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INTRODUCTION

Cytoplaamic male sterility has become a fector in corn seed
production during the past number of years, The advantage of
male lttr!l.l't:r is that the producer s saved tha éxpense and
trouble of datasseling in the single-cross and double-crosa seed
fields, It also could be an advantapge in certified seed produce
tion in that it would eliminate the human arror factor in the de-
tasseling grocess. The disadvantege is that, at presant, male
sterile snd male fertile seed must be mixed or blended to insure
8 kernel set when grown by the farmer. It is highly desirable
that no seed go out to the consuming fermer with any guestion or
possibility that there be a shortage of viable pollen during the
time of fertilization. Therefore, the percentage of blend has be-
comé & problem of eoncern in hybrlid corn seed production and cer-
tificeation works b

Most federal, state and commercisl corn breeders are working
with male sterility. They are f{inding 1t to be & rather unstable
type of tool with which to work because wale sterile plants may
have tagsels that do not smhed vimble pollen in one location while
in another lccation some viable pollen may be shed, No one has
& sure way of lnmowing what value male sterility will eventually
have In the cverall plcture of corn production.

A desirable use of male aterile would be to have 1t in the
female single-crosa in produsing double-cross ssed and also to
have male fartile restorer genes in the pellen parent of the

double-cross ssed production fisld so the consumer would have
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pollen in hie flelds. &Gince restorer genes are not yot ready

for use, producers must still blend thefir seed when they use miale
aterilfty In their seed production program. J4ince environment
affects the ability of planta to shed pollen, this study wes set
up to try to determine for south bakota conc!ticns what mixtures
or blends Jt would be degireble tc have to insure kernel set in
the farmers flelds ernd to ald in establishing certiflcation stan-

darda for hybrid corn seed production.

REVIEW OF LITEAATURE

The literature on male sterility in corn in general 13 rather
limited while thet dealing speciiically with blends of seed is
confined to seed cert!fication stendards (3, 5, 6, lv, 11, 12, 17,
18).% The necessity of proper blends has been indicated by Tnger-
801l (Li. lie mlsoc states that in determining the use of cyto-
plasmic male sterility im seed production programs, one should
consider the hagarde involved, the benefits that may be derived,
and the production procedure necessary for success. Lvery hybrid
seed corn producer has a grave responsibility to his fermer cus-
tomers. Hybrid corm semd, when sold tc & farmer, must produce
f1elds of corp with an mbundsnce of vimble pollen. Ingersoll fur=-
ther emphas!zes thni the incorporation cof the male sterfle fector
into the proper Iinbred line and conserving the fne performance
of tre 1'ne 1& a task for no amateur corn breeder.

During the past few years steps have been taken to st some
standerds established for seed blendirng. Certification standards

and rezulatfons on seed blending 'n bouth Lakots and neighborinug

.Y terature clted —
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states are indicated In Figure 1.

South Dalkota Seed Certification Ztandards (17) contaln the
fuvilowing statoment: "A male aterile ear parent can be used to
produce certified commercial hybrid corn seed. Ieed of the nore
mal fertile ear parent must be mixed with seed of the male sterile
ear parent either by blending in the fleld at harvest or by grade
at processing time. The ratio of male sterlile ear parent seed to
normal esr parent seed should not exceed one to one." The neighe
boring state of Nebraska (12) gilves its regulation in the follow-
ing manner: "¥We do not make any specific requirements in regard
te blending male sterile and male fertile corn seed since it is
slmost Impossible to absclutely control end check; however, we do
sugpgest that there not be more than 50 percent sterile seed in any
given lot of seed corn.” The Minnesote (10) plan of corn seed
certification 18 as follows: VA male sterlle ear parent can be
used to produce certified commercial hytrid corn seed., Seed of
the normal fertiles emr parent must be mixed with soed of the male
sterile ear parent sither by blending in the field at harvest er
in processinges The ratio of male sterile ear parent seed to nor-
mal fertile ear parent seed should not e&xceed two to one. The
producer is sclely responsible for proper blending of the fertile
and sterile ear parent. The Hinnesota (rop Improvement Assoeimtion
assumes no risk Iin this procedure.”

Beadle (2) states thet in his work, due to the number of genes
which affact ths process ef pollen development, sterflity muat de-

pend on easily disturbad phyaiblog!nll conditions. A8 pointed out
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by Hkoades (13), the inheritance of the male aterile cond!tion
does not conform to Mendelimn behaviore. He alsc points out that
eytological investigation shows the meliotic divisions in micro-
sporgenssis to be normal. The degeneration of the pollen occurs
usually after the first vegetative division.

fAhoades (13) reports thet the genetic conastitution of the
melea parént crossed with A male aterile individuaml has no demon=-
strable affect on the degree of sterility, However, bauman (1)
reports that some workers have isolated penes whieh counteract
the action of sterile oytoplsam so that fert!lity !a3 restored.

If such genes could restore complote fertility and were presont
In the male single-crosms used in double-cross seed production,
then blending of sead would not be neceasary. At the present time
there is some gquestion on how completely fertility is reatored,

It was pointed out by Faymen (1) that there are four differ-
ent sources of cytoplasmic msle sterility which are: (a) Texas
male sterile; (b) Connecticut male sterile; (c) 33-16 male stere
1le, and (d/ Ky® male sterile. The Conneeticut source, alaso
called "S", was used in this study.

As stated by Hogers and Edwardson (15), the information obe
tained so far on the behavior of tha male sterile character defl-
nitely indicates that male-aterile inbreds may be utilized to
obviate detasseling in the production of corn hybrids,

MATERTIALS aND HETHODI

In this study three different blends of male aterile and male
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fertile seed were grown 1n isolated fields in emch of two countles
for a period of two years.,

The seed of two single-crosses, (WF9 ma x MlL) and (Wr9 x M1l),
were used. This seed was Iowa certified and was produced in 1952
by Clyde Black &nd Son of Ame&s, Iowa. The male sterility factor
came from the "8" source.

The study was carried on during 1953 and 1954, The axperi-~
ments were conducted at two locations which were Lincoln County
in the esastern part of the state, and Charleas Hix County in the
south central part of South Dakota. Lincoln County was chosen
because it 18 in the center of the corn producing area. C(harles
Mix County was chosen bascause 1t is west of the first location
and therefore 1s in the more marginal corn area and has less &n=
nual rainfall in the amount of three to four Inches alongz with
higher summer temperatures. There was about an 860-mile east-west
distance between the two locations (Figure 2).

At both Lincoln County and Charles Mix County locations there
were three isolations on different farma in the area. A different
blend of fertile to-sterile seed corn was planted in each izolation
in esch county. These were mm follows: (1) 5% male fertile to
95% mmle sterile; (2) 15% male fertile to 85% mele sterile, and
(3) 4Ls¥ male fertile to S5% male sterile, The male fertile per-
centages of 5, 15, and 4S5 were chosen with the probability that
LSk would give adequete pollen while the other two might be at the

critical level or even inadequate.

As pointed out by Jones and Brooks (7) in their work on
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Figure 2. Tpere i1s about an 80-mile east-west distance between the Lincoln
County and Charles Mix County corn plot isolations.
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isolation distances, i1t was advisable to have forty roda isola-
tion to reduce contamination. This study would have had 1little

or no valua i1f there was fore!gn pollen getting to the silks, thus
giving an improved seed set in the lower levels of 5 and 15 per-
cent blenda. Therefore, each ifsolation was located LU rods or
more distance from eny other corn (Figure 3). Each isolation was
about one-fourth scre in size, being 28 corn rows wide snd 112

feet long.

Pigure 3. -JTsolations were 4O rods or more. (Lincoln
County, 1953)

In putting up seed, 1t was calculated that for forty-inch
rows with kernels spaced fourteen inches apart, 2882 viable ker-
nels would be needed per isolation. Extra allowances were made
to adjust to the 2882 viable kernels desired becanuse there was

only 95& germination in the male fertile s&éed and 90U germination
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in the male aterils seed. The seed was treated with Arasan to
control soll borne disemseca.
The seed bed preparation, planting, and cultivation were done

by the farmers with their regular farm equipment (Figures L, and §).

Figure 4. Planting in Lincoln County was done with
a four-row corn plenter,

No commerciel fertilizer was applied in either of the years. The
previous crop in Linecoln County for 1952 was corn, therefore corn
followed corn on spring plowing, There were no volunteer corn
pollen problems in the grein fields around the isolations in Lin-
coln County 4in 1953. In Charles Mix County the previous crop was
winter wheat. The 19SL isolations in Lincoln County wers all lo-
cated on small grain stubbl® which was fall plowad. The Charles

Mix County 1solations were seeded to smEll pgrain in the spring
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Figure 5. Planting in Charles Mix County was done
with a two-row lister.

before the listing of the corn &t planting time,.

Cournits of male =terlile and fertile tmsesels were made only
once during the pollen shedding period,

Pour mathods were used to measure pollen shedding. The
first method was pollen counting which was done in late July when
the tassels were shedding. Weather vane stands (Figure 6) were
made to hold a greased microscope slide. These stands were plamced
at random in sach plot in the forenoon when the shedding of pollen
was highe The greased slides were kept carefully covered before
and after being on the vane for twenty minutes. After exposure

the slides were examined under the microscope and pollen counts

were mada.
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Pigure 6., Weather vane standard to hold greased
microscope slide to catch corn pollens.

The second, third and fourth methods of measurement were
mede on the corn ears after hiarvest. Five hundred sars were
picked in @ach isolation. Five 100-gar samples were harvested
&8 shown in Figure 7., Four border rows on each side and approx-
imately ten feet on each end of each isclation ware left from
which no sample ears wers picked because some of this border area
would be mt a dimadvantage in receiving pollen. Twenty-five ears
were picked from each of four rowa in each of the five sample lo-
cations. The corn was harvested following the first frost in
late September or early October and brought into the crop dryer
for mbout two days. The dryer was operated at a temperature of
110°#. Then the samples were ready for the sscond method of

measuring which was score rating.
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Plgure 7. Pive 100 ear samples wers plcked from
sach 1solation.

The score rating method was to acors apch of 300C ears on
three different days by using e rating of one %o tene. Humber one
was given to the pooreat set ears while ten was high and given to
an ear with full set. These 3000 ears were spread on the floor
in six groups of five hundred, one hundred ears to s row, There
were three groups for each countye

The third method of meesuring was shelling psrcentage. To
get shelling percentage of the ears, every fifth ear from esch
row of one hundred ears was weighed on & gram scals, shelled,
then the shelled corn weaighed. To celculate the shelling per-
ceéntage, the ear welght was diwided into shelled corn welighte.
This 1is a pood way to messure the pollen distribution.
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The fourth meéthod of measurement wos kernsl count. The
shelled corn from the shelling percentage determinations was
bulked and weighed and total kernel counts made by ualng a counte
ing boarde.

EXPERTMENTAL RESULTE
TASSEL COUNTS An inspection and count was mmde esch ysar of the
shedding tassels. If two inches or more of the main spike or side
branchas of the tassel had anthers extended from the glumes, 1t
was counted as shedding pollen. The rosults of these counts are
glven in Table 1,
Table 1. Fercentage of tassels that ware shedding pollan when

various combinstions of fertile and sterile carn seed
were used.

Ratio of Lincoln Charles Hix
Fertile to Sterile * 19513

95 700 .u 06 6.0

15 85 17.4 ul.h o2 15.

Ls 55 ug.o Lije© 50,2 192

The percentage of shedding tassels followed very closaly the
percentage of male fertile sesed used, Figure B gives a good idea
of how a rendom sample of the ears looked from Charles Mix County
in 1953 for each of the three levels of seed blenda,

SUMMARIZED DATA The summarized data far both locations !n each
of the two years on score rating, shelling percentage, and kernel
count are presented in Table 2. UScore reting increased with an
increase Iin percentage ol mile fert!le plants irrespective of

location or year growm. This was true whether the percentage of

SOUTH DAKOTA STATE COLLEGE LIBRARY 113164




Figure 8, HRandom sample of 20 ears
) for mach of the three seed
blernds from Cherlea kix

County, 1953
male fertile plants was raised from five to fifteen percent or
from fifteen to forty-five percent. &imilar results wera ob-
teined whan the mdequacy of pollen was studied for the various
blends by deatermining the shelling percentage and the kernsel

count of 10U ears. In only ©ne cese was there no sizeable



Table 2. Summary of results for score rating, shelling percentage and kernel count obtained
on 100 earg harvested from blends of male fertile and male ater!le seed corn.

Lineoln County Charles Hix County
Hlends
of 1953 195l . 1953 1954
Seed
HeFeo MeS® *cor- Shell~ Kernel jlScore Shell- Kerne Sgore Zhell= Herfaeél || Score Shell- Kernel
ing g C ing £ Count

1
et
W

i

[ S 662 T3.k 35200
15%  685% 692 17.9 LOGOC

Lss  55% 830 005 57200

éhly, T8.8 L7300 | 722 72.9 L9sS0C 7L 70.1 59700
11T 19«5 63900 796 76.2 61700 Bl1l B82.2 68960
825 02.0 65500 915 B0l 70900 8sh, 8L.2 71400

% ol = male fertile M.5. - male sterile
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increased kernel set with lavrger percentages of male fertlle plants
in the leld, That wes for shelling percentage in Lincoln County
in 1954« There the Increase in ahelling percentage from the five
percent male fertile to fifteen percent male fertile wam only l.l
percents At this level the shelling percentage was not statistie
cally signifiocant.

ANALYSES OF VARIANCE The seed set differences among levels of
seed blends were highly significant statistically for score, ker-
nel ecount and ghelling percent exgapt Charles Mix County 1n 1953.
At thlis loeatlion the shelling percentage was signifieant at the
five percent levels Analysis of variance for theas three metheds
of measuring mreé glven in Table J.

The crsssed microsecope slide data was not used because 1t was
felt thimt the technigue needs to bo improved by setting out the
greased slides about eight times Instead of omly once during the
pollinating perlod.

CURVE COuPARISCHE In tha three methods of msasuring kernel set
there 18 a sharp break Just before reuching the rifteen percent

le vele By using the mathematical foruula two log (600 X & 1)a,
which fitted the dats best of the formulas examined, It is possi-
ble to draw & curve for the data of this atudy. Figures 9 and 10
show the comparison of the curves. The graph whieh results from
these mathematics will show how Tar one should goe in blending male
fertile and mle sterile seed corn For optimumm production of gorn

for the two locmations used In this study in South Dakota.

L

# X = percent of male fertile In the seed blend
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Tabl® 3, Anelyse& of variance of score, shelling percentage and
kernel count

Lincoln County

1953 ;%A
Source of Varistion df WS
Score
Levels of Seed Blend 2 1 8340t 393 3k
#Within Isolations 12 hg% 2 h1 %g

Shelling Percentage

Levels of Seed Blend 2 6ly o 33405 20,91

Within Isolations 12 u.ﬁz 2.33
Kernel Count

Levels of Seed Blend 2 263,903 202/ 89

Within Isolations 12 20873 9779

Charles Mix County

e 1953 _%gh_._l
Source of Variation drf - [=] .

==

Score

Levels of Seed Blend Q L7316 12792
Within Isolations 12 3271 1103

Shellingz Percentage

Levels of Seed Blend 2 71,014 48084
Within Isolat!ons 12 15.61 1.89

Eernel Count

Levels of Seed Blend 2 232011 763\ Gewse
Within Isolations 12 26090 7558
T memTET L e

## Significant at the one percent level
# Significant at the five percent level
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DISCUSSIUON

The use of cytoplasmic male sterility im the preduction of
hybrid seed cern probably has some mdventages, plrtieullrly'rrnu
the standpoint of the producer. The detasseling Job 1s some-
times d1f icult due to ;dversc weather conditions and personnel
problems which can and do occur at critical times. Ilale sterile
1ty would eliminate this jJob of detasselings Certification serv~
fces probably would also favor the use of male sterility bLecsuse
tt would cut down on selfing and albbing resulting from seed pare
ent tasazels thst were shedding pollen because they were wmissed
when the detesseling crew went through the field. The disadven= -
tage of male ster!lity 1s that 1t does not elways remain stable
under & wide range of environmental conditlions.

Hybrid seed corn when sold to & farmer muat preduce flelds
of corn with an sbundance of pollen. Kiesselbach (9) states that
the averaze fertile tassel will shed 18 million pollen greins.
¥ith a figure this large there certainly is an abundance of pollen.
In the case of male sterility 1t 1s the responsibility of the seed
producers to see that there is plenty of pollen and not a shortage
due to poor blending of seed. ihen a blending proceas 18 used,
each bushel of meed must be the same. There should be no possl-~
bility of errore

Figure 1)l shows that with the fertile tassel, on the right,
there should be normal pollen shedding, fertilization and seod
ast, but with only sterile tassels like the one on the left it

would result 1n n ffeld having only eobs without any corn on them.
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Figura 11, &terile tassel on laft and normal
on l‘lghto

It was expected that the environmental effects of the more
merginal location used in this study might give some reduction in
seed set due to environment, mainly by high temperamtures killing
pollen.

Sonneborn (16) calls attentlon to the fact that one role of
the genes 18 to function in yet unknown ways with genatic compo~
nents of the cytoplasm in the control of particular hereditary
traits. Determination of these traits cennot be attributed to the
action of elther genes alone or eytoplasmic genetic factors alone,
but only to their interactions (16). It 1s felt that the environ-
ment also hes its effecte on these interamctions which cause tassels

to shed pollen or not to shed pollen.
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The United LStates grew nearly 70 million acres of hybrid corn
in 1951 according teo Jugenheimer (8)., Hias estimation is that on
a peak day of the detasseling season some 125,000 persons are sne
gaged in removing tassels from corn plants in seed production
fielda, By using male lﬁrila corn meed in a recommended blend,
much of this hand laebor will be reduced and a superior quality of
seed will be produced.

The commercial use and appllication of cytoplasmic male ster-
115ty 18 an cpportunity for the mation's corn bLreeders and seed
producera because 1t 1s an improvement In the tusiness of seed
corn production. Since the United 3tates grows mbout seventy mile
lion mcres of corn, !t 1s satimated that 500,000 acres are used
to produce seed (8}, If we can accept male sterility and thereby
eliminate detasseling, which costs about §15.00 per acre, there
would be a paving of seven and one-half million dollars in detas-
seling expenses per year. It 4s doubtful if all of this can be
seved, but if we can blend our seed one to one, there ls stlll a
huge saving, Male sterility would also cut down on somé of the
labor problems at detasseling time, It 18 belleved Ly Jugenheimer
(8) and the author and probably others that male sterility might
do the job better then hand detasseling, Thé usunl sartifisation
requirements require that detasseling shall be carefully done
that not more than one percent for any one inspection or a total
of two percent for all inepectionas of tassels of ear parent shall
have shed pollen, If more than two percent of Etho tassels have
shed pollen, the field is diaquallfied for seed production.
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The saving to the farmer would be very amall. He pays two
dollars or lesa per acre for mesd corn nowe. It is bellieved that
through the use of male ster!lity he would receive higher quality
geed eaven though 1t were not certifisd seed. It ia known that
some seed corn producers sell corn seed that was detasseled very
poorly. If male sterile seed was used in the double-cross produc-
tion, 1t probably would be an improverent in the ssed sold,

Two large single-cross producers in Iowa have seed lista
which show 1) male sterile singles out of 150 for one, and 12 mals
sterile singles out of 140 for the other. The two organizations
referred to ars probably the largsst of their kind in the seed
corn business, These corparliaona show that there !s still a long
way to go beferec we get nale ster!lity into all of sur double-
ceross hybrids even 1 that was deairabdle,

The weather conditions of the marginal corn area could prob-
ably cause severe affects on rale sterility. There appear to ba
variations In mele sterility due to gpenatic mnd environmentél con-
ditiona.

From the evidence presented and using the formula 2 log
(6GO X + 1), 1t ean be concluded that the minimum level of seed
blending of male fertile to male sterile for the two years of this
study in South Umkots would probably be 33% fertile to 60k sterile.
This two to one ratio would give an 86 walue on the curve in Fig-

ures 9 and 1U where 100% gives a 95 vmlue and the one to one& ratio

gives = 9U value on the curve In Flgures 9 and 10U, according to

the forrmula 2 log (600 X  1l.
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A study of temperature and precipitation was made over a 17-
day period each year starting about a week before the peak of
pollen shadding and continuing about a week following. July 25
wag the starting and August 10 waa the closing date. The average
temperanture and preciplitation for July 25 to Auzust 10, inclusive,
for Lincoln County with Canton and Centerville am the two U. 5.
weather reporting stations, and for Charles Mix County with Wag-
ner, Armour and Pickstown as the three U, S, weather reporting

stations is given in Table L.

Table L. Average temperature and rainfall during pollen shedding.

Lincoln Charles MHix
Temperature Rainfmll Temperature Rainfall
1953 76°F 3.62 in, 76.1°F 3.87 in.
1954 72.6°F  1.03 in. 73 1.4S 1n.

Since this perlod inveclved two pood corn vears for 1953 and 1954,
the years of this study, there wWas no reason to suspect any seed
set differences due to environmental effecta on cytoplasm. The
data of this study did not bear out the expectation that Charles
Mix County would not have as good a seed set as 1t did. The ferti-

lization was higher in Charles kix County than in Lincoln County.

SUMMARY
Male sterility is becoming more widely used in the production

of hybrid seed corn each ysar. This study was designed to compare
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the abllity of various blends of male sterile and male fertile
sted corn to produce & full kernel set when they were grown under
two different sets of envlironmental conditions in South Dakota.

To do this Etudy, three levels of male sterile and male fer-
tile seed corn wers used. The experiment ran for 1953 and 195l
with on®# isolation for each lével of s®ed blend 1n each of the
countieés of Lincoln and Charles kix, which are about 8u miles
apart in an #ast to west direction. The reason for selacting the
western location was to possibly find an environment which would
be more difficult for corn fertilization.

During the two yesare of 1953 end 1954, the weather wsa favor-
able to the growing of corn in nearly all places in South Dakots.
Therefore, the differences which were expected, and which we know
sometimes come about due to adverss weatler, did not occur. The
comparisons of seed blends d!d glve differences which when plotted
on a curve by using the formula 2 log (600 X + 1) show the percent
of seed blending that the Certification Service cian recommend.

The conclusion resulting from this study 1s that a sead blend
of one part male fertile to two parts mele sterile are adequate
for the years of good corn production, but for the years of ad-«
verse wasther, the blend of one part male sterile to one part male

fertile 1s & safer recommendation.
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