State were derived from the weathering of
the Permian Red Beds. 'The soils comprising the station farm are fine
sandy loams, loams, and clay loams of the Foard and Vernon series.

This station is operated in cooperation with the Office of Forage Crops
and Diseases, U, S. Department of Agriculture.

The Spur Station is located in Dickens County one mile west of Spur.
Spur is in the Rolling Plains Region, being 14 miles east of the Cap Rock
escarpment, which divides the Low Plains from the High Plains. The
elevation is 2274 feet above sea level. The average annual rainfall for a
period of 20 vears is 21.41 inches, 33 per cent of which falls during the
growing period of summer crops. The average dates of the last killing
frost in the spring and the first killing frost in the fall are April 4 and
November 3. Abilene and Miles clay loams, two typical soils of the
southern Red Beds Region, comprise the land on the station.

The Temple Station is located in Bell County and before its removal
to a new site in 1927 and during the duration of the experiments
reported here was located about four and one-half miles southwest of
Temple.  The elevation is 740 feet above sea level. The average annual
rainfall for the period of 18 years is 36.35 inehes, about 61 per cent of
which falls from March to September, inclusive. The average dates of
the last killing frost in the spring and the first killing frost in the fall
are March 24 and November 11. The soils on this old location are dark-
hrown to black clays of the Simmons and Lewisville series and are not
strietly typical of the Blackland Region.

The Beeville Station is located in Bee County in the Interior Black
Prairie Region at an altitude of 240 feet above sea level. The average
annual rainfall for a period of 27 years is 30.31 inches, of which 66 per
cent falls between March and September, inclusive. The average dates
of the last killing frost in the spring and the first killing frost in the
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fall are February 22 and December 5. Victoria and Goliad sandy loams
and clay loams are the principal soils comprising the land of the station.

The Big Spring Field Station is Jocated one-half mile north of Big
Spring in Howard County in the South Plains Region and at the southern
edge of the High Plains. The altitude is 2400 feet above sea level.  The
average annual rainfall over a period of 15 years is 18.43 inches, 81 per
cent of which falls during the months from April through October. The
average dates of the last killing frost in the spring and the first killing
frost in the fall are March 30 and November 2. The principal soil type
is Amarillo fine sandy loam.

The Big Spring Field Station is operated by the Office of Dry-Land
Agriculture, U. S. Department of Agriculture,

The Dalhart Field Station is located in Hartley County in the northern
Panhandle. The altitude is 3978 feet above sea level. The average
rainfall over a period of 25 years is 18.95 inches, 87 per cent of which
falls during the period from April to October, inclusive. The average
dates of the last killing frost in the spring and the first killing frost in
the fall are April 23 and October 16.  Amarillo sandy loam soils pre-
dominate on this station.

The Dalhart Field Station is operated by the Office of Dry-Land
Agriculture, U. S. Department of Agriculture.

EXPERIMENTAL METHODS

The yields reported in this Bulletin were computed to the acre basis
from experimental plats. The plat sizes and number of replications have
varied on any particular station and from station to station. depending
upon the amount of land available. The plats have varied in size from
1/10 to 1/110 of an acre but the most usual plat size has been about
1/20 of an acre, except at Temple, where the plats were always 1/110 of
an acre. Single plats were generally used in the work prior fo 1925,
except at Chillicothe, where duplicate plats were used. but since that
time plats have more often been 1/55 of an acre and duplicated or
triplicated.

Different row widths are in use at the different stations. The ordi-
nary row width at Lubbock, Spur. Temple, and Beeville iz 36 inches; at
Chillicothe 40 inches; and at Big Spring and Dalhart 44 inches.

The preparation of the land and the cultivation were always in keeping
with good farm practices and as uniform as the nature of the experiments
would allow.

Grain yields are presented in bhushels of 56 pounds and represent
clean, threshed grain.

Forage yields are the total field production of heads and stover and
are presented in tons of air-dry matter to the acre.

The measurement and observation of plant characters were made at
maturity and are based on the average of ten consecutive plants in the
TOW.
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Diameter of plant is the average of three measurements, one taken at
the butt, one at the middle, and one at the peduncle of the plant.

Number of days from planting to full boot, to full head, and to matu-
rity are, respectively, the actual number of days from planting until 50
per cent of the heads were in full boot, until 50 per cent of the heads
were in full head, and until 90 per cent of the heads had mature seed.
The period from planting until maturity is called the growth period
Or Crop-growing season.

Per cent of stand is the ratio of actual number of plants obtained to
the desired number of plants, expressed as a percentage. All possible
care was taken to insure good stands; planting was done at heavy rates,
and the poor stands that were obtained were due to inability of the seced
to germinate under the unfavorable conditions. Thinning to desired
stands was done, ordinarily, about the time the plants were four to six
inches high.

The heads were harvested with a pocket knife and cured until dry
enough to thresh. The stover was cut by hand or with a row binder.
Forage weights were computed by adding the air-dry head weights to
the air-dry stover weights.

The figures presented for grain and forage yields are the actual acre
yields of grain and forage of the designated plats. A few exceptions
are indicated as calculated or interpolated yields. The calculated yield
of grain of the 3-inch spacing of kafir at Lubbock, in 1917 (Table 16),
is typical of the method used in computing calculated yields. The 6-inch
spacing of Blackhul kafir was reliable in each year of the ten-year period,
1916-25, inclusive, but the 8-inch spacing was not reliable in 1917 be-
cause a dependable stand was not obtained on that plat. The ratio
between the average grain yield of the 6-inch spacing and of the 3-inch
spacing was determined for this period of years, excluding 1917. The
calculated yield of the 3-inch spacing in 1917 was made to conform to
this ratio with respect to the yield of the 6-inch spacing of that year.
In this particular case the ratio of average production was found to be
1 to 1 and, therefore, the yield of 7.2 bushels produced by the 6-inch
spacing in 1917 was also the calculated yield of the 3-inch spacing
that year.

The interpolated yields included in Table 8, the date of planting tests
at Chillicothe, are yields taken from a planting of each variety made at
about the designated date at some location on the station other than that
of the date of planting test.

DATES-OF-PLANTING EXPERIMENTS
Response of Sorghum to Time of Planting

The time of planting sorghums has an important relation to the coinci-
dence of the vegetative and fruiting periods of the plant with an
environment favorable or unfavorable to best growth and development.
It sorghums are planted too early, before the soil is thoroughly warm, it
is difficult to get good stands. Too early planting may prolong the
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growth period of a variety throughout a longer season and expose the
crop to more hazards of unfavorable temperature or moisture. Grain
sorghums are generally grown in regions where there is a period or
petods of low summer rainfall and satisfactory vields cannot be obtained
when the fruiting period of the crop coincides with such depressions in
rainfall.  In order to determine how the sorghum plant responds to
these different effects when planted at different times, data on various
characters were collected from the various varieties of grain sorghums in
the date of planting experiments conducted at the Tubbock Station from
1919 to 1926.

Plant Development in Relation to Distribution of Rainfall

The relationship between temperature and the length of growing
season limits the season of optimum planting and precludes the possi-
bility of planting on a date early enough to escape periods of drought
that are likely to occur in mid-summer. Ordinarily, the total rainfall
during July, August, and September is ample to produce profitable yields,
provided the distribution is good. However, it frequently happens that
a poor distribution is responsible for low yields. Since grain sorghums
will not grow rapidly until warm weather prevails, they cannot be
planted early and be expected to mature a full crop on moisture stored
in the soil from winter and spring rainfall. Even the earliest varieties,
such as Spur feterita and Dwarf Yellow milo, when planted on April
15, ordinarily were in boot about July 17 and July 6 and matured on
August 14 and August 20. The month of July, and particularly the
first 20 days is the driest part of the summer, as will be seen from Fig. 3
and sorghums coming into boot or head at this time will hequontly
encounter conditions unfavorable to heading and grain production. Karly
planting, therefore, does not eliminate the po»ublht,\ of encountering
dronght conditions during the critical fruiting period when an ample
supply of moisture is necessary to produce good yields of grain.

There appears to be a correlation between high yield and the date of
hooting (Table 2). Highest yields of the milos resulted from the June
15 plantings, which booted about August 15. Highest yields of Dwarf
Blackhul kafir resulted from the May 15 and the June 15 plantings,
which booted on August 1 and August 23, respectively. Standard
feterita made best \1ol(l~ from the June 15 plantlng, which booted on
August 12, All of the plantings of the late kafirs booted after August

the earliest of which was on August 3 and the latest on .\eptmnber 5.
On the whole, booting early in July resulted in decreased yields. It
seems apparent that planting should be done on a date that will allow
heading in late July, August, or early September (I'ig. 5). At Lubbaeck,
June 20 to July 20 and August 20 to -\‘,optomhm 10 constitute periods
characterized by the lowest rainfall of the growing season and sorghums
coming into head during these periods arve apt to suffer a loss in yield.
On the other hand, peaks in the distribution of rainfall occur, on the
average, between July 20 and August 20 and between September 10
and 20 (Fig. 3) and if the sorghums are heading during these periods



Table 2.—Average dates of full boot, of full head, and of maturity from date of planting grain sorghum varieties at Lubbock, 1919-26, incl.

Date of full boot Date of full head Date of maturity

when planted on when planted on when planted on
April 15 | May 15 | June 15 | April 15 | May 15 | June 15 | April 15 | May 15 | June 15
D WA TRNIE] LOVETITILO: & S0 euerie e S I s et July 6 | July 22 | Aug. 15 | July 15 | July 31 Aug. 23 | Aug. 11 | Aug. 23 | Sept. 19
Standard Yellow milo ) PI LA R Y July 8 | July 23 | Aug. 17 | July 15 | July 31 | Aug. 25 | Aug. 15 | Aug. 21 | Sept. 18
Dwarf White milo . s AR o July 9 | July 29 | Aug. 16 | July 16 | Aug. 5 [ Aug. 23 | Aug. 14 | Aug. 24 | Sept. 15
Standard White milo. . . . : I ...| July 13 | July 24 | Aug. 16 | July 20 | Aug. 1 | Aug. 24 | Aug. 15 | Aug. 23 | Sept. 17
Dwarf Blackhul kafir. . . ; o s duly 17 | Aug. 1 | Aug. 23 | July 268 | Aug. 8 | Sept. 1 | Aug. 28 | Sept. 4 | Oct. 3
Standard Blackhul kafir . . ; ..| Aug. 8 | Aug. 8 | Sept. 4 | Aug. 19 [ Aug. 19 | Sept. 13 | Sept. 10 | Sept. 15 | Oct. 16
Red kafir........... £ ; .../ Aug. 3 | Aug. 15 | Sept. 3 | Aug. 14 | Aug. 22 | Sept. 12 | Sept. 9 | Sept. 16 | Oct. 16
Pink kafir....... : : .iv....] Aug. 16 | Aug. 13 | Sept. 5 | Aug. 17 | Aug. 24 | Sept. 14 | Sept. 15 | Sept.2) | Oct. 17
Standard feterita....... : .| Aug. 12 | July 18 | Aug. 12 | July 19 | July 26 | Aug. 29 | Aug. 17 | Aug. 19 | Sept. 12
Spurfetentafe i ditirg s R July 17 | July 21 | Aug. 17 | July 24 | July 29 | Aug. 21 | Aug. 2) | Aug. 20 | Sept. 15
Dwarf feterita. . . # : PO S 2 July 16 | July 16 | Aug. 10 | July 23 | July 22 | Aug. 16 | Aug. 17 | Aug. 12 | Sept. 19
Texas Blackhul kafir. . . .. IR iy 8 S July 18 | Aug. 4 | Aug. 21 | July 24 | Aug. 9 | Aug. 28 | Aug. 23 | Sept. 2 | Sept. 27
Ghiltexdres NRE S ikt ey e, LA tl o e July 10 | July 20 | Aug. 6 | July 15 | Aug. 4 | Aug. 13 | Aug. 8 | Aug. 17 | Sept. 10

| |
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Fig. 4. Mean monthly rainfall (below) and mean maximum and mean minimum
temperatures (above) at the Lubbock, Chillicothe, Spur, Big Spring, and Dalhart
stations.

higher yields will be produced. Karly-maturing varieties should be
planted somewhat later than late-maturing varieties.

Time of Planting in Relation to Growth Period

Sorghums planted April 15 do not mature 30 days ahead of the same
variety planted on May 15. Maturity dates of two such plantings are
more likely to be less than 15 days apart (Table 2). Over a period of
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years there is considerable variation in the length of the season from
planting to maturity (Table 3) but, in general, the later plantings made
on June 15 mature in the shortest length of time. Grain sorghum plants
grow slowly until the soil is warm and relatively high temperatures pre-
vail. Karly planting results in retarded early growth with consequent
lengthening of the growth period (Table 4). Dwarf Yellow milo planted
on April 15, May 15, and June 15 matured, on the average, in 121, 101,
and 96 days, respectively. Corresponding growing seasons of Dwarfl
Blackhul kafir were 135, 112, and 109 days; and of Spur feterita were
127, 98, and 92 days. Maturity is also retarded by lowered temperatures
in the late fall months. May 15 plantings of the milos, which ordinarily
head about August 1, have a shorter period from heading to maturity
than do June 15 plantings, which head about August 25. The differ-
ence is more marked in the late kafirs. May 15 plantings of Standard
Blackhul kafir headed about August 19 and matured in 28 days {rom
heading. June 15 plantings of the same variety headed about September
13 and matured in 33 days from heading. These results indicate that
conditions in the fall tending to prolong the growing season exist as
early as the middle of September at least.

The length of the crop-growing season is not determined solely by the
prevailing temperatures. Sorghums have the ability to withstand severe
droughts before the crop boots and then to make an excellent crop of
grain i good rains come. It is this characteristic of the sorghums that
makes them particularly well adapted to the Great Plaing region. When
severe drought prevails prior to heading, the plants practically cease
growth and the retardation of growth results in a longer growing season.
The reaction of plants to drought conditions causes the extreme differ-
ences in length of growth period for any one date of planting of any one
variety, as shown in Table 3.  Also, varieties differ in reaction to extreme
drought conditions. It is characteristic of milos and feteritas to con-
tinue growth and to mature, whether rains come or not. Kafirg, on the
other hand, are more likely to cease growth almost entirely and not head
until rain comes. In either case the growth period is lengthened but
this characteristic difference in growth habit between varieties accounts
for the greater differences between the shortest and longest growth
periods exhibited by the kafir varieties.

Effect of Time of Planting Upon Stands

Good stands were more difficult to obtain on April 15 than on May 15
or June 15 planting dates. On account of the soft, starchy nature of
sorghum seed they are liable to attack from fungi, which rot the seed
and prevent germination. The seed germinate slowly and may rot when
planted before the soil is thoroughly warm. Germination of feterita
seed is particularly low and stands of feteritas, particularly when planted
early, are harder to obtain than stands of other varieties. The per-
centages of stand of the varieties planted at the various dates are shown



Table 3.—Dates of planting grain sorghum varieties and lengths of growth periods at Lubbock, 1919-26, incl

Date of planting

Dwarf Yellow milo:
April 15. ..
May 15
e G- S R R R AR

Standard Yellow milo:

ADPIILSG e e =
May 15..
June 15. .

Dwarf White milo:
ADPTLLS s s, e
IVl e o SR
Jnes 165

Standard White milo:
7o eyl b e e SO DN e e O ek A
% [ 00 e Pl R R e
Aflis (o8 Bl aasaaa e 5 MRS oal R s R

Dwarf Blackhul kafir:
April 15. . 3
May ;

AT (e B 8 7 s R R R

Standard Blackhul kafir:
A DT S e e R e
1 £ S5y e i o Eanen S e o
RV By Ste sl omdl et Bt dar e, el

Red Kkafir:
IATLTIS [yt B Re o o sy ol B
VIR B et im0 1 s B
ST G DR e i A EE e e ety

Pink kafir:
DRI S a2 S i et
May 15.
JUNELAD 8 e s Gl SO S e

#Did not mature.

Length of growth periods, days

1919 | 1920 | 1921 | 1922 | 1923 | 19214 | 1925 |
l
127 110 117 132 121 108 |
109 104 97 102 104 101 |
100 89 9 101 102 97
127 137 112 117 128 123 113
OGRS VRS 108 95 100 102 101
103 | B e 92 90 01 102 97
121 135 112 111 ; 122 113
T et 101 99 ) 103 103
100NN 90 92 92 8 97
121 137 T2 86(E 0, 128 122 113
R 110 10: 100 102 93
(OO S 92 97 91 87 97
139 115 124 129 135 153 125
G Sl R iest 113 112 101 112 123
A A 103 100 119 131 102
142 150 140 143 153 172 139
123558 e 124 128 126 123 123
ey 108 104 115 131 113
1145 150 140 113 153 163 136
126 E e 124 130 124 128 118
s g 108 104 115 131 113
148 145 140 156 158 172 169
Bk e B 130 128 130 128 137
R i 115 104 142 131 113

|
1926 Average |

121
100

95

122
99
95

121.:
101.

123.

) =D —ci

o =0

132
| 109
| 102

103

i Long

L1t
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Standard feterita:
D LI Ll S RS S e P N i R
May 15. LR R e G G
Junesvlbl LS e st T

Spur feterita:
16

June 1,’ .......................

Dwarf felerita:
April 15
10 2 B3 RN AR ) 0 6 SR o S
H 1 8T St TN S S O S GOt o e iR ey

Texas Blackhul kafir:
P 1E115 RN b Sr i N e TR
IV AL DI e ey e DRI E, 8 Ny,
1V Yoy o 550K oARe S s A G A A !

Chiltex:
Legenyind KAt et N Sk IR B RS i e
WY 0 5 T R s R B R
)i b g oy R SR S s S

118

122
89
89

122

()‘)

119
88

124 .

129.
103.
115.

94.5
87.

tninen

111
68
87

1())
80
125

106
102

108
92
87
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in Table 5. Poor stands, no doubt, have some influence upon yield;
nevertheless poor stands do not account wholly for the lower yields of
April 15 plantings. The average per cent of stand of the April 15
planting of Dwarf Yellow milo was 84 per cent; the May 15 planting,
85 per cent.  The yields, however, differ by 6.3 bushels in favor of May
15 planting.  Likewise, the average per cents of stand of Red kafir were
91 and 99 for the two dates, respectively; vet the earlier date has the
higher average yield by 1.3 bushels.

Influence of Time of Planting Upon Plant Characters

Plant height and diameter of stalk are influenced more by soil-moisture
conditions than by temperature conditions. In general, however, shorter
and more slender plants result from April 15 than from May 15 and
June 15 plantings, although the average height at maturity and the
diameter of stalk differ but little (Table 6). Also, there is very little
difference in the amount of suckering but here, also, the later plantings,
on the average, have the higher number of stalks to plants. No doubt,
the poorer stands that frequently occurred in the early planting would
tend to make the plants larger and to produce more suckers, and the
poor stands may tend to cover up differences in plant size and amount of
suckering that actually exist when stands are absolutely comparable. In
general, the better plant growth obtained in the later plantings indicates
that better growing conditions for sorghum exist in the summer and
fall than in the spring and early summer.

Time of Planting in Relation to Yield in Various Regions

I'rom the preceding discussion it has been shown how the sorghum
plant responds to various factors when planted at different dates. The
general effects of these factors upon the behavior of the plant and their
indirect influence upon production are important but the relation of
time of planting to yield of grain and forage is the principal considera-
tion. Experiments have been conducted at the various stations to deter-
mine the relative yields that can be expected in the different regions when
the principal grain sorghum varieties are planted at different dates
throughout the possible planting period.

The growing season, as ordinarily considered, is the period between
the last killing frost in the spring and the first killing frost in the fall.
Spring temperatures optimum for growth of sorghums do not exist until
sometime after the last killing frost in the spring (Table 1 and Fig. 4)
and the growing seazon of grain sorghums, therefore, does not coincide
with the frost-free period. The soil is warm enough and mean tempera-
tures are high enough to allow planting by February 15 in the southern
part and by April 1 in the northern part of the State.. Since favorable
growing conditions for grain sorghum usually exist right up to the date
of killing frost in the fall, and since the latest of the grain sorghums
grown will mature, ordinarily, in 120 to 130 days, the possible range of
planting date covers a period of at least 90 days, even in the northern



Table 5.—Average and extreme per cents of stand obtained, and average yield of grain from dates of planting grain sorghum varieties
at Lubbock, 1919-26, inclusive.

Per cent of stand

Grain yield in bushels

to the acre

April 15 May 15 June 15
Variety Extremes Extremes Extremes
Aver. Aver. Aver. = April | May Aver.
Low | High Low | High Low | High i45] 15

D WArTEY el ONWATT] OR See: & Sl B s e 84 56 100 85 31 100 100 98 100 21.1 1274 <D 12528
Standard Yellowmilo................. 68 34 100 79 27 100 93 73 10) 16597 [#25.3 SDIINO1RG
Dwarf Whitemilo. ................... 63 42 100 85 41 100 97 93! 100 163241 .41 22.6
StandardsWihitefmiloZrt S s S i e 78 58 100 85 66 100 88 63 100 19:11.:22.0 .8 121.6
AN ETR et oAl i T T s | B i R e b PR e 0 s | i 18.4 | 24.7 815229
DwariBlackhulikafint: = ot s e 74 45 100 sl 69 100 100 100 100 18.1 | 21.0 .31 19.8
StandardEBlackhul®kafiv, e swE S Lo 97 93 100 95 89 100 99 95 100 22.0 | 21.6 SHE2155
R O L T e Wl N B e 91 66 100 99 96 100 96 85 100 21.7 | 20.4 .4 19.8
Binkeak ol e sliegmy i Sy i ca i lOati, 94 66 100 91 70 100 94 86 100 24.8 1°23.5 g P
Aeragetianta T ok it e ol e, 2l (NG 1 T Tl [N ol OFG B AR R N7 5218 3 1.21.2
Standard fetersba o i TR S e 67 38 100 70 16 100 96 78 100 19.0 | 20.4 20.2
SPURITeterTEara s e i T R 48 15 92 66 36 100 91 66 100 20.4 | 25.0 23.0
AT R (LB Y e Sy OG0 g L Sl R s A e e GRR|ExEeRE [ ey L4 7 Ry HORRR ) W o 19.7 | 22.7 21.6
IDyvarfsfeterytaing Selives sanic T ss iy 25 1 45 61 29 100 63 21 90 SHOL 16T 13.8
Texas Blackhul kafir.................. 92 83 100 100 100 100 100 99 100 27.8 | 18.1 25.0
i R e LIRS S R T e L 36 18 54 81 67 95 100 100 100 TEElL |17 22 18.1

ANIIHdXH DONIOVIS ANV ONILNVId-JO-HLVA WAHDYOS NIVID

SILN

13



Table 4.—Growth periods of grain sorghum varieties as influenced by date of planting. Average number of days from planting to full
head, from full boot to full head, from full head to maturity, and from planting to maturity at Lubbock, 1919-26, incl.

Days, planting to Days from full boot Days, full head to Days, planting to
full head to full head maturity nnlurily
Variety s e —_—
April | May | June April | May | June | April \l.l\ [ Jum | \prll ! \1 ay | June |
15 15 15 Aver. 15 15 15 | Aver 15 ] \ Aver. 15 | 15 15 | Aver.
! Y
Dwarf Yellow milo. ... .. 91 76 69 79 9 9 8 | 9 30 25 | 27 121
Standard Yellow milo. . .. 91 76 71 79 7 8 8 8 a1 231 24 122
Dwarf White milo. ... .. 92 81 69 81 7 8 7 ‘ 7 29 21 23 121
Standard White milo. .. .. 96 77 70 81 7 8 8 | 8 26 21 | 21 | 122
Dwarf Blackhul kafir. . .. 102 84 T 88 9 7 9 8 33 28 | 32 135
Standard Blackhul kafir. . 126 96 90 104 11 11 9 10 22 28 |- 33 148
Bedrleafipmmets . o s 121 99 89 103 11 7 9 | 9 26 5 | 34 | 117
)5k e 1 T SR S e e 124 101 91 105 11 11 91 10 29 S | L 153
Standard feterita........ 95 72 66 78 i 8 8 8 29 ) e ] 124
Spursfetersfasii i if o 100 75 70 . 82 il 8 i 7 27 98 22 127
Dwarf feterita*......... 99 68 62 76 74 6 6 6 25 22 | 29 124
Texas Blackhul kafir®*. . 100 86 71 87 6 5 7 6 30 24 ‘ 30 130
CURTH ex e 91 80 69 80 5 15 £ 9 21 15| 26 115
IAVerageri il bt 102 82 77 b I 8 9 8 1 ..... 28 24 ! 2 MR 130
| | | |
*5-year average. **2-year average.
Table 6.—Plant characters of grain sorghum varieties as influenced by date of planting. Averages of height, diameter, stalks to plant,
plants having suckers, and pandent heads at Lubbock, 1919-26, inclusive
Height at maturity, Diameter of plant, Number of stalks Per cent of plants Per cent of pendent
inches centimeters to plant having suckers heads
Variety S
April | May | June | Aver. | April | May | June | Aver. | April | May | June | Aver.| April | May | June | Aver. | April | May | June | Aver.
15 15 15 15 15 15 15 15 15 15 15 15 15 15 15
Dwarf Yellow milo. . ....... 39 41 41 40 1.45 | 1.44 | 1.50 | 1.46 2.0 2.0 2.1 2.0 60 62 62 61 10 12 7 10
Standard Yellow milo. S 57 60 59 59 1.28 [ 1.38 | 1.52 | 1.39 157 1.5 187 126 25 60 57 47 6 12 15 11
Dwarf White milo. . . . 43 41 41 42 1.40 | 1.45 | 1.46 | 1.44 iLary 1.6 A0 12T 50 48 43 47 5 2 0 2
Standard White milo 58 61 58 59 | 1.27 | 1.46.| 1.50 | 1.41 11390 8 E s B R 1.6 | 27 52 62 47 5 17 7 10
Dwarf Blackhul kafir . e 43 43 42 43 1.59 | 1.60 | 1.65 | 1.62 111 1.2 1.3 1.2 12 20 25 L ] o e e e e
Standard Blackhul kafir. .. . 46 49 49 48 [1.7711.8 (2.03|1.88| 1.1 1.2 | 1.1| 1.1 5 12 8 | e e | e o
Redkafiraye ittt S 51 50 51 (53 g O (LT T B b L O e Cv b et T | L o T R 5 10 7 7
Pink kafir.... ... S| Bl 52 55 5300 [l 73 A1 90 151305 1 1868 et IS a1 98 = e i 1 5 13 10 9
Standard feterita. S ) 60 59 59 |1.43 1149|134 142 14| 1.9| 23| 1.9| 25 48 65 46
Spur feterita.. ... 53 52 54 R R e Gl o T3 55 LT R B 1 0 G 5 (5 S 0 S I8t B 48 60 48
Dwarf feterita*...... 43 39 40 41 | 1.56 [ 1.57 | 1.59 | 1.67 | 1.3.] 1.4 1.9 1.5]| 22 34 62 39
Texas Blackhul kafir**...... | 46 43 48 46 | 1.39 | 1.44(1.63|1.49| 1.0| 1.1| 1.0| 1.0 0 5 5 g
GhiltaxE S s nme Lo 35 34 47 305151605 S1.28 %L1 49 N T4 6l OSSR Sl 5 S 1w 0 35 25 20
Alverage S b 48 48 L) e e 1 BT (8 G B R A ey i G R RGH (0 [l) Pee Sy 21 34 SR | Satreiea

*5-year average. **2-year average.
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part of the State. In the southern and eastern region, where the
sorghum midge is a limiting factor in production, grain sorghums must
be planted early enough to allow heading and flowering before the midge
becomes numerous. Iven here, however, there is a possible range of
planting date of some 90 days.

Dates of Planting and Yields at Lubbock

Ten of the principal varieties of grain sorghum were planted over a
period of eight years at Tubbock on three dates: April 15, May 15, and
June 15. Three additional varieties were grown for shorter periods.

Plantings prior to April 1 are not feasible because of the difficulty of
getting stands. Plantings made alter July 1 are frequently caught by
frost and stands are sometimes hard to obtain because of deficient soil
moisture. These three dates are representative of the possible range of
planting in this region.

In the following discussion, varieties grown for only two years will he
disregarded. The grain yields resulting from April 15 plantings are
generally lower than from May 15 and June 15 plantings (Table 7).
Dwarf Yellow milo produced 27.4 and 27.5 bushels on the May 15 and
June 15 plantings, and 21.1 bushels on the April 15 planting. Dwarf
Blackhul kafir produced 21.0 and 20.3 hushels on the May 15 and June
15 plantings, and 18.1 bushels on the April 15 planting. Spur feterita
produced 25.0 and 23.7 bushels on the May 15 and June 15 plantings,
and 20.4 bushels on the April 15 planting. Yields of the late-maturing
varieties, Standard Blackhul kafir, Red kafir, and Pink kafir are not in
line with the results from the earlier varieties. The differences in pro-
duction of these late varieties, when planted on April 15 and May 15,
are probably not significant but are in favor of the carlier date. The
reduction in yield of these later varieties in the June 15 planting is due
largely to their being caught by an early frost in 1919, and with that
vear excluded, the yields of June 15 compare favorably with those of
April 15 and May 15 plantings. Apparently these late varieties of kafir
may be planted earlier than milo and feterita. This condition is brought
about by the fact that the long growing season and habits of growth of
these varieties, when planted on April 15, causes them to mature about
the same time that earlier varieties mature when planted 30 or 40 days

later.
Dates of Planting and Yields at Chillicothe

Three varieties, Dwarl Yellow milo, Dwarfl Blackhul kafir, and feterita
were planted on different dates each year at Chillicothe from 1913 to
1928, excluding 1918. Whenever soil and climatic conditions would
permit, plantings were made from April 1 to June 1, at 15-day intervals.
In early years plantings were made up to July 1 but beginning in 1919
the last planting was made on June 1, and an early planting on March
15 was added. June 1 does not represent the latest possible planting
date at Chillicothe, and unfortunately the yields for the early years are
not representative because of a series of unfavorable seasons. The yields



Table 7.—Dates of planting grain sorghum varieties and the yields of grain at Lubbock, 1919-26, inclusive

Grain yield, bushels to the acre
Date of planting ] ] | ) | |
1919 1920 i 1921 ‘ 1922 | 1923 “ 1924 | 1925 1926 Average
ot e Wt I i ok e | ‘* O exqie 50 S, o ors S SN 4
3 ‘ | |

Dwarf Yellow milo: | [

April 15 : e e AT e G PR N g 33.7 v bl ot B €1 BT 15.4 20.8 | 17.2 17 .4 23.4 | 21.1

1\71 ot g RS Lt B R i ot st b S 45.4 I N B S R 26.4 22.7 b T s b e B e )

June 15 A o e A e g R e S T 26.4 274 30 B sl 1S 25.6 26.8 23.0 105 | 275
Standard Yellow milo: ‘ | |

ADrTa] B Sl N B b S R e 2 B 33.6 12.8 12.0 | 16.6 16.5 9.2 7 b by e B G|

£ 2 0 K5 et TR SR MBS e e L S L Ll e S d T 10.6 41.7 y 1 23.8 ST U B {241

i o s et £ SR e e S S R e R R 24.2 AT 30:3 5 21.1 234 135 32.7
Dwarf White milo:

o e e L AR R PP 138 12.7 15 10.0 111 9.6 | 24.4 18.3

IV AT S SR e o b e C S R A e, AT ; 24.9 29.0 AT 22.6 22 .4 1654 S8y 7 7 21.1

AR aa VR A a e B Rt SR U S A A T S 24. 32.5 23.8 22.0 26.6 16.8 i 35.6 27.4
Standard White milo: i

NPTV, b SR 35.4 16.5 1k55r/ 13.7 20.2 9.6 12.3 29.4 19.1

IVIEgEN] S R e RR e Sa o 30.1 19:7 30:3 18.1 25.1 19:9 14.3 18.4 22.0

T e DY B ettt e TR i SR R S LS T 26.7 2152 275205 20,7 20.0 24.1 13.8 36.3 23.8
Dwarf Blackhul kafir:

7203 1 e (P R S B S e Sl e LB G 0 b e B 1971 22.3 24.1 14.9 10.1 1557 14.5 21.4 18.1

A T e R GRS s et e Bl R e S B e i 30.2 26.4 19:3 20.0 18.1 20.0 21 431 21.0

AREE T Bl S il e R R e B R R (e PLI] 25.2 30.7 11 15 1S 1.4 21.3 23.0 20.:
Standard Blackhul kafir:

LN A e S L S s e R R S e o 40.2 35 26.6 8.5 12.2 8.2 15338 28.7 22.0

N R e e o e e 35.6 40.3 2018 13.6 19.4 18.9 14.9 4.4 21.6

T G L e e S e S 12.0 31.4 339 12.9 21.9 19.5 16. 18.0 20.8
Red kafir:

Vo eyai b LSy eae e SRR B e e e e 41.1 34.1 26.5 11.8 13 79 1657 2

VA S T e e e R e U 40.7 26.8 12.6 19.2 135 13.2 20.4

UMD el Bl et e S e P e e e R e 1753 2951 29.9 9.4 17 9.2 131 7.4
Pink kafir: .

ADTIRTGE 2, L me R e e e e D T e 45,2 12.0 3053 9.6 1T 7D 20.4 30.4 24.8

I T o S N e o B R e S T B9l 41.8 29,2 16.3 20.8 19.8 14.5 b1 235

TN R0 s e R e e L L e o e 16.1 36.8 38.9 13.1 16.8 18.3 21.9 19.5 22.7
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Standard feterita:
A DTILE] D et G s AR L B S e e

Spur feterita:
7N 0 o) H ([T et At T oL T o e g IS RB 2
May 15
June 15

Dwarf feterita:
X001 00§ o YIRS ol DA s g ol T s o e S0 ROy o
May 15
June 15

Texas Blackhul kafir:
AT D Sl R et N b e
IVl R 1Ok e s s Akl vt iiors ety Tt 0 K o
AR (o7 U ke B e ety L e

Chiltex: .
April 15
May 15
June 15
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to be obtained by a planting date later than about June 15 can, there-
fore, only be surmised. :

The range of optimum planting date is wider at Chillicothe than at
Lubbock, and Dalhart on account of lower altitude and higher mean
temiperatures (Fig. 4). The diffegences in grain yield from the different
dates of planting are not as great at Chillicothe as at Tubbock, Big
Spring, and Dalhart and there is less tendency for any particular plant-
ing date consistently to return the highest yield, due probably to differ-
ence in altitude, greater variability of growing conditions from year to
year, and the heavier type of soil at Chillicothe.

The highest grain yields of 21.0 bushels of Dwarf Blackhul kafir, 22.2
bushels of feterita, and 20.8 bushels of Dwarf Yellow milo were all made
on the May 15 date. The lowest yield for each variety was made on
the April 1 date (Table 8). The differences in yield of any of the
varicties from the dates of April 15, May 1, May 15, and June 1 are not
great, but they do increase consistently as the date of planting advances
toward the later date. No average yields are given for plantings after
June 1 but the results of the early yvears and a knowledge of the length
of growing season indicate no marked reduction in yield from planting
as late as July 1.

The average yields of Dwarl Yellow milo are not typical of the results
secured in recent years. Chinch bugs, with perhaps an associated plant
disease, have reduced yields of milo, particularly in May and early June
plantings. The extent of the damage varies from year to year, but in
certain instances, complete failure may result. Plants are attacked
usually in June when only a few inches high. The bud frequently'rots
and suckers develop, which are attacked in turn, and a very poor crop
results.  The reduced yields of May and June plantings in 1927 and
1928 are the result of this damage. No figures other than these are
available but observations indicate that early plantings made in April,
or late plantings made after about June 10, escape this damage almost
entirely. Damage also seems to be more severe on clay loam or heavier
types of =oil and negligible on sandy types of soils. As long as the loss
from this cause exists, milo should not be planted on heavy soils during
the period from May 10 to June 10 in this section of the State if chinch
bugs are prevalent.

Forage yields increase with late planting (Table 9). Average yields
of 2.42 tons of Dwarf Yellow milo, 2.72 tons of Dwarf Blackhul kafir,
and 1.89 tons of feterita were produced on the June 1 planting while
the average vield of forage of these varieties planted April 1 was about
20 per cent less. In addition, a better quality of forage is produced on
the later plantings since the later plantings retain their leaves in a green
condition to a much greater extent than do the early plantings.

Dates of Planting and Yields at Spur

Date of planting experiments have been conducted at Spur over a
considerable period of years but plantings were so often prevented on



Table 8.—Dates of planting grain sorghum varieties and the yields of grain, per cent of stand, growth period, and height of plant at Chillicothe, 1913-28.

Grain yield in bushels to the acre
Growth | Height
Date Per cent| period, | of plant,
1913 | 1914 | 1915 | 1916 | 1917 | 1919 | 1920 | 1921 | 1922 | 1923 | 1924 | 1925 | 1926 | 1927 | 1928 | Aver. | stand days inches
Dwarf Yellow milo:
March 15 Sy ] W G R e A [ ot L g 23.3] 33.8 0 TESA FPG T L 1] el Mo Tk 0 22013l Ol Tt o 67 148 47
Aprilel et 00 10.9| 28.2| 17.1 16.5 1.8 21.7| 28.0 8.2| 14.0| 13.4| 32.2...... 0 28.1 9.8] 16.4 69 129 46
April 15.. 11.6] 17.7| 19.8] 12.7 2.8 16.5| 36.7[ 16.3| 14.0| 5.8 24.6| 25.5| 36.3| 31.1 3.4| 18.3 85 119 44
8.4] 35.7| 19.8] 11.6 8| 18.7| 32.6| 16.3| 28.1 4.7 28.7| 30.8| 38.7| 21.8] 4.1 20.1 80 120 44
1.6) *37.7| 28.4 7.6 6.6 28.7| 24.8] 14.0( 18.7 4.7 50.8] 41.3] 36.3| 10.5 .8| 20.8f 100 113 45
0 *29.3| 39.3 0 6.7 e Heameil 25.7 0 15.8| 46.3| 61.5| 16.7| 21.4 2.6/ 19.5 98 107 45
0] 47.0 0 0 I [ | P [ e [ e | o St 1 A g AP T B SRR | SR BOBiE 1) Iond o b R 109 45
0] 55.0 0 0 {00 iy o b e PR R | |1 A S o B e | PR L B Do e 99 53
....................... 12.0 S80S 0| 23.3] 27.8 60 149 55
0 16.1] 32.1 6.3 8.7 18.7 13.4] 21.1f...... 0 36.0{ 15.0 50 136 56
0 14.8( 38.0 3.4 6.2 10.8 5.3] 27.2 6.5 30.4| 42.4| 16.9 86 128 54
0] 47.1f 25.9 0 4.5 17.5 3.5 25.2[ 20.3| 29.8| 39.4[ 16.1 95 130 54
0| *47.0| 39.8 0 91 19.5 31.0{ 22.6| 30.8] 33.3| 34.5| 11.6 94 123 52
0 | *56.8| *37.2 0 8.4| 12.8 16.4) 19.6] 26.3| 34.5| 39.0] 22.1 87 113 52
0| 55.5 0 0 T T | ] e ORI R s 122 57
0 47.9 0 0 | T N e s st | M| S e 112 66
........................... 16.5 0 15.4] 17.6].... 47 147 60
14.8| 35.9| 11.4( 13.5| 10.2| 23.5 0 26.3| 14.6] 17.6 39 128 60
12.7| 44.8| 14.3| 17.3 3.2[ °25.2 25.1f 13.5] 19.0 69 118 57
13.6/ 20.0] 29.3| 18.8 7.4] 19.8 26.2| 40.5| 16.5| 21.0| 70 103 55
3.9] *33.3| 33.6] 15.2 7.9] 17.2 41.1] 39.0f 10.5] 22.2 85 97 56
0| *33.3] 30.4] 22.3 8.3| 19.8 23.8] 32.3 3.0, 18.3 82 93 52
0 2036(R83 750 el B2 B Rl 2 A e | A e v e s o 4 99 57
0 48 .4 0 0 QSB[ et e s | [ [ 92 64
| [ [ | |

*Interpolated.
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the desired dates that the results are not complete for each year and only
a summary is presented (Table 10).

The climatic conditions at Spur are quite similar to those at Chilli-
cothe except for slightly lower rainfall.

Highest yields of milo and feterita resulted from June plantings and
highest yields of kafir from May plantings. Probably there is no sig-
nificant difference in the yields of milo between May plantings and June
plantings but April })Lmtlnm are undoubtedly too early, as they en-
counter more troublesome weed growth, making cultivation more ex-
pensive, and yields are reduced “about 10 bushols to the acre. July
plantings are too late and it is ofttimes easier to get a good stand from
May plantings than it is from June plantings.

I"lhlL 9 —Dates of planting grain sorghum varieties and yields of forage at Chillicothe, 1913-23.

Forage yield, tons to the acre
Date
1913 | 1914 | 1915 | 1916 | 1917 | 1919 | 1920 | 1921 | 1922 | 1923 | Aver.
Dwarf Yellow milo:
March 15 N e 2.29( 2.94 0 OTIERIRT BISeRsTE
April 1 93 .40| 2.16| 2.42| 1.40| 1.03] 2.52| 1.74
April 15 1.22 .59 2.45| 2.16| 1.50 AL | G2 5] 8 1ES1565
May 1 1.00 .81 2.61| 2.74[ 1.18 87| 2.93| 2.09
May 15 1.05 1.03] 3.14| 3.14| 2.22| 1.77( 3.11] 2.58
June 1 1.02 3 [ 4 R B e 1.89( 1.84| 2.56| 2.42
June 15 1.55 T SRl S (U [ O i | e o 2.95
July 1. *1:23 il kzeesn e Bl e ol B it el e Ko s
Blackhul kafir:
Maroh =160 000 st e d b 1.41f 2.29] 0 BB s
April 1 1.66 63| 2.70[ 1.61| 1.71] 2.03| 2.87| 2.35 .88| 4.05| 2.45
April 15 1.88| 3.23| 1.65| 1.74| 1.41| 1.83| 1.44| 1.17| 5.26[ 2.29
May 1 1.89| & 2.38) 1.79| 1.56| 1.63| 1.57| 2.16| 1.25| 2.97| 2.25
May 15 1.90| 5. 4.28) 1.95( 1.31| 1.93| 2.74] 1.92( 1.27| 3.98| 2.65
June 1 2.16| 5.45| *3.99| 2.28| 2.27| 1.44|...... 1.60] 1.69| 3.63| 2.72
June 15 O [ R B G i o B R e B ) et o] e o b o e 3.25
July 1 *2.10| 6.07| 4.83 0 1be i e it st Lo ol B e Sl s Lo
Feterita:
March 15.. .. . e RS SREPER Rt i Dl et 1.47 .52 0 42300
April 1 1.08/ 3.73| 1.23 97| 1.18| 1.93| 1.76/ 1.37| 1.13| 3.14 1.75
April 15. 1.09) 5.09| 1.68 1.23 57" 2.08] 1.70f 1.31 .60] 2.34| 1.77
May 1 1.27| 5.03| 2.28| 1.38 .82| 1.86| 1.76] 1.54| 1.03| 2.33| 1.93
May 15 1.28| *5.11| 3.30| 1.18 .72 1.50| 2.35( 1.70 96/ .80| 1.89
June 1 1.24]| *5.48| 3.28] 1.65 AOOINETEE 7R 1.14 92 .86/ 1.89
June 15 15641 1308514 A4S B]E AT S b S S 2.53
July 1 *1.06] 4.30, 3.00 0 IR O8I S N e R | WG | e TR | R
*Interpolated.

Table 10.~—Summary of the effects of different dates of planting grain sorghum varieties
and average vield of grain at Spur.

Grain yield, bushels to the acre
Variety
April 15 | May 15 | June 15 | July 15
WHBTGRR SR dl i S e p R e S 195581 B SRS B0 060 SN0
ReRfir, o e o e R L e e 22.0 32.3 25.6 118153
Beterita. i i ovie.a T R e o <R rrte 20.3 34.2 S 1T 30.6
Average..... PR T vk, S BT A e b L e B 20.6 SIES 305 24.2
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The lower yields of kafir in the June and July plantings are caused
by the fact that such plantings encounter unfavorable growing condi-
tions late in the season due to the long growing season of that variety.

The April plantings of feterita, like those of kafir and milo, pro-
duced lower grain yields. There is probably no significant difference
in yield between the May plantings and the June plantings. Feterita,
however, usually responds better to late planting than the other varieties.

Dates of Planting and Yields at Big Spring

Dwarf Yellow milo, Dawn kafir, Standard feterita, and hegari have
been planted on different dates at Big Spring in certain years during
the period 1919 to 1930. Plantings were made at 15-day intervals from
April 15 through July 1.

In general, highest yields have resulted from June 1 and June 15
plantings (Table 11). Larger differences result from different dates
of planting than at Lubbock, Dalhart, Chillicothe, or Spur. The yields
from the April 15, May 1, and May 15 plantings of cach variety are
lower than those from the June 1, June 15, and July 1 plantings, with
one exception: the yields of Dawn kafir on the May 1 and May 15
plantings are higher than the July 1 planting.

The yields of milo, 28.1 and 27.8 bushels on June 1 and June 15, and
yields of 18.7, 18.8, and 21.0 bushels, respectively, on May 1, May 15,
and July 1 show the advisability of planting milo during late May and
the first half of June. Quite similar results were obtained from other
varieties except hegari, which apparently responds better to late planting
than other varieties. Dawn kafir produced 20.8 and 18.0 bushels of
grain from June 1 and June 15 plantings and less than 15 bushels when
planted either earlier or later than these dates. Standard feterita pro-
duced 19.5 and 18.5 bushels of grain from June 1 and June 15 plantings,
and 15.0 bushels or less on each earlier or later planting. The highest
grain yield of hegari, 24.8 bushels, was produced from June 15 planting
and the next two highest yields, 20.3 and 19.4 bushels, were from July
1 and June 1 plantings. A yield of 18.9 bushels was made from May 1
plantings and during this period of four years in which hegari was
grown, that variety has made good yields in individual years from each
date of planting. Hegari is notoriously erratic in its response to climatic
and soil condition and it is difficult to predict its behavor. However, it
seems that with this variety late planting will return the most consistent
yields of grain. Hegari also is an excellent forage variety and produces
a high quality of forage, especially when planted late,

There seems to be a more restricted period of optimum planting of
sorghums at Big Spring than at some other western stations. The
period of low rainfall during July and August extends over a rather
long period (Fig. 3). Sorghums planted in June reach the heading
period in late August and September, when rainfall conditions are more
favorable, and this undoubtedly accounts for the better yields obtained
from planting in June rather than April or May.

N



Table 11.—Dates of planting grain sorghum varieties and the yields of grain at Big Spring, 1919-30, inclusive.

Date of planting

Grain yield, bushels to the acre

1919 1920 1921 1922 1921 1925 1926 1927 1928 1929 1930
Dward Yellow milo:
S0y d IR R RN M, 65.6 0 22.2 7.9 0 7.4 13.6 7.9 0
M 18.6 0 0 9.6 Chn 133 18.7 8.2 21.2
62.9 0 0 8.7 11.8 0 21.2 10.0 17.2
48.3 52.8 29.8 14.1 14.5 150 33.0 13.9 15.3
44.6 5021 25.2 0 17.8 14.3 39.3 20.5 20.2
34.0 44.3 19.7 0 19:'5 16 1 23.2 28.1 16.8
Dawn kafir:
ARTIELS T Fle s S SO 42.3 0 11.0 1.8 0 9.4 134 0
. G0 ECIR R R e T Sl S8 0 0 2.7 3258 16.3 1235 10.8
I R e DA SR P e e 45.3 0 0 ) 153 19.6 0 fal | e DR Pl R 10.7
JRne IR, C R 33.0 34.8 20.9 9.6 11.8 23.8 1243 1 2018 5 e 13.6
JUner linse SETNE. R e Sl 3053 2253 9.4 0 14.1 24.9 147508 88 . 88]. . i ! 13.1
JUlga T 70, ol WA RN S o 22.0 3245 4.0 0 20.4 1757 1321 0
Standard feterita:
Vo) vl B0 Y0 AL W AR AR VY | E P T8 i S |- SR 143 0 12.1 13.4 7.9 1123 0
o s e B S NP - 5 APISRS o e s Y ST e At wt) 7.9 16.8 15.2 8.9 1583 9.8
VLAV 1DA 2. o i & e bt 247 12.6 17D 0 10.0 19.3 13:3
June 1 3 17.:4 141 3 17.8 17.7 30.3 22,.0 15-3
June 1 0 s 20.7 1720 29.4 20.2 21.0
July 0 14.5 24.2 16.1 22.0 16.8 13.4
Hegari:
A DTl T 5 e s o e e | o (Sl o e i o [ e S e | T ey oD S8 177 0
(R L R ISR TR ARG & O I RS P i S ISR o P, s Y PRI ety el (X SONDIREN | RO Dt 9.4 39.1 1D 9.5
LY R ke ae s RS T G L | R ] s S Pt o | el 1R s R SR e e 0 0 20.4 10.0
B el ol e | 3% B [ o it 39| [ e Wt O A R il SR Al it 10.9 46.9 16.1 3.6
June F5 o thast e pa i e el et Ran e ClRe s e e e U ksl S el 0GRl e 17.9 45.5 2255 13.4
A e e et TR e Lo T e ] Pt VR e | e B 1 | o e i (Rt 17.7 22.5 28.1 13.0
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Dates of Planting and Yields at Dalhart

Dwarf Yellow milo and Dawn kafir have been grown in date of plant-
ing experiments for a period of 12 years, 1919 through 1930. Feterita
was grown from 1921 and hegari from 1927 through 1930. During the
period from 1919 to 1921, inclusive, plantings were made on four differ-
ent dates at 15-day intervals, beginning May 1. From 1922 to 1926 an
additional planting was made on July 1. From 1927 to 1930, in-
clusive, plantings were made on only three dates: May 15, June 1,
and June 15. The results are recorded in Table 12.

Kach of the three varieties grown over a sufficient period to render
the results reliable has produced the highest yield from the June 1 or
the June 15 planting. The earliest and the latest dates, May 1 and
July 1, produced the lowest yields in all varieties. Average yields from
the May 15, the June 1, and the June 15 plantings of Dwarf Yellow
milo, for the entire 12-year period, were 30.8, 34.7, and 34.0 bushels to
the acre, respectively. The corresponding yields of Dawn kafir were
30.0, 30.4, and 30.4 bushels to the acre. It seems to be typical of kafir
varieties to have a longer range of optimum planting date but it is true
with kafir, as with milo, that yields of May 1 plantings were below those
of later plantings on May 15, June 1, and June 15.

Yields of Standard feterita from the different dates of planting indi-
cate a rather definite optimum planting date. The best yields, 29.9
and 28.4 bushels, were produced on the June 15 and the June 1 plant-
ings. Standard feterita, on account of its early maturity, will stand
late planting better than kafir or milo, but even with feterita there was
a reduction in yield when planting was done as late as July 1.

The results with hegari are too fragmentary to allow conclusions to
be drawn but the indications, which are supported by the behavior of
the crop elsewhere, are that hegari will produce the heaviest yields when
planted comparatively late. June is probably the optimum time for
planting hegari.

The summer rainfall depression is not nearly so pronounced at Dalhart
as at other stations and the low trough is followed more clogely by a
favorable rainfall peak during the first ten days in August (Fig. 3).
Sorghums have produced exceptionally good yields rather consistently
over a long period of years at this station, and this favorable distribu-
tion of rainfall is largely responsible for these consistent yields. There
is a rather definite optimum planting time for grain sorghums at Dal-
hart, around the first part of June, due partially to the fact that the
heading period of sorghums planted at this time coincides with a favor-
able rainfall period, and further to the fact that earlier plantings en-
counter less favorable temperature conditions due to the higher altitude
of this region. For instance, the mean temperature for June at Dalhart
is 72 degrees and is quite similar to the mean temperature at Chillicothe
for May, 70.4 degrees (Fig. 4).



Table 12.—Dates of planting grain sorghum varieties and the yields of grain at Dalhart, 1919-1930, inclusive.

Date of planting

Grain yield, bushels to the acre

1919 1920 1921 1922 1923 1924 1925 1926
Dwarf Yellow milo:
IV el o e e L SR 42.7 34.1 39.5 25.9 15.0 22.0 20.2 2b.5
Moyl b s bt 45.9 895 32.0 17/ 8.8 20.5 23.6 26.8
JUDENE TSR Wt B e Sl 25, 57 S R T 27.5 22.9 2550 28.8
3oy 5T P s SRR L SRR 46.3 42.7 37.3 9=h 40.5 23.8 21.4 34.1
RTINS (giioris e S o e | T SRR B ) [t T 26.3 8.6 2380 27:1
Dawn kafir:
lay 337 2080 3955 22.1 29.1 21.6 35,0 279
May 4.6 2759, 34.5 12.9 31.6 218 413 25.2
June 139 21.8 40.7 | *13.0 31.8 31.8 30.4 20.7
June 26.4 32.1 25.7 8.9 37.0 36.4 20.0 29.8
O Sl e uide. Rl g SR e G B R T L 0 2921 14.3 105 20.0
Standard
RN 00D e o Sty VS P01 LM R & | T vl 3257 30.7 20.7 22°3 18.9 24.8
IR U e L AR e A L AN i [l e D785 24.6 205 20.7 3283 20.2
BTG b e SO e a0 000 T o 51.6 | *29.3 26.8 2154 3253 2158
SRS R R S R o ] L R e [ T e 279 18.2 36.8 25.4 2953 18.4
1B e e AR e i e ERERIRG | RN W o 18.2 29.8 20.4 21.6 22,7

Hegari:
May
May
June
June
July

1923 |

1929 |

pt
[P

1930

00—

Aver.

*Calculated.
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Dates of Planting and Yields at Temple

The results at Temple extend over four vears, 1919 to 1922. Plant-
ings of four varieties were made at 15-day intervals, beginning with
March 1 and ending with August 1. The yields are lower than are
ordinarily to be expected in Central Texas due to the fact that crowded
conditions on the station made it necessary to put this test on some
relatively poor land. The yields resulting from the various dates of
planting should be comparable, however.

Mean temperatures at Temple during March and April are only
slightly higher than those at Chillicothe and Lubbock, but enough
higher to allow stands to be obtained by March 1. For this 4-year
period the highest yields of both grain and forage were obtained from
the May 15 planting (Table 13). The yields of grain, however, vary
within a narrow range of about two to three bushels to the acre from
all plantings from March 1 through June 1. All of these plantings
matured sometime during the month of August, the ecarliest plantings
early in the month and the later planting close to the end of the month.
Plantings made between June 15 and July 15 matured in September,
and August 1 plantings of milo and feterita matured in October. Kafir,
planted on August 1, failed to mature before frost. The length of
growing season for plantings made after June 1 are much shorter than
those of earlier plantings. Plantings made after June 15 spend their
entire growing period during the months of low summer rainfall. The
maturity is hastened by the high temperatures and plants and heads
are small.

The month of May appears to be the optimum planting period for
grain sorghums at Temple but not much reduction in grain yield will
result from earlier planting. During the four years this experiment
was conducted at Temple there was no appreciable damage from sorghum
midge. Temple is, however, in the territory where the midge does
occasional damage.

Forage yields of more than four tons to the acre were obtained from
May and June plantings. Yields of less than two tons were made only
from the March 1 and the August 1 plantings.

The fact that fairly good yields of grain result from planting over a
long period, and that forage yields are comparatively good over the
whole range, from March 1 to August 1, makes grain sorghums an
important crop to supplement corn as a feed crop in Central Texas.
Unlike corn, which has a rather limited range of optimum planting,
grain sorghums may be planted with good results any time from March
through June. The acreage devoted annually to grain sorghums varies
to a considerable degree, depending upon crop prospects for corn and
cotton, but the adaptability of grain sorghums to a wide range of plant-
ing dates makes them of importance to Central Texas.



Table 13.—Average vield of grain and forage from dates of plﬂniing grain sorghum varieties at Temple, 1919-22, inclusive.

Grain yield, bushels to the acre
Variety .
Mar. 1 |Mar. 15{ April 1 |April 15| May 1 {May 15| June 1 |June 15| July 1 {July 15 | Aug. 1 | Aver.
Dwarf ¥ellowmulo & o T Cn i SEE A 10.9 10.8 1150 12.6 1027, 13.5 10.6 9.0 8.2 5 2.2 9.5
DwartBlackhulllcafin Bt g L Sl s e 9.6 9.8 8.7 96 8.8 10.4 8.9 7R 6.8 3.2 .0 7.6
StandardiBlackhul kafir 0 o5 -0 0w 10-1 9.6 1045 10.5 10.0 11.0 9.5 7.8 645 Bl 0 8.1
Standard feterita: - o0 L Dur SR 1257 141 127 14.1 14. 15.2 13:5 11.2 10.5 9.7 1.9 11.4
Ayerage ti i fh S e e R 10.8 L1 10.7 117 10.9 12.5-| 10.6 8.8 8.0 1.3 : 4 78 I
Forage yield, tons to the acre
DwariaYellowimilofis .5 8wl SESe Do 76 259 3528 3.85 1.40 4.51 5.19 4.06 3.43 2.53 1.72 3.39
DwarfiBlackhnlskafivis et g s 15175 2.29 223 3.04 5 301 827 3535 2.82 2.02 1.29 2.68
StandardiBlackhnulileafiv 0 S i 2.03 3.0 3.02 4.00 g 4.05 SIS 4.19 Sl 2.09 1.45 3.16
Standardiietertial i e 220 3. 71 457 455 5.43 503 4.72 1.56 4.2 3.23 1.91 4.00
ATV ETAGS R i e et S S 1.94 2.91 3728 3.86 4.31 4.38 4.21 4.01 3.40 2.47 1259 L s
‘ N
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Date of Planting and Yields at Beeville

Temperature conditions at Beeville allow a longer range of planting
date of grain sorghums than that at any other station from which
results are reported here. However, damage from the sorghum midge is
likely to be severe on any planting that heads in late June and July and
the range of planting date is automatically shortened.

Six varieties of grain sorghums were planted on four dates during
the years 1925 to 1929 (Table 14). Dwarl Yellow milo produced its
highest grain yield of 13.5 bushels on the April 1 planting, but the yield
of 6.7 bushels on the March 10 date is partially due to excessive bird
damage to the plats that would not be encountered in large fields. Very
low yields of 1.1 bushels were made from the late April and May
plantings.

The response of Texas Blackhul kafir and Shallu to the different
dates of planting are quite similar. Highest yields of 20.2 and 20.0
bushels were made by kafir and Shallu on the March 10 date of planting
while yields for the April 1 date were 16.9 and 16.3 bushels to the acre.
Late April and May plantings produced much lower grain yields.

Table 14.—Average yiclds of grain and forage from dates of planting grain sorghum
varieties at Beeville, 1925-29, inclusive.

Grain yield, bushels to the acre
Variety ! 1
Mar. 10 | April 1 | April 20 | May 19

DwarfiiYellowimilof s b s S e e e 6.7 1516 151 151
‘TexastBlaclehultlcair e s e e 20,2 16..9 6.9 190
Spur feterni tatp i INa s e o i 10.8 11.8 6.5 .4
HegartiRa e SRS Meis ke 24 Jepcunlolioli o Sl e Mgl REE s 5 ] HEb! 14.4 bt 7 7.4
S s e e 20.0 333 9.8 .4
T ATS O PR R LR SR B e Ty i SO U 21.2 20.6 7503 2T
ANV Erage i s Sl e M B s O e T 14.1 1556 52 350
Forage yield, tons to the acre

DwarfiiViellowimilofSisipa it SN e e S 157, 2124 1.46 2561
‘FexasiBlackhulfla A S e e e 3.34 BEal 2.83 2.85
SpurifeteritalisabtaiiersFe B e Caliv s Mt et ato o sl g 2,26 3.04 3.48 5408
Hegari s h D e 2.20 3.65 2.76 4.00
o G e e s e B B S e R 2 bl 2.88 20 2.17
DD arsoRsE e buelig O Seont bt o is Slomle il L B e 3.62 3.74 2.38 2.33
Averdgel ot LI e DR 2.55 3.14 2.60 2.83

Spur feterita is subject to excessive damage by birds and the grain
yields are lower with respect to the other varieties than they should be.
Like Texas Blackhul kafir and Shallu, the highest grain yields resulted
from the March and early April plantings.

Grain yields of Darso were higher in the March and early April
plantings, being 21.2 and 20.6 bushels to the acre, while the lafe April
and May plantings yielded 7.3 and 2.7 bushels to the acre.

Hegari responds to late planting better than other varieties, the best
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vields of 14.4 and 11.7 bushels to the acre being produced from plantings
on April 1st and 20th. The low yield of the March plantings, 5.5
bushels, is due partially to damage from birds. Hegari has become
very popular throughout this section because it produces good vields of
orain and forage over a wide range of planting dates. It is often
planted in August after the fall raing begin and when planted late or
used as a catch crop produces good yields of grain and forage.

Fig. 5. Typical heads.of Dwarf Blackhul kafir, Dwarf Yellow milo, and Spur feterita

from late planting at the Lubbock station. Three of the best varieties of grain sorghum
for Texas.
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There is no consistent increase in forage yield with later planting
because plantings made about April 1 or earlier will frequently produce
two crops when later plantings do not. The average for all varieties
shows April 1 to be the best planting date. The forage yield for all
varieties shows April 1 to be the best planting date. The forage yield
for all varieties, when planted March 10, April 1, April 20, and May
19 average 2.55, 3.14, 2.60, and 2.83 tons to the acre, respectively. The
results at Beeville show a greater difference in response of varieties to
date of planting than at any other station and the indications are that
all varieties should be planted before April 10, but that hegari can
stand plantings up to May 1 better than other varieties.

Summary: Effects of Time of Planting Upon Yield

Grain sorghums are not greatly restricted in their date of planting
requirements. The crop responds well to the climatic conditions of
Texas during the entire growing season, except in the very early spring.
This wide adaptability in time of planting grain sorghums increases
their usefulness and allows for an organization of farm work so that
planting, cultivation, and harvesting of the feed crop will not materially
interfere with other farm enterprises. In those sections of the state
where sorghums are grown as a feed crop to supplement corn, the wide
range of possible planting time and the consistent yields of grain and
forage over the wide range makes sorghums particularly valuable for
use when prospects for corn production are poor.

Although sorghums produce well when planted over a wide range,
they have a rather definite optimum time of planting in the different
sorghum-producing regions in the State (Table 15). The principal
limiting factors governing time of planting are temperature conditions
and the distribution of summer rainfall. The additional factor of midge
damage exists in the sorghum midge area.

Dwarf Yellow milo has produced highest yields of grain from June
15 planting at Lubbock, Spur, Big Spring, and Dalhart; from May 15
planting at Chillicothe and Temple; and from April 1 planting at Bee-
ville. Dwarf Blackhul kafir has produced highest grain yields from
May 15 planting at Lubbock, Chillicothe, Spur, and Temple; from June
15 planting at Big Spring and Dalhart; and from March planting at
Beeville. Feterita has produced highest vields of grain from May 15
planting at Chillicothe and Temple; from June 15 planting at Lubbock,
Spur, Big Spring, and Dalhart; and from April 1 planting at Beeville.
Hegari, while not grown at all stations for periods long enough to give
comparable results, produces well from reasonably late planting. High-
est grain yields of hegari were produced from June 15 plantings at
Big Spring.

In West Texas, forage yields are increased and better quality of
forage is produced from the later plantings. At Chillicothe, June 15
plantings returned the highest yield. At Temple, forage yields were
highest from May 15 plantings. At Beeville, the forage yields were
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not in favor of any particular date because
made from ecarly plantings.

EXPERIMENT STATION

two crops were frequently

Table 15.—Summary: Effects of different dates of planting on yield of grain sorghum
varieties at LLubbock, Chillicothe, Spur, Big Spring, Dalhart,

Temple, and Beeville

Grain yield, bushels to the acre

| Mar. 15 | April 1 April 15 | May 15 | June 15 | July 1
I.ubbock:
Dwarf Yellow milo. . ... alenan s vslaa v 2151 27.4 27 x5 e
At B g B IRANIT o . [ e e 18.1 21.0 2A0I5e I o Bt WSO
g Tih ol 440 i 4 et s S ta A 6 R e Bk e e 20.4 250 2370 A
B BB S e T | e ARt ote | Pt S 19.9 24.5 D3 S e .
Chillicothe :*
st ellowmilo. i et 16.4 18.3 20.8 19:5
ErorarfiBlackhmlelcafiy v o e a i 17.0 1845 2150 20.8
|30 00 o BT oy P iy e 7o Tt 17.6 19.0 22.2 18.3
Y03 g (SRR PR S S AR vl e e 17.0 18.6 P ) [LO 5 | IR e
Spur:*
Dwarf Yellow milo. . ......... 1955 8 30.2 22.7
BlaeR AT e fin o i oh oy s 22.0 3 25:8 11923
T R TS b S e e 20.3 .2 8587 30.6
AN OTRRE. o sles st betr s e it sy 20.6 31.8 30.5 24.2
Big Spring:
Dwarf Yellow milo 12:4 18.8 27.8 21.0
Dawn kafir. . . 10.3 14.2 18.0 13%5
Standard feter 6.9 11.8 18.5 1550
Hegarin s i s 14.2 7.4 24.1 19.8
IRV E ek o e R e Nt s [ S RO v T 11.0 1374 2241 %23
Dalhart:
Exwarh ¥ ellow il e s Tl Sl Rt e | e B 30.8 34.0 9%,
DY T e e R o il IR ] b e i 30.0 30.4 13.4
Standardsfetartasisl et et SR [ sy 23.9 2959 22.5
P8 (DR R e G T R s BN Lo gy e LS S SR 288D 3154 18.5
Temple:
dwarf Yellow milo........... 10.8 11.0 12.6 1395 9.0 8.2
Dwarf Blackhul kafir. . ....... 9.8 837 9.6 10.4 73 6.8
Standard>feteritels’ i g v A 14.1 1257, 14.1 15.2 11.2 10.5
Avehagdes st vy ol A LMY 11.6 10.8 1251 13.0 %D, 5
Beeville:
Dwarf Yellow milo. . ......... 6.7 13.5 heal R O [ L
Texas Blackhul kafir.......... 20.2 16.9 6.9 IO Saal | pul et Mo T S0 2%
Spurdetaritasl s hen o it 10.8 118 6.5 ARSI [
Ty b Rty R N o ot T LY 14.4 15157 7707 o] e e MR I SR e
AN BYE 00 SN S emt Ao g 10.8 14.2 6.6 AT [ el A b AR T

*Yields shown June 15 are from June 1 planting at C
under July 1 are average of July plantings.

hillicothe; at Spur yields shown

Unfavorable temperature conditions for growth and development of
grain sorghums in the early spring in West Texas prevent maturity
before about the middle of August, even when planted at the earliest
possible date. The distribution of summer rainfall is such that the
period of least rainfall of the summer months occurs at most stations
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from June 20 until July 20. The yields from all western stations indi-
cate that poor yields are likely to be produced if heading takes place
during early July. Planting should be done, insofar as possible, so
the crop can bridge over this depression, when the plants are young and
not in a critical stage of development, and have the heading period
coincide with the more favorable rainfall periods in August and
September.
EXPERIMENTS ON SPACING OF PLANTS

Effects of Spacing on Different Types of Grain Sorghum

Grain sorghums are grown primarily for the grain produced, and
while the stover may be of secondary importance, nevertheless it is of
considerable value. The life of a grain sorghum plant may be consid-
ered as consisting of two periods: the vegetative period, the time prior
to flowering; and the fruiting period, the time from pollination to
maturity of the seed. The yield of forage is generally much less
variable from year to year than the yield of grain because the vegetative,
or forage-producing period of the crop occurs when soil-moisture is
almost invariably ample, whereas the fruiting, or grain-producing,
period coincides with that period of summer when the distribution of
rainfall is the most uncertain.

If the production of grain is entirely dependent upon rain falling
just prior to heading or about the time of flowering, and upon good
soil-moisture conditions during the fruiting period, obviously grain
production is more uncertain than forage production. Such a condi-
tion will exist whenever the supply of available soil-moisture is com-
pletely consumed in vegetative growth. Grain sorghum, if it is to give
consistent and profitable yields of grain, therefore, must enter the
fruiting period with a supply of available soil-moisture sufficient to
produce good heads, or a timely rain must intervene about heading time.
Close spacing of plants results in early depletion of the available soil-
moisture and a fair yield of stover may be produced at the expense of
grain production. Too wide a spacing, on the other hand, makes it
impossible for the plants to use all of the available soil-moisture in
seasons when late summer rainfall is ample, and consequently, lower
grain yields are obtained than from thicker spacing. Varieties differ
in their growth habits with regard to the number of suckers produced,
and consequently, the number of stalks per unit of land and not the
number of plants per unit of land is the important factor in grain
production. Varieties, therefore, differ in their plant-spacing require-
ments, depending on their tillering habits. The important grain sorghum
varieties may be grouped according to their tillering habits. The milos
and hegari sucker freely; feterita somewhat less, but depending upon
the variety ; and the kafirs but little (Fig. 6).

In sections where the sorghum midge is prevalent, the highest yields
result from close spacing, which suppresses suckering and causes the
most uniform heading and flowering. The western half of Texas, which



Fig. 6. Plants of Dwarf milo and Texas Blackhul kafir (above) and hegari and Spur
feterita (below) grown at the Chillicothe station, 1927, showing tillering habits of the
varieties.
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comprizes the major grain sorghum area, is free from the sorghum
midge, and in the central part of the State midge damage is usually
inconsequential. However, in the southern and eastern parts of the
State spacing of plants of grain sorghums should be considered in con-
nection with evasion of midge damage.

In order to determine the general effects of spacing on tillering
habits, grain yields, forage yields, size of heads, amount of recurving,
shelling percentage, and other characteristics, an experiment, including
the two most important varieties of grain sorghum, kafir and milo, was
conducted at Lubbock from 1916 to 1925. The experiment was planned
to include, by 3-inch intervals, each variation lying between a minimum
of 3 inches and a maximum of 36 inches in the row. Data on the aver-
age yield of Dwarf Yellow milo and Dwarf Blackhul kafir for each of
the 12 rates of planting involved are shown for the 10-year period (Table
16). During this time the records were continuous and unbroken,
except for three seasons in milo and one in kafir when a poor stand was
obtained on the plats having a 3-inch spacing between plants. Average
per cent of stand obtained for the various spacings are shown in Table
19.  When calculated on a percentage basis, stands have averaged 98 per
cent perfect for milo and 99 per cent for kafir.

Table 16.—Spacing of milo and kafir plants in the row and the annual and the average yields of grain at
Lubbock, 1916-25, inclusive.

Grain yield, bushels to the acre
Distance between plants .
1916 | 1917 | 1918 | 1919 | 1920 | 1921 | 1922 | 1923 | 1924 | 1925 | Aver.
Dwarf Yellow milo:
21 8= 752 .4| 30.4| 36.6) 35.8| *23.3| 19.2| 11.0( *16.8| 20.3
24.00 7.5 .9| 30.9( 39.9| 34.6| 24.6| 17.1| 12.4( 17.3| 20.9
24.1 8.7 .71 21.8| 44.6| 33.5| 24.3| 25.1] 15.7| 17.8 21.6
25.4 9.0 1.0/ 25.2| 46.8| 36.8] 28.5| 24.0| 17.5| 19.3| 23.4
2850 RS 1T 3.5 29.6] 39.3| 32.6] 25.5| 25.4 17.3| 18.8 23.2
32.2| 11.4 2.6/ 40.4| 42.8/ 40.2) 28.8/ 29.8/ 19.6] 17.0[ 26.5
27.7| 11.6| 4.8 40.2| 42.8 38.1| 27.9( 29.3| 22.2| 18.4( 26.3
30.2| 12.0 3.7 31.3| 46.2| 38.3| 30.7[ 29.8/ 21.8| 18.9| 26.3
33.9| 11.1 5.0 31.1] 49.7| 39.4] 29.1] 26.6| 21.6| 17.1| 26.5
27.5| 11.9 4.5| 27.8| 48.7| 39.3| 30.2| 31.1] 19.3| 19.0] 25.9
24.9( 12.4 6.8] 31.9| 52.1| 41.3] 31.0( 27.3| 17.3| 18.1| 26.3
23.8| 10.9( 10.1 26.0| 52.6| 35.6| 28.3| 28.3| 19.8( 21.2| 25.7
Averager i il e 27.0| 10.5| 3.7| 30.6| 45.2( 37.1| 27.7| 26.1| 18.0| 18.3| 24.4
Dwarf Blackhul kafir:
15.3| *7.2| 14.3| 39.3| 57.8| 45.3| 16.0| 21.5 7.5 31.3] 25.6
24.9 7.2 13.3| 41.3| 49.9| 46.5| 19.6] 24.5 8.1] 20.0{ 25.5
20.8 7.0 13.1| 40.7( 47.9| 38.0| 19.6| 26.1| 10.4| 17.6| 24.1
20.9 7.4 16.1| 37.0| 45.8| 38.0f 17.8| 19.7 9.5 19.3| 23.2
18.7 9.7 14.3| 32.6| 41.0( 37.6] 20.1] 22.8( 12.8] 17.6| 22.7
19.5 9.6 12.8( 33.5| 40.9| 43.2( 19.8| 21.2| 12.6( 17.1] 23.0
18.9| 11.8| 12.5( 32.0| 35.4| 34.8( 19.6| 23.2] 12.0( 16.8| 21.7
18.5( 11.7| 10.9| 31.7| 33.8| 35.4| 19.8] 20.2| 13.2( 17.3| 21.3
15.6( 11.7( 11.2 33.4| 31.4] 36.2( 18.3| 20.8] 12.0| 16.3| 20.7
16.9| 13.8| 10.5| 38.3| 32.0| 37.9| 19.6| 22.6] 13.4( 19.2| 22.4
16.1] 14.9| 11.3| 35.2( 33.4| 33.2| 17.5| 27.6| 13.9| 16.4| 22.0
15.7) 14.7| 11.3| 38.0| 32.6| 31.0[ 20.0{ 16.6| 14.1| 19.6| 21.4
18.5| 10.6] 12.6] 36.1| 40.2| 38.1f 19.0f 22.2| 11.6| 19.0] 22.8

*Calculated.
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Effects on Tillering and Grain Yield

The spacing treatments varied by 3-inch intervals, with close spacing
of 3 inches between plants and a wide spacing of 36 inches as the two
extremes,  During most seasons these two limits were sufficiently wide
to include the optimum somewhere between the extremes. However, in
very dry years, such as 1917 and 1924, the maximum yields were made
by the plats having the widest spacing and perhaps higher yields would
have followed still wider spacing. Poor stands in the plats with 3-inch
spacings rendered the yields unreliable for kafir in 1917 and for milo
in 1917, 1922, and 1925; so these actual yields were discarded and
calculated vields substituted. -

Kafir and milo have directly opposite reactions to wide spacing and
narrow spacing of plants in the row, as may be seen by referring to
Table 17 and the accompanying graphs. The yield of kafir decreases
and that of milo increases as the space between plants increases. ILowest
yiclds of kafir, on the average, occur around the 27-inch spacing. Above
this point there are slight increases in yield, due to the influence of the
two years, 1917 and 1924. These two years were extremely dry, the
total annual rainfall in each being below 10 inches, and as would be
expected, the yields increased directly as the distance between plants
increased.  Ifavorable moisture conditions in 1919 and 1925 enabled the
extremely wide spacings to compensate their lower yields through tiller-
ing, which helps to accentuate the tendency for the widest spacings in
kafir to advance slightly in yield.

Yields of milo decrease rapidly, on the average, when plants in the
row arc spaced closer than 18 inches.  Above this point, however, there
is little variation, indicating that milo is not o restricted in its optimum
space requirements as kafirs.  Distances between 18 and 335 inches seem
to be almost equally favorable and within this range the milo plant is
able to make its own adjustments through tiilering.

The differences between kafir and milo in response to variations in
spacing may be assigned largely to their inherently different stooling
habits.  The milo plant approaches a determinate habit of growth when
moisture is not plentiful but stools freely when fertility and moisture
conditions are favorable, while kafir is indeterminate in its growth and
normally not inclined to sucker freely. Milo, if planted thin enough,
can, by tillering, thus adjust its own spacing distance to a remarkable
degree.  Apparently little advantage would be gained by striving for a
definite spacing of 24 to 30 inches, for instance, but a loss in yield would
have followed spacing closer than 18 inches. Viewed from this angle,
stooling is an asset to the milo plant. Its range of optimum row space,
18 to 30 inches, is twice as great as the optimum range, 3 to 9 inches,
for kafir.  Maximum yields of milo seem less dependent upon exactness
in rate of seeding than is the case with kafir and other sparsely-tillering
varieties, which depend pretty largely upon a thick seeding rate for
optimum  yield.

Milo has yielded, as an average for 10 years, approximately 20 per



Table 17.—Comparison of linear and curvilinear relationships in kafir and milo spacing experiments at Lubbock, 1916-25.

Kafir Milo
Optimum Opamum
Sy from | Correlation ———————| Correlation Correlation Sy R
straight index, Space, | Yield, coefficient, index, from Space,
line Rho inches | bushels Rho curve inches
.B8 L. 20211 0.64+.12] 2. 9 20.1 SSEN7 3 31 0.83 £.06 .96 21 30
.98 & 0.6 0.98 .01 0. 36 16.1 .76 09| 1.52 0931 03 Y. ! 27 12
.78 4= 198 0.78 .08 1. 3 145 .92 11031 1. 0% 0.94 .02 =92 36 8.6
.39 . 3. 0.81+.07] 1.€ 3 422 <0919 5,19 0.424+.16) 4.72 21 33.
493 = 20 0.99 +.01 s S 56.9 .73 £.09] “3.33 0.87+.05| 2.41 36 52.
.81 +. 2. 0.81+£.07| 2.6 3 14.6 58 4+.13] 2.14 0.61 £.12] 2.08 33 38.
.2 k. 1 050 =E 15 21 19.6 .77 £.08] 1.44 0.84+£.06| 1.20 30 29
22, 2. 0.21£.19| 2. 55 2o d .76 £.08] 2.67 0.90 £.04 1.80 27 29
.90 . 0. 0.95:£:02] 0.7 36 13.8 .72+.09| 2.38 0.94-+.02| 1.15 24 20
.51 . Sh 0.82+.06] 2. 3 26.6 45 +.16f 1.04 0.53 +.15] .0.98 36 19
485 =t 0.83 0.92+£.03] 0.% 3 25°5 .84 +.06|] 1.15 0.90+=.04| 0.83 30 26.
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cent, or 5 bushels, more grain to the acre, when planted 18 to 36 inches
in the row than when planted 3 to 9 inches.

Kafir, for the same period, has yielded 15 per cent, or approximately 4
bushels, more grain when planted 3 to 9 inches in the row than when
planted over 18 inches,

Kafir at its optimum spacing of 6 inches averaged slightly under 1
bushel less per acre than milo at its optimum of an 18-inch space.
There are undoubtedly genetic differences between these two varieties
which give milo an advantage in adjustment commensurate with avail-
able moisture.  Its ability to tiller and to compensate the spacing over a
relatively wide range probably accounts for the popularity of milo in
the sorghum area of the Southern Great Plains, where there is a quite
variable distribution of rainfall.

Statistical Nature of the Relationship Between Spacing and Grain Yield

A clearer picture of the average trend and grouping of the yields over
the range of spacing included in this experiment is shown by the graph
in Fig. 7. The curve used to deseribe the relationship of row space per
plant to vield is a second degree parabola fitted by the method of least
squares.  The equation to this curve is y = a 4 bx 4 ex®*.  Actual yields
are also plotted on the graph.  The non-linear regression between rate
of seeding and yield in kafir and milo can more readily be shown by
mathematically fitting this type of curve to the data. In choosing this
treatment arbitrarily and applying it to each year’s data, one cannot
expect, of course, that a good fit will result in all cases, but on the whole
it describes the relationship better than when a linear regression is
assumed.  Assuming that the optimum spacing for kafir and milo lies
somewhere between the limits of spacing used here, the important con-
sideration is to determine the point at which grain vields begin to fall
off with increase or decrease of distance between plants.

It is seen in Fig. 7 that kafir and milo react in an exactly opposite
manner under conditions of close and wide spacing of plants in the
row. The yields of milo increase steadily as the space allotted increases,
but when the distance between plants has reached 30 inches, a decrease
in vield follows. Yields of kafir decrease as the space increases from
G to 27 inches, after which there is again an advance in yield. At this
point the plants are apparently so thin on the ground that an appreciably
greater number of tillers develop and tend to offset the decline in yield.
With milo, the increase in the size of the heads, together with the
increase in the number of suckers, tends to increase gradually the yield
over the whole range, but the maximum effectiveness of these two forces
is reached at 30 inches.  In 1919, for instance, spacings of 6, 12, 18, 24,
30, and 36 inches increased progressively in the number of suckers
developed, the suckers constituting 10, 21, 37, 60, 63, and 67 per cent
of the total stalks, respectively.

In the majority of seasons, a straight line fits the kafir data almost
as well as the parabolic curve. Just how much more closely the parabola
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fits ecach year’s results than does the straight line can be seen by com-
paring the coeflicients of linear and of curvilinear relationships in Table
17, As a result of the calculations in fitting a straight line and a
second degree parabola to these data, the correlation coefficients and
correlation index are readily calculated by formulae. The index of
correlation, Rho, is essentially slightly higher than the correlation co-
efficient r, but the difference shown between these two constants is
mainly due to the fact that a second degree parabola curve constitutes a
better fit to the data than a straight line. Wherever there is a marked
difference between the two coefficients, a material reduction in the
standard error, or the scatter about the line, is also seen,

Coeflicients of correlation, caleulated by linear and curvilinear meth-
ods, are practically identical in 1917, 1918, and 1921 for kafir, but in
certain other years, such as 1919, 1922, and 1925, there is clearly non-
linearity in the placement or grouping of yield in relation to space
between plants.  Correlation was in the negative direction in all except
three years, in two of which, when the rainfall was extremely low, the
vields increased almost directly with a given increase in space between
plants.  The milo yields each year are better described by the parabola
and index of correlation than the kafir yields; however, the correlation
is always in the positive direction.  Optimum calculated yields for milo
arc always found toward the upper limits of spacing, whereas, in kafir
they usually occur at the lowest.  Whenever moisture has been very re-
stricted, the yields of both crops have practically followed a straight
line and in the same direction, but in seasons of fair or abundant rainfall
the relationship is distinctly non-linear.

Effects of Spacing Upon Forage Yields

Greater forage yields are invariably to be expected from the thicker
stands with both kafir and milo (Table 18). The first three years
reported in this table were poor crop years and, consequently, the
average forage vields shown are below normal. The average forage
yields for kafir and milo were 1.99 and 1.70 tons to the acre. The aver-
age forage vield of kafir for spacings of 12 inches and closer was 2.33
tons and for the spacings of 27 inches and wider was 1.76 tons to the
acre.  Corresponding forage yields for milo were 1.73 and 1.57 tons to
the acre.  Plants grown with wider spacing are slightly taller and have
thicker stalks but the larger size of plant in the wide spacings does not
offset the larger number of stalks in the close spacings sufficiently to
equalize the forage yields (Table 19). This is true even with milo
because the suckering of plants in thin stands is not great enough to
produce as many stalks per unit length of row as occur in the thicker
stands.  The true relationship between production of stover from the
different spacings is partially obscured, particularly with milo, because
of the unequal grain production of the different spacings. From the
standpoint of roughage alone, the thicker spacings of all grain sorghums
are to be preferred.
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Table 18.—Spacing of milo and kafir plants in the row and the annual and average yields
of forage at L.ubbock, 1916-19, inclusive.

Forage yields, tons to the acre
Distance between plants
1916 1917 1918 1919 Average
Dwarf Yellow milo:

: 1.68 *1.19 .82 1.80

2.00 B U .90 1.76

2.06 1.14 .78 15575

1..95 118 .88 1:62

2,29 1:13 .86 1.69

2.22 1.02 .70 1.88

2.34 99 4 1.91

2.22 1.04 63 1.68

2.44 .86 T8 1.64

2.04 .88 68 1.50

2.01 94 99 1.62

1.76 90 1.15 1.5%

.93 1.80 4.28 2.38

.94 3.59 1.00 2.43

OB 2.72 3.61 2,37,

1.02 1.96 205 2.1

1.00 1.94 2.71 1.99

.97 1.68 2.87 1.98

97 1.49 2,57 1581

1.08 1.44 283 178

99 1.3b6 2.60 1.69

1.03 1.10 3.16 1,79

L 14 1.18 2.82 1.79

1.01 1.21 3.04 1.76

#Calculated.
Effects Upon Size of Head and Recurving

There is another relationship that has an important bearing on the
desired spacing.  Where the crop, no matter of what variety, is to be
headed by hand it is desirable, the vields heing equal, to have the heads
as large as possible.  Wider gpacing results in Lmrv heads in all varicties
and the effect of plant space upon the size of the head is shown in Fig. 8.
With milo, wider spacing also results in more recurved heads, due to the
mechanics of recurving, but recurved heads are more difficult to harvest,
either by machinery or by hand. A large head of milo breaks out
through the leaf sheath as it is coming out of the boot and the weight
of the head on the unsupported soft and growing peduncle causes a
recurved peduncle, or “gooseneck™ as it is commonly termed. The per
cent of erect, inclined, and pendent heads resulting from the different
spacings with milo ig shown in Table 19. The data show that there is
no appreciable difference in the percentage of either the inclined or
pendent heads until the plants are spaced wider than 12 inches apart.

Effects Upon Shelling Percentages

The shelling percentage data in Table 19 represents the average of each
of the 12 spacings for both kafir and milo for the entire 10-year period.
While the size of the head increases almost directly as the space between
plants increases, there is no difference in the shelling per cent of the heads

5



Table 19.—Spacing of milo and kafir plants in the row and its influence on height and diameter of plant. shelling percentage. recurving, and
vields of grain and forage at Lubbock, 1916-25, inclusive.

|
; ! | Average acre yields ‘] Per cent of heads
Height at | Diameter Shelling Per cent | bl T TR
Distance between plants, inches maturity, | of stalk, per cent stand Grain, Forage, ' |
inches |centimeters | bushels tons Erect | Inclined | Pendent
1
Dwarf Yellow milo: ‘
3 34 118 67 89 .3 1.80 67 30 3
37 1E25) 70 93 .9 76 75 23 2
81 1.27 73 97 6 1578 62 30 8
42 1533 67 98 3.4 1.62 90 7 3
38 1.33 il 100 2 1269 67 20 13
39 1.36 71 100 5 1.88 60 28 12
39 1.41 69 100 3 182071 DR 27 15
39 1.45 70 100 3 1.68 60 22 18
38 1.41 ral 100 7 1.64 65 25 10
38 1.45 69 100 H29 1.50 58 30 12
38 1.47 72 100 3 1.62 10 10 20
38 1763 70 100 e 1.52 42 33 25
42 1.28 74 97 6 AL i el S el [PACH SHS R BRI, R Ea S, ot
40 1.32 72 99 b LT YR el L R b S S S R
10 149 75 100 il B N R O e A e
11 15955 75 oy, =) YA G eyl |l R RS be T RS P Eh R
42 1.60 76 100 1 1599
42 1273 75 100 .0 1.98
11 el 75 100 5, 1.81
42 175 75 100 3 d%73
42 1579 75 100 3 1.69
43 1.80 75 100 .4 LT L e (R e R ] R
44 1XI89 74 100 .0 (7.0 e SN i s et e S e
42 1.90 75 100 4 A B R e, e e e oy e O

14
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produced, whether they be from close- or wide-spaced plants, or whether
the heads be small or large. Kafir and milo had average shelling per
cents of 74.6 and 70, respectively, for the 10-yvear period. 1t is a fact
that milo grain does not thresh out of the head ax well as kafir grain
and this may account for the lower threshing per cent of milo, but
incomplete threshing of grain from the head is characteristic of milo.

L

Fig. 8. Dwarf Blackhul kafir heads (left) and Dwarf Yellow milo heads (ri;:ht) from
plants spaced 3, 6, 9, 15, and 27 inches apart in the row at Lubbock, 1925. Increasing the
space between 1)lants increases the size of the head but the best \lel(]s of kafir are ])1()(]1110(]
from the closer spacing. Milo yields increase as the space between plants increases
(Table 16).

Spacing of Plants and the Effect Upon Yield in Various Regions
The preceding discussion has dealt with the general effects of spacing
on two distinet types of grain sorghum, kafir and milo. The principles
involved in the effects of spacing are similar for other varieties and are
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undoubtedly applicable to other regions. For example, kafir, or any
non-tillering type of sorghum, will probably require closer spacing to
produce maximum yields than does milo, no matter where the crops are
grown. Irom the practical standpoint, however, it is desirable to know
exactly the spacing which will produce the highest yield of grain in a
given locality. This information is available from experiments in
gpacing conducted at six different stations in Texas. The results are
presented in detail for each station in the following pages:

Spacing and Yields at Lubbock

The results of spacing experiments at Lubbock have already been
presented in the preceding discussion of the general effects of spacing
and only a brief resume need be given here. The reader may refer to
the preceding pages for further details. Two types of grain sorghum,
kafir and milo, were included and the spacing was varied from 3 to 36
inches for both. The optimum spacing for kafir was 3 to 9 inches.
When planted at this distance kafir has yielded 15 per cent, or approxi-
mately 4 bushels, more grain than when the distance was over 18 inches.
The optimum spacing for milo proved to be 18 to 36 inches. Planted
at this distance milo has yielded approximately 20 per cent, or 5 bushels,
more grain than when thickly planted, 3 to 9 inches. The annual yields
and the average yields of grain of these two crops with different spacing
distances are shown in Table 16.

Spacing and Yields at Chillicothe

Farly results with spacing of milo and kafir at Chillicothe cover a
period of five years. The spacings used were 4, 8, 12, and 16 inches.
This range of spacings is not great enough to show the effect of spacing
upon the yield of milo but a later plant-spacing test of milo is included
in an experiment with row spacing, and in that test 6, 12, 18, and 24
inches were used and cover the period of vears, 1924 to 1930, inclusive,
excepting 1928 when the milo crop was destroyved by chinch bugs.

The résults of spacing in the early vears are shown in Table 20 and
those with milo plant-spacing in the width of row test are shown in
Table 26.

The average grain yields of kafir from the 4-, 8-, 12-, and 16-inch
spacings for the early period of years were 19.4, 23.7, 21.2, and 20.0,
respectively.  About 8 inches appears to be the proper spacing for kafir.

The average grain yields of milo from the 4-, 8-, 12-, and 16-inch
spacings from this early test are not significantly different. In the
later test, the grain yields in normal rows for 6, 12, 18, and 24 inches
were 26.0, 28.8, 2.5, and 27.0 bushels to the acre, respectively. Small
differences in yield should not be considered significant because in
several years during which the experiment was conducted the chinch-
bug damage was severe and was unequally distributed over the plats.
No significant reduction in grain yield resulted from spacing as wide
as 24 inches, and considering the results with plant spacing in wider
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rows, also shown in Table 26, the indications are that spacing 12 to 21
inches in the row will return greater yields than spacing 6 inches.

From the standpoint of forage yields, the results at Chillicothe con-
form exactly to those at Lubbock. Close spacing resulted in higher
forage yield 111:111 wide gpacing. With kafir the average forage yields
from the 4-, 8-, 12-, and 16-inch spacings were 4.04, 3.68, 3.60, and 2.98
tons to the acre, respectively. The corresponding yields of milo were
3.44, 3.03, 2.89, and 2.69 tons to the acre.

Table 20.—Spacing of milo and kafir plants in the row and the yields of grain and forage
at Chillicothe.

Grain yield, bushels to the acre
Distance between plants g | T R =
1907 1908 1914 1915 1917 Average
Blac l\hul kafir:
inches *25.7 27:1 6.8 26.4 11.2 19.4
8 inches 31.38 31.3 10.4 28.6 16.8 23.7
12 inches 29.8 27.7 10.7 27.9 9.8 21.2
¢ o e A A 30.0 29.8 12.1 21.4 7.0 20.0
Dwarl Yellow milo:
S L R R e e L 34.5 13.9 23.8 6.1 21.7
8 inches 31 .8 23.4 19.3 26 5.1 21.2
12 ANCHEE 7 o es e aiwn a s s in w0k 26.1 29.7 21.8 28.6 2.5 2L.7
16 INChEs. :iuvissionrmimssning 31.1 17.9 21.8 27.1 6.7 20.9
IForage yield, tons to the acre
Blackhul kafir: =
e e s BT 2 .88 .63 3.70 2.60 1.04
SN CHEG L S e S e 3.54 2:96 6.48 3.20 2.24 3.68
12 incl 3,18 2.99 5.88 B2 3.04 366
L6 Inches: e imiihiean b natercs 3.13 3:.18 4.45 2.30 1.87 2.98
Dwarf Yellow milo:
A T e s KD S A B AN 3.13 2,38 5.66 1.65 1.39 3.44
8 AnCheS il s i i o b s 3.02 2.45 4.49 3.89 1.30 808
12 rInches: . o - rao s re 2.23 3.10 4.15 4.18 .82 2.89
LOSINCHES s e s el e 2.78 2.38 4.18 4.00 1.16 2.96

*#Calculated.

Variations in spacing of milo plants had a marked influence upon the
development or suppression of suckers. The average number of stalks
to plant for a 6-year period was 1.21, 1.80, 2.42, and 2.58, respectively,
for the 6-, 12-, 18-, and 24-inch spacings in normal rows (Table 26).
That the number of stalks to plant increased directly as plant space
increased was undoubtedly the result of the interaction of a number of
factors, the most important of which were shading and the amount of
moisture in the soil.  When plants were crowded in the row, competition
for sunlight and soil-moisture was so keen that suckers were almost
entirely suppressed, and even some plants died. Only 21 suckers per
100 plants developed when the plants were G inches apart, 80 suckers
developed when the plants were 12 inches apart, and 158 suckers de-
veloped when the plants were 24 inches apart.

The unequal suckering of milo in the various spacings had a tendency
to equalize the forage yields, but since 16,583 stalks developed per acre
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in the 24-inch spacing and 30,722 in the 6-inch spacing, the closer
spacing returned the higher yield. The forage yields produced by these
two spacings were not in proportion to the number of stalks plodu(ed
because larger plants developed with the wider spacing.

Spacing and Yields at Spur

Spacing experiments with milo were conducted at Spur during the
vears from 1914 to 1928 with several years omitted. The test was
planted in most vears but when the stands were not reliable the test
was abandoned for that vear. Grain yields from this experiment are
presented in Table 21

Table 21.—Spacing of Dwarf Yellow milo plants in the row and the yields of grain at Spur.

(irain yield in bushels to the acre
Distance between plants, Average
inches et ania
1914 | 1915 | 1916 | 1919 | 1920 | 1924 | 1925 | 1927 | 1928 | Years| Excluding
grown|1914, 15, 27
3 54.1| 36.1] 25.4] 75.5 2.0| 62.7| 38.0| 24.0| 41.5 40.8
) 25.1) 64.8 5.1/ 61.8| 20.5| 23.4| 37.5 40 .4
53.8 28.1 27.0| 69.3 5.8/ 60.8| 33.8| 28.4| 41.7 43.2
76.4| 28.8( 27.3| 71.5 11.4| 49.8| 41.1| 35.5| 45.7 44.2
69.4| 20.1f 28.6| 61.2 120816101 2o 43.6| 46.0 44.9
; 32.7] 53.9 13.9( 54.6| 45.3| 39.7| 43.4 43.1
49.6/. ... 31.7| 66.3 13.8]" 88 8]1vaume 34.7) 45.1 44.3
29.5| 28.8/ 63.8 15.4| 42.3| 49.1| 35.8/ 39.9 40.1
| .| 30.4] 60.0 17.3| 41.8]......| 25.2| 38.4 38.4
32.4| 69.9 18.7) 39.7|.. 26.9| 38.3 38.3
33.. 3 31.1] 65.9 17.9| 35.8).. 23.9| 37.8 37.8
38, ... . L 18.5| 28.3| 61.6 17.4| 29.5 36.1| 35.3 36.9

A rather wide range of spacing, from 3 to 36 inches, with 3-inch inter-
vals, was used at Spur and the results covering this range are complete
for six of the nine years reported upon. When the average yields for
these six years arve considered, it is seen that the 6-inch spacing pro-
duced 40.4; the 12-inch spacing, 44.2; the 18-inch spacing, 43.1; and
the 24-inch spacing, 40.1 bushels to the acre. The 21-inch spacing
vielded 44.3 bushels, or about the same as the 12- and 18-inch spacings.
The lowest yield, 36.9 bushels, was produced from the 36-inch, or widest
spacing.  The difference of about one bushel between the 12- and 18-
inch spacings, and a similar difference with the 21-inch spacing, is
probably not significant, but the optimum spacing for milo during this
period of what might be considered favorable yvears was ‘lppalentl}
around 18 inches.  While the results at Spur indicate the most desirable
spacing of milo to he 9 to 21 inches, a somewhat smaller space per plant
than the optimum space per plant at Lubbock, it will be noticed that
with the exception of one _\'(';11', 1924, vields shown were good to abnor-
mally good, indicating excellent seasonal conditions. Under those cir-
cumstances close spacings would be expected to return good yields. Had
more vears such as 1924, or other poorer years, heen included there is no
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doubt but that wider spacings would have returned higher yields and
more nearly have substantiated the results at Lubbock.

Spacing and Yields at Big Spring

Dwarf Yellow milo and Dawn kafir have been grown with different
spacings, ranging from 6 inches to 30 inches, at G-inch intervals, in 41-
inch rows, for the period of years from 1918 through 1926 (Table 22

The highest yield with milo, 24.7 bushels, resulted from a spacing of
18 inches but the yield from spacing 30 inches was only slightly lower,
24.4 bushels. The lowest yield was made by the 6-inch spacing and was
2.3 bushels below the yield of the 18-inch spacing,

Table 22.—Spacing of milo and kafir plants in the row and the annual and average yields
of grain at Big Spring, 1918-1926, inclusive.

Grain yield, bushels to the acre

Spacing, inches,
1918 | 1919 | 1920 | 1921 1922 | 1923 | 1924 1925 | 1926 | Aver.
Dw‘lrf Yellow milo:
6 SR L R 0 46.1 41,2 | 20.5 | 32.5 | 43.1 8.9 8.2 22.4
[ R S 0 37.5 | 41.6 4 (103381366 1151 12.6 22,49
g e S 0 80.7 | 39.¢ W) 31Ul 8heh 18, 6] 12, 6 24.7
P e S 0 63.4 f o7 | 28.2 | 32:1 12.1 12.6 23.1
Sl S e L 8.0 | 47.6 26.1 | 30.9 | 10.0 | 11.6 24.4
SO et i b B ans e, Be ] P s et S M e e B o el e Tt L e A
D.;\\n kafir:
............ 1.0:| 46.8 |43:9 | 15.9 |- 211 853 .3 |117.7 | 28.6 | 22.1
12 ............ 1.3 132.7 | 21.6 [.21.6 | 19.3 | 20.4 5.6 | 15.3 ].28.1 18.1
18 s s 2.7 |.31,4. 1, 26:8 | 15.0 | 152 | 18.8 7.2 15.8 | 24.4 | 17.4
A e s 4,00 152730 27:0: | 17.9"| 136" | 16.3 4.9 14.5 | 21.4 16.3
g((? ............ 2 9 | 204 |134.3 | 1256 | 10.5 | 15.8 8.3 | 12:3 | 19.3 | 15.4
£ 5 A A e 2 leonewollsens nailss ererleansvmelseoraaslasmscs]seosse]lesasvaslandssns

The yields of kafir decreased consistently as space per plant in-
creased. The highest yield of 22.1 bushels was produced by the 6-inch
spacing and the lowest, 15.4 bushels, by the 30-inch spacing. As at
Lubbock, an adverse season caused the largest yields to be made on the
wider spaced plats.

These results, for both kafir and milo, are in exact agreement with
those at the Lubbock station except that at Big Spring there is not as
great a reduction in the yield of milo, on account of close spacing.
Average yields for the wider spacings were approximately two bushels
above the yields of close spacings. The reason the wider spacing showed
a smaller increase in yield at Big Spring than at Lubbock was that the
experiment was conducted in 44-inch rows at the former and in 56-inch
rows at the latter station.

While the response of kafir and milo to plant-spacing shows that, on
the average, kafir is more productive when spaced about 6 inches and
milo more productive when spaced 18 to 30 inches, during individual
ceasons the results are the reverse of the average yields for the period.
This same condition exists at all other stations and indicates the
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similarity of growing-conditions over a large area represented by the
five stations and to a consistent reaction of varieties to gpacing and soil-
moisture conditions.

Spacing and Yields at Dalhart

Dwarf Yellow milo and Dawn kafir were grown with different spacings
within the row at Dalhart from 1919 to 1926, inclusive. The spacings
used were 6, 12, 18, 24, and 30 inches in 44-inch rows (Table 23).

Table 23.—Spacing of milo and kafir plants in the row and the annual and average yields

of grain at Dalhart, 1919-1926, inclusive.

Grrain yield, bushels to the acre
Spacing, inches

1919 | 1920 | 1921 1922 | 1923 | 1924 | 1925 | 1926 | Awver.
Dwarf Yellow milo:
. P I, 38.9 8.5 | 26.6 ] 33.2 5.9 | 38.0 | 33.2
12 38.9 | 12.5 31.6 |1.31.3 | 21.8 | 42.0 | 32.5
18 20,251 34 -3 1128 31.68'1'30.4 | 22.0 | 38.8 [:31.1
24 28.4131.3|11.2|31.4 | 23.4 | 24.8 | 39.3 | 30.3
0. . 35.7 SETOR PAECT PR | A RO & o LS| b St nd Dl b
Dawn kafir:
S e +]28.8 | 89.1 33 .6 0 232 |'44.3 | 484 | 30.7 | '30.7
12. . N 28.0 | 27.9 | 30.4 6.7 | 25.0 | 38.8 | 47.7 | 28.2 | 29.1
i 1 PR R e 32.7 | 24.3 | 3¢ 8.3]24.3]33.0|42.1 | 25.4 | 28.0
.Y, i enl] 3D 210 1S2T 11.2 | 27.7 | 29.6 | 38.6 | 26.8 | 27.0
D s 555508 L o A 21.7 | 20.8 B B I | o g el g el I S B A

The Dwarf Yellow milo average yields decreased as the space per
plant increased. The highest yield of 33.2 bushels was made by the
G-inch spacing and the lowest yield of 30.3 bhushels was made by the 24-
inch spacing. However, a difference in yield of less than one bushel
between the 6-inch and 12-inch spacings cannot be considered significant
and were it not for the unexplainable high vield of the 6-inch spacing
in 1925, the 12-inch spacing would have produced the highest average
yield. The row width at Dalhart was 44 inches and it would be expected
that larger yields of milo would result from thicker spacings if the rows
are widened. In addition, planting thicker in 44-inch rows so as to
have the same number of plants to the acre as in 36-inch rows will
produce fewer suckers.  Also, on sandy soils and at the higher altitude
of Dalhart milo plants grow more spindling and have a tendency to
produce fewer suckers.  These factors, therefore, would tend to produce
unlike results with milo at Lubbock and Dalhart. When understood,
however, there is no disagreement in results at the two stations but
apparently for optimum yields milo should be spaced at least six inches
closer in the row under conditions such as prevail in the Dalhart region.

Over the period of years, as at other stations, Dawn kafir yields de-
creased with wider spacing, but in occasional individual vears wide
spacing induced greater yield. These results are explained on the same
basis as those at Lubbock. The average vield of Dawn kafir in the 6-inch
spacing is 30.7 bushels and the yields show a gradual decline to 27.0
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bushels for the 24-inch spacing, a difference of 3.7 bushels for these
extremes in spacings.

In the dry year of 1922, 6 inches proved to be too close for kafir hut in
1920 this same close spacing vielded 11 bushels more than any other
spacing. The average difference in yield between the G- and 12-inch
spacing is only 1.6 bushels but the same trend and relationship prevails
throughout all spacings involved. This difference is, therefore, con-
sidered to be a real one and to indicate that 6 inches is as wide as kafir
should be spaced in the row for best results.

Summary: Effect of Spacing of Plants on Yield

A summary of the results with plant spacing of Dwarf Yellow milo
and Dwarf Blackhul kafir is presented in Table 24. The average yields
of milo and kafir from all stations where spacing experiments have been
conducted show kafir to be more restricted in its spacing requirements
than milo. Milo has the ability to sucker when conditions are favorable
for tillering and spacings as wide as 30 inches are not incompatible with
high production. Kafir, on the other hand, tillers but little under any
circumstances and it is important that stands average about 6 to 8 inches
if best production of grain is to be expected (Fig. 9). As an average
of all stations, a reduction of approximately 4 bushels resulted from
spacing kafir 24 inches instead of 6 inches. With milo the difference in
favor of the wide spacing over the close spacing amounts to approxi-
mately two bushels but there is some variation from station to station.
The greatest reduction in yield of milo due to very close spacing occurred
at Lubbock and amounted to approximately 5 bushels.

Table 24.—Summary: The effects of different spacings of milo and kafir plants on yield
at Lubbock, Chillicothe, Spur, Big Spring, and Dalhart.

Grain vield, bushels to the acre

Spacing, inches
Lubbock | Chillicothe Spur Big Spring | Dalhart Average
Dwarf Yellow milo:
6 26.0 10.4 22.4 3352
28.8 44.2 22.9 32.95
24.5 43.1 24.7 31.1
27 .( 49.1 235 30.3
38.3 P HE . P
Dwarf Blackhul
(Dawn) kafir:
B o s e 23.7 22.1 30.7
L i s e 212 18.4 29.1
18, ... 20 .0 17 .4 23.(
DU M . 16.3 ‘ 27 [
SRR ) A X k 15 o1 A 15% e [

The true relationship between grain yields and plant spacing of kafir
and milo is undoubtedly the result of the unlike tillering habits of the
two varieties. Results in keeping with these for other varieties may be
expected, the spacing requirements being dependent upon the tillering
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habits. Varieties that tiller freely require greater plant space than
those that tiller but little (Fig. 6).

Forage yields are not summarized but the results from Lubbock and
Chillicothe are in exact agreement. The highest yields in each case.
were produced from close spacing with both kafir and milo with a con-
sistent decrease as plant space was increased. Irom the standpoint of
vields of roughage alone, close spacing of all varieties is preferable and
in addition the forage produced from closely spaced plants is of better
quality.

Fig. 9. Close spacing of kafir produces high yields of grain and forage. Standard
Blackhul kafir 153, a pure line growing at the Lubbock station.

On the basis of these experiments it can be concluded that sparsely-
tillering types, such as the kafirs, Darso, and sorghums of similar habit,
including the kaoliangs, should be spaced closely, 6 to 8 inches in the
row, for maximum yields of both grain and forage. Hegari and feterita
tiller quite freely but as they are important forage types, they should be
planted so as to allow 6 to 12 inches between plants in the row. If
forage is a primary consideration, a spacing of around 6 inches is
desirable.  The milos are freely-tillering in habit, and as they are grown
primarily for grain production for best results they should be given more
row space per plant, 12 to 24 inches. When milo is spaced even as wide
as 30 inches, usually no reduction in grain yield occurs.
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EXPERIMENTS ON RATES OF PLANTING

Results of spacing experiments at all stations have shown conclusively
that grain sorghum varieties differ in spacing requirements.  Thicker
stands are required with non-suckering varieties than with suckering
varieties. These desired spacings are usually not obtained except by
hand thinning unless unusual care is exercised in planting seed at a
rate that will insure spacing of plants the desired distance apart. The
tendency is to plant too much seed of tillering varieties, resulting in
reduced yields of grain, and non-tillering varieties are frequently not
planted thick enough. It is, therefore, important to know the rate of
seeding necessary to produce stands of certain desired distances between
plants when seed of good germination is planted. Milo and kafir are,
respectively, typical of tillering and non-tillering varieties, and an experi-
ment at Chillicothe was planned by Mr. H. N, Vinall of the Office of
Forage Crops and Diseases to seed these two varieties at rates ol 1, 2,
3, 4, and 5 pounds to the acre. This experiment was conducted from
1925 to 1930 in an attempt to correlate the quantity of seed sown with
the actual stand obtained. The distances between plants resulting from
these rates of seeding are shown in Table 25.

Table 25.—Rate of planting milo and kafir in 40-inch rows and the resulting space belween
plants at Chillicothe.

Space between plants, inches
Pounds of seed to the acre

1925 1926 1927 1929 1930 Average
Dwarf Yellow milo:

1 135, 14.8 23.3 1522, 14.5 16.3
Tt 7o) 10.4 71 qo8 7.9
92 5.8 6.3 4.2 ) 5.2
Yo7/ 455 4.4 3.8 S0 4.0
il 203 3.6 555(0) 534(0) 2.9
11.0 9.2 12.6 14.0 14.2 12.2
6.1 5.6 6.4 7.1 5.8 6.3
534 7 2.9 4.1 4.4 4.4 3.9
207, 2.2 2.8 a5 DEO. 2.9
2.0 1.8 %8 2.9 2.6 2.2

Planting in each instance was made in the field in a well prepared seed
bed at about the usual date of planting sorghums, using seed of good
germination. The seed were planted in a shallow lister furrow. At
least two plantings were made each season, but when heavy, washing
rains or drying-out of the soil prevented good germination or emergence,
the results are not included. For instance, in 1928 several plantings
were made but no results are recorded bhecause heavy rains and soil crust-
- ing interfered with emergence.

The planting of one pound and of two pounds of milo seed to the acre
resulted in average stands of 16.3 inches and 7.9 inches between plants.
When one pound and two pounds of kafir seed were planted to the acre,
distances of 12.2 inches and 6.3 inches between plants were obtained.
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When planted at the same rate thicker stands were obtained with kafir
than with milo because kafir seed are smaller than milo seed. An actual
count of good, plump seed used in 1925 showed milo to have 13,115 seed
and kafir 18,154 seed to the pound.

These results indicate that if the crop is to be grown for grain the
planting of one pound of milo to the acre should give an adequate stand
under good conditions for germination and when good, sound seed are
used.  The planting of one pound of kafir is hardly sufficient but the
planting of two pounds should place the plants about six inches apart,
which distance spacing experiments have shown to be about the optimum
for this variety.

Hegari and feterita are also two important varieties of grain sorghum.
Hegari seed are about the same size as kafir seed and feterita seed are
glightly larger than milo seed but both hegari and feterita have soft,
starchy seed, which ofttimes germinate poorly unless soil and tempera-
ture conditions are favorable. Since both of these are also important
forage varieties and should be spaced six to twelve inches in the row,
hegari will require two to three pounds and feterita three to four pounds
of seed to the acre, depending upon the time of planting.

GRAIN SORGHUM IN NORMAL, PAIRED, AND WIDE ROWS, AND
INTERPLANTED WITH COWPEAS

The number of plants in a given area can be increased or decreased by
varying the width of the row as well as by varying the plant space in
normal rows. The number of plants to the acre may be reduced by one-
half if the plant space in a normal row is doubled. Likewise, the num-
ber of plants to the acre may be reduced by one-half if the row space
per plant remains the same and the width of row is doubled. Provided
plants of grain sorghum are able to feed over a sufficiently large area,
it would naturally follow that yields would be the same from rows twice
the normal width if the plants in the row were spaced twice as thick.
It is apparent that there may be certain advantages in planting the crop
in wider rows. Any reduction in actual length of row to be traversed
in planting, cultivation, and harvesting would be an advantage. Also, in
sections where grain sorghum and wheat are grown in rotation, rows
planted wide enough apart to allow clean cultivation of the wide middle
with a disk and seeding of wheat with a drill between the rows of grain
sorchum, would be an advantage. Furthermore, there is some interest in
growing cowpeas interplanted with grain sorghum to maintain soil
fertility.

[oxperiments with certain phases of grain sorghum production in nor-
mal and wide rows and when interplanted with cowpeas have been con-
ducted at Chillicothe, Taubbock, Spur, Big Spring, and Dalhart. Normal
rows are those of ordinary width. Paired rows are those that result
from leaving every third row unplanted. Wide rows result from leaving
every other row unplanted.
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Spacing of Rows and Interplanting with Cowpeas at Chillicothe

Iixperiments to determine the influence of growing sorghums in
normal, in paired, and in wide rows upon production of grain and
forage have been conducted at Chillicothe with milo, kafir, and feterita.
Different spacing of plants in the row were used with all the different
row widths. Milo plants were spaced 6, 12, 18, and 24 inches in
normal rows; 4, 8, 12, and 16 inches in paired rows: and 3, 6, 9, and 12
inches in wide rows. These spacings per plant allowed for 26,136,
13,068, 8,712, and 6,534 plants to the acre in each of the different row
spacings. Kafir and feterita plants were spaced 16 and 8 inches in
normal rows, 8 and 4 inches in wide rows, and 6 inches in paired rows,
allowing plants at the rate of 17,424 and 34,848 to the acre in normal
and wide rows, and 34,848 to the acre in paired rows. Cowpeas were
grown in alternate rows with kafir and with feterita. The plants were
spaced 8 inches in the row, making 17,424 sorghum plants to the acre.

Ixperiments with kafir and feterita, and with these two varieties
alternated in rows with cowpeas, were conducted from 1918-1922, in-
clusive, and those with milo from 1924-1930, inclusive, except 1928,
when chinch bugs destroyed the milo crop. Chinch bugs have interfered
with production of milo in each year of the experiments except in 1924.
The damage has not been uniform over the total area of the tests and
small differences in yield, therefore, should not be considered as having
significance.

Effect of Spacing of Rows Upon Grain Yields

Grain yields appear to be slightly influenced by width of row but
there seems to be no consistent difference from year to year in favor of
any particular width of row. The results with milo over the period of
six years are slightly in favor of paired rows over normal rows and of
normal rows over wide rows (Table 26). The average grain yield for
paired, normal, and wide rows, considering all spacings in the row, are,
respectively, 8.0, 26.6, and 25.6 bushels to the acre.

Results with Dwarf Blackhul kafir and feterita from 1918-1922, in-
clusive, are shown in Table 27. Average grain vields of kafir in wide
rows, normal rows, and paired rows, when spacing in each case was such
as to allow 34,848 plants to the acre, were, respectively, 18.2, 17.1, and
16.0 bushels to the acre. Average grain yields of feterita, with the
same number of plants to the acre for normal, wide, and paired rows,
were, respectively, 27.4, 25.0, and 24.2 bushels to the acre. Incon-
sistent yields in individual years are responsible for the conflicting
results and it seems probable, in the light of the forage yields and the
yields from other stations, that grain yields of normal rows should be
slightly higher than from paired rows, and yields from paired rows’
slightly higher than from wide rows.



Table 26.—Dwarf Yellow milo in normal, paired, and wide rows and the yields of grain and forage at Chillicothe, 1924-30, inclusive.

Desired To the acre No. of Grain yield, bushels to the acre 1 Forage yield, tons to the acre
row stalks — _— _—
Manner of planting | space, Actual to | | | , | | | |
inches | Plants -——| plant 1924 | 1925 | 1926 | 1927 | 1929 | 1930 | Aver.| 1924 | 1925 | 1926 | 1927 | 1929 | 1930 | Aver.
desired | Plants | Stalks | | |
‘ ‘ ‘ \ ‘ |5
[ | | [
Normal v { 6 26136 25291 30722 1.21 37.1 | 11.3 | 37.4 |39.5|20.2 | 10.5 | 26.0 | 3.63 | 1.64 | 4.05 | 2.73 1.04 | 2.79
Paired | R 26136 24614 26786 1.09 33.7 | 13.6 | 38.8 38.2 123.1 (11.6 | 26.5 |2 76 | 3.58 | 2.93 1.13 | 2.49
Wide. . 3 26136 23480 23300 .99 33.2 | 12.5 | 36.0 | 36.4 | 20.2 | 12.3 | 25.1 | 2.8 1.76 | 3.02 | 2.04 1.11 | 2.16
Normal 12 13068 12993 23379 1.80 53.3 | 12.6 | 52.4 | 38.5 6.2 9.5|28.8|4.22|1.56|4.34]280|233| .74 |2.67
Paired. . .. 8 13068 12857 19430 1.51 51.4 | 16.3 | 49.6 | 39.5 8.5 12.4 | 20.6 | 3.8 1.94 | 4.10 | 2.67 | 1.50 | 1.16 | 2.46
Wide. .. 6 13068 12975 16999 1.31 44.5 | 17.6 | 36.9 | 36.3 8.5|10.7 | 25.8 | 3. 1.90 | 3.36 | 2.43 | 1.50 .87 | 2.24
Normal.......... - 18 8712 8696 21048 2.42 42.1 9.9 139.8 | 41.9 3.2 110.0 | 24.5 | 3. 1.15 |1 3.09 | 2.54 | 1.92 83 | 2.18
Paivedis s X 12 8712 8673 15093 2.20 38.3 118.8 |135.0|44.2(10.4 |10.8(26.3 |2 1.8512.57 | 2.49 | 1.97 | 1.01 | 2.11
[Wad o i z 9 8712 8439 15455 1.83 36.1 | 18.6 ( 30.7 | 32.6 | 13.4 | 11.4 | 23.8 | 2. 2.27 | 2.06 | 1.96 | 1.76 90 [ 1.91
Normal. . 24 6534 6534 16853 2.58 47.4 | 14.3 [ 43.4 | 37.5 6.2 | 13.0 .0]3.32 3.590 | 2.66 | 1.76 | 1.02 | 2.35
IPaIradmti s SN 16 6534 6403 15185 2.37 41.3 | 26.7 | 43.1 | 34.3 | 16.9 | 13.8 .4 13.03 3.4412.17 | 1.94 | 1.11 | 2.40
Widey ini: malie e B0 12 6534 6534 13615 2.08 38.2 | 24.1 | 37.7 | 28.0 | 22.6 | 16.1 8 A A 2.80 | 1.89 | 2.41 | 1.15 | 2.21
Table 27.—Dwarf Blackhul kafir and feterita with rows normal, paired, wide, and alternated with cowpeas. Yields of grain and
forage at Chillicothe, 1918-22, inclusive.
Grain yield, bushels to the acre Forage yield, tons to the acre
Row No. of
Manner of planting space plants
to the | to the | 1918 | 1919 | 1920 | 1921 | 1922 [ Aver. | 1918 | 1919 | 1920 | 1921 1922 | Aver.
plant acre
Dwarf Blackhul kafir:
TNl e s s e 16 17424 0 24.8 130.1 | 16.3 | 13.4 | 16.9 .88 [ 2.28 |12.27 [ 1.85 | 1.50 | 1.76
AWide P e T X S e b e 8 17424 455822 598 =318 41150 816 08 R 181 gt SR e T R s B0 1-50
Nozmnalss e = e e 8 34848 0 25.6 1129.5 | 22.8 Todo o] 1800 2.49 | 2.49 | 2.11 | 1.76 | 1.97
Wide Mo . v - - AT oy ere ey 070 4 34848 0 233818 33 =205 S 4 cb BET 852 86012013 2.33 [T 1:89 | 126 " 160
Paired it o e AR e 6 34848 Q523 6RE20 216 0115 5EINT6 0= | Sy QS IED D04 =234 S ST 308 =17°36 1|1 .57,
Alternated with cowpeas....... 8 17424 0 16213 ORONENT=S 21k L B 26) SARIE1EE5 6 SN DN 1S B TIEIE 80
Feterita: .
NoTmalts s enl it et 16 17424 15 8RIE3 7 20 R34 74 291|826 48958 .34 | 2.42 | 2.23 | 1.32 | 1.15 | 1.49
i 8 17424 SE3T 28 IRl R3O SIS N R 22T I RIT RO RIED3 20 .48 1'1.73 | 1.67 .96 TO28 ]y
8 34848 1868 | #3908 37508 130574 28 - 85 |27 4. S0l F ] B s il o [ ) B B o B 655
4 34848 2818 E 3TN RIE3H 25 [ SSORITEI5 G RIR5 20 491518602512 .98 .92 | 1.27
g 6 34848 | *1.7 [*34.8 | 35.5 [ 20.0 | 28.8 | 24.2 | *.33 |*2.33 | 2.16 | 1.36 | 1.01 | 1.44
Alternated with cowpeas....... 8 17424 1230522485 1820909 815183 12295189, .39 | 1.89 | 1.50 .78 .89 | 1.09

#Calculated.
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Effect of Spacing of Rows Upon Forage Yield and l'illering

There seems little doubt that early in the season, when the plant root
systems are small, plants in normal rows are able to use more of the
available soil moisture and plant food than plants in either paired
wide rows. This condition probably continues until the root systems
occupy the entire area between the rows, at which time the plants are
well along in their growth. That plants in normal rows utilize more
completely the available moisture and plant food is indicated by their
higher yields of forage. Iorage yields from paired rows and from wide
rows of milo are quite (on.s!\tontl\ lower than those from normal rows
but the greatest differences occur where plants are spaced thickly in
the row (Table 26). The forage yields of milo in normal, paired, and
wide rows, the plants in these row widths being spaced 12, 8, and 6 inches
apart, respectively, and each area having 13,068 plants to the acre, were
R.67, 2.46, and 2.24 tons to the acre. The plants in these different row
spacings tillered at unequal rates and over the six-year period normal
rows produced 23,379 stalks to the acre against 19,430 for the paired
and 16,999 for the wide rows. The average number of stalks per plant
in normal, paired, and wide rows were, respectively, 1.80, 1.51, and
The forage yields reflect the difference in number of stalks produced per
acre in the various row widths. As might be o\pv(iul from the results
plououcl\ presented on tillering as influenced by plant spacing in the
row, the largest amount of tlllum;_; also took ])I 1((3 in this test where
the plants were given the greatest space in the row. That the amount
of sunlight has an important bearing upon the extent of tillering is
shown by the amount of tillering that occurred on plants given equal
space in the row but in different widths of row. Plants in normal rows,
given a space of 6 inches, produced 21 tillers per 100 plants, and plants
in wide rows, given the same space, produced 31 tillers. Corresponding
figures for plants spaced 12 inches apart in the two row widths were
80 and 108 tillers per 100 plants. If the amount of tillering depended
entirely upon moisture supply, plants in wide rows would have been
expected to tiller enough to produce as many stalks to the acre as the
narrow rows; or instead of 31 tillers, 142 tillers should have been pro-
duced, and instead of 108 tillers, 260 tillers should haye been produced.
Crowding and shading appear to have a marked influence upon the
amount of tillering. Since the differences in the amount of tillering in
the wide and the narrow rows have been small but have been consistent
from vear to year, it seems likely that this small increase in tillering in
the wide rows is due to the fact that the plants in the wide rows have
more available soil-moisture.

Forage yields from paired rows and wide rows of kafir and feterita
were consistently lower than those from mnormal rows (Table 27).
Kafir and feterita, spaced 8 inches in normal rows, produced 1.97 and
1.55 tons to the acre; <p;u~r~(l 6 inches in paired rows, 1.57 and 1.44
tons; and spaced 4 inches in wide rows, 1.69 and 1.27 tons.
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Alternate Rows with Cowpeas

Both grain and forage yields of kafir and feterita were lower when
every alternate row was planted to cowpeas than when every row was
planted to grain sorghum, or than when every second row was left blank
(Table 27).  With kafir and feterita spaced in such a manner to leave
17,424 plants to the acre, grain yields in normal rows were 16.9 and 25.8
bushels, as compared with 12.6 and 18.9 bushels where alternate rows
were devoted to cowpeas. The corresponding forage yields of the two
varieties in normal rows were 1.76 and 1.49 tons to the acre, and when
alternated with cowpeas, were 1.50 and 1.09 tons to the acre.

The difference in yield of kafir in favor of normal rows over rows
alternated with cowpeas was 4.3 bushels of grain and .46 ton of forage
to the acre.  The difference in yield of feterita in favor of normal rows
was 6.9 bushels of grain and .40 ton of forage to the acre. In these
experiments with kafir and feterita the introduction of a crop of cowpeas
im alternate rows with these sorghums has resulted in a reduction in the
yield of both grain and forage amounting to approximately 25 per cent.

Spacing of Rows at Spur

Experiments with spacing of rows were carried on at Spur with milo
for eight years (Table 28). Thinning was done so that there were
9,680 plants to the acre in each of the row widths, making the space
between plants 18 inches in normal rows, 12 inches in paired rows, and 9
inches in wide rows. Grain yields from normal, paired, and wide rows
were, respectively, 33.7, 33.5, and 33.3 bushels to the acre. With the
exception of 1914 and 1930, the yield from wide rows has consistently
been lower than from normal and paired rows. The indications are
that not much reduction in grain yield occurs from planting in paired
rows instead of normal rows but that a slight reduction in yield may
be expected ordinarily from planting in wide rows. In only two out of
the eight years did wide rows produce a higher yield than normal rows.
The largest difference in favor of wide rows occurred, as would be
expected, in a very dry year, 1930.

Table 28.—Milo in normal, paired, and wide rows and the yields of grain at Spur.

Grain yield, bushels to the acre
Width of rows
1914 ’ 1915 ’ 1916 | 1919 I 1925 | 1926 | 1928 | 1930 | Aver.
Normal S AN T 45.9 | 36.0 | 26.5 | 41.6 | 38.9 | 55.3 | 20.4 4.9 | 33.7
Baitadibeta ok i el *45.4 | 31.8 | 23.8 | 45.4 | 40.2 | 54.1 | 20.9 64174835
Wide. . it et o | 52.5 | 31.0 | 22.2 | 40.1 | 36.8 | 50.3 | 18.6 | 14.8 | 33.3

*Calculated.



GRAIN SORGHUM DATE-OF-PLANTING AND SPACING EXPERIMENTS 63

Spacing of Rows at Lubbock

The results with milo in normal rows and paired rows at Lubbock
cover a period of four years, 1927-1930, inclusive. Row space per plant
was the same in each width of row, making the number of plants to the
acre two-thirds as great in the paired rows. The average grain yield
from normal rows was 28.8 bushels to the acre while from the paired
rows the yield was 26.2 bushels, a difference of 2.6 bushels in favor of
the normal rows (Table 29).

Table 29.—Dwarf Yellow milo in normal and in wide rows, the effect on plant characters
and on grain yield at Lubbock, 1927-30, inclusive.

Average | Per cent Per cent of heads
Height | No. of |of plants
Width of row of plant | stalks to| having

inches plant suckers Erect | Inclined | Pendent
N ORI a8 =T 001 B 34 1.8 641 59 29 12
Pairedi i seatuue bt DR i 35 25D 7S 44 45 11

Grain yield, bushels to the acre
Width of row
1927 1928 1929 1930 Average

INOrM AT (B=f00 ) B o S P e 32.1 46.1 21.9 14.9 28.8
Paireds e e el b ot s R et 28.5 42.0 20.1 14.2 26.2

Unequal suckering of plants in the two row widths resulted in almost
equal numbers of stalks to the acre. In the narrow rows 17,424 stalks
per acre were produced against 16,135 stalks in the paired rows. Plant-
ing in the normal rows resulted in more erect heads and fewer inclined
heads. In normal rows, 59 per cent of the heads were erect and 29 per
cent inclined, while in wide rows 44 per cent were erect and 45 per cent
inclined. There was no appreciable difference in the production of
pendent heads.

Table 30.—Kafir, milo, and feterita grain yields in bushels, from normal, wide, and paired
rows, and rows interplanted with cowpeas at Lubbock, 1913-14.

Kafir Milo Feterita
1913 1914 1913 1914 1913 1914
B=T00LETOWS et s E e e 5.8 6.6 5.2 h8.7 3.1 68.9
O S TO0 LT O 8 e e s el e 4.2 41.2 Hvdl 54.7 2.6 56.3
ROWSEIN NN Qi s e e Lt R A AR - e LS el 28 N
Rows alternated with cowpeas. . ... SEl R S 0 NS ey o 1.8
Rows in pairs with cowpeas........ i R AT PAei g e 1585

Some early results at Lubbock, in 1913 and 1914, with kafir, milo,
and feterita show a reduction in yield due to planting in paired or wide
rows (Table 30). A decrease in yield of 8.5 bushels of kafir, 6.5 bushels
of feterita, and 1.9 bushels of milo resulted from growing these sorghums
in wide rows instead of ordinary or narrow rows. Milo, in wide rows,
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has made relatively better yields than kafir or feterita because of its
ability to tiller freely and more completely utilize the increased area
per plant. A further reduction in yield occurred in 1913 when cowpeas
were planted in every second row ; also when planted in every third row.

Spacing of Rows at Big Spring

Dwarl Yellow milo and Dawn kafir were grown in normal and in wide
rows for a period of three years, 1919 to 1921. Spacing in the row
was such that five different numbers of plants to the acre occurred in
the rows of the two widths. The spacings between plants in normal
rows were 6, 12, 18, 24, and 30 inches, and one-half these distances in
wide rows.

A reduction in yield almost invariably resulted from planting in the
wider rows (Table 51).  The highest average yield of milo, 41.5 bushels,
was produced on the 18-inch spacing in normal rows while the corre-
sponding yield in wide rows was 33.2 bushels. In 1921, when the
lowest production in the three years occurred, there was, on the average,
less difference in yield in favor of the normal rows than in 1919 and
1920, Disregarding the space between plants in the row, normal rows
yielded, on the average, 38.7 bushels to the acre and wide rows yielded
30.8 bushels, an increase of approximately eight bushels in favor of
rows of ordinary width.

Table 31.—Dwarf Yellow milo and Dawn kafir in normal and in wide rows, and the yields

of grain at Big Spring, 1919-21, inclusive.

Grain yield,
Row, bushels to the acre
Manner of planting space,
inches
1919 1920 1921 Average
Dwarf Yellow milo:
INOTIIAL . o e 2l ostite e il oo b oiarss b o 6 46.1 41.2 20.5 35.9
Wide. . st IR e e R b 43 .4 38.5 13.1 31.7
Normal 0 UMDY ., SR BT R 12 87415 41.6 29.4 36.2
Wide. . . s o et e AR Lt § s 1 e 6 29.6 26.4 29.3 28.4
Normal g et s i STME I Sk ia S1-oK 18 60.7 39.5 24.4 415
Wide . . AR g e e SN 9 44.3 32.0 23.4 33.2
Normal, T e PR 24 63.4 25.6 27.7 38.9
Wide e e N P ) 12 42.5 20.5 25,7 29.6
Normal U oy Ei i e e 30 47.6 39.8 35.9 41.1
Wide T e o e Sy W S 15 32.8 32.8 27.3 810
Dawn kafir:
BRI, A F SR B T e TR 6 46.8 43.9 15.9 35.5
Wide e e e T 3 39.1 30.3 14.1 27.8
Normal. . . L S e Y 12 82.7 216 21.6 25.3
Wide . A e P B A 6 26.5 23.3 16.3 22.0
Normal : R TR R s 18 31.4 26.3 15.0 24.2
Wide. . . e 9 28.7 239 12.1 21.6
Normal A SRR TR E i AR 24 27.3 27.0 17.9 24.1
Wide N O LN (TS IR I 12 21.4 24.3 153 20.3
Normal B o o PHr s P e Lt B Sl 30 20.4 34.3 12.6 22.4
Wide oSt iy I el S I 15 2053 26.0 1351 20.5
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The results with Dawn kafir are similar to those with Dwarl Yellow
milo. Higher yields were made in normal rows than in wide rows
(Table 31). The highest average grain yield of Dawn kafir, 35.5
bushels, was produced by a G-inch spacing in normal rows. The corre-
sponding yield with 3-inch spacing in wide rows was 27.8 bushels.  The
average grain yield in normal rows, disregarding space between plants,
was 26.3 bushels to the acre while the average yield for wide rows was
22.4 bushels, a difference of approximately four bushels in favor of rows
of ordinary width.

Spacing of Rows at Dalhart

Dawn kafir and Dwarf Yellow milo were grown in normal and in wide
rows in 1919 and 1920. The plants of each variety in normal rows
were spaced 6, 12, 18, 24, and 30 inches apart and in order to provide
for the same number of plants to the acre in wide rows, the plants were
spaced one-half as wide in each case. The results are shown in Table
32. As an average of two years, planting in wide rows resulted in de-
creased yields, except in one instance, that of milo with a 15-inch stand
in the wide rows. With kafir, the average reduction in grain vield due
to planting in wide rows amounted to approximately 7 bushels and

Table 32.—Dwarf Yellow milo and Dawn kafir in normal and in wide rows, and the yields
of grain at Dalhart, 1919-1920.

Grain yield,
bushels to the acre
Row
Manner of planting space,
inches 1919 1920 Average
Dwarf Yellow milo:

Norma 6 54.5 30.1 3
Wide 3 39,1 31.5 35.3
Normal 12 53.6 27.9 40.8

ide 6 45 .9 31,8 38.6
Normal 18 b4 .3 25.2 39.8

/ide 9 146.6 25.2 35.9
Normal 24 52,0 28.4 40.7
Wide 12 47.7 28.1 37.9
Normal 30 50.5 3547 43.1
Wide 15 53.9 314.6 44.3

Dawn kafir:

IEei el b B s R R e 6 26.5 39.1 32.8
L i e e el dee o a1 o) i 03t 40N § 3 11.3 39 25,2
ISOTTIAL S o St eI £ e STt S St DT L R - ! 12 28.0 27.9 28.0
Wi er R ot S RofosPun kg i Ciptes S e 6 12.9 30.0 21.5
DNOTINALL o c o s aet a8 e Bt 3 S e, e 18 32.7 24.3 28.5
A o) o i b o s o et b e L e 9 16,1 28.1 22.1
Normal 24 33.9 21.0 27.9
Wide 12 14.3 22.8 18.5
O T e e T b P R e 30 207 20.8 213
25T U ot el e o e, A ST A ot i ey it 15 10.0 22.1 16.1
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with milo the difference was approximately 3 bushels in favor of the
normal rows. Since the normal rows at Dalhart are wider than at other
stations, more extreme differences might be expected between the yields
of the two row spacings.

Summary of Spacing of Rows and of Interplanting with Cowpeas

A summary of the results of experiments at all stations with different
widths of row, and grain sorghum rows alternated with cowpeas, is
presented in Table 33.  Considering all the yields with the three varie-
ties, Dwarf Yellow milo, Dwarf Blackhul kafir, and feterita, the results
favor planting in normal rows rather than in paired rows or in wide
rows. The average decrease in yield when these crops were grown in
paired rows as compared with normal rows, was 1.1 bushels to the acre,
and the corresponding decrease when grown in wide rows was 4.5 bushels.

The results are fairly consistent in favor of the nmormal rows but a
smaller reduction in yield from using the wider rows occurred at Chilli-
cothe and Spur than at Lubbock, Big Spring, and Dalhart. This
smaller reduction is probably actual and is probably the result of the
heavier types of soil occurring at Chillicothe and Spur.

Table 33, —Summary: Grain sorghums in normal, paired, and wide rows and alternated
with cowpeas, at Chillicothe, Spur, Lubbock, Big Spring, and Dalhart.

Grain yield, bushels to the acre
Alter- Gain of normal rows over
nated
Normal | Paired Wide with g .
cowpeas | Paired Wide |Cowpeas

Dwarf Yellow milo:

Chillicothe. . . .. esf 24.5 i P —1.8 s e N1

SDPUL. o conm o miosomon 33.7 B33 [ ek 2 AR T

Lubboek.... .. 28.8 SR P e L

Big Spring. . . i L8 cwivivn 25 5105 T TSN by W N to i G O e

Dalbart.. x5 c0am55] 898 30 0 L g N S SO
Dwarf Blackhul kafir:

Chillicoth. 171 16.0 18.2 12.6 1.1 —1.1 4.5

Lubbock..: :s::4 312 5.6 % A0S G 227" Noscssmma|asmrnsss 8.5 5.

Big Spring . . 35.5 P T O ML e S real i |2 s Tyt

Dalhart. . .. 32.8 l...u.n DL | 1 B, EIRE e 5 67 B St B
Feterita:

Chillicothe . . .. wis |+ BT ad 24.2 250 18.9 3.2 2.4 8.5

Lubbetk.. .. o5« 0600 £ 100 [ (R 29.5 e A O DR e e

ANOTRBE HRIB i o 50009 |+ 6 5 w05 [ 515 o105 o ho iy S0 & a1 s, ag. oo 1.1 4.5 6.5

In view of the comparatively small reduction in yield resulting from
the use of paired rows, particularly with milo, under certain circum-
stances paired rows can probably be used to advantage. If the stand
obtained in normal rows is too thick, it may be advisable to destroy every
third row, thus thinning out the crop and safeguarding it against a
larger reduction in yield. Paired rows have an additional advantage
in that the larger heads produced in paired rows are an advantage in
hand harvesting. Also, it every third row is blank, only two-thirds as
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many rows must be given careful cultivation as when normal rows are
used. This shorter length of row to be traversed may effect a consid-
erable saving of time in planting, in cultivation, especially the first
time over, and also in harvesting for both grain and forage.

As an average of the three varieties at all stations, the practice of
planting in wide rows resulted in a reduction of 4.5 hushelz of grain to
the acre. When kafir was planted in wide rows, the average reduction
in yield at all stations was 5.7 bushels. With feterita the decrease was
4.4 bushels, and with milo 3.3 bushels, a decrease chargeable to the
practice of planting in wide rows. Obviously these losses are too great
to withstand unless the use of wide rows is essential to fit in with some
other farm practice, such as planting wheat following grain sorghum.
When such a practice is followed, milo is the grain sorghum most suit-
able, for the reason that a smaller reduction in yield is had with this
variety than with kafir or feterita when planted in wide rows. TFurther-
more, milo plants mature early, cease growth and draw less upon the
moisture supply after the grain crop is mature.

Closer plant-spacing is necessary in the wider rows than in normal
rows; else a further decrease in yield can be expected from planting in
paired or wide rows.

Planting in either paired rows or wide rows instead of in normal
rows produced lower forage yields of milo, kafir, and feterita (Tables
26 and 27). The forage yields are consistently in favor of normal rows
over paired rows and of paired rows over wide rows. Over a period of
years, when the plant spacing was about the optimum for grain produc-
tion, a reduction of about 25 per cent occurred in forage vields when
grain sorghums were planted in wide rows instead of normal rows.

No reliable results are available to show the reduction in yield that
may be expected from growing cowpeas in every third row, or, in other
words, between paired rows of sorghum. However, at Chillicothe, kafir
grain yields were reduced 4.3 bushels to the acre and feterita grain
yields were reduced 6.9 bushels to the acre, a decrease of ahout 25 per
cent in each variety, as the result of growing cowpeas in alternate rows.

The practice of growing cowpeas in alternate rows with grain sorghums
does not seem to be justified unless soil fertility is a limiting factor in
production. Water, instead of coil fertility, is the limiting factor in
most of West Texas, except on some of the very light sandy soils. If
cowpeas are used as a soil-improvement crop in combination with grain
sorghums on deep sandy soils, the sorghum stubble is a material aid in
the control of soil blowing.

EXPERIMENTS WITH COMMERCIAL SEED DISINFECTANTS

Poor stands of grain sorghums frequently result from planting in cold
or wet soil, or from too early planting, and this is particularly true of
such soft-seeded varieties as feterita and hegari. Deficiencies in the
stands of feterita, due to such causes, are evident in the date of planting
experiments at Lubbock (Table 5). The average per cents of a perfect
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stand secured over an eight-year period with feterita, when planted
April 15, May 15, and June 15 were 58, 68, and 94, respectively. A
similar lack of perfect stands with early plantings of feterita occurred
in date of planting experiments at Chillicothe.  From 1926 to 1930 an
experiment was conducted at Chillicothe with Spur feterita to determine
the possibilities of getting better stands through the use of commercial
seed diginfectants.  The results are recorded in Table 34. The seed
disinfectants, known commercially as Copper Carbonate, Uspulun,
Bayer Dust, Semesan, Semesan Jr., and Ceresan were used. From two
to three triplicated plantings in one-hundredth-acre field plats were made
throughout the spring ecach year. In each planting the number of
plants that emerged from the untreated seed was taken as 100 and the
cmergence from treated seeds was expressed as a percentage of that
ficure (34).

Table 31— Treatment of feterita with commercial seed disinfectants at Chillicothe. Ratio
of stands obtained from treated and untreated seed.

Date No Copper Bayer Semesan,
. Year planted| treatment|Carbonate| Uspulun Dust Semesan Jr: Ceresan
1026 April 19 100 113 131 t {17 G PO B S ) [P s S s e
June 14 100 120 133 8 L1 RN O S T i [ My €
1927.....|April 27 100 158 179 184 210
X{:I}’ 16 100 192 161 184 211
June 23 100 121 173 156 132
1928. . April 15 100 103 104 128 3 | [ il L R My )
June 13 100 107 105 122 BT | e wisresyi o faswes mnyssos s
June 22 100 97 92 104 L1 S R R | B e
1929. ... .|April 15 100 132 142 131 123
May 22 100 151 176 175 147
June 14 100 115 120 113 105
1930.....|May 8 100 D3 [:cis inmemsfaosaemsss 112
June 2 100 {01 SR eyl S AP S 108
Average ‘ ..... ' 100 ‘ 127 } 138 139 134

The use of all of the seed disinfectants resulted in some increase
in germination and emergence. When the stands of all treatments and
plantings are compared with stands from untreated seed it is found that
treatment with  Uspulun, Bayer Dust, Semesan, Copper Carbonate,
Semesan Jr., and Ceresan gave increases of 38, 39, 34, 27, 14, and 5 per
cent, respectively : Semesan Jr. and Ceresan were used only during the
last year and for this vear they were about as effective as any other dust.

The better germination and emergence resulting from the use of seed
disinfectants is due to the fact that these fungicides create a sterile zone
on and about the seed which prevents fungi from developing.

In general, the benefits from sced treatments were more pronounced
at the early planting dates when soil-temperature conditions were least
favorable for good germination of untreated seed. When conditions
were more favorable for germination of untreated seed, only small in-
creases resulted from using treated seed.
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Better germination and emergence was the only henefit apparent from
using treated seed. There appeared to be no appreciable stimulation in
growth after emergence. After the plants were four to five inches high
the plats were thinned to a uniform distance of twelve inches between
plants. Careful observations indicated that at no time was there any
stimulation in growth and development of the crop. Grain yields were
taken for three years and the yields from treated and from untreated
seed were practically identical in all cases.

These seed disinfectants are inexpensive and may be used to advantage
in improving the germination of sorghums in certain instances, espe-
cially when planting is done early. Also dry-dust treatments are a con-
venient and an effective means of treating sorghum seed for kernel smut
control and where smut is prevalent this is the most important con-
sideration in connection with the use of these compounds. Both Copper
Carbonate and Ceresan are practical and economical dry dusts which
can be used effectively in the control of sorghum smut. Sorghum seed
should be treated with these dusts at the rate of two to three ounces
to the bushel of seed and thoroughly mixed to insure a good covering of
all the seed. Whenever sorghum seed infected with smut or seed of
unknown origin are to be planted, they should be treated for smut.

SUMMARY AND CONCLUSIONS

Texas produces about 47 per cent of the total grain sorghum grown
in the United States and also ranks high in yield per acre, averaging
25.4 bushels. Grain sorghums rank third in total production and money
value among the crops grown in Texas.

Results of experiments with grain sorghum varieties planted at differ-
ent dates, different spacings within the row, planted in normal, paired,
and wide rows, and in rows alternated with cowpeas, and also experi-
ments on rate of seeding sorghums and treatment of seed with com-
mercial dusts are reported.

These experiments have been conducted for a number of years at the
experiment stations at Lubbock, Chillicothe, Spur, Temple, Beeville,
Big Spring, and Dalthart. A brief resume of the soil and climatic
conditions, as affecting grain sorghum growth and development, is pre-
sented for each of the regions represented by these stations.

Dwarf Blackhul kafir produced the highest yields of grain from
early planting, March, at Beeville; from medium early planting, May
15, at Lubbock, Chillicothe, Spur, and Temple; and from later planting,
June 15, at Dalhart and Big Spring.

Dwarf Yellow milo produced the highest yield from April 1 planting
at Beeville; from May 15 planting at Chillicothe and Temple; from
June 15 planting at Spur, Big Spring, and Dalhart; and produced
approximately the same yield at the Lubbock station when planted May
15 or June 15.

Forage yields are ordinarily increased and better quality of forage is
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produced from late plantings, so long as planting is done sufficiently early
to bring the crop into maturity beiule frost.

I'avorable moisture conditions at time of heading is highly associated
with large yields of grain and forage. Unfavorable temperature con-
ditions for growth and development of grain sorghums in the early
spring in West Texas prevent maturity before about the middle of
August, even when planted at the earliest possible date. The distribu-
tion of summer rainfall is such that the period of least rainfall of the
summer months occurs at most stations from June 20 until July 20.
The yields from all western stations indicate that poor yields are likely
to be produced if heading takes place during early July. Planting
should be done, insofar as possible, so the crop can bridge over this
depression, when the plants are young and not in a critical stage of
development, and have the heading period coincide with the more favor-
able rainfall periods in August and September.

The time of planting has an important bearing upon the length of
the growth period of sorghums.  Early planting results in retarded early
growth with a consequent lengthening of the growth period. Dwarf
Yellow milo and Spur feterita mature in approximately 125 days when
planted April 155 in 100 days when planted May 15; and in 94 days
when planted June 15, while Dwarf Blackhul kafir matures about 10 days
later from similar dates o planting.

Good stands were more difficult to obtain on April 15 than on May
or June 15 planting dates. Germination of feterita and hegari are
particularly poor when planted early.

Later planting of varieties of grain sorghum results in taller, thicker
plants and a larger number of suckers, indicating that better growing
conditions exist in the summer and fall than in the spring and early
summer.

'rom the results of spacing experiments with grain sorghums it is
concluded that sparsely-tillering types, such as the kafirs, Darso,
kaoliangs, and sorghums of similar habit, should be spaced closely, 6 to 8
inches in the row, for maximum yields of both grain and forage. Hegari
and feterita tiller quite freely but are important forage types and should
be planted so as to allow 6 to 12 inches between plants in the row. If
forage is a primary consideration, a spacing of around 6 inches is de-
sn':l)lv Freely-tillering types grown primarily for grain production,
such as the milos, hould for the best rosu]ts, be given more Tow space
per plant, 12 to 94 inches. When milo is quced even as wide as 30
inches, usually no reduction in grain yield occurs.

The difference between milo and kafir in response to spacing is ac-
counted for by marked difference in tillering habits. Milo is a profusely
tillering type and kafir a sparsely tlllerm(Jr type. In both varieties the
number of tillers increases with the dlstance between plants. The
type of relationship between row space per plant and yield of kafir and
milo is shown to be curvilinear rather than linear. In milo the corre-
lation is in the positive direction and normally in the negative direction
for kafir.
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Larger forage yields of better quality may be expected from the
thicker stands with both kafir and milo. Plants grown with wider spac-
ings are slightly taller and have thicker stalks but the larger size of the
plant in the wide spacings does not offset the larger number of stalks
in the close spacings sufficiently to equalize the forage yields.

Where the crop is to be headed by hand it is desirable, the yields being
equal, to have the heads as large as possible. Wider spacing results in
larger heads in all varieties. Spacing plants of milo wider than 12 inches
apart results in an increase in the number of recurved, or “gooseneck,”
heads produced.

While the size of the head in both milo and kafir increases almost
directly as the space between plants increases, there is no difference in
the shelling percentage of the heads produced, whether they be from
close- or wide-spaced plants or whether the heads be large or small. As
an average for a 10-year period, kafir and milo have had shelling per-
centages of 74.6 and 70.

Planting of one pound and two pounds of kafir seed to the acre re-
sulted in average stands of 12.2 inches and 6.3 inches befween plants.
Planting of the same amounts of milo seed resulted in stands of 16.3
inches and 7.9 inches between plants. Planting one pound of sound
milo seed to the acre should produce a satisfactory stand, and two pounds
of kafir seed should place the plants about 6 inches apart, which distance
is about the optimum for kafir. Hegari will require two to three pounds
and feterita three to four pounds of seed to the acre, depending upon
the time of planting.

Results of planting grain sorghums in normal, paired, and wide rows,
considering all the yields of milo, kafir, and feterita, are in favor of
planting in normal rows rather than in paired rows or in wide rows.
The average decrease in yield when paired rows were used as compared
with normal rows, was 1.1 bushels and the corresponding decrease when
wide rows were used, was 4.5 bushels. The yield of milo was reduced
3.3 bushels and the yield of kafir was reduced 5.7 bushels when planted
in wide rows instead of normal rows. Closer plant-spacing is necessary
in wider rows than in normal rows; else a further decrease in yield can
be expected when paired rows or wide rows are used. Planting grain
sorghums in wide rows instead of normal rows resulted in a loss of about
25 per cent in forage yields.

Grain yields of kafir and feterita were reduced 4.3 bushels and 6.9
bushels, or about 25 per cent when cowpeas were planted in alternate
rows with these grain sorghums.

The use of the most effective dry dust seed disinfectants increased
germination and emergence of feterita 30 to 40 per cent over that of
untreated seed. Benefits from seed treatment were more pronounced
from the early dates of planting when soil-temperature conditions were
most unfavorable for germination. Copper Carbonate or Ceresan, applied
at the rate of 2 to 3 ounces to the bushel of seed, are convenient and
effective forms of treatment for sorghum kernel smut.
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