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INTRODUCTION 

It is a matter of common observation that the growth habits of plants 

are modified by the space available for their development. Numerous 

experiments have been conducted to determine the effect of spacing on the 

development and yield of cotton, corn, grain sorghums, and s all grains 

plants . 

Some of the earliest spacing work with sorghums for the Great Plains 

area was conducted at Manhattan, Kansas (l.2)Ll . The need for information 

regarding varietal response was imperative as new varieties were introduced 

or developed by agronomic research. Growers in the area previously unac-

quainted with grain sorghum production were also interested in rate of 

planting and seedinr; methods for the new crop. 

Previous literature contains adequate information regarding performance 

of standard sorghum varieties, the seeding rates reco anded and an indica-

tion of yields that might be expected when certain seeding rates are adopted 

( 26) . 

Sorghum varieties carrying the genetic factor for short internodes 

have been developed in recent years . Dwarf-type varieties were the result 

of plant breeders interested in developing varieties which would be suitable 

for combine harvesting. 

Sufficient information is not available regarding the response of 

dwarf- type grain varieties, or combine- type sorghums when subjected to a 

practical range of seeding rate-row spacing combinations. 

Grain sorghums are generally planted in rows spaced 3 1/2 feet apart , 

L1 
Fi gures in parenthesis refer to "Literature Cited", p. 41. 



permitting the use of row cultivators during the growing sea.son. A 

seeding rate commonly reco:rmllended is 4 to 6 pounds per acre (1). In order 

to reduce time and labor required by cultivation, a v,idosprend practice 

of so111ing grain sorghums -w-1 th small grain drills has been .followed. Labor 

costs a.re not only reduced, but time required by drillinE; permits seeding 

to be completed while optimum plantin[', conditions prevail. t'leed crow!;.h 

is soNcwhat reduced on well-prepared seed beds by the planting of grain 

sorgl1uHs in closely drilled rows. 

The major objective of this investigation was to obt,ain information 

on yields of 4 grain sorghur:t varieties when subjected to a cOY,1bination of 

various row spacings and seeding rates. 
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REVIE/J OF LITERATURE 

History of Spacing Studies 

Grain sorghums are of great economic importan.ce in the Central and 

Southern Great Plains area due mainl y to their ability to adapt themselves 

to the prevailing climatic conditions . The physiological nature of sorghums 

provides an endurance to the extremes in drought and heat so injurious to 

most forms of plant life in the Southwestern United States . The ability 

of the crop to withstand draughty conditions common to that area labels the 

crop as a feed source not to be overlooked in long-range agricultural opera

tions . 

Following the introduction of Red kafir to Manhattan, Kansas, where 

it was first planted in 1889, a seeding rate-row spacing study was conducted 

by Georgeson (13) in 1892 and 1893. A similar experiment was begun at 

Stillwater, Oklahoma, in 1897. orrow and Bone (27), by using a s.:nall grain 

drill, made seeding r ate and row spacing studies with Jhite- Hulled kafir . 

1ore recent spacing work with sorghums was perfonned by Karper (16) of 

Texas, Sieglinger (33, 34) and Klages (21) of Oklahoma, and Martin, et al 

(25) of the Southern Great Plains area. 

Climate 

The prorti.nence of climate as a factor in controlling grain yields 

of sorghums was extensively discussed throughout the literature . 

After summarizing studies at the voodward, Oklahoma Station, Sieglinger 

(33 ) maintained that five principal climatic factors were very influential 

in regulating grain sorghum production in that area. Those f actors listed 



by the author ar e : 

1 . Limited and variable annual precipitation of irregular 

seasonal distribution. 

2 . Relativel y l ow atmospheric humidity. 

3. High evaporation rate during sununer months . 

4. Wide daily temperature ranp,e . 

5 . High average wind velocity. 

Extremel y high teoperatures during the period of flowering and 

fruiting in grain sorghum have been shown to decr ea se grain yiel ds . 

4 

Vinall (39) of Texas recommended that a planting date be selected in order 

for gennination and early plant growth t o proceed durinc the period of 

high temperatures and f lowering would occur when more moderate temperatures 

prevail ed. Seasonal temperature during the heading period was believed t o 

be an important fac t or i n determining the yields of grain sorghums by 

Martin and cowor ker s (25 ) . Mean temper atures higher than 80° F during head

ing resul ted in shorter stalks, smaller heads , and l ower yiel ds than when 

mean temperatures were sl ightly below 80° F. 

Seeding rates for forage production were influa-iced by annual rainfall 

as the area of production extended westward into arid regions of the Great 

Plains. Martin and Stephens (26 ) recommended 60 to 75 pounds per acre for 

the area east of the 98th Meridian and 30 pounds per acre for the area west 

of the 100th Meridian. 

Seasonal conditions are strongly correlated .d.th sorghum webworm damage 

in grain sorghums . Los ses are u sually more extensive during s eason s of 

abundant rainfall and of no importance during droughty years (29 ) . 

Soil differences as wel l as climate may vary the quantity of s eed to 

be u sed. Sections with rich soil and r ore abundant moisture can be sown 



t o sorghums, particularly milo, mor e thickly in the row than sections 

having thin sandy soils and lighter rainfall (1) . 

Width of Row 

In areas where available moisture is the controlline factor in grain 

sorghum production , soil area per plant may be increased by increasing 

distance between rows . \iith climatic conditions common to the Texas Pan

handle , Rothgeb (30) believed a higher total crop yield could be obtained 

by planting sorghums in rows 3 1/2 feet apart., while a grain crop was more 

certain when row spacing was extended to 7 feet . 

At the Oklahoma station, Kiltz and coworkers ( 20) found alternate 

rows or wide row spacing seldom profitable . Under most conditions, satis

factory result s could be obtained from rows spaced 40 to 44 inches apart . 

In the Oklahoma Panhandle, Finnell (10 ) observed 23 sorghum varieties 

in r ows 3 1/2 feet and 7 feet apart . As a group, the milos showed nearly 

equal results in grain yiel ds from the two spaci ngs . A marked preference 

for wider spaci ng was shown by Yellow straight-neck milo , Dwarf Blackhull 

kafir, and Reed kafir. 
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On average Oklahoma upland soils, grain sorghums should be planted in 

r ows 3 feet apart with 1 stalk each 3 to 5 inches, according to Fields (9) . 

The use of wide rows were considered to be uneconomical by Karper 

because of losses in grain yields (16, 18) , unless the use of wide rows was 

more desirable in conjunction with some other farm practic e . 

At Hays , Kansas , Swanson (36 ) shoued 40-inch row spacing was most 

advantageous for both grain and forage yields during norm.al years . In 

seasons of drought , a row spacing of 80 inches produced slightly more grain . 

By the us e of a grain drill , Georgeson (13) of Kansas varied di stance 



between rows of Red kafir from 16 to 24 and 32 inches . Grain yields 

indicated the 32-inch spacing with plants spaced 4 inches apart in the row 

was the best . A comparable test was conducted by Morrow and Bone (27 ) of 

Oklahoma, in which distances between rows were 6, 12, 18, 30, 36, and 44 

inches apart . Row spacings of 30 and 44 inches were regarded as less 

desirable than the 36 inch spacing. 

Edtirard (7) of Texas called attention to the greater reliability of 

wide row planting in withstanding drouth and regarded it as a good reason 

for discarding the thicker method ' except as a catch crop under unusually 

favorable conditions. Lister planting was advised by Helder (15 ) of Kansas 

as a preventive measure for wind erosion and root protection against summer 

heat and drought . 

Georgeson (12) prescribed drill seeding of kafir in preference to 

lister planting. Danger of heavy rain damage from soil washing was reduced 

by surface planting. The use of close-drilled methods of seeding were 

advised only for the production of hay by Martin and Stephens (26) . In 

Nebraska, Kiesselbach (19) recommended the use of a small grain drill as a 

means of improving the quality of filack Amber forage . 

Seeding Rate 

Planting rates~of cultivated crops usually appear in the literature 

as pounds of seed per acre. In many instances, the distance between plants 

is g:i. ven in order that the reader unfar.:d.liar with seeding rates can obtain 

a better undorstanding of the spacing between plants . 

Profitable yields of grain sorghums are dependent largely upon two 

cultural practices: an optimum spacing of the plants and proper time of 

plkting (25) . 

6 
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Bennett (4 ) emphasized the rate of seeding as a most effective factor 

in changing grain yields during droughty seasons and of minor significance 

during seasons of adequate rainfal l . For the Texas Panhandle, Rothgeb (31) 

regarded seeding rates as being important , but concluded that no stand or 

rate would produce the highest yield under all seasonal conditions. Thick 

stands usually yielded higher than thin ones when adequate rainfall was 

avail able, but in dry seasons, thin stands were more likely to yield a crop. 

A spacing study favored by abundant rainfall was conducted by Karper 

(16 ) in 1914. Three varieties, Dwarf milo, Dwarf kafir, and Feterita were 

pl ant ed in rows 3 feet apart, with space between pl ants ranging from 1 to 

2, 2 t o 3 , 3 t o 4 , 4 t o 5, 5 t o 6, 6 t o 7, 7 to 8 inches . Higher yields 

were consi stently produced by the thicker rates for all 3 varieties tested. 

By having adequate rainfal l , it was possible to mature plants in a thicker 

stand on a gi. ven area than would be the case during an averaee season. 

Blackhull kafir studies by Klages (20) in Oklahoma demonstrated the 

affect on grain and forage yields of space between plants in 42-inch rows . 

Plant spacings of 6 , 12, 18, 24, and 30 inches within the rovr were observed. 

The obtained yields indicated that both erain and forage yields decreased 

materially from the thicker to the thinner stands . 

From data collected at 9 field stations throughout the Southern Great 

Plains, Martin and coworkers (24) demonstrated the consistency of grain 

yiel ds of sorghum varieties when subj ected to extensive seeding rate studies . 

On Dw~rf Yellow milo , the author states : 

At no station were the average yields of best spacing 
more than 4 bushels from the poor spacing except at Lawton 
where the 1 year ' s results under poor conditions could be 
significant. 



The average for 43 station years indicated an 18-inch plant spacing for 

Dwarf Yellow milo in 42-inch rows to be mo st profitable. A 6-inch spacing 

of Dawn kafir gave the highent yiel ds at 5 of 6 stations. From data 

obtained at 4 stations it appeared that Feterita would produce the highest 

yiel ds when spaced 8 to 9 inches apart. 

The great est yields of both forage and grain were reported by 

Edwards (7) of Texas when distance between plant s ranged from 4 to 8 

inches apart . Similar observations were made by Karper (17 ) . 

Correlation studies were conducted by Martin (24) on grain sorghums 
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to determine the plant characters responsible for grain yields . Measure

ments of head size and stalks per acre were obtained on fields of milo and 

kafir . The yields of grain sorghums were found to be more closely correlated 

with the number of heads per acre than with the size of head or weight of 

grain per head • 

./hen grain sorghums are to be harvested by hand, Edwards (8) proposed 

the production of comparatively large sorghum heads, the results of a light 

seeding rate . 

Conner and Karper (6) of Texas varied the soil area of r.ailo plant s 

to determine the effect on position of the s eed head. As distance between 

plants was increased, an increase in number of pendant heads was observed. 

Tillering 

Grain ..,orghum varieties responded individually when planted at 

different seeding rates and subjected to climatic conditions quite normal 

for the Southern Great Plains area . Martin and Sieglinr,er (25 ) found that 

so'!le grain sorghum varieties are uorc capable of utilizing available 



nutrients, moisture, and additional space than others . The kafirs, 

particularly, were not seeded to an advantage when widely s aced within 

9 

the row. Some varieties produced additional plant stalks, commonly referred 

to as tillers, when more than adequate row space was provided for each 

plant . 

A number of investigators, (8, 14, 17, 25) , reported Dwarf Yellow 

mile as prominent in producing additional seed heads when low seeding rates 

were used. Sieglinger (34) , after 4 years of spacing studies with sorghums 

at Woodward, Oklahoma, classified the varieties by their capacity to sucker 

profusely; the milos, Com.~on feterita, Shallu, and Sunrise kafir produced 

similar yields by additional stalks regardless of distance between plant s . 

Those varieties which produced few tillers and showed a progressive reduc-

tion in yields as the distance between plants was increased included: Spur 

feterita, Kaoliangs, and probabl y all kafirs other than Sunrise . 

Swanson and Laude (36) called attention to the undesirability of 

tillering in sorghums which caused uneven ripening. 

Vinall (37) noted tillering in fetcrita and regarded the reaction as 

so undesirable that -

With a row space in excess of 12 inches, some varieties 
especially feterita were inclined to produce mrnerous sucker 
stalks, which matured late and had poorly filled heads. Lack 
of uniformity interferes with machine harvesting which results 
in a poor quality grain high in moisture content . 

Ball and Leidigh (1) showed that in sowine milo thinly, a "larger 

nu.'!lb r of objectionable pendant heads" were produced. Letteer (23) and 

:.tartin (25) proposed a proper spacing of feterita, and kafir as well as 

milo in order to obtain a more uniform. crop with an earlier maturity date . 

Extensive plant studies by Hartin (24) at ~foodward, Oklahoma, demon-

strated that the number of heads was increased as space within the row was 
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increased from 6, 12, 18, 24 and 30 inches . An increase in average number 

of heads per plant continued up to 24 inches where a decrease of . 04 was 

shown with a 30-inch spacing. 

Edwards (8) showed a stabilization of yields by tillering. Grain 

yields were measured on 5 varieties for a 4-year period where pl ants were 

spaced t. , 8, 12, and 16 inches apart in 40-inch rows. In all varieties 

except Dwarf milo, the thinnest rate produced the lmvest yield. 

Insect Control 

The lack of unifor::lity produced by tillers was regarded by Gable (11) 

as very undesirabl e in areas infested with the sorghum midge, Contarinia 

sorghicola Coquillet . Prolonged flowerlng of host plants, either by the 

presence of 2 or more varieties or extensive tillering was considered a 

major factor in midge controL An increase in nu:nber of midges resulted 

from successive generations developing where a long blooming season was 

present . Successful production of aorghums in ,nidge-infested regions de

pended upon the crop completing flowerine before the insect appeared. From 

spacine studies by Hnstings (14) of Texas, plots contninine closely spaced 

plants matured about 1 week earlier t han the wide spaced plants . Plant 

counts taken on Hay 15 indicated t hat less tillering occurred -with thick 

planting and t hat a more uniform crop regarding maturity could be obtained. 

In the San Antonio district of Texas, milo plants should be plnnted 3 to 4 

inches apart to reduce tillering. Gable (11) p inted to a sturdy crop 

uniformly developed as a major control for midges .and suggested that farming 

measures which would produce a uniform crop be used, particularly those 

which would reduce the length of blooming season. 1artin (25 ) proposed 

thick planting of all varieties in areas where the sorghum ·ctge is abundant . 



Late maturing varieties are also subject to damage from sorghum 

webwo:nn, Celama Sorghiella Riley. Sieglinger and Davies (35) reported 

grain losses from tho sorghum webwom at the Oklahoma Experiment Station. 

Individual variety loss of grain was found to be somewhat proportional to 

date of seed formation . The e;rain of Sue;ar Drip and African Hillet , both 

late forage varieties , was completely destroyed by the worms . 

Physical Features 

Maturity, as observed by Hartin (25), was altered somewhat by plant 

spacing, a 6-inch spacing maturing 3 days earlier than the 24 and JO-inch 

spacings when planted in 42- inch rows . 

Plant response to seeding rates, ,v.i.th exception of maturity, usually 

results in a change of plant height , stalk size, size or weight of head. 

Time of headinc may also be influenced by rate of seeding. 

11 

Distance between plants not only affected yield but height of stalk 

and length of head as well. Length of head was shown by Georgeson (13) , 

to change soraewhat progressively from broadcast length of 5 inches to 13. 5 

inches for heads from rows grown 32 inches apart . 

Conner and Karper (5) conducted spacinp, experiments over a 6- year period 

to determine the effects of plant spacing on shelling percentage. Yellow 

milo showed a lower shelling percentage than Blackhull kafir, but no rela

tion was shown between thickness of seeding and the threshing percent . 

Distance between sorghum plants was varied to determine the affect 

on number of heads per plant . An increase in number of heads by til lering 

was not in proportion to a greater distance between pl ant s . fartin and 

Sieglinger (25) demonstrated a reduction in number of heads per acre with 

increased plant spacing. 
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According to Swanson and Laude (37) of Kansas, lodging in sorghums 

was influenced principally by height of plant, thickness of stand and 

variety. In most instances, lodging tended to occur more frequcmtly and 

to be more severe for taller than for shorter pla.i.1ts and in thicker rather 

than thinner stands. 

Several workers (8., ll~, 24), reported a decrease in sorghum head size 

as seeding rate per acre wau increased. 

) J . 
. i 

;!.:"' 



HATERIALS AND METHODS 

A seeding rate-row spacing study in sorghums was conducted at the 

Oklahoma Experiment station near Perkins in 1950. 

Four grain sorghum varieties adapted to the Southern Great Plains, 

1.3 

and developed particularly for combine ha.rvestinG were selected for study. 

Certified. planting seed was provided by the Oklahoma Crop Improvement 

Association. E,cperimental data and results froa 1,revious yield tests 

indicated that the 4 selected varieties ,".IOuld be grotm extensi voly in the 

immediate future. The four varieties were: Dwarf kafir ~foodward 1+4-14, 

Redlan kafir Woodward 3-3, Hartin milo Sorghum Accession 5330, and Resistant 

Wheatland milo Garden City 31:5228. 

An International Harvester small-grain drill equipped with press 

wheels was used for planting. Thirteen separate couparfa:1ents, each being 

7 inches apart, constituted the seed box of this particular drill. A 

specific row spacing resulted from placing seed in compart.ment,s above the 

selected drill cups. For example,. seed was placed in ever.J other compart

ment in order to obtain ~·11s lli, inches apart. A 42-inch row spa.cing resulted 

from placing seed in cup Nos. 1, 7, a.rid 13. In order to space the rows 21 

inches apart, seed was added to compartment Mos. 4 and 10 in addition to 

Nos. 1, 7, and 13. A 7-inch row spacinB: was obtained by allowing all cups 

to di ntri bute seod. 

In order to establish a standard from which to vary, 3 seedin~ rates 

based on a 42-inch row spacing were used. Four, 6, and g pounds per acre, 

termed light, medium and h0avy., respectively, seei.1ed most suitabl0 to cover 

the range of planting rates used by farmers. With this approach in mind, a 

n1ow11 rate of 4 pounds per acre required the properly calibrated drill to 



smv 1.33 pounds from each of tlle 3 cups ili'1ile plantinr; l acre. To sow 6 

pounds per acre, 2 pounds must be seeded from each of the J cups. A 11highlf 

rate of $ pounds per acre requ:i.red 2.66 pounds to be smm. from each cup. 

The seeding rates were combined with 4 different ro,, spac1.ngs: 42-

inch., 21-inch, 14-inch, and 7-inch. The resulting 12 combinations of seed-

ing rates and row spacings comlJosed the treatments to which all varieties 

were subjected. Capital letters, L, i:i, and H, are used as abbreviations 

for light, medium and heavy seeding rates. The 12 combinatio11s of rates 

and spacings are: l+2L, 21L, 14L, ?L, L,.2.uJ., 21H, JJ+i'i, 7H, L,2H, 21H, lMI, and 

?H. 
Planting rates gradually increased as distance between rows was reduced. 

Drill settings previously determined for sowing rows 42 irwhes apart were 

adopted for seeding rows 21 inches, 14 inches, and 7 inches apart. Plants 

seeded at the light rate in 1+2-inch rows were the same distance apart with 

the row as those sown in 21-inch rows at the light rate. 

Instead of obtaining th0 desired I+, 6, nnd g pound rates per acre, 

:restrictions in drill calibration _permitted rates of 4.35, 6.09 and 7 .80 

pounds to be so,v.n. As space between rows was reduced from 42 to 21, 11+, 

and 7 inches, the follouing seed.ins rates resulted (Table 1): 

Table 1.--Seeding rates in po1.mds per acre for seeding rate-rm·r spacing 
study on grain sorghtm1s at Perkins, Oklahoma in 1950. 

Light 

4.35 

21 8.70 

7 26.1.3 

- -
Se~Jiates __ -·- --·----

Hedium Heavy 

6.09 

12.15 

18o27 

36.53 

7.f:50 

15.65 

23.h5 

46.93 

·-----------------· 
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Detailed procedure of drill calibration and additional information 

on planting rates as influenced by distance between rows is included in 

the appendix. 

In order to gain a greater degree of accuracy in measuring treatment 

affects, particularly row spacing-seeding rat,e interaction, a split plot 

design was selected. The varieties, their differences previously measured 

by yield tests, were assigned to whole plots where a critical comparison 

was not of major importance. 13y assiening the 12 treatments to subdivisions 

of the .-!hole plots., a more precise measurement was obtaine:-)d of spacing-

seeding rate interaction due mainly to the larger nu.TJiber of replications 

of the small plots, a larger number of degrees of freedom for error, and 

reduction in soil variat,ion and treatment interaction. 

All varieties and treatments of the four replications were placed at 

random.. The first replication is shoi:Jli in Figure 1 to examplify the 

order of field layout. Each m.ain plot was composed of 12 subplots, each 

9 by 70 feet in size. Alley ways 22 feet wide separated the main plots. 

Uniform soil treatment for the experiment was obtained by seeding the 

alley ways to Dwarf kai'i:r or Martin milo. Inadequate seed necessitated 

the use of the second variety, Martin nu.lo, in some alleys. 

All plantings were made on May .30 with the;; exception of Resistant 

tfueatland milo which was planted on Hay 25. Rainfall and mechanical 

trouble prevented the so"t-dng of all varieties on the same day. General 

cultural methods common to the area were practiced during the growing 

season. , Reseeding of short distances, particularly the ends of 24 plots, 

was completed on June 10. 

Physical features of the plants were observed throughout the growing 

season. Time of heading, height of plants, maturity dates, and test weight ) 
\ 
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RED LAN MARTIN RES. WHEATLAl1D mvARF KAFIR 

1 13 • 25 37 
14-inch Heavv 7-inch Light 14-inch Medi um 21-inch Li.l!ht 

2 14 26 38 
21-inch M:edi urn 21-ineh Medium 14-inch Heavv 21-inch Medi um 

3 15 27 39 
14-inch Lip·ht --.lJi-:-inch Medium Li.2-inch LiP.:ht 7-inch Ll.P'.ht 

4 16 28 40 
k.2-inch LiP-ht 14-inch HeaVIT Li.2-inch Heavv 14-inch Heav:v 

5 17 29 41 
21-inch Li 1Yht 42-inch Hedi Ul'../J. -- 7-inch Lir.:ht 14-inch Medium 

6 18 30 1+2 
21-inch Heavv 21-inch Heavy- 7-inch J'..!edi um ll-inch Li fl'ht 

7 19 31 43 
42-inch Hea"UV 21-inch Light 21-inch Heav:v 42-inch I01edium 

8 20 32 44 
14-inch Medi um 42-inch Li !!ht 7-inch Heavv · 21-inch Heavv 

9 21 33 45 
7-inch Medium 14-inch LiP.:ht 42-inch Medi um Li.2-inch Heav:v 

10 22 34 46 
Z-inch Light ?~inch Medium ll.i.-inch Light 7-inch Nedium 

11 23 35 47 
42-inch Medi um 42-inch HeaVY 21-inch Light 42-inch LiRht 

12 24 36 48 
7-inch Heavv 7-inch Heav:v 21-inch 14:edi um 7-inch Heav:v 

Fig. 1.--Field lay-out shot-ling randomization of treatments within m.ru.n plots and location of varieties 
wi-thin replication l. 
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were 1~ecorded for each variety and for all treatments to deterrnne the 

effect resulting from increased intra-plot competition. 

1m. equal land area was harvested from each plot. By heading 6:c~.5 

feet of the center row on 42-inch spacings, 1/199.13 acre was harvested. 

To obtain the same area on 21-inch spacings, 2 of the 3 inside rows were 

harvested. Three rows were harvested from lL+-inch plots while 6 rows 

17 

were harvested from 7-inch spacine;s (Fig. 2). Hand harvesting proceeded 

iE1mediately after maturity when moisture content had decreased sufficiently 

to assure safe storage of the heads. Grain yields per acre were not cor

rected to a standard noisture percentage. 

A Vogel plot thresher designed as a self-cleaning uachine was used 

for the th:ceshing of all plots. 

Grain yields were subjected to analysis of variance. 
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RESULTS AND DISCUSSION 

Although a dry spring preceded the growinp; season at Perkins, 

Oklahoma, in 1950., frequent rainfall through the su:rm1er was conducive 

to the production of grain sorghums (Table 2). After planting was 

completed on May 30., a heavy rain was rece:i ved on June 2. With frequent 

use of a rotary hoe., moisture was conserved until additional p~ecipitation 

was received on June 29. In July., an abnormal rainfall of 10 .1.3 inches 

was recorded. Adequate distribution of the :moisture through August and 

September., as well as July., provided an optimum condition for plant 

development. 

The seasonal rainfall was also affective in reducing mean temperature 

for the months of July and August. From data co~lected at Stillwater, 

.the mean temperature for July was 76.,,S°F in comparison to 31 • .4°F for a 

20-year average (1931-1950 incl.), while the August mean temperature was 

o o /2 
75.9 F as co;n.pared to 81.3 F for the same period'- • The r:1axirn.um temper-

ature for the growing season was 99°F. 

The field appearance of the 4 row spacings, 42, 2-1, 14., and 7 inches 

between rows, is shown in Fig. 2. Distance between plants within the row 

is shown in Fig. 3, where the results of the 3 seeding rates, light, 

medium, and heavy (hi~h) can be observed. Distance between plants varied 

from approximately 2 inches for the light rate to 1 1/2 inches between 
~ 

plants for the medium rate to 1 inch between plants at the high rate. 

L2Temperature data were made available by Frank Davies., Associate 
Professor of Agronomy, Oklahoma A. & 1~1. College, Stillwater, Oklahoma. 



Table 2.--Daily moisture precipitation at Perkins, Oklahoma., January 1, 
1950 to September 30, 1950. 

Day lfonths 
Feb7" Tiai~ April . M~ June 

-
Jan.- July Aug. Sept. ----

l .02 0.90 
2 .05 1.72 l.l~2 
3 .48 .09 
4 .OJ .14 .02 ./.J..i. 
5 -------... .,,..,.,.-... 

/ 
tl 

7 .01 .OJ .78 .01 
8 .02 .04 
9 .01 90 • 0 2.11 

10 1.18 .25 .os 

11 .13 .50 .17 .01 
12 .66 .24 .02 .26 .92 
13 .70 
14 \>26 
15 .26 .ob .33 

16 .J.4. .OJ+ 
17 .52 .0.4 
18 .03 .12 .l+J .09 
19 2.49 
20 .L~O .06 .02 _.., _______ 
21 1.98 
22 
23 .41 
24 
25 .37 

26 2.10 .26 
27 .l+S .25 
28 .60 
29 .60 .. 42 
:30 

Jl .58 

~Potals 1.30 1.23 .50 1.99 5.L~5 2.33 10.13 l.8$ 2.95 --- --
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Fig .• 2.--Field plots of Redlan kafir showing 4 row spacings used 
in the seeding rate-row spacing study. 
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Fig. 3.--Field plots of Redlan kafir showing three seeding rates and their affect on distance 
between plants within the row. 

~ 



Gr,"1i n Yields 

Grain losses from bird d.,1mage resulted in the loss of data from the 

first replication. 

Grain yields as compared by treatment rwerages presented a range 

from 40&25 bushels for 21-iiediUB plots to .30.Jt'i. bushels for ?-Medium 

spacings, with all treatments except ?-Medium and 7-Heavy plots producing 

111ithin L~ bushels of the highest yielder (Table 3). 

Variety averages indicated Resistant Wheatland produced the greatest 

yield with 39.02 bushels per acre, followed by 36.08 for Eedlan knfir, 

36.53 for Uartin milo and 35.L:.9 bushels for Dtnarf ka.fir. 'l'he difference 

in yields between Resistant Wheatland and Dwarf kafir was not enough for 

significance. 

The analysis of variance for gTain yields is given in Table t. .• 

A highl;v significant difference due to spacings ,;Jas found. The 

21-inch spacings aver~ged 39.11 bushels per ncre in comparison to 38019 

•")') 
,~. t... .. 

for l!,-inch plots, 37.82 for L:,2-inch plots; and 32.98 for 7-inch spacings. 

The least significant diff ere nee ,'\t the 1% level 1:1as • 99 bushel and the 

difference between the 21-inch spacing and 7--inch spacing waR 6.13 bushels. 

No significance was obtained for rate differences, indicating the 

varieties responded to the three rates to produce similar grain yields. 

Significant interaction of spacing and rate indicated different rates 

are required for maximum yields at the different row spacings. Forty-two 

inch plots yielded highest v,hen sown at the heavy ratee 'I'he 4 varieties 

produced significantly lower yields ifJhen subjected to the ?-inch spacing 

and planted at the medium or heavy rate. 



'rable 3.--Average grain yields in bushels per acre of l, grain sorghur,1 
varieties as affected by seeding rate-row spacin[s treatments 

at Perkins, Oklahoma in 1950. 

Varieties 
Resistant 

'i'reatmeri.t Martin. Redlan Dwarf w'heatland Spacing Treatment 
milo kafir kafir milo Aver·c1ge Average -------

421 36.77 36.77 32.91 38.55 36.25 

421'.:l l+l.05 32.91 37.48 36.77 37.05 

42H 36.77 40.34 Jtt.55 44.98 37.S2 40.16 

21L 41.05 38.55 37.84 35.70 38.28 

2Jl.[ 37.48 39.62 42.84 L~l.05 40.25 

21H 41.05 36.05 34.913 43.19 39.11 38.81 

141 37.84 .39.62 JL+.9Es LJ.l.05 38.37 

ll+M 39.62 37.84 38.55 39.27 38.82 

lli-H 40/34 35.70 37of!4 35.70 38.19 37.39 

71 33.20 42.12 .32.1}8 41+.62 38.10 

7M 25.31+ 34.27 29.63 32013 30.Jl~ 

7H 27 .E!4 .32.13 27.Sh JLJ.e 27 32.98 J0.52 

Average 36.53 37.08 35.L~9 39.02 
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Table 4.--Analysis of variance of the grain yield data from L} grain 
sorghum varieties, zrow·.n a;t Perkins, Oklahoma in 1950. 

Sum of Hean 
Source of Variation D. F. squares square 

Total 143 461.00 

Replications 2 13.69 6.95 

Varieties 3 16.71 5.57 

RxV (Error a) 6 .Ll.57 1.93 

Spacing 3 64.29 2LL,J 

Rate 2 3.14 1.57 

SxR 6 Li.3. 95 7.33 

Vx s 9 29.00 3.22 

VxR 6 10.82 1.so 

Vx ,.,, 
,.) X R 18 31.92 1.77 

Error 88 235.71 2.68 

1'Indicates significance at the r:oi' 
)10 level. 

-Jd~Indicates significan.ce at the 1'7 /Q level., 

F 
value 

3.61 

2 .. 89 

8.QOiHf 

2. 74:,,;-

1.20 



fin absence of significarice for the interaction, variety x spacing, 

indicated no variety responded to a particular spacing to produce a 

significantly different yield. 

The interaction, variety x rate, failed to show sienificance, 

indicating that no variety produce a significantly difference yield when 

subjected to a particular seedine rate. 

A relatively low :mean square for secoad-order interaction is indica

tive of no particular variety showing a very favorable response when 

subjected to a specific rate and row spacing. 

Date of Heading 

Time required for the varieties to reach the heading stage is 

recol"ded in Table 5. Date of headine was largely influenced by prevail

ing climatic cond:i.tions during the flowerine perlod. T'ne rainfall data 

in Table 2 indicate the amount of moisture which was received durint; the 

period of f1owering. 

Martin milo, Redlan and Dwarf kafir completed headine during the 

first 3 weeks of August when rainfall was relatively li13ht. ifartin milo 

headed with little effect from the treatments. Ideal weather helped the 

variety -to conrplete flowering with a difference of 3 days between the 

first and last plot.s. Seven-inch spacings bloo,11ed a.t the later date. 

Redlan kafir completed heading wlthin a 2-day range, the ?-Heavy 

treatments averaging 74 for the latest. 

Dwarf kafir shot1ed a range of' 5 days with 7-Heavy 1Jlots heading last 

for the variety. 

Resistant lvheatland began flowering July 26 during a period of 

intermittent rainfall. High humidity tended to fuse the glumes which 
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Table 5.--Average nun1ber of days from pl1.mtirw date until ti,,1e of heading 
on 4 e;rain sor[:hU.11 v,:irieties when subjected to 12 row spacing

seeding rate treatments at Perkins, Oklahoma in 1950. 

Varieties 

26 

R:1.rfin fi'.edlan Dwari hes.istanT Spacing Treatment 
Treatment. milo kafir kafir vJheatland rnilo Average Average 

l+2L 69 7L1. 75 70 72 

42.L'lll 69 73 76 70 72 

42H 68 72 75 69 72 71 

21L 69 73 74 69 71 

21M 69 73 74 '10 72 

21H 69 '73 74 69 71 71 

141 69 74 76 71 72 

14M 69 74 75 72 T3 

11.J.H 69 71. 75 72 73 73 

71 71 74 77 72 74 

7:M 71 74 78 74 74 

7H 71 74 79 74 74 75 

Average 69 74 76 71 
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prolonged date of flowering and reduced the degree of pollination on 

indi victual heads. Forty-two Heavy, 21-Light, and 21-Heavy plots headed 

69 days after seeding while 7-Heavy and 7-J:.iedium. completed heading in 74 

days. 

Spacing averages for the 4 varieties indicate that increased seeding 

rates retard the date of heading. 

Date of maturity, strongly favored by ideal weather conditions during 

the 1950 growing season, was generally tmaffected when subjected. to a wide 

range of seeding rates. ',Jith an absence of drought periods follmving head 

forrnation, the 7-lnch 9lotG matured l to 2 days later than plots so1rJ11 to 

42, 21 or 11}-inch spacings. 

Hat uri t;;r averar;cJs in Table 6 indicate a 3-day range for Har.tin mi.lo, 

a 1-day rango for Redlan and a :2-d.ay range for Thvarf kafir. 

The 21-l!Iedium £-:ind 21-HGavy plots of Resistant tlheat.land milo natured 

104 days after seeding while 7-hediu,D tmd ?-Heavy plots ;J.atured 5 days 

later, presentins the widest range for any 1 variety in the experiment. 

Plant heights varied depending upon the variet;;,r ,-,hen subjected to the 

trea:triient combinations ( Table 7). 

Ifartin milo ranged from 56 inches to 42 inches for the 12 treataent.s. 

Although the 42-Heavy and 42-Hedium plots were the ta.llorJt 1rd. th the ?

Heavy plots as the short.est, reduction was erratic and failed to follow 

w'1.Y system of gradual decline. 

Redlan ka.fir, which has averaged 42 inche[ci over a /+-year period 



Table 6.--Average number of days from planting date until maturity on 1+ 
grain sorghum varieties when subjected to 12 row spacing

seeding rate treatments at Perkins, Oklahoma in 1950. 

Varieties 

Hartin Re<llan Dwarf Flesistant Spacing Treatment 
'freatment mi.lo kafir kafir l11Jh0atlanci milo Average AvGrage 

421 103 118 118 107 112 

42£1 102 117 118 106 111 

42H 103 118 11$ 107 112 112 

21L 103 118 ll8 106 111 

211:-1 103 117 118 1011- 111 

21H 10.3 118 118 104 111 111 

141 103 117 118 106 111 

l/+111 103 118 118 107 112 

14H 103 118 118 107 112 ll2 

71 104 118 119 108 112 

7M 104 118 120 109 113 

7H 105 11$ 119 109 113 113 

Average 103 118 118 107 



(1945 to 1948 incl.) and 52 inches in 1950 when pla.'lted in 42-inch rows., 

showed an uneven trend in plant height from 60 inches for 42-J\!Iedium plots 

to 37 inches for 7-Heavy plots.[,. 

Dwarf kafir, averaging 44 inches over the saine 4-year period and 46 
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inches in 1950 when planted in 42-inch rows, responded to increased seeding 

rates and close row spacing by an elongation of intemodes. The 1950 

season permitted plaU'li response in height, to occur without restrictions 

from clir:i.atic factors. A range of height extended from 54 inches for 7-

Heavy plots to 64 inches for the 42-inch spacings. All 42-inch, 21-inch., 

and 14-Light treatments averaged 60 inches or more in height. 

Resistant Vuheatland declined somewhat irregularly from 41 inches at 

42-Light, to 26 inches for the ?-Heavy plots, a 37% reduction from the 

highest average. Eight trea:1:,rnents averaged wl thin 7 inches of the tallest 

height, with the remaining 4 treatments., 14-Heavy., 7-Light., ?-Medium., and 

?-Heavy., centering around 31 inches in heighto 

Treatment averages, as well as spacing averages showed reduction of 

plant height as distance between rows was reduced and seeding rates were 

increased. Treatment averages on the 4 varieties showed 42-Li.ght plots 

to have the highest average ,dth 56 inches and ?-Heavy plots to have the 

lowest with a height of 40 inches. Spacing averages ranged from 55 inches 

for the 42-inch plots to 1+3 inches for the 7-inch spacings. 

bPlant heights for the 4-year period 1%5 to 194-8, and for the 1950 
season were made available by J. B. Sieglinger, and Frank Davies., 
Agronomist and Associate Professor of Agronomy, respectively, Oklahoma 
A. & M. College., Stillwater., Oklahoma. 



Table ? .-Average plant, heights in inches for 4 grain sorghum varieties 
when subjected to 12 row spacing-seeding rate treatments at 

Perkins, Oklahoma in 1950. 

Varieties 

Hartin Redlan Dwarf Resistant Spacing Treatment 
Treatment mi.lo kafir kafir \·Jheatland rnilo .Average Average 

421 54 58 64 41 56 

42M 56 60 64 40 55 

42H 56 58 64 40 55 55 

211 51 55 60 40 52 

21M 53 54 62 37 52 

21H 51 53 62 34 51 50 

141 49 51 61 36 49 

14M 50 51 59 37 49 

14H 48 48 54 31 48 45 

71 47 44 55 33 45 

7M 45 39 59 · 31 Li}+ 

7H 42 37 54 26 43 ·40 

Average 50 51 60 36 
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Seed heads of representative size vrere selected from all treatments. 

Data on. head size are presented in Table 8. Average head length for 42-

L:ight plots was 8.4. inches while heads from 7-Heavy plots averaged 3.6 

inches, a reduction of 57% (F.i.g. 4). , A reduction in length was observed 

for treatma~t averages, and for individuc:il va~leties, but with lesn 

consistency, as seeding ra,tes were increased from 4.35 pounds per acre to 

46.93 pounds per acre. 

Heads from the 42-inch plots were greatest in length averaging 7 .9 

inches while 7-inch spacings produced the smallest heads with an average 

of 4. 2 inches. 

Test Weights 

Average weights from Martin mi.lo on all treatments failed to fall 

below 5S pounds per bushel. The 42-inch'spacings were the best averaging 

59 pounds per bushel (Table 9). 
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Redlan ka.fir, threshing relatively free of glumes, was more consistent 

in test weights than the other varieties. Weights ranged from 59.5 for 

42-Medium to 57 .2 for the 7-Medium treatment. 

AveraGes for Dwarf kafir ranged from 57.2 pounds for 42-Heavy to 

58.6 for 21-Light and 21-i!'ledium,,treatments. 

'l'he test weight per bushel of Resistant Wheatland was unaffected by 

treatments. Seven-Heavy and 42-Medium were both 58.2 while 14-Heavy was 

58.J., and 21-Heavy was 5g pounds per bushel. 

Presence of trash was more influential in changing test weights than 

treatments, particularly during a season of adequate rainfall for ideal 

seed development. This was shown by the minor differences in spacing 

averages and treatment averages. 



Table 8.--Length in inches of representative seed heads from 4 grain 
sorghum varieties when subjected to seeding rate-row spacing 

treatments at Perkins, Oklahoma, in 1950. 

Varieties 
Hartin Redlan Dwarf Resistant Spacing ·rreatment 

Treatment m.i.lo kafir kafir \rJheatla.nd milo Averag,e Average 

421 9.5 7.0 8.0 9.0 S.4 

42M 9.0 6.5 7.5 8.5 7.9 

42H 9.0 6.5 7.0 8.0 7.9 7.6 

211 9.0 6.o 6.5 7.5 7.2 

21M a.a 5.5 5.5 7.0 6.5 

21H 7.5 6.o 5.0 6.5 6.6 6.2 

141 7.5 5.0 5.5 7.0 6.2 

14111 6.o 5.0 5.0 6.5 5.6 

14H 5.5 4.5 4.5 6.0 5.8 5.1 

7L 5.0 4.5 4.5 5.5 4.8 

7M 4.5 4.0 4.0 4.5 4.2 

7H 4.0 J.O 3.5 4.0 1+.2 J.6 

A.verae;e 7.0 5.3 5.6 6.6 
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Fig. 4.--Representative heads from 4 grain sorghum varieties when subjected to 12 seeding rate-row 
spacing treat ments. 
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Table 9.--Average pounds µer bushel of 4 grain sorg11urn varieties when 
subjected t,o 12 row spacine-seedinr :cate treatments at Perkins, 

Oklaho;:i.a in 1950. 

-.--- .. ----------~=e,,o.-.-----· 
Varieties 

Ifartin H.edlan Dwarf Resistant Spacing Treatment 
Treatment rnilo kafir kafir bJheatland milo Average Average 

. 

h2L 59.3 59.1+ 58.0 58.I+ 5g.s 

1+2.M 59.l 59.5 58.3 58.2 58.8 

l+2H 59.4 59.0 57.2 513.l 58 .. 7 5fs.1+ 

211 5S.8 58.6 58.6 57.6 58.4 

21M 58.2 58.? 58.6 5'7.7 58.5 

21H 59.0 58.4 58.1 58.0 58.4 58.4 

141 58.5 58.l 57.9 58.5 5S.3 

1M1 58.7 58.2 57.7 58.0 58.2 

14H 5G.6 5S.3 57.5 515.3 5t3.2 53.2 

71 5S.6 57.4 58.2 57.6 5G.O 

711 5d.7 57.2 57.8 58.0 57.7 

7H 5!:3.5 57.3 57.6 53.2 57.9 57.9 

Average 5'1.S 58.J 58.0 58.1 



Threshi~ Percentages 

Threshed grain weights were divided by dry head weights to obtain 

threshing percentages. Three plots o.f t~ach treatment for each variety 

were averaged to obt,ain the data presented in Table 10. 

All varieties tended to center around a nean indicating an absence 

of correlation between threshing percentages and treatments for the 

experiment. 

Hartin milo averaged 70% for 12 treatments showing percentages from. 

67 to ?6%. Redlan kafir threshed an average of 67% grain with an overall 

range of 61,.. to 70%. Dwarf kafir which was more d.i.fficult to thresh than 

the other varieties produced less grain per pound of dry head weight -with 

an average percentage of 66%. A. range frorn 56 to 61.i.% was shovm for the 

variety. Resistant ~·Jheatland milo averaged 64% for the 12 treatments 

with a range from 62 to 68%. 

Spacing averages and treatment averages indicated the threshing 

percent of the 4 varieties was not affected by the treatments of the 

study. 

~'feed Control 

.An observation was mHde of weed growth, pa.rtict!larly crab grass 

(Digit.aria sangaj.Jl.alis L. Scop.) when subjected to various spacings of 

sorghum. plants. As seeding rates were increased and distance between 

rows was reduced from 42 inches to 7 inches, a pronounced reduction in 

weed growth was observed. All 42-inch spacings required cultivation in 

order to control weeds while the sorghum plants were small. Lvhen the 

three taller varieties reached a height of 3 feet, crab grass had reached 
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Ta.ble 10.--Average threshing percont.ages from 4 Prain 
C, 

sorghum varieties 
when subj octed to seedin"· (.:, rate-row spacinn; t.reatnents at 

Perkins, Oklahoma in 1950. 

-- ;_ 

Varieties 
Hartin Hedlan Thvarf Resistant Spacing Treatment 

Treatment milo kafir kafir vvheatla.nd milo Average Average 

421 72 66 57 64 65 

,~2u 72 66 61 62 65 

42H 67 68 60 63 65 65 

211 68 66 56 62 63 

2U1 '71 69 61 65 66 

21H 72 70 58 61+ 61+ 62 

141 68 66 56 65 64 

14!:l 70 68 60 63 65 

14H 73 66 59 64 65 66 

71 68 70 58 65 65 

7:M 76 66 56 62 65 

7H 73 64 64 68 64 63 

Average 70 67 66 61,i 

~-
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its clima.,x in gro1rfth. 

Twenty one-inch spacings did not recei vo cultivation and were infested 

with weed growth. A thick mat of grass emerging shortly after planting, 

but was short-lived and practically disappeared after the plants reached 

a height of 2 feet. 

bJhen space b<8tween rows was reduced to 11+ :inches, competition from 

crab grass was practically eliminated. Light tmd Gpac,2: appeared to be 

limiting factors for crab grass development when sorghums were planted in 

rows 11+-inches apart. 

A. compldte absence of crab grass was shown in the presence of 7-inch 

row spacinGS and o:nly in exoosed areas was the weed able to thrive. Lie;ht 

could be regarded as the limiting factor for growth, as t,he soil ·was 

comp1etely shaded after the plants reached a height of S to 12 inches. 

Grain losses from sparrow damage occurred on 2 varieties in Replication 

1, which necessitated discard:l.ng the grain yifJld data for the replication 

from the study a The varieties receiving the most damage were Redlan kafir 

and Martin milo. Stage of maturity and field location of the Redlan block 

were particularly favorable toward bird infestation. Trees a11.d shrubbery 

adjacent to the Redlan block provided protection and a roost for bird 

concentrations. 

H,videnco o:f initial danage was noted the first week of September when 

the varietiGs had reached the mj_lk stae;e of seed development. 

3ize of head ,,.;as positively correlated ivith degree of seed loss. 

The la:r-r:;est heads as produced by 42-inc.h spacings were coupletely destroyed, 

21-inch and 14-inch receiving interm.ediate damage, while the small heads 
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of the 7-inch spacings received only minor lossas. 'rhe weak stems of the 

thicker plantings were of inadequate size t() permit bird perching and 

feeding at the same time. In vmoded areas where sorghums might be menaced 

by birds, controlling head size by seeding rate r;rl.ght be of significance 

in reducing grain losses from bird damage. The results showed the 7-inch 

spacings to yield quite profitably while 42-inch spacings after undergoing 

bird darn.age were a complete loss. 
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SUj_iiHJU1Y 

This experiment was conducted in 1950 on the Oklahoma Agricultural 

J:i.:xperiment Station near Perkins, Oklahoma, in order to study the effects 

of rocw spacing and seeding rate on yield in grain sorghums. 

In addition to grain yields, the fo.llow-lng physical fe;:·itu.res were 

also studied: date of heading, date of maturity, plant height, test 

weight, threshing percent and head size. 

\fJithout additional data, only limited conclusions, which may be 

modified by .future results can be drawn. 

1. A hip,hly significant difference for spacing, indicated a 

difference in yield for the 4 spacings tested. 

2. £,Jo sig.i'1ificant difference was observed for rate, 1rm.ich showed 

all three rates produced similar yields. 

3. The interaction, spacing x ra:t0, showed sL0'11ificance at the 

5i& level, indicating spaci.nr; yields 1:wre sir;nificantly aff octed by seeding 

rate. 

4. '.i'he interaction, variety x spacing, showed no sirJ1ificance 

indicatine; an absence of varietal response to a particular row spacing. 

5. No signif:i..cant difference was obtained for variety x rate 

interaction., signifying that all varieties reacted alike t0fhen sown at 

the 3 rates. 

6. An. absence of a significant difference 11/ith the interaction, 

variety x spacing x rate, indicated no ·1rariety was an outstanding yielder 

when subjected to a specific spacing and seeding rate. 

?",.-1' 
f • Increased seeding rates were effective in prolonging the date of 

·., .. ·1 

heading from 3 to 5 daJrs. 



8. The date of' maturity was not affected by seeding rate or 

distance between rows. 

9. Plant height was :reduced as seeding rates were increased; the 

42-Lir;lit plots averaged 56 inches as compared to ?-IIeavy plots which 

averaged 40 inches in height,. 

1,..0 

10. Length of seed head decreased gradually as seeding rate per acre 

was increased. 

11. Test weir;hts ·and threshing percentages of the 1+ varieties 1·mre 

not affected by the treatments of the study. 

12. Growth of crab grass was somewhat restricted by the 21-inch 

spacing, with a greater degree of control on plots planted to 14 and 

7-inch spacings. 

13. Small seed heads resulting from high :cat es of seedinr; recci ved 

only minor damage when attacked by birds. 
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Dril). Calibration 

The calibration of seeding equipment is dependent upon the efi'ecti ve 

·width of the implement. By using the 13-hole drill to seed rotrn 1~2 inches 

apart (cup Nos. 1, 7, and 13 soi:d.ng), the effective width was deterHi:ned 

by adding an additional 42 inches to the seeded width. Twenty-one inches 

on each side of the drill would extend half way to the next row, producing 

an effective width of 126 inches or 10.5 feet. To sow an acre, the drill 

would have to travel h.,150 feet (1+.3,560 sc:. ft./10.5 ft.= 4,150 ft.). 

Effecti vc width, influenced by distance between rows, was decreased as rofaT 

spacin0 was reduced to 21 inches, 11+ inches and 7 inches. The reslllting 

11\Ji.dths obtained from adding the distance between rows to the seeded 1:rl.dth 

(84 inches) increased Unect.r distance required for smtl.ng an acre (Table 11). 

l'able 11.--Affect of row spacing on effective ,Jidth and linear di stance 
necessary for smdng an acre. 

-------------======-=-=-=-=--------:::.-=----------------------------~-
Row Spacing 

(inches) 

42 

21 

14 

7 

Effective Width 
(feet) 

10.50 

8.75 

8.17 

7.58 

Linear Di stance/ A. 
(f oe't,) 

4,148.57 

4,978.20 

5,331.70 

5, 7l~6. 70 

Ground wheel revolutions per a.ere w0ro determined by dividing lineo,:r 

dista.nce for each row spacinr; by the outside cireu.Jnforence of the ground 

wheel, 7 .15 feet. Revolutions traveled per aero were 580.2 in sowing rows 

1~2 inches apart, 696.25 for 21-inch spacing, 71~5.69 for ]A.-inch spacing, 



and 803.73 for 7-inch spacing. 

Simple ratios were used to trace the transfer of grou.11.d wheel movement 

through a series of gears and to tho seed box containing the distributors. 

i'.>!'wnber one gear, mounted directly to the ground wheel., revolved once 

every 7.15 feet. A chain from Ifo. 1 transferred the power to No. 2. The 

No. 3 gear was connected directly to No. 2 by a shaft., completing a revo

lution for ea.ch complete turn of Wo. 2. No • .3, a conical-shaped gear., 

consisted of .10 separate rings of teeth. The first ring located nearest 

the shaf'I.", upon which the gear was mounted contained 20 teeth in which a 

sliding gear would mesh. The number of teeth increased by four 1rd th each 

setting until the ring O..l'l the edge of the cone or setting No. 10 contained 

56 teeth. lrfuen the sliding gear ·was adjusted upon the cone., a change toward 

ten would. increase the seeding rate from a previous seeding., or a move 

·· toward lfo. 1 would decrease the seeding rate. No. I.+ gear., sliding on a 

keyed shaft and meshing in No. 3., was fixed to a shaft connected to No. 5. 

The speed of ?fa. 5 was reduced by meshing with No. 6., a gear containing 

over three times as many teeth as No. 5. Mo. 'l sprocket was mounted on the 

opposite and of a shaft connected to ifo. 6. A chain connected lfo. 7 to 1l'o. 

8. Both sprockets had the sam.e nu.m.bcr of teeth., producing neither an in

,erease or reduction in revolutions. Sprocket Ho. 8 was mounted upon the 

seed cup shaft. Odd-nu.'ltbered gears were considered a.s drivers while the 

even-numbered ones were those being 11dri ven a (Table 12). 

One rev. of l\To. 1 equals 9/15 revolut.ion of No. 2. 

0-.ae rev. of No. 3 equals 20-56/20 rev. of No. 4. 

One rev. of l-Jo. 5 equals 10/35 rev. of No. 6. 

One :r.ev. of ill'o. 7 equals 1 rev. of i'fo. 8. 



Table 12.--Gear data from small grain drill. 

-
Gear Humber Function 

1 Driver 

2 Driven 

3 Driver 

4 Driven 

5 Driver 

6 Driven 

7 Driver 

8 Driven 

Hurnber of teeth 

9 

15 

20-56~f 

20 

10 

35 

~}Conical gear 'vr.i.t.h 20, 21+, 28, 3;.2, .36., hO, l.:l+, 41., 52, and 56 teeth. 

'ro find the revolutions made by the seed distributor at setting 

l'Jo. l (per revolution of ground wheel): 

9/15 x 20/20 x 10/35 x 8/8 equals 0.171 revolution. 

To find the revolutions made by the seed distributor· at setting 

No. 10 (per revolution of ground wheel): 

9/1.5 x 56/20 x 10/35 x S/8 equals 0./+80 revolutions (Table 13). 

A similar table could be prepared by substituting ground wheel 

revolut.ions traveled when so,dng an acre "'1.th 21, 11+, or 7-inch y•ow 

spacing in place of 5go.2 ,.,here rows ar0 spaced 42 inches apart. 

Redlan kafir was used to determine the amount seeded per revolution 

of the distributor. Individual containers were placed beneath each SGed 

cup. After turning the seed cup shaft 75 revolutions, the a:rrount of grain 

in each container was weighed., at"ld the ·weight, divided by 75. Each rtn.rolut:i.on 



was found to d.iHtribute 0.0146 pounds per row. 

'l'ai:,le 13.--Range of distributor speeds available by manua.l adjustment of 
lfo. 3 gear. 

====-=·-=·=·· =·· ·=======---=============== 
Setting 

1 

2 

3 

,~ 
5 

6 

7 

"' 0 

9 

10 

Distributor 
Rev./ grou,"'.ld 
VJheel Rev. 

0.171 

0.206 

0.240 

0.27h 

0.30s 

0.342 

0.376 

0.412 

0,.,446 

O.L,.80 

X 

Distributor 
Rev./ Acre 

99.5 

119.5 

139.2 

159.0 

199.0 

218'.5 

239.0 

259.0 

-l}Re1.rolutions of ground wheel per acre (42-inch row spacing). 

To determine rate of seeding at setting Ho. 1 with 42-inch row 

spacing: 

99.5 (A) x O.OJJ~6 lbs. (B) x 3(C) equals LJ-o35 lbs./A. 

A - revolutions of seed cup distributor per acre. 

B - aruount of seed sown per revolution of seed ct~J. 

C - number of rows sown per 126 inches (effective width). 



I3y a.djustine the drill to setting No. 3, distributo~~ revolutions 

per acre were increased to 139.2. Substituting this value for 99.5 in 

the formula raised the plm1ting rate to 6.09 lbs. per acre. In setting 

No. 5, distributor revolutions was advanced to 178.7 per acre. The 

calculated seeding rate was increased to 7.8 pounds. By- using setting 

Mo. 10, a maxintum of 12.18 pounds per acre could be planted in rm1s 42 

inches apart (Table 14). 

Table 14.--m .. nimum a11d maxi.mum seeding rates for Redlan kafir as determined 
by drill calibration when 4 row spacings were used. 

Distance between Rows 

Setting 42ft 21 11 1411 7n 

l 4.35 8.70 1.3.09 26.13 

2 5.20 10.50. 15.70 .31.40 

3 6.09 12.15 18.27 36.53 

4 6.95 13.90 20.90 41.70 
. 

5 7.80 15.65 23.45 46.93 

6 8.7 17.40 26.10 52.20 

7 9.6 19.10 2$.70 57 .liO 

g 10.5 21.00 31.40 62.so 

9 11.J 22.70 34.00 68.00 

10 12.1s 24.40 36.50 73.00 

*lfote: The term ndistributor 11 is used syI1onyaously with 1*seed cup11. 



'Table 15.---Collected data, measured and computed, used in calibration of the s1TI.c1.ll grain drillo 

Row Effective Linear Ground Seed Cup Seed Sown per No. Seeding 
Spacing Seeding Width Distance/ A. FJheel Hev. Hev. /Ground Seed Cup Seed Cup Rev. of Rate/A. 
(inches) Rate (feet) {feet) /A. vJheel Hev. 'I"'> /A (lbs.) Rows (lbs.) .n.ev. H-

42 1 10.5 4,148.5 580.2 0.172 99.79 0.0146 3 4.35 

M. 10.5 4,148.5 580.2 0.240 139024 0.0146 3 6.,09 

H 10.5 4,148.5 520.2 0.308 178.70 0.0146 3 7,,80 

21 L 8.75 4,978.2 696.25 0.172 119075 0.0146 · 5 8.7 

M 8.75 4,978.2 696.25 0.240 167 .. 10 0.0146 5 12.15 

H 8.75 L,, 97S.2 696.25 O.J08 214.44 0.0146 5 15.65 

14 L 8.17 5,331,7 745.69 0.172 128.25 0.0146 7 13.09 

M 8.17 5,331.7 745.69 0.240 178.96 0.0146. 7 18.27 

H 8.17 5,331.7 745.69 0.308 229.67 0.0146 7 23.45 

7 L 7.58 5,746.7 003.73 0.172 138.24 0.0146 13 26,,13 

H 7.58 5,746.7 803.73 0.240 192 .. 89 0,01.l,,6 13 36 .. 53 

H 7.58 5,746,7 803.'73 0.308 247.54 0 .. 0146 13 46.,93 

Vt 
0 



Table 16.--Basic grain data in pounds from 4 grain sorghur:1 varieti0s 
when subjected to 12 seeding rate-row spacing treatments at 

Perkins, Oklahoma in 1950. 

,.,._..,_.,,.,_ ___ _,.,--· ---·---------r---------7 ,._ 
Varieties 

Treutment Hartin rnilo 
Reps. 2 3 4 

421 
l~2M 
42H 

211 
2UI 
21H 

14L 
uu 
14H 

?L 
7M 
7H 

11.5 
11.0 
9.5 

11.5 
10.5 
11.0 

10.5 
11.0 
11.5 

8.5 
6.5 
9.0 

Reps. 2 

42L 9.5 
1,~211 13 • O 
42H 10.0 

211. s.o 
2U'1 13.5 
21H 10.5 

14L 9.5 
14,i~ 11.0 
li+H 12.5 

71 10.0 
7H 13.5 
7H 9.0 

8.5 
11.0 
11.0 

lL+.5 
12.0 
12.0 

11.0 
10.0 
13.0 

10.0 
6.o 
9.0 

Dwarf kafir 

3 

9.0 
9.5 

11.0 

12.0 
11.5 
8.0 

10.5 
11.5 
10.0 

10.0 
9.0 
a.o 

11.0 
12.5 
10.5 

8.5 
9.0 

11.5 

10.5 
12.5 
9.5 

10.0 
9.0 

11.5 

12.0 
11.0 
ll.O 

9.5 
10.0 
9.5 

7.5 
7.5 
6.5 

Redlan kafir 
2 3 4, 

10.5 
10.5 
11.5 

11.0 
11.0 
12.0 

11.0 
10.5 
10.5 

12.0 
S.5 
9.5 

10.0 
7.5 

11.0 

11.0 
11.0 
11.0 

11.5 
10.5 
9.5 

12.0 
11.0 
8.5 

10.5 
10.5 
11.5 

10.5 
11.5 
7.5 

11.0 
11.0 
10.0 

11.5 
9.5 
9.0 

Resist ant ~·Jheatland milo 

2 

11.5 
13.5 
1.3.0 

12.5 
12.5 
13.0 

13.5 
12.5 
7.5 

13.0 
11.0 

9.0 

3 

12.5 
7.5 

13.0 

4.5 
1;2.0 
15.0 

11.0 
9.5 

10.0 

12.5 
10.0 
10.5 

4 

8.5 
10.0 
12.0 

13.0 
10.0 
8.5 

10.0 
11.0 
12.5 

12.0 
6.o 
9.5 

51 
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