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CROSSED SWEET CORN 

Donald F. Jones and W. Ralph Singleton 

Vigorous healthy p l a ~ ~ t s ,  .\\.ell-fillctl ears on, every stalk. cars ?\-en in size 
and shape ant1 ri1)ening a t  the same time: these are some of the reasons 
why crossed sweet c11r11 seed i n  heitig usecl more and more each year. 
The first cross-bred sced 111 fielcl corn prorluced I I ~  inl~red plants war 
grown in 1'120. The  tirst coniniercial seer1 field oi  tlie saliie l i i ~ ~ d  \\.as 
grown by (George S. Carter in 1921 a t  Clinton. Connecticut. By 1930. tlie 
ilse o i  cross-l~rerl seed corn had incl-eased to 34,000 acres. 111 1931 it was 
estimaterl that G4.W acres were p-tl\rn anrl it1 1932 there were more 
than S0.000 acres [,!anted to crashes inclurling 1,otll liel(1 anrl sweet corn. 

His tory  of Crossing 

Nore  than fifty years ago. \\'illia~n J .  Real o i  tlie l l i c l i i~an  .\gricnltur:~l 
College proposed a ~netliorl for crossing tield corn seed. lry planting two 
different vi~rieties in the silme field ill altrt-nating rows and pulling out 
all the tassels of one variety hetore pollen W:~S slierl. It was founrl that 
such crossed seed liar1 :l consideral~le arlrantage fmni hybrid vigor. The  
increaser1 gro\\.th resulting fro111 crossing somewhat unrelntetl ty l~es  had 
long heen noted and used in aninla1 breeding. hlules. the sterile hybri<l 
of tlie horse and ass. cmssl~red swine. slierp and cattle l~atl  a recognize11 
place in animal production. 

Up to recent tinics tlie usr of plant hyllrids has been restricted to 
vegetatively propagated species. Nearly all cultivate(1 varieties of orchard 
and b~tsh fruits owe their superiority in some measure to vigor derived 
irom crossing someivliat unrelated forms. The hybrid condition is tnain- 
rained fl-on1 generation to generation hy budding, grafting or utlier f ~ ~ r m s  
o f  vegetative reprotluction. Potatoes, sweet potatoes. sng:rr cane, also 
perpetuate a hybrid condition by vegetative propagation. 'She luxurioos 
growth of inany ornanietit:~l trees and 1111shes is associated with their 
hyhricl nature. 

.\ltliough it has been known that crossirtg often benefits seed-propagated 
plants. little was done to utilize this advantage largely liecause of the 
rliiiiculty and expense oi producing crosse(1 seed. Corll is so constituted 
that it can be cross-fertilized easily. But it has becn so continually inter- 
pollinated naturally that the cross breeding of similar varieties ims not 
given enough arlvantaee to bring about the use of varietal crosses. 



Inbreeding Before Crossing 

h r l y  in the present century it was cliscorered that a process of close 
inhreerling applied for  several generations before crossing produced a 
remarI<al>le result in increased production and an even more striking 
effect in uniformity. This uniformity had no particular advantage in 
field corn, other than its effect on yield, hut it was realized that it was 
especially desirahle in sweet corn for the market and for canning. 

Selection in Self-Fertilized Lines 

At first the advantage from crossing was thought to be derived from 
the stimulus to increased growth, rapid maturity and greater hardiness, 
manifestations that were summed up in the term hybrid vigor. Nearly 
every cross of inbred strains gave such an astonishing incrcase in yield 
when compared with its inl~red parents that it did not seem to make much 
difference what was used to make the cross. When these crosses mere 
compared critically, with the original variety and against other 1-arieties, 
it was soon realized that much dependerl on the inbred strains themselres. 
Crosses made with inbred strains were so uniform that i f  they had any 
defects these became most apparent when every plant had the undesirable 
feature. Many crosses did well one year and in one place, but failed in 
adaptability to other locations and to other seasons. 

For all of these reasons attention was soon directed to the production 
of the inbred strains themselves. This suhject is being presented in a 
series of bulletins under the general title of "The Iniprovement of Natural- 
ly Cross-Pollinated Plants by Selection in Self-Fertilized Lines". The 
first of this series has been published as Bulletin 266 of the Contiecticut 
Agricultural Experiment Station under the title of "The Prorluction of 
Inbred Strains of Corn". The results may be summarized brietly. Selec- 
tion is only partially effective in isolating desirable characters during tlie 
process of reduction to uniformity and constancy. During the early 
generations of inbreeding much defective heredity is brought illto visible 
expression and eliminated by natt~ral selection. .4fter this procrss is 
completed then selection is ~iiost effective in discovering tlie best material 
to  work with. I t  is important to have as many inbred lines as possible 
in order to find those qualities that are desired. In the inhred condition 
they are sometimes hard to recognize. This usually meaos that many 
different combinations must be made and tpsted under different soil and 
seasonal conditions. Various ways of making these tests and cnnlparisons 
are now being tried out. The results will he brought together as the 
second publication of the series. 

This bulletin is designed to bring together in a brief form as much of 
this information as is already arailahle. Many of the statements made 
here are supported by experimental evidence that will he puhlislied later. 

Maximum Hybrid Vigor in Firs t  Generation 

Having once obtained a valuable combination it is necessary to make 
the cross each year to gain the full value of this method of producing 



seed. Tlie plants gromn fro111 the cross-fertilized seed are usuall>- re- 
ferred to as the first generation hybrid or the I;,, (first filial generation) 
to distinguisll them from later generations. 

Tlie uniionnity, vigor and productiveness resulting from the crossin: 
of inl~red strailis is shown orily tlie first year. The second generation 
falls off in yield from 15 to 20 per cent and loses much of the 
uniformity that is so noticeable in the first generation. This inability 
of a seed-propagated plant to reproduce itself is a new feature in plant 
culture, one that growers are not familiar witli, and at first tliey are not 
willing to accept the facts. The falling off in yield has been well estab- 
lished in repeated tests. I t  is slio\vn by all hybrids although some will 
show more oi a reduction than others. It is unavoidable atirl results fro111 
the mechaniim of heredity that is fundamentally tlie same for all plants 
and animals. Animal hreetlers know that cross-bred pigs, sheep and 
cattle. aiter the first cross, are not worth growing for the market. Cross- 
bred poultry are st~metirnes carelessly allowed to reproduce into later 
generatir~nc with the production of Ilizarre forms that most ponltrymeli 
would Le ashamed to ha\.e around tlie farm. 

Corn growers liave not had cnongl~ experience witli cross-bred seed 
to realize their loss in saving seed from the splendid plants of the first 
cross. I11 aome cases the second generation is enougli l~etter than nrdinary 
varieties to justify its use \vilere tlie first generation seed can nr:t Ile 
obtained. .\lost growers \vho liave used second generation seccl llare 
made no critical comparison and do not realize thc loss they nrr tklcing 
in the fnrm of reduccil yield and increased variability. 

Uniformity of Crosses of Inbred Strains 

The unifortiiity of crosses in which inl~red strains are used is apparent 
in all parts oi the plant. I t  is most noticeable in the evenness in liei$llt. 
in the size and shape of thc tassels ant1 in time of tasseling and sillilng. 
This simil;it.ity continues to the time of ripening. l i  the corn is jirnn.11 
on soil oi the same texture and fertility nearly all of tlie ears can be 
harvested at one time. This enables the market gardener to clean up a 
field in a short time and have it ready for another crop. I t  is particularly 
important for the canner. Usually only one picking is made. In  the past, 
many ears were leit in tlie field because tliey were not ready to gather 
ilnil man!- ears that were harvested were too green o.r too ripe to make 
the best grade of canned product. IVith this evenness in maturity there 
is also a marlcefl similarity in size and shape of ear, as well as in color 
and forn~at iut~ oi the krrnels. This uniformity in shape is important in 
corn that is Ijeing cut ior the whole-grain pack. 

.Altliough uniformit:- is desirable in many ways it does llavc certain 
disadvantages in corn..  This plant is so cotistructed that there is a 
critical stage in its development u~lien pollination takes place. Tlie tassels 
and silks are so exposed that severe heat, low humidity and lack of 
~iioisture in the soil may seriol~sly rcduce the set of seed. :\dverse condi- 
tions at any stage may stunt the plants and reduce the size and develol,. 
ment of the ear. Crosser1 plants being all alike are usually in the same 
stage of develop~nent and may be affected in the satlie way. This applies 



particularly to crosses between two inhrnl strains. ( ) ther  kinds n i  crocsrs 
permit mnre \-ariation and nnller some conditions tlii.; is (lesiral)le. This 
sensitiveness to adverse \\.eatlier conditions is also shown in tlie l~eliavir~r 
of crosses grown on diflereiit soils. Certain hyllrid conil~inatioi~s that 
have done re~narkably wrll one year in one locality have given poor 
results when gn)\rrn at~otlier year in the same place o r  in rlifferent places 
the same year. This ha.; heen o\'ercome I,!; finding strains that are ~ u f -  
ficiently hardy and a<lal>talile to give good rcsitlts n ~ ~ r l y  every ycar and in 
almost all localities mhere reasonably good growing con<litions prevail. 
Such strains have grent value lrot are not easily ohtaine(1. Crosses must 

FKI-ns Wb, \ first peneration r r t ~ s s  of two inhrcd strains rhowinp cvetlncss 
in hripllt and tassrl formation. 

he tested over a n i d e  range of soil ;uid seasonal conditions hefore they 
can IIe generally recomnimded. and few crosses will do  well over any 
I a q e  territory. This means that seed corn production will alwars l,e a 
local prohleni. Each locality sIi~~u1~1 he ahle to pro~luce better types of 
corn f o r  its own c,m(lition than can be pro<lured froni afar. Until locally 
adapted types are ~levelolied, some of tlie h?-hrid coniliinations that are 
available may (lo hetter than ;lily local variety, hut this should al\vays he 
estalilished by test. 

Hybrid Sweet  Corn 
Redgreen 

One of the first cross-bred sweet corns to 11e \videly grown is Red- 
green (lied-leaved ~vliite-seeded Ilvergreet:). n prorluct uf the Ci~nnecticiit 
Agricultural Experiment Station, first (listrihnted for trial in 1014. It 



is a cross of an inbred strain of Sto\vell's l?vergreen No. 77 as a pollen 
parent on inhred No. 75, a slllall-seeded. sweet corn with reddish plant 
color. This color is developerl only in sunlight. The record of the origin 
of this inbred No. 75 has been lost. The original seed resulted from the 
study of aleurone color reported in bulletin 167 on "Inheritat~ce in Maize". 
It probably had a mised origin. The plant color and texture of the seed 
is quite similar to a local variety of corn called Farmers' Club. The shape 
of ear is considerably different. 

The original seed was self-fertilized for several generations and used 
as an aleurone tester, having the compositiot~ A C r pr. I t  was used in 
a number of crosses in a study of inheritance. The well-developed ears 
that resulted from these crosses uZere nntecl b r  se\>eral years. Various 
crosses with other sweet corn strains were tried on the tahle. \\'hen crossed 

F ~ ~ < . R E  87. Redereen sweet corn showing uniformity of earing. 

\vith Evergreen inbrerl 77, the plants \\.ere notably uniform in growth. 
Nearly every plant had two ears that ripened at the' same time. Thesc 
ears were nearly always well filled to the tips. The color of the seeds was 
.seen to hr heantifully white and in tenderness, sweetness and flavor this 
combination was so much superior to ordinary sweet corn that it was 
grown in the home garden for table use. 

This hyhrid proved to he so productive and good in quality that a small 
ainoi~nt of seed was produced in a crossing field in 1923. This seed \van 
sent to various places for trial. .'I small quantity was grown by the 
\4'. N. Clark Canning Company of Rochester, X. Y .  I t  proved to 11e 
well adapted to that section and produced a superior product when canned. 
Production of crossed seed was soon started by the E. B. Clark Seed 
Company at Milfonl, Cono. 

It has since heen tested in many parts of the country and seems to he 
I~est adapted to southern New England and central New York anrl in 
certain sections of the Northwest, particularly Kevada and central \Vash- 
ington. Under exceptionally good growing conditions Rerlgreen has macle 



three and four well filled ears on each stalk. The plants tiller freely and 
these increase production where there is no lack of water. Severe dry 
conditions coming after a period of luxuriant growth may curtail the 

17raun~ 88. Redgreen growins in Connecticut. 

for~nation of ears more severely than on other kinds of corn of the same 
season that do not tiller so freely. 

The stalk growth and ear charactrrs are shown in the accompanyinq 
illtlstrations. Tlie plants grow from 0 to 11 feet tall varying wit11 the 

time of planting and growing conditions. .4bout the time of tasseling, the 
plants begin to turn a brownish red that becomes darker as the plants 
nlature. This color develops oiily in sunligl~t. Tlie cob and liernels will 



also color if exposed to light. The glunies on the tassels are colored 
giving a field of Redgreen a cliaracteristic appearance that can be easily 
recognized irom a distance. The ears are mostly twelve-rowed. well 
fillecl to the tips, and \\.ell protected by long tight huslis. The \vhiteness 
of the kernels and the tenderness of the hull are important ieatures of 
this corn. 

Kedgreen is not adapted to localities south of Connecticut nor to the 
central states. I t  is susceptible to root rot and to bacterial wilt although 
it us~tally escapes damage on account of its late maturity. Tn time of 
ripming it is abont the same as early Evergreen. 

Frr.r:~r 00. Ears of Rcdgreen n t  the mting stage 

The Ko. 77 pollen parent of Redgrcen is a typical F:.:rei-green with 
short cyli~ldrical ears. 'Shere is a tei~dency to ha\.c Inore than one ear 
per stalk. The plants are \ritliont color in every pal-t and are susceptible 
ro smut and bacterial wilt. They are good pollell producers, the tassels 
maturing early, and numerous large tillers also increasing the amount and 
extending the time of pollen prorluction. The e;lrs are small. frequently 
snluttecl and rnolcly. anel 1n:itllre slon.ly. This inl~red is generally used as 
the pollen parent. The outstan(ling characteristic of thin inl~red is the 
pnrc ~vhite cellor o i  thr secds. 'fhis quality it ilnparti to thr cross together 



with a tender pericarp and other kernel features that go to tnake up good 
quality both for canning and for  table corn. 

The No. 75 inbred parent of Redgreen produces a single stalk from 
four to six feet high. Under favorable conditions it nsually forms two 
small ears and sometimes three. The second ear often sillis before the 
topmost ear. Shortly after silking the leaves, husks and glumes begin to 
color a brownish red wherever exposed to sunlight. The silks are red 
after exposure to light, the glt~rnes on the tassels red, the anthers green. 

The mature ears of this inbred are from three to five inches long with 
ten to twelve rows of small, round, linely wrinkled, glassy seeds. The 
tip of the ear often terminates in a small bare spike-like structure sug- 
gesting an abortive tassel. The pericarp has a tendency to crack as the 
seeds are maturing. This is especially noticeable when the seeds are 
crossed and should be guarded against by topping the plants and stripping 

F r ~ c n e  91. Ears of Redprceo at maturity showing uniformity of kernel tyne. 

down the hnsks as  soon as the cracking starts or before. The cracked 
seeds usually mold. This cracking is an indication of a tender pericarp. 

In  order to improve the general vigor, size of plant, and productiveness, 
this No. 75 inbred was crossed wit11 Golden Giant, a yellow varietv, and 
backcrosscd to No. 75 for three generations, selecting yellow seed each 
time. After the third backcross and then selfing, the white seeds were 
planted and off-pollinated. This new wwhite-seeded strain No. 78 gives 
similar results when crossed with 77 and has the advantage of being easier 
to grow and more productive. In appearance and uniformity it can hardly 
be distinguished from 75. A yellow-seeded strain similar in every respect 
except in color of seed was also established fro111 the yello\v seeds of 
the third backcross. This strain. numbered 55, is used in the production 
of Yellow Cross. 



Crosgreen 

Crasgreen is a first generatio11 hyhrid oi  Crosby corn with the No. 77 
Evergreen inbred used in Redgreen. This wvhite-seeded sweet corn is 
outstanding in early maturity and high production. The ears are often 

T;~r,un~ 92. Crosrrrecn comhines the quality and earliness of Crosby 
with some of the size of ear of Evergreen. 

as large as Evergreen and n1:lture a \wek or more earlier. For the seed 
parent sereral inbred strains obtained iron? the Xlaine 4gricultural Es- 



periment Station were used at first. These all see~iied to give equally 
good results. In  1927, seven of tliese inbred strains were co~iipositerl 
and used as a synthetic variety for a seed parent. 

This .stock of  Croshy is so early that it is difficult to produce seed 
when Evergreen inbred KO. 77 is used as the pollen parent. I t  has to 
be planted from three to four weeks later. When planted so late it does 
not give a good prorlr~ction of  seed. This early Crosby is also quite sus- 
ceptihle to bacterial xvilt. It has since been found that the top cross of 
No. 77 Evergreen on a naturally polli~iated variet?, of Croshy of some- 
what later maturity gives equally good results in yield aod is nearly a s  
uniform and early maturing. 

Crosgreen produces one good sized ear to a stalk. The stalks are 
medium in height with a iexv niediti~m sized tillers. Tlie ears are long. 
cylin(lrica1 to slightly tapering with 14-18 ro\\.s of medium !,road and 
deep kernels. Tlie color is not so white as Redgreen hut is satisfactory 
for canning. The quality and texture of the canned prodoct compares 
1avorabl:- wit11 Crosby. Its outstanding feature is tlie heavy tonnage of 
ears in those localities a-here it is well adapted and where bacterial wilt 
is not a serious factor. 

Crosgreen was first produced in a crossing field in 1925 and sent out 
for trial tlie follo\ving year. Tlie first rnn~mercial sred was grorv~i by 
the E. B. Clark Seed Conipany in 1926. 

Yellow Cross 

This yellow inhred. S o .  ST.. has heell crossed with a n~uiiher of yellow- 
seeded inhreds of Evergreen type anrl season. No final selectio~is have 
been made. This combinatio~~ is a yellow-seeded IZedgreen. Tlie plants 
have tlie same reddish color. Tlie fil-st ear of most of these Yellow 
Crosses is larger than for Retlgreen and there is less tendency to make 
second ears. The ear.: arr \vcll protected by long li~isks and tlie ears 
nsuallv f i l l  out well at tlie tins. The n u ~ ~ ~ l ~ e r  of rows van. from 10-16. 
 most^; 12. 

Yellow Cross has not yet been generally tested but should be adapted to 
all sections where Rerlgreen is grown s~~ccessiully. In  season it is a 
little later than Golrlen Cross Bantam. Tlie color and shape o i  tlie kernel 
is better for ca~i~iii ig purposes. Qualit!, and productiveness have not 
yet been tested. 

Green Cross 

The production of a first getieration hyhrid of inhred strains ni Ever- 
green sweet corn was hegum in 1921. About 50 open-pollinatetl ears of 
the Cliarles Treat strain of Sto\vell's Evergreen were sell-pollinated. 
These 50 ears had been selected from 200 on t!ie hasis of a seed zermina- 
tion test slio\ving them to he free From root rot infection. 1.ater results 
have shown that this preliminary selection was probahly a n~istake. 

Tlie several lines \\.ere self-pollinated. Three progenies in each line 
were gro\vn and the best appearing- proge~iy at the time of pollir~ation was 
selected for bagging. 



After several generations of self-fertilization six of the most proniisi~ig 
lines were used as pollinators and crossed by hantl-pollination on all o i  
the lines except a iew that liad heen discarded. Tlie entire series of 
crosses \\-as grown hot11 at the hIount Carlnel fan11 and at tlie Charles 
Treat farm in Orange. From this test allout a rlozen of the hest com- 
I~inations were selectcd for further testing. This was continued to the 
third year, final selection being made after the best combinations had been 
tested three years and 111 three different places in New Haven county tlie 
last year. 

Based on all tlie results nbtaine(1 the cnnihination of 6.3 1)). .50 was 
selected and named Green Cross. This cross when at its hest is re- 
marka1,ly rl~iiform and large-eared. Tlie stalks are large with a fen. tillers. 
There is very little color in any part of the plants. The ears are broad, 
cylindrical wit11 a sligl~t taper, usually filled out well to tlie tips. They 
have from 16 to 22 rows of kernels. Tlie kernels are tnerlium in midtli, 
and deep. The plants mature late but xvhen well grown are remarkahly 
productive. The corn is typic:llly Evergreen in type. 

1 -~ i . rn l ;  9.3. Green Crnrs. n first peneration hybrid of two illbred 
strainr oi Everprrrn sweet corn. 

U~iiortunately this l r  is not adaptal~lc to sections outsirlc of 
Connecticut anrl even at 11o1ne develops :I st,rin~is root wealitless prol)al)l!- 
associated \vitli root rot. Tlie ~,relitninary ear selection was !lased on 
plants that were free from itiiecticrn. During the inljreedin~ process. the 
plants !\-ere gr0u.n on la11d that was rntaterl with ntlier crups every two 
years and probably (lid not have mucli infection. This rrculted in tlir 
plants no: being sul~jectefl to disease and therefore they liad no opl)or- 
tuuity to ahow a r e s i s t a~~ i .~  to this troul~le. Green Cross is a strilcing 
exarnplr of the lack Oi atla[)tahilit? of first generation hyhrids hetween 
two unifor~n inbred strains. \Vliere the plants do \veil and stall11 erect 
tlie uniformity of ear production and the size of the ears is truly remark- 
able as shown in the accom1)anying illustrations. \!'liere there is a lack 
of fertility or moisture anrl tlie plants are una1)le to stwtl erect, the 
results may be very poor. 

It should be ntrted that Green Cross is the first hybrirl pmduced where 
the parental inl~retls are l>ntli from the saliie variety. and in this case irom 
tlie same strain of that variety. 



The i\ssnriated Seed Growers produced seed of Green Cross in 1929. 
They have since prorluced I:\.erpreen cornhinations that are much more 

R E  9 I n  size oi ear G r ~ ~ l i  C ~ O S C  is rmtstai~dinp. , 

adaptable o\.er a \vide territory and havr tlir al~ility to st;uncl crrct under 
nearly all conditions. Other seedslnen have protluce<l I< r r r< l . c r~~  hphrids 
that are  more adaptable and IJI-oductive u\.el- a \vi<lc.r rangt. of  s<iils and 

I;lnr.nr 9.5. Thr evenness in sire and shape of kernel characteristic oi 
crossrs oi two inh~.rrl strains is apparent in Green Cross. 

seasons. N o  Evergreen swert corn has yet heen found that h rill produce 
largcr ears than Green Cross when at its hest.. 
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Whipple Cross 

The sweet corn most generally grown for the market in southern New 
England is Wliipple Yellow. This variety prodilces a large ear in the 
same length of time that Golden Bantam takes to ripen a small ear. I t  
does not equal Golden Bantam in tenderness, sweetness o r  flavor but sells 
more readily on tlie general market to uncritical buyers \vlio have not yet 
learned to appreciate quality. In  this connectioti it s h o ~ ~ l d  be noted that 
quality tends to disappear after corn has been picked for some time, so 
other things being equal, size is important. No other variety in this 
territory will produce as large anrl as attractive ears it1 the same time. 

This variety originated with Silas S. IVhipple at  Norwich, Conn. H e  
had been growing a local variety of white sweet corn having many rows 

. , .- 3 

Fr~rne 96. \Vhipple Cross, like the variety irnm which it came, has the 
ahility to make a large ear in a short time. 

of kernels and maturing early. The origin of tliis corn is not known, 
but seems to have hern developer1 locally. 111 1913 this corn \\.as crossed 
with Golden Bantam. The yellow kernels resulting from the mixed 
yellow and white ears \rere saved and the yellow color selected fo r  five 
years until in 1918 the ears \\.ere nearly all pure yellow. The Harris Seed 
Company of Coldnater. S. Y., was among the lirst to appreciate the 
desirable qualities of this corn and make it a\railal~le to market gardeners. 

Mr. IVhipple selecterl this variety for short, lrroatl ears having many 
rows. His ideal was 18 to 20 rows on all ear not over 6 or 7 inches in 
length and many shorter. This corn was sold to tlie hotel trade where 
a short rar fitted easily in a sirle dish. r\s grown now, the \l:hipple 
variety usually has iron1 12 to 16 rows on ears it-oll~ 7 to 10 inches long. 



From secd o1)tained frnm the originator and from a local market 
gardener tlie Connecticut g r i c u l t u r a l  Esperinient Station hegan selection 
in self-fertilized lines with this variety it1 1925. After self-pollinating fottr 
or  more generations the six most promising inlrreds were crossed on all 
the other inhreds and on each other. Af te r  testing these coinl~inations 
certain inl)reds were noted to gi\.e good results in crosses and many 
combinations have heen n~atle anlong these and tested since the first crosses 
were grown in 1928. One of the best producers resulted from the cross 
of 12 I)? 2. The plants are medium in size ~vit l i  one good ear. on every 
stalk. The  uniform earing is an  outstanding i'eature of this cross as  
shown in Figure 97. 

I 9 .  One good car on evrry plant is characteristic of this cross 
oi  two inbred strains of Whipple curn. 

When bacterial wilt hccame prevalent in 19.12 it Tras q u i c k l ~  apparent 
that this conibination was quite susceptible to the disease, so mucli so that 
it can not be used in wilt-infested territory. 

The susceptihilit? of tliis combination comes almost entirely iron1 the 
12 inl~red parent. Plants of this inbred are s h o a n  in Figure 1.1, growing 
alongside I'urtlue Rantam on one side and resistant \\:liipple on the other. 
I t  is notal~le that this inbred strain is injured much more than the variety 
from whicli it originated a t  the same time other inlxeds are injured 
hardly a t  all. \VIien grown free from wilt tlie I2  inbred PI-oducei a good 
stalk with a tnediuni sized ear. I t  was one of the nlnst productive of  tliis 
series of inbreds until milt appeared. 

\\'liipple inbred 2 makes short. stocky p l a ~ ~ t s  with large. it111 tassels, 
seldom growing taller than four feet. There are  usually from one to tt\so 
\\.ell-developed tillers that also produce tassel; that are  well tilled with 



pollen. Tlie ears are sm:tll awl poorly lilled ar~cl usually lllold l~odl!-. 
This inhrerl is not satisf:~ctnry as a seed parent I)ut inakes :L iairly good 
pollen pareiit. I t  produces pollen over a prriod nf ;I week or  nlnre. Tlie 
plants are too short to rlistril)ute this vnI1~11 1vdl Rltt so iilr it 118s sirell 
good re i i~ l t .~ .  

This inl11-rd is rcaistal~t to  1,arterial wilt. Iluring tlie past 1\v1, seasons 
it has 11i:!cle its osual gron.tli in fields wliere wilt l ~ a s  bee11 prevalent. 
Innoculntion trials in the grrenhouse have s l~own it to l,e resistant. I t  
<lees lint Iia\.e the i~l~il i ty to o\rercollle the s~tsceptibility ~i 12 l~tt t  otlier 

1: l r : rn~ 98. . \ I>  inbred strain oi \Vhipple sweet con,. highly rurceptihlc to 
Irart?rial wilt. pnns-in< lhct\reeo itthcr straills t l~at  arr ire? from seriotls injury. 

crosses in \rhirli it has becn tester1 in li~nitr(l trials have sllo\vn nn plants 
disease<l. 

O i  all tlir inbre(ls grown this is tlie otily one that is markerlly s~~scel,tihle 
tn rust. Rust is rarely seen 011 corn :~nd sr l r lo~~t  injures ~ i g o r o u s  plants 
to  any liotireahle exteiit in this region. This particular inbrerl is ap- 
parently rluite susreptihle. 'The rlisease cle\~elops late and apparently does 
not im]iair its ahility to produce pollell. I t  does not pro(luce xvell- 
deseloperl ears ontlei- the best conditions anrl this produrtioii is coa- 
siderahly reduced \\-lien attacked by rust. Stisceptil~ilit!~ to rust i.; ap- 
parently a recessive character si~ice iione oi tlie 17, liyl>rids with this 
inhred has s l ~ o ~ r n  tliis rlisease. 

Thel-e arc two ii~lrrerls that coolbine 1):11-ticularl~ lvrll w i t l~  2. These 
are 6 and 7. P.ntli a!-c iree froin serious injury 11y ',>actel-ial \\-ilt and 
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when crossed with 2 are uniformly \\-ell-eared and productive. Strain 
6 produces medium sized, dark green plants with few tillers. The one 
ear per stalk is mediuln in size and usually \veil filled. The kernels are 
large, plump and dark colored, making this strain desirable as a seed 
parent. I t  wnrlis well when 2 is the pollen parent, the silks coming at 
the right time to  receive the pollen when both are planted at the same 
time. 

Strain 7 produces tall plants with fen. tillel-s. The ears are well filled 
and uniformlg light-colored. The seeds are .small and light in weight. 
I t  is not as  good a seed parent as 6. I t  also can be planted at the same 
time when 2 is the pollen parent. 

The fixre best U?liipple Crosses :ro\!-n in 1933 compared with the 
original variety are as follows: 

9vc. r t .  of 
Arr .  nzfe I'errenf Ear ho.  oi n v c .  S o .  ears Xlkthlr. ears 

Hybrid ul i l k i n g  \Viitrd Lcngtb Rows oi ~bcr plrnt in lhr. 
in July Pl;ini- In. Cirrill Vktble. Kot mkfhle. per ncr 

5 x 2  2 i  I.? 7.5 12-16 1.Nl .62 .32 .32 
\lrhipple variety 2e IS 6.5 8-14 .%I .25 .1R 2 3  

r\ll produced a rrcater total weight of marketable ears than tlie original 
variety and thesc cars averaged hcarier. All but one cross produced the 
same or more marltetable cars prr plant. !\I1 cl-osses ripener1 as early or 
earlier. Other hybrirls producer1 equally good r r s ~ ~ l t s  or  better in some 
respects than the taro (lescribed ahove. .411 crosses with 24 produce large 
ears but these are not \\ell filled at the tips. This inhred is also not satis- 
factory either as a seed parent or as a pollcn parent. Strain 9 arirl 5 have 
not been tester1 silfficiently to knolr ~vha t  the? \\.ill do under varied cnndi- 
tions but from the one year's results in cnmllination with 2 an11 6, they 
are promising. These strains will he tested further. All t1iing.s ron- 
sidered, 6 s 2 and 7 s 2 arc the beat IYhipple single crosses obtained 
so far. 

Other Sweet Corn Crosses 

The most azidcly grown sn-ert corn cross at tlie Ilrcsent time is probably 
Golden Cross Bantam, a product of thr United States Department of 
.qgriculture and the Indiana ..lgricoltural Experiment Station. This is 
a first generation hybrid o f  two inbred strains considerably rlifferent in 
type. Its history and description are given i l l  circular 265 from the United 
States Department of Agriculture. 

Golden Cross Bantam has heen grown at the Mount Carrnel farm since 
1930. Every year it has produced a rood crop of cylindrical, well filled 
ears, mostly twelve rowcil. There is always one and often ta.o good ears 
on each plant. In  some years under dry conditions the second ear fails 
to set seed. In tenderness and sweetness this corn is equal to tlie best 
Golden Bantam. It is also marliedl~, resistant tn bacterial wilt. The plants 



at an early stage may she\\. some infection hut later they have the ability to 
grow out and show very little injury. 

4 s  a market garden corn Golden Cross l iauta~n is too late in maturity 
to sell to the best advantage. The ears are slender due principally to a 
small cob and tight fitting husks. Tlie average weight of the mature dry 
ear is sligl~tly more than for Whipple but it appears to be a much smaller 
ear at the eating stage. 

PIGL:RE 99. Golden Cross Bantam usually produces t\va marketable ears on 
each stalk. (Photogra~h irom thc Robson Seed Farms, Hall, N. Y.) 

The outstanding feature of Goldcn Cross Bantam is its wide adaptability 
as shown by its good performance in many parts of the country. It has 
yielded well from Maine to Illinois and is one of the most promising yellow 
sweet corns it1 the principal canning regions. Very few first generation 
hybrids of two inbred strains of either sweet corn or  field corn have the 
ability to grow so well in such varied soils and climatic conditions. I t  
seems to be well suited to Connecticut where in many trials it has pro- 
duced the most marketable ears of any yellon. sweet corn of \vhich seed is 
available at the present time. 



Golclen Cross Bantam is the product of Pnrdue inhretl No. 51 as the 
polleti parent and Purdue To. 39 as the seed parent. J'urtlue 51 is an 
eiglit and ten rowed strain oi Golden Bantam type. The plants are short, 
tiller freely and pro(luce a good supply of pollen over a period oi several 
days. This inhretl strain is %ome\vhat susceptible to h;icteri;il ivilt. Purdue 
39 has a short thick stalk and few short tillcrs witli irom one to three well 
filled ears. These ears have from ten to twelve rows, are cylin(lrica1, and 
well filled to the tip. The kernels are small and light in color. This inbred 
strain often pro(luces more corn than many open-pollinated varieties of 
Golden Bantam and has h e n  used as a variety. It is not typically C;oldcn 
Bantam in type hut has the same tenderness oi pericarp, an11 in sweet- 
ness and flavor it also compares quite favorably with Golden Rantam. 

FIGURE 100. The cars of Golden Cross nantarn are long and 
sle~lder with tight fittins hosks. 

This inl~rrtl combincs well witli many other kin115 of corn. I t  has bee11 
used as a pollell parent to top cross on several v;~rietics. one o i  \\,hicl> is 
Sunshine. This cross is niore uniforn~ and prcrh~ctivc t!lan Sunshine Ibut 
ripens later. \Yhile it is appreciably less injured hy I>acterial n;ilt than 
the parental. variety it is far from immune. 

The top cross oi Funlue 39 on Spanish Gold in I933 prorluced more 
than 10.000 m;lrketabIe ears per acre compared with 7,000 for  Top Crossed 
Sunshitie and 2,000 fo r  Golden Early JIarket, under conditions ni severe 
wilt infection. The first ears were picked three days earlier than Top 
Crossed Sunshine ant1 five days after Golden Early hfarliet. 'The ears 
are well filled to the tips. long and slender, mostly with tell rows. This 
cross is somewhat difficult to produce on arcoutit n i  the \vide tlificrel~ce in 
time of flowering. The Spanish Gold seed parent must be pl;lntcd ahont 
three 1,-eeks after the pullrt~ parent and x\\ .~et~ planted so late does I I O ~  
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make as good growth and yield of seed as when planted a t  the nornial time. 
The top cross of Purdue 39 on Whipple Yellow is outstanding in yield of 

large \\.ell-filled ears. The comparison with tlie variety itself and with 
Golden Cross Rantam is as fol1on.s: 

.4vc, r t .  of 
Variety Ave. Date I'ereent Ear So. of 4 ~ c .  So. rzrr Mktblr. ears 

nr of Silting \Yilre,l l.en#h ROWS of rrr n1;~nt in lbr. 
e i o ~ s  i n  Jnlr Plants 11,. Gram 31ttbie. Sr,t rnktble. per per 

"1.". -. ,. . .. . . . - . 
Whipple Yellow 28 19 6.5 8-14 81 .25 .I8 .2R. 
Whipple s Purdoe 39 28 h 7.5 10-14 1.25 .19 .34 .27 
GoldenCrossBantam 32 19 7 S-14 I.(b .81 .28 .?5 

G I .  The otliiormit? in size and shape oi ear is a 
repular feat~tre of Golden Cross Bantam. 

I n  season this top cross is earlier than Golden Crnss Grintam. produces 
Inore marketable ears and these nirs average larger in size and somewhat 
heavier. Although it has been tested only one year it seems to he as  
resistant to bacterial wilt as Golden Cross Bantam. It should be adapted 
to all sections where tlie \\!hippie variety is grown successfully. Consider- 
ing its prohahle wide usefulness and ease of producing seed this com- 
bination seems to be one of tlie best in its season. 

Many new sweet corn crosses are heinx produced by tlie Agricultural 
Experiment Stations in tlie corn grr~ning prates and hy seedsnien. The 
.4ssociaterl Seed Growers, Landreth Seed Company, Tiorthrup, K ing  and 
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Company and several s w e t  corn canning companies liave taken a leading 
part in tlie production of valunhle ne\rr axrect corn romhinations. 

The Production of Inbred Strains 

One of tlie results of the iricre:~sed use of cross-Ired sweet corn is an 
active interest in the production o i  inbred strains. Some of the principles 
involved and tlie results obtained are ~liscussed in Bulletin 266 pi this 
station. I t  has been found tliat self-Icrtilization for three or four gener- 
ations brings about e n o u ~ h  uniformity ant1 fixity o i  type in some lines to 
give worthwhile results arid that further closc inhreedi~ig is not desirable. 

FII:I.RI. 102. l-hc seeds i n  these 322 tiaslie paper wrappers are plaxlted 
in hills, each lot represents one inbred line. 

I t  is important to  liave as marly inbred strains as possihle to select irorn. 
Selection during the first few inbred zenerations is effective in establishing 
specific characters not associated u~itli reproductive ability, but selection 
for productiveness is of little value because this is so closely associated with 
hybrid vigor tliat tlie selection of vigorous and productive plants for pro- 
genitors of the inbred lines merely delays the reduction to uniformity. 
Uiiless other characters such as time o f  maturity, color, shape of ear, 
kerncl characters or  disease resistance are more iriiportant the best pro- 
cedure is to gro\lr only a fern plants in each line and pollinate only enough 
to make stlre of seed to continue the line. These pollinatioos are made 
mostly a t  random, using tiorrnal healthy plants of the type desired. In  this 
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way it is possible to produce a large number of inbred lines on a small 
area with a minimum of labor of hand-pollination. Some of thesc lines 
when tested should be found to give desirable results when crossed. 

One method that we have used is to plant one ear to a hill. Six seeds 
are taken from each ear, wrapped in tissue paper and one packet dropped 
by hand in each liill. The hills are thinned to three stalks, and two ears 
in each hill are hand-pollinated. At harvest both ears are examined, but 
only one is saved. This is continued for three generations. Each ear 
represents one line. No individual labelling of tlie lines is necessary at 
any time. In  this way a large number of inbred lines are available for 
selection after homozygosity is reached. In  tlie fourth or later generations 
enough plants can be grown to have an estimation of tlie line's worth al- 
though it is possible to obtain some idea from a single hill. 

FIGI-RE 103. E:lr shoot ready to hag, hag in place, and ear shoot 
showing silks read? to pollinate 

Theoreticall? there is a possibility of better recombination of cllnractcrs 
when the ilihrcetlilie is done bv sih matine (one nlant nollinated bv another .> .. 
in the same progeny) than l;y sclf-fertilization: 0k-pollinatio~; is more 
easily performed than self-pollination. l'he plants are less injured by the 
manipulation of bagging when o~ily one bay is used and the silks anll tassels 
can be selected to come more nearly at the sarllc time. Tllis is especially 
n,orthwl~ile with very early corn that makes small plants after they are 
inbred for a few generations. A report on tlie results obtained fro117 sih- 
pollinated lines will be given 1atc.r. I t  is st~fficient to say here that it is 
a promising method of procedure, one that ,+I-cs inllred strains that :Ire 
not too much reduced in vigor. 



The  Technique of Hand-Pollination 

In securing inl~rrcls o i  corn it is of course necessary to  11n11d-pollinate 
each year all of the ears that are, used for seed. T o  he sure that all foreign 
pollen is kept out the ear shoot must be covered before any silks appear 
and likewise \ve must protect the tassel so that foreign pollen docs no: 
lodge on it to be carried to the silks when the pollination is n~adc. 

3lanilla bags are used for both tassels and ears. An eight pound strollq 

F~CURE 101. Bag on tassel. Thc Frr.una 105. Sheat11 to hold kniie. Two  
upper lcai is usually remo\-ed. flat lamp wicks sewed together at their 

edges and covered with tape, the lower 
end immersed in alct,hol. keep the knife 

1,lade sterile. 

V-bottom bag is fastened o r r r  thc tassel, \\.bile a square bottom three pound 
nail bag covers the ear. T l ~ e  ear bag is applied wit11 the bottom of the 
hag folded so as to afford extra protection to the ~lr\~eloping car shoot. 
An ear just ready for bagging and one with bag in place may he seen in 
i r e  0 ;\ tassel just bagged is shown in Figure 104. Both the tassel 
and ear bags are secured n.ith paper clips. 
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The ear bag is applied any time before the silks emerge, but usu;llly a i  
soon as the ear shoot appears. The tassel bag is put on al~out the time 
the main spike begins to  shed pollen. Pollen is not gathered from this 
hag for at least 24 and preferably 48 hours. This allows sulticient time for  
any foreign pollen lodged on the tassel to hecome inviable. 

'The proper time for making the pollination to ol~tain a full set of seeds 
is when the silks have just formed a hrus11 about two inches long (F 'g  ' I  ure 
103 I .  l i  the silks hare grown longer, they are difficult to pollinate and are 
likely to hang below the bag. They may be cut off with a sterile knife, 
heiore pollinating. care being taken not to touch with the hand the silks 
to be pollinated. This can he accomplished by grasping the outer end of 
the silks \vl~ile cutting and then throwing away the portion held (Figure 
106). It is co~npar;rtiuely simple to keep a knife sterile by always carrying 
it in a si~cath macle with two lamp wicks wrapped with electrician's tape. 
The lo\\-er part of the wick estends into n small bottle filled with alcohol 

FIG{-RE 106. cut tit^$ silts. stlaking P O I I C ~  into tassel Imp, and dust in^ 
this imllen over the cat silty. 

(7@95 per cent). Sec Figitre 105. The sheath around the kniie is moist 
with alcol~ol and keeps it sterile. I t  is held in a special pocket in the pol- 
linating apron (Figure 106). The pollinating apron also provides separate 
pockets for tassel lmgs, ear hags, paper clips, and pencils. 

It is best to do the pollir~ating as quickly as possible in order to avoid. 
contamination from pollen in the air. :\nother safeguard against con- 
tamination is to hold the ear hag directly over the ear while completing 
the ol~cration. Probably the most important precaution to avoid con- 
tamination is, so fa r  as possible, not to make pollinatio~~s for an hour or 
more in the morning, \*.].hen most of the pollen is heing shed. Ten o'clock 
is ahout the time o i  maximum pollen sheticling. If the work ran he ar- 
ranged so that ear anrl tassel bags may be put on a t  this period and 
pollinations made later in the day, considerable contamination will he 
a\.oided. Then, too, the tassels on the stalks to Be pollinated can l)e pulled 
out heiore pollination, provided they will not he necded later for pollen. 
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After pollinatiu~i tlie ear bag is replaced oyer the ear and then the tassel 
bag over that. Both are secured by one paper clip. The two bags afford 
extra protectioii for the developing ear, especially needed during windy, 
wet weather. Before the ears are ready to haryest the pedi~ree of the 

cross or  seli is put on ;I small string tag which is fastened to the paper 
clip. M'hen tlie ear is harvested one prong oi the clip is straightened and 
stuck into the end of the ear (Fijiure 107). The ears are then dried by 



putting only a single layer in wire crates (Figure 105). Crates are 16 x 
30 x 7 inches outside dimensions and hold about one bushel. They are 
mouse proof since each crate fortlis a lid for the one l)elow when stacked. 

Multiple Pollinations 

I t  is often desirable to make a large number of pollinations ironl a small 
amount of pollen. This oiten happens \vIien a common pollinator is used 
for a whole series of CI-osses. Several schemes hare heeri devised t o  
accomplish this. The insect powder gun is used by some. A mncli6cation 
of a glass atomizer is also employed for this 1)urpose. Tlie ol~jection to 
these pollinators is that they have to he sterilized \vhcn cha~~ging  pol let^. .I 
simple inexpensive pollinator can be made from a s ~ ~ l l l  glassine bag, 
2% x 6% inches, the oue used for ear bags by a goorl many 11-01-kers. 

F~r,r:ne 104. I-latld-pollinated ears in a wire cratc occd for dryinz. 

A fresh bag can be utilized for each batch of pollen and then discarded. 
If the bag is creased crossways about half way up, the pollen and anthers 
can be poured into the top half. Then by gently tapping the bag at the 

.crease the pollen alone will run down into the lower hall. When all the 
pollen is thus transferred, the anthers are dumped out and the top folded 
over. A paper clip is used to fasten the hag. By cutting off one corner 
of the bag containing the pollen, the pollen is sl~aken out much the salile 
as from a salt shaker. By this method as  many as 30 to 50 pollinations 
have been made from the pollen of a single plant. 

Another methocl of making multiple pollinations is to cut a small hole 
in the tassel bag af ter  the pollen h:is been collected and use the tassel 
bag as a "salt shalier" without remoaing the anthers. This in simpler than 
the glassine bag tnetliod and is recommended in case only 10 or 20 pollin- 
ations are desired from each pollinator plant. 
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Production of Crossed Seed in Field Plots 

General Method 

After tlie inbreds have been securer1 and by crossing them we haye 
obtained the corn we desire, we are faced with the prohleni of producing 
crossed seed in quantity. The object is to get all of one specified inbred 
or variety pollinated by another given inbred. This is comparatively 
simple in corn, since the male and female inflorescences are on different 
parts of the plant. If the seed parent is planted in every other row and 
the pollen parent in the alternate rows, we can obtain crossed seed hy 
pulling out all of the tassels of one at pollinating time. The detasselcd 
plants will then be pollinated by the other. For example, if we wish to 
make a cross of Spanish Gold s Connecticut 2 ( a  Whipple inbred) we 
\\,auld plant these two strains in alternate rows and then remove 011 the 
tassels from tlie Spanish Gold. All the seed produced on the Spanish 
Gold must then he crossed by Connecticut 2. The seed produced on tlie 
Connecticut 2 is selfed or sib-pollinated and represents an increased lot 
of this inbred. 

In  this crossing plot t l ~ e  Spa~iish Gold is designated as  tlie seed parent 
or female ( P ), ~vhile the Connecticut 2 is the pollen parent or niale ( h ). 

Fli:anr. 109. Crossing plot showing alternate rows dctasscled. 

Number of Rows of Seed Parent and Pollen Parent 

If we grow an equal number of rows of hot11 the seed parent and the 
pollinxtor, a yield of crossed seed \\.ill be obtained from only one half oi 
the acreage grown. Thus two acres in a crossing plot will give one acl-e 
of crossed seed and one of the pollinator. A low yield of crossed seed 
to the acre will he obtained. I i  we can increase the number of rows of 
the seed parent in comparison to the pollen parent greater yields of 
crosscd seed can be prorluced. Care must be taken not to plant too many 
rows of the seed parent to one of the pollen parent;  a poor pollination 
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will result if the proportion is not right. Nost of the inhreds put out 
1)y the Connecticut Station as male parents \vill produce sufficient pollen 
for three to four times as many rows of the female parent. In  the pro- 
duction of Redgreen seed complete pollination has been obtained when 
five rows of Connecticut 75, the seed parent. have been planted with one 
row of Conilecticut 77, the pollen parent. Hoxvever, we do not recommend 
more than four rows of the seed parent to one of the pollen parent. 
Growing them in this proportion, four-fifths of the acreage in a crossing 
plot will result in crossed seed. The inhred Connecticut 2 is a good 
pollinator ant1 one row under normal growing conditions should com- 
pletely pollinate four rows of seed parent. W e  recommend growing them 
in these proportions. 

Yield of Inbreds 

Inbred strains are fully as uniform as first generation hybrids and are 
more easily injured hp adverse weather conditions because of tlie lack 
of vigor in the inbreds. Consequently the yield of inhreds over a period 
of years can be expected to vary greatly. 

The yield of Connecticut 75, when grown in a crossing plot four rows 
to one of the male parent over a period of years, has fluctuated from 400 
to 1300 pounds of shelled grain to the acre. I n  an average season this 
inl~red will yield ahout 500 pounds to tlie acre when planted at the ratio 
mentioned above. Opeii-pollinated early sweet varieties will produce ahout 
603 pounds of shelled grain to the acre. 

Other inbreds are not so productive as Connecticut 75. On certain 
Country Gentleman inbreds tlie yield has heen as low as 200 pounds 
tn the acre. No yield records are availahle for the Whipple inbreds, but 
it is estimate(1 that tliry will yield 400 to 500 poum(1s to the acre. This 
low yield of inhred strains is the chief rrason for the higher price of 
crossrd sweet corn seed. 

Time of Planting 

In order to get con~plete pollination it is essential that the male and 
ieinale parents mature at approximately the same time. I f  they are 
of different seasons then tlie planting of tlie earlier variety or inbred must 
be delayed to bring it to silking and tasseling at the same time as the 
later corn, This is an important point that cannot he over-emphasized. 
If the precaution is not followed, a poor pollination will result. 

If hot11 parents in the Spanish Gold cross are planted at the same time, 
the silks of the female parent. Spanish Gold. will colne out before there 
is any pollen available on the male parent, Connecticut 2. These silks 
do nut long remain receptive. There is a period of only a few days after 
tlie silks first begin to emerge that they will receive pollen. After that 
pollen will not grow down the silks and fertilize the ovules, even though 
the silks look perfectly fresh. 

I t  is better to have pollen available not later than three or four days 
after most of the plants show silks. Cases have been reported in which 
silks have remained receptive for two or tlirce weeks, but such an 
eventuality is not to he relied upon i f  a full set of seed is desired. 



Two weeks after Connecticut 2 is planted is the recommended t i~ne 
for seeding Spanish Gold. This does not mean that Spanish Gold is 
fully two weeks earlier. Two weeks' spread in the planting dates will 
not make that much difference in the time of  silking. Possibly the vari- 
ation in time of silkiiig will be only four days to a week. l'liis will be 
sufficient, since tlie Spanish Gold should have its silks out when the pollen 
parent begins to shed. 

Planting corn at  different dates causes quite a problem in farrn man- 
agement. The entire field must be marked to obtain proper spacing 
at  the time of tlie first planting. Probably at the second planting tlie 
field will need to be cultivaterl atid re-marked to kill the weeds tliat have 
started. This makes extra work, hut is well worth while as a means oE 
obtaining a good stand. 

l'liere are other difficulties in producin~ crossed seed corn. I f  a rery 
dry spell follorvs the planting of the first parent, then tlie planting of the 
sccond parent will necessarily be delayecl. Prohalll? it is a good rule 
in the casr of Spanish Gold x Conncrticut 2 to wait lieforr seeding Span- 
ish Gold until tlir inl>rrcl is mostly tlirougli the ground and is ahout two 
or three inches high. Unfortllnatcly a severe dry spell followin$ tlie 
second plantin$ might delay it so lii~lch tliat tlie sillis wo111d nnt be rcndy 
before ail the pollrn had bee11 slied. 

Such unccrtaintics in part explain why crosse<l seed is more expensive 
tlial~ varietal srcrl. The dificrcnce in price in ninst cases does not truly 
represent the difference in cost ot  procluction. For  reasons set fort11 
we recommeiid that growers of c r~~ssvd  seed (lo not plant too large an 
acreage until they :Ire tliorouglily inmiliar wit11 ilie inl~rrds and n.ith 
the prodrlction of crossrd serrl. 

Detasseling 

I t  cannot be en~phasized too strongly tliat detasseling must Ile thorough 
if crossed seed is to be produced. Sonle growers \\.ho do a really elscielit 
job have covered the field to detassel thc seed p r e n t  as many as eleven 
times. This ~vatchtulness is not excessive. T o  gct all tlie tassels out 
before they shed any polleti it is probably necessary to go over the field 
every day after tlie first female parent plants are ready to shed pollen. 
Certainly a crossing plot sliould be covered every two days in good 
weather. In cold, cloudy, rainy weather the tassels will not develop so 
fast, but the field sliould be watched constantly to see that no female plants 
shed pollen. This is very important. The first detasseling can be made 
tlie day tlie first tassels on female rows have emerged and before pollen 
has been shed. All tassels should be removed that can be pulled out \vliole 
without taking too much out of the top of the plant. One or  two small 
lea\.cs may come out with the tassel. These will not seriously injure the 
plant. I t  is better not to take more than two leaves as the plant may be 
damaged and a poor ear rcsult. The tillers must be watched carefully 
to see tliat none slie(1s pollen. Alter about a week or ten days of dc- 
tasseling a field the tops of all the tillers can be pulled out. Even if the 
tillers are injured slightly by tlie detasseling, there will be sufficient foliage 
on the rest of the plant to produce a ~ o u d  ex. H little sereritj- to tlie 
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tillers is warranted if necessary. :\I1 tassels ~ i i r ~ s t  be pulled before they 
shed any pollen. 

O n  the thoroughness with which a field is detasseled will depend the 
quality of tlie crossed seed. If a field is covered only twice it is a safe 
estimate that not more tlian half of tlir seed mill be crossed. The re- 
mainder will be selfed or pollinated by the irrnale parent, and it will be 
no more productive than the female inbred or variety. This inferior seed 
from a poorly detasseled field may go on tlir market in direct competition 
with seed from a well-cared for plot. 

Curing Seed Corn 

Sweet corn can be harvested and dried any time af ter  it has begun to 
wrinkle. Artific~al heat may be necessary to dry the corn quickly before 

Frcun~ 110. Crossing field Erowo in 1921 at Clinton, Connecticut 

it molds. Harvesting the corn early also guards it from tlie ravages of 
birds, racoons. r~oodchuclcs~ skunks, pheasaiits :~nd  other pests in tlie 
field. Most of tlie seed firms are erluipped with well-aerated seed barns 
for drying. T o  those who have ha(l little esperieiice in curing seed it 
might be well to emphasize ventilation. Circulation of air is more im- 
portant than heat in corn drying. A seed barn should he so co~istructed 
that all sides ma!. be opened up and a gocd draft  of air drawn through. 
The corn may be piled on racks but should never be in layrrs more than 
six inches deep. Otherwise ears in the center \\-ill mold. Green sweet 
corn is an ideal medium for tlie growth of mold that will develop without 
circulation of air. i\rtificial so-called tunnel driers are used it1 some of 
the western states that produce a large quantity o f  sweet corn seed. These 



driers are constructed with a large fan at  one end of a long narro\a roo111 
or tunnel. Warm air is introduced and blown by the fan across the 
green corn. As more corn is put into the tunnel on racl-s, it is ~lioved 
up toward the fan, aud the dr!. corn is taken out near the fan. By this 
method green corn can he dried for  shelling in about a week. The more 
rapidly corn can be dried, the hetter the seed. >fold will develop at  the 
slightest opportunity. 

.\fter tlie corn is dried, tlie ears should be looked over and if there 
are any off type ears they should be discanled. After  shelling, the seed 
is cleaned and graded so that the chaff and tlie small, light o r  irregular 
shaped kernels are remo~ed .  Some of the kernels taken out will produce 
just as good corn as tlic regular shaped and larger kernels, but tiley will 
not work so well in a corn l~lanter. 

Maintenance of Stock Seed 

Maintaining different lots of stocli seerl, kerping them separate aud 
properly identified, and increasing the stock seed of different inbreds for 
use in a crossing plot arc adilitionsl exacting requirements for the pro- 
ducer of crossed corn seeil. These are highly important, for  the quality 
of the crossed seerl rests fundnmentall~ on tile excellence of the stncli from 
which it comes. 

Increase from Original Hand-pollinated Seed 

The first step in producing a quantity of an inbred line of  s\vcct corn is 
to get seed for  a small increase plot. It must 11e hand-pollinated. One 
call obtain a fair quantity o i  hand-pollinated seed by gro\ving two roxs  
of the inbred side by side. ;\t pollinating time the good plants in the first 
row are pollinated hy a ~nixture  of pollen from the plants in the second 
row. Likewise the second row will be pollinated by the first row. This 
will give enough seed for  a small increase plot. 

Isolated Fields 

Since corn is wind-pollinated. increase plots of difierent inbreds must 
be far enough apart (1,000 to 2,500 feet) to prevent pollen from blomiil~ 
from one plot to the other. I t  is essential to have the  first increase plot 
well isolated. Otherwise a few stray pollen grains will get in and the 
result will be crossed seed instead of inhred. When crown the next year 
the crossed plants will shed a disproportionately large amount of pollen 
and in a short time the inbred seed will become badly mixed. Good io- 
crease plots are so important that we are following. at  tlie Connecticnt 
Station, the policy of few increase plots and those well isolated. All our 
inbred lines are carrier1 in hand-pollinated lots until we are sure which 
lines are hest, and then grown in well protected plots. The distance he- 
tween isolation plots can be material!y cut down if there are natural 
barriers for pollen, sucli as orchards or small forest groves. A strip of 
hemp, 30 feet wide, has been used as a barrier hetween different plots 
hut has not proved to be entirely satisfactory. It makes a rapid groirrtl~ 
and is always taller than the corn, but this cannot he relied upon. for 
some pollen gets through. This is esl)eciallyapt to happen if the plots 



on each side of the hemp mature at about the samr season. If hemp is 
to be used to isolate inbreds there should be at lea<t 5 0  feet of it between 
plots and also the varieties should be separated by season as well. W e  
could prow with com~arative safetv seed of Snanish Gold and seed of 
our  tiw well ~ v e r ~ r e e n  inbred separated by a hemp plot. They differ so 
much in time of rioeninc that this combined with the hemo would nrohablv 
result in two lots o f  pure seed. Such practice is not advik~ble f o rbu r  twb 
IYhipple inhreds Conn. 6 and 2. There a~ould be some mixing of these i f  
grown on opposite sides of a hemp strip. I n  nearly every section small 
fields naturally well isolated bv woodland can he found. Where possible, 
these should be fully utilized in increasi~ig stock seed, rather than de- 
pendin< upon an artificial barrier sucli as hemp. 

Hand-pollination of Foundation Stock 

Since keeping inbred lines pure is so difficult in crossed corn production 
inbred lines should not be more than one or tu.o generations removcd 
from hand-pollinated ears. The plan at the Connecticut Station is each 
year to go into tlie small increase plots and hand-pollinate ahout 5 0  typical 
plants. This will give enon~l i  seed to grow a similar isolation plot the 
following ycar. The seed from this increase plot will he sold to producers 
of crossed seed or be used to produce a large acreage of inhred seer1 the 
following year. Ry this method it is possible to make certain that all 
seed used for crossing is true to tlie type of the inbred. The follo\ving 
inbred strains o f  sweet corn are being mai~itaiiied for the present. This 
foundation seed is available to commercial sced yrowers within tlie stat? 
and outside as far as tlie supplv prrmits. 

Connecticut 2 Pollrn parrnt oi \Vhipple Cross and Early Top Cross 
Connecticut h Seed parent of \\'llipple Cross 
Connecticut 7 Seed wrent of Whinnle Cross . . 
Connecttcut 50 Pollen narent of Grecn Cross 
i t  3 Scel paret~t of (;reen Crt.rr 
t i  . Srrd parmt of Krd~rrrn 
I 1'1111~11 1 a r ~ l t t  oi I<rclxnrn and Cro-grcrn 

Rogueing 

Rogueing, remo\-in< plants not true to type frniil an inhred line, is an 
extremely important step in keeping increase seed pure. Fields should 
be rogued once or twice thorooghly just before any silks are out or any 
pollen is shed. ;It this time outcrossed plants can nsually be distinguished 
from the inbreds, by the much larger, ranber jiro\\;th of the outcrossed 
plants, provided the plants are grown on even ground. 121so. crossed 
plants tiller more profusely than inbrerls. Once a grower has become 
familiar with the typical appearance of the inlired plx~its, he ran detect 
most of tlie outcrossed individuals. Thesc undesiralilcs shoulcl be up- 
rooted, tillers and all, and the dirt knocked off of the roots. Otlieru~ise 
in moist weather the uprooted plants \\rill rontinne to grow and shed 
considerable pollen. 

.4ny plant that appears suspicious should he pulled up. 111 p o i n ~  over 
crossing- plots it is esselltial that the tilale parent iii.particn!ar he rogrlrd 
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thoroughly. A crossed plant in the male parent will shed as  much pollen 
as  many inbred plants and the crossed seed from a field not rogued will 
be inferior. In  spite of all precautions in keeping lines pure a few crosses 
will appear. Just one stray pollen grain when making the first hand- 
pollinations will result in a healthy vigorous crossed plant, which, if not 
pulled out, will thoroughly contaminate the field for an area of several 
yards around. 

In  a crossing plot the female should be rogued also, but here the need 
is not so great as  in the male. Every plant of the female rows is de- 
tasseled so that it exerts no influence on otl~ers. Off type ears can be 
thrown our at harvest time. However, ~nuch  labor can be saved in sorting 
ears if the seed parent is thoroughly rogued. 

Use of Pollen Parent Seed from Crossing Field 

In  the earlier days of crossed seed corn production, it was thougl~t that 
the seed produced by the pollen rows could be used as an increase lot of 
the male parent. Theoretically the seed produced on the male rows has 
been pollinated only by the male pollen and hence is just like seed from 
an isolation plot of the male parent. However, this is true only if every 
tassel has been removed from the female rows before any pollen mas 
slierl. Actually such an ideal condition cannot he obtained, for even with 
the best detasseling, a few tassels of the iemale rows will shed some 
pollen before thsy are removed. I t  is l~robahly safe to say that even in 
the fields most strictly watched, fro111 1 to 5 per cent of the pollen has 
come from the female rows supposed to protluce none whatever. This 
contamination is not great enough to lower materially the quality of the 
crossed seed, but the male parent would be seriously harmed i f  this seed 
were used again. A contaminntion as low as 1 per cent would mean that 
if the seed from the male rows mas planted, one in every hundred plants 
would be crossed by the fcmale parent. This crossed plant would be more 
vigorous and would shed a large aliioulit o i  pollen. If not rogued out it 
would seriously mix the increase plot of the male parent. 

Therefore it is best never to use seed from the male rows in a crossing 
plot to increase thc stock. Any increase plot of the male inbred should be 
isolated from all other corn. 

Kor is it advisable to use seed from the male rows again as a male 
parent. Here a few crossed plants would shed an unusually large 
amount of pollen and the female parent would receive this pollen just as 
readily as pollen from the male inhred. So we repeat that seed from the 
male rows of a crossing plot must not be sown for increase, nor can it he 
used again safely as a male parent. However, the seed grown on the male 
rows is not entirely worthless. I t  can he planted in a crossing field the 
following year as a female parent. In  this field all plants will be de- 
tasseled. Even if there are a few crossed plants they are not a serious 
factor of contamination, since they are detasseled. 

The following diagram represents the uses of seed from male and 
female rows prodr~ced in a crossing plot: 
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Storage o f  Reserve See6 

I t  is usually quite a problem to keep reserve secd for a few years 
without damage by insects and other pests. Tliis is especially true rvliere 
there are a numher of small lots of seed. Seed in envelopes may be lield 
safely 11). adding a small quantity of hydrated or  slaked lime to eacli 
envelope and shaking it well. Tliis covers eacli seed with a dust film and 
seeds so covered are not injured by the usual insects attacking grain, such 
as weevils, domestids and grain moths. 

Larger lots of increase seed, in small cloth bags crintaini~ig from a qriart 
to a bushel, can he stored in covered metal cans. T o  eacli can is added 
a half pound or  more of moth balls. The odor of the naphthalene 
thorouglily permeates the cans and keeps out all insects. Moth balls are 
hctter than flake naphtlialrne since they last longer and are in more 
convenient form. 

Seedsmen usually hold over seed corn iii a dry cool basement or in 
cold storage. We have found a small, nearly air tight room satisfactory 
for a limited quantity of seed in burlap hags. The room is, of course, 
mouse proof. Naphthalene scattered about and paradichlorohenzine in 
cloth bags hung irom the ceiling fill the air in the warnier weather with 
a strong orlor of both the paradichlorol~enzine and the naphthalene. Under 
these conditions no insects of any kind l i a ~ e  been able to live. Bcfore the 
construction of this storage rootn, grain moths and mice were a serious 
factor in destroying considerable seed lield over in larger lots. 

Testing Inbred Lines 

-4fter the iiibred strains are obtained tliere is the difficult problem of 
testing them to discover the best ones for tlie purpose in mind as well 
as deciding upon the method of crossing by which they can be nsed to 
the best advantage. In  our early experiments the method of testing 
followed was to cross all good lines in every possible combination. With 
100 lines to be tested tliere are 4,950 combinations, not counting re- 
ciprocal crosses, to he made and compared for performance. With many 
strains the nuiiiber of combinations so011 hecomes so large as to be almost 
impossible to  handle adequately. Some accurate method is nerded of 
reducing the number of combinatioiis to be tested, at the same time not 
risking tlie loss of good combinations before they can be recognized. 

The plan first followed uras to select a small number of iiibred strains 
that were outstanding eitliei in stalk growth or  ear development or  both. 
Such strains u-ere selected that would make desirable seed parents. 
These few strains were then used as pollinators and crossed on all of 
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the other strains to be tested after eliminating the poorest producers and 
those that had undesirahle characters that were not likely to be suppressed 
in crosses. When these combinations were grown those strai~ls were 
looked for that gave good results in several combinations. rZlso the in- 
breds that gave outstandi~ig results mere noted. As many co~ilbinatio~~s 
as  seemed promising were made between the members of this selected 
group and tested until the best one was found. 

I t  took considerable time to do this and man)- crosses had to be growti, 
and even when this was done there was no certainty that some combin- 
ations that were never tried at all might have been better that1 tlie ones 
finally chosen. 

A simpler method was nest tried. All surviving inbreds were crossed 
with one open-pollinated varietl-. Pollen was collected from a nuniher 
of plants planted at different times so that a representative lot of pollen 
was used for the early as well as the late inhreds. All of these crosses 
were compared at one time with a variety of similar season. The best 
of these combinations were noted and the inbreds that producecl tlimi 
were used in various ways. Here again it is not axiomatic that two 
inbreds that do well when crossed with the same thing will do well when 
crossed with each other. Where the inhreds are to be used in prodt~cing 
a top cross then this method indicates at once the most promising strains 
to use and further testing of a relatively small number of tlie best com- 
binations should locate the best strains to be used for the pnrpose in view. 

Disease Resistance 

IVith the prevalence of bacterial wilt, root. stalk and ear rots, smut and 
other serious diseases of corn, the testing of inbred strains for resistance 
to disease is an important problem. Iluring the course of the inl~reeding 
process considerable selection towards natural immunity can be made 
provided the disease is prevalent. In many cases infection is not plentiful 
every year in which case artificial i~inocr~lationr should be made either 
in the greenhouse or in the open field. 

Bacterial wilt can be induced in corn either indoors or  out with the 
use of a virulent culture applied a t  the same time the tissues of the plants 
are broken. A simple procedure is to inject a few drops of a culture of 
bacteria into the young seedling with a hypodermic needle. 

For information concerning bacterial wilt see United States Technical 
Bulletin 362 hy Rand and Cash, or  Circular 96, Connecticut Agricultural 
Experiment Station. 

Smut infection can he increased 11y mixing, with manure. smut-l~alls 
collected from diseased plants as shown by Garber and Quisenberry 
(1925) in the Journal of the American Society of Agronomy. This 
mixture spread over the field before planting and worked into the surface 
soil gives the over-wintering spores a medium on which to grow and 
produce the summer spores that spread the infectionamong the growing 
plants. Artificial innoculation with cultures of the smut fungus has not 
given satisfactory results. There are several pl~ysiological forms of smut. 
Resistance to all of these is difficult to srcure. 
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Kyle (1929) in Technical Bulletin 120 of the United States Depart- 
meut of Agriculture has shown a direct association between husk pro- 
tection and freedom from s~niit  infection on the ear. The nlost serious 
damage, however, is on the plant. 

Long tight husks also help to reduce the injury from corn ear wonns. 
O n  the other hand, husks that are too long and tight interfere with the 
extrusiou of silks and may reduce the set of seed, especially in the in- 
breds themselves. 

Many organisms are involved in the production of rots on the ears, 
stalks, and roots of corn. Excellent descriptions and discussions of con- 
trol measures are given by Koehler and Halbert (1930) in Illinois Agri- 
cultural Experiment Station bulletin 354. Many of these diseases are 
carried in the soil. This indicates the desirability of growing inbred 
strains and testing them in fields that are known to carry these diseases. 
Holbert and others (1924) in Illinois Agricultural Experinlent Station 
bulletin 255 give directions for  artificial inoculation. 

Time of Ripening 

Early maturity is an iniportant character in sweet corn grown for the 
market as well as the horne garden. The time of silking is a fairly re- 
liable indication of the relative time of ripening. I t  is a character that is 
easily seen. Selection for early maturity during the inbreeding process 
is effective in establishing quick ripening strains. T o  a certain extent 
maturity is delayed by the weakened condition brought about by inbreed- 
ing but is restored by crossing. One of the most noticeable manifestations 
of hybrid vigor is rapid growth and early maturity. In  general the crosses 
will ripen sooner thau the inbred parents but the earliest parental strains 
n.ill tend to produce the earliest crosses. 

Quick maturation is usually associated with a short stalk and the 
placement of the ear lo~v  down on the stalk. There is necessarily a 
sacrifice in size of ear when selecting for earliness. This can he overcome 
to a'certain extent by an increase in number of tillers. There is a positive 
correlation between number of tillers per plant and the weight of ears 
in early corn. I t  has been shown that the leaves on the tillers help to 
nourish the ears on the main stalk. If the tillers are removed there is 
usually a reduction in yield. This may not always be true. A sudden 
dry spell sometimes reduces the yield of plants that have a large amount 
of foliage but, in general, tillers are a distinct advantage to the corn plant 
and especially to early corn. All varieties of sweet corn tiller somewl~at 
and the early varieties regularly do. I t  is the only way that they can 
produce a sufficient area of foliage to produce a well-filled ear. Later 
varieties have a large enough leaf expanse on one stalk to give a satis- 
factory ear but in some cases even late varieties may be benefitted by 
tillers. Corn breeders have been slow to recognize the value and im- 
portance of tillers. This is due in part to the rnistake of callinp then1 
"suckers". Under some conditions the tillers may form small ears them; 
selves of no value. This is usually an indication of good growth and 
such extra production usually does not reduce the yield of good ears on 
the main stalk. Such production is a waste of effort in sweet corn and 
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should be directed to tlie main stall< by selecting those types that produce 
few or no ears on the side branches under all conditions. In  early corn 
it is also important that the entire energies of tlie plant should be con- 
centrated on one ear. The production of more than one ear per stalk 
should be selected against. The  number and size of the ears can be 
regulated somewhat by the distance of planting. 

Quality 

Quality in sweet corn is difficult to measure accurately. .\mong the 
things that are in\~olved in good quality are tenderness, sweetness and 
flavor. Tenderness is principally concerned with tlie pericarp or outer 
htill. This is a protective coating. If it is too thin or brittle it cracks 
allowing molds to enter atid reducing the vitality of the seed. On  tlie 
other hand, in some varieties the pericarp is so tough as to be decidedly 
objectionable. In other kinds of corn the pericarp is noticeably tougher 
than in sweet corn, and for that reason it is difficult to cross smeet corn 
with other types of corn and reestablish a desirable sweet corn kernel 
from such a.hixture. 

The  tou~hness  of the nericarn can be measured xvitli a uu~icture-testing u - 
machine. Tliis is best done xvitli the mature seeds since the condition of 
the pericarp .varies rapidl!~ with tlie maturity of the individual kernel. 
The  mature seeds after soaking in water can be measured and tlie relative 
pressure necessary to puncture the pericarp gives some indication of the 
tenderness in tlie eating stage. 

Tenderness doubtless involves other cliaracters inside the kernel such 
as the thickness and nature of the cell walls, as well as the type and vary- 
ing amounts of starches, celluloses and sugars in the endosperm. 

AH varieties of sweet corn show varying amount of opaqueness in the 
kernels. This opaque condition, spoken of as pseudo-starchiness, has been 
described and its i~iheritance studied by the senior \vi-iter (Genetics 
1919. 4364-393). It is comrnoiily believed that this opaqueness in sweet 
corn has come from crossing with field corn. Tliis may or  may not be the 
case, usually not. All field corn has this material in tlie kernels, covered 
over by the urell-filled starch grains. The  main difierence hetween field 
corn and smeet corn is the sugary gene that does not allolv the starch 
grains to be normally filled. Instead, they are small, angular in shape, 
closely packed together, and cemented with amorphous material, mostly 
sugars of various kinds. This failure of the starch grains to develop 
normally causes the kernels to shrink on drying, giving the characteris- 
tically wrinkled appearance of the sweet corn kernel. By selecting the 
smoothest and most opaque kernels in a variable variety of s1veet corn, a 
perfectly sinootli and opaque type of  kernel can be established that on 
external examination appears to be much like flint or dent corn. An 
examination of the starch grains shows that this condition is far from 
being true starchy, and when such a type is crossed with true field corn, 
wrinkled, translucent kernels appear in the second generation as if a pure 
sweet corn had heen used. 

Chemically these pseudo-starchy seeds are much like true starchy seeds 
in having a low percentage of soluble carholiydrates~ sugar of  various 
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types, and a high percentage of insoluble carbohydrates. In  the structure 
of the starch grains and in breeding behavior they are true sweet corn. 

In  general a large amount of this opaque material is associated nifli 
poor quality. I t  is nearly always present in early corn, apparently giving 
the seed a greater ability to germinate and grow under the adverse condi- 
tions of early spring planting. I t  is also more prevalent in sweet corn 
grown in hot dry regions, than under cool and moist conditions. A certain 
amount of this type of starch is desirable in canning corn to give it the 
right consistency. Too much is highly lttidesirahle, and should be guarded 
against. >[any varieties of corn that arc considered to have good quality, 
such as Golden Bantam and Black Mexican, show considerable amounts 
of this opaque starch so that it is not always an indication of poor quality. 
This conlplex material needs more study to deter~nitie its proper place in 
the nutrition of the plant and its elTcct on the product as used. 

Flcr-EE 111. \\'hen all oi the plants ripen at one time they are more 
suhject to iaoorahle or eniavoral,le grow in^ conditions. 

Adaptability of Firs t  Generation Hybrids 

The more general use of first generation hybrids of inbred strains is 
showing quite clearly the difference in adaptability between these crosses 
and open-pollinated varieties. Especially is this true for  crosses ot two 
inbreds. Varietal corn is so genetically variable in all characters that 
some plants calr survive and even do well where others are severely liandi- 
capped. The poor development of some of the platits is not so noticeable 
where man!, do fairly well and a few give exceptionally good results. I t  
is a poor field of corn indeed that does not produce a few good ears. 
Where the plants are all genetically alike they may all be very good, 
medium, or  very poor, and heing all alike are more conspicuous whatever 
they are. Corn heing a plant of strictly determinate growth, budding, 
flowering and ripening at one time, it is easily affected .by adverse growing 



conditions, and is especially dependent upon an adequate supply of moisture 
in the soil and in the air. Under conditions of high temperature and low 
humidity corn will sometimes not set a single seed even though abundant 
water is supplied to the roots hy irrigation. High humidity in the air will 
sometimes delay serious injury from lack of moisture in the soil hut can 
not prevent such injury. It is becoming increasingly apparent that crosses 
 nus st be tested for as rnany different soils and seasons as possible, and 
planted at different times to determine their useiulness. .I\ single cross of 
two inbred strains can not be expected to have tlie wide adapmhility o i  
naturally pollinated varieties or crosses having Inore germir~al diversity. 

Utilization of Inbred Strains 

Single Crosses 

The first generation o i  a cross of two uniform inhred strains is called 
a single cross. The immediate offspring of such a com1)ination are as 
uniform as the two parents and in most cases are exceedingly vigorous and 
productive. The uniformit  shoan in tlie accompa~iying illustratio~ls ex- 
tends to all parts of the plant and is most noticeable at tlie time oi tasselilig 
and ripening. The similarity in size an11 shape of ear and in kernel char- 
acters is a valuable characteristic in sweet corn both for canning and for 
the market. The color oi the kernels may be rariahle depe~iding upon the 
genetic difference betweeti tlie two parental strains. The seeds borne on 
a hybrid plant are in reality the second generation. If a \\-hite-sceded strain 
is crossed with a yello\v. the kernels immediately resulting from tlie cross- 
pollination are all a uniform yellour but the crop grown from that seed will 
he mixed yello\v and white. Sitnilarly. i f  a light yellow is crossed with a 
(lal-li yelloxv strain. the seeds on the F, plants tilay shorv considerable varia- 
tion. This variation tnay result if the parents are exactly alike in shade 
of color. A plant having the composition A C r i when crossed xith an 
A C R I individual will show no aleurone color in either parrnt or in the 
crossed seeds. hut in the F, seeds produced by F, plants tlie seeds will be 
colored and.uncolored in the ratio of 3 to 13. Shades of color and dif- 
ierences in texture of endosperm, which inay not he so coospicuous, are 
inherited in the same way and may produce considerable variation in kernel 
characters. In  size and shape of ear and kernel remarl-able unifortnity is 
obtained provided tlie parental strains lia\.e been reduccd to some drpree of 
ho~no'ygosity. 

Because the parental strainsare so reduced in size, rigor and p~r)ducti\-e- 
ness,, single crossed seed is difficult to produce and ~vill always be ex- 
penslve. Very few uniform strains of corn have been produced that a r r  
more tlia~i half as productive as the original variety. The seeds are sinall 
and oiten irregular in outline. Inbred plants are much reduced in pollen 
production so that seed produced b:~ inbrcrls it1 a crossing fie111 is oiten less 
than in a field by itself. The plants mature slo\vly ancl tlie seed is difficult 
to ripen and cure in such a n a y  that good germination is secured. Even 
under tlie best of cotiditions tlie F, seedlings are handicapped by starting 
from a small seed and being poorly ~iourishetl in early stages of growth. 



This handicap they usually more than overcome before the end of the 
growing period. I11 sweet corn the crop is harvested before the end of the 
season and this initial handicap may not Ire completely overcome especially 
in early maturing corn. 

I t  has heel1 shown that the size of tlie embryo is important in the early 
growth of corn. Selection of a large embryo may be worth \vliile. In 
general reciprocal crosses even between widely different inbred strains are 
closely alike at the end of tlie growing season provided tlie plants have a full 
time to mature. In  plants that are harvested prematurely there may be 
at1 important difference in reciprocal crosses that should be taken into 
consideration. 

There arc \vays of overcoming some of these objections to single crosses. 
First, it is important to secure the best inbred strains 0btain:iblc. I t  is 
tlteoretically possihle to have hornozygous plants more vigoroils and pro- 
ductive that1 the variable variety from which they come. No matter how 
desirahle these plants iilay Ibe themselves. there is always the probability 

F I G ~ R F .  112. Utl i f~r rn i ty  in all characters is the outstanding feature 
of a single cror. 

that they can be iniproved by crossing. Strains approaching this ideal 
arc lbeing obtained by tlie extensive inbreeding now being carried out. 

Greater vigor in tlie parental strains can be obtained by i~ibreeding 
less intensively, that is. some form of sib mating instead of self-fertiliza- 
tion or  by stopping the inhreeding before the plants are completely reduced. 
Many different sub-strains in tlie same line all descending iroln one plant 
may be inbred until all wealinesser and al~nor~iialities are eliminated and 
then combined into onc strain. By making tlie separation in the first. 
second or third generation. various degrees of uniformity and vigor can 
be had. In  every case vigor and prodncti\~eness in the inbred strains will 
be had at the Pxpense of unifor~nity and fixity of type in tlie inbreds 
themselrcs and the crosses made fro111 them. However, if enough of 
tlie right characters are fixed in the inbreds, desirable results can be 
ohtained it1 tlie liybrids. 



Double Crosses 

r\ ready liieans of overcoming some of the objections to single crosses 
is at hand in tlie use of double crosses. ;\ double cross is tlie lirst genera- 
tion conibination of t\vo single crosses. In this way four inhred strains 
are hror~glit together hy three crossings in two years as follows: 

Inbred strains 4 R C D 

Single crosses 

Double cross 

\ / \ / 
-4 X I3 C X D  
-1 

(XXB)  X (CXD) 

.k double cross produced in this way. 11y one hyhrirl det;~sarle~l and cross- 
pollinated by another, is usually no less prorlucti\.e than either parent, and 
may be considerahly more. :\I1 of tlie gametes prrr(1nced hy the hyl~rirl 
parents are different so that every plant of tlie dool>lr cross is germinally 
(lissimilar from every other plant. If tlie four inhred stl-ains are such that 
they give good results it1 all single conihinations then every plant will 
usually be vigorous and productive. 

2\11 four inhrerls may come from tlie same variety or  from different 
~arieties.  T'he best results are usually ohtained ~vhen the two strains that 
form the seed parent single cross are from the same variety and are the 
same in type while both strains used for tlie pollen parent are from another 
variety of different type. In a cross of this kind the maximum hybrid 
vigor nlay Ile expected together with enough unifortiiity for all practical 
purposes in field corn. In a modification of this method one inhred is used 
for a pollen parent. Such a co~nl>ination l ~ a s  heen called a "tl~ree-way 
cross." The result is usually greater uniformity. The difliculty lies in 
finding an inbred strain sufficielitly vigoro~~s and <lrpendahle to use as a 
pollen parent with the large cross-hred seed-parental plants. 

Both double crosses and tliree-way crosses have heen used witli field 
corn successfully hut have not been used estensiveely witli sweet corn. The 
principal advantage is in tlie quality of seed. Produce<l on vigorous 17, 
plants the seed is unifnrni, well matured. and attractive in al~pearance. 
With this seed a good stand of plants call be obtained under field condi- 
tions. The difficulty conies in maintaining three or four stock s t r  C I I ~ S  ' trne 
to type and making tlie preliminary crosses. Other ~netliods give almost 
equally good results and are easier to apply. 

Multiple Crosses 

l'lieoretically the second generation of a cross of two inbreds prorluces 
the same kind o i  gametes and in the same proportion as the first genera- 
tion i f  all plants have tlie same number of germ cells and enough plants 
are used to secure a rand0111 sanlple. For tliis reason, tlie cross of F2 Y 

F? \\:auld be expected to give about the same result as F, x F,. The above 
conditions are never entirely fulfilled but in actual practice tlie results are 
very nearly the same. Successive generations from a single cross repro- 
duced hy natural inter-pollination hare heen crossed witli similar genera- 
tions from another cross and compare(1 witli the original double cross. 



The  yield and appearance h:ls 11ern closrly  like. The plants that produce 
the seed and the pollen are not so ttniiorm. This is an advantage in 

~- -~ .* 

1:rr.o~~ 113. Illostrating hy actual field re.;ults the bringing- tog-ether of four 
inhrerl rtrains hy three crossings to prodacr a d<r!l,le cross. 

spreading the pollinating period anrl avoiding solne o i  the risk of adverse 
growing contlitions and faulty timing- of tassels \\.it!> silks. 011 the other 



hand, the seed is val-ial~lr i l l  size ;ind slial~e and tlie yirld o f  seed is 
reduced. 

T h e  results with this rnetliod sit#gested the conil~inatinn of a nti~llber of 
inbred strains out o f  one variety lo be used a s  ;I culnposite prollagated by 
natural inter-pnllinatiiin in tlie usu;~l n a y .  Such a compositt. a s  a seed 

'- 

parent can I)? cr<>ssed with one inl~red a s  a pollen 1,srent o r  another cool- 
posite t o  produce a first geiier;~tion l ~ y l ~ r i d  callrd ;I multiple crclss. 'l'l~is is 
being clone in Burr-Leanling ailcl Canxla-l .cawing. twil fiel(l col-11 liybrids 
well adapte<l to Sc\v Englan(l fol- tlie prr,ductin~i <ti grain. and ii~silnge. 
In  tlic fornier se\.eral inbred strains of Burr \\'bite, n smooth-seetled, slrn- 

FIGI.KR 114. Sl~anich Gold is IIIC res~111 oi hril l~ii lg lopethrr in a new 
variet? several self-sterilized strait>* ci sn.crt cilrtl. 

>' , 
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der-rared n.Iiit? (lent corn n.t,re coml,ine(l into what niay 13; callc<l a syn- 
thetic xvariet!-. 'l'hi.; sto-I< i s  used as  the seed parent. Similarly a n~nnher  
of strains of Leaniing were conil~inerl to iornl a pollen Ixirent stocli. The 
two original rarietirs al-e <liffei-ent in type and intlivirlqal strains gave goorl 
results when crnsse(l sincly. . dnulrle cross ~viis theiiinade, u s i i i ~  two in- 
breds from each variety. 1.ate1- thr ~nu l t i l~ l r  cross n - : ~  founrl to give aa 
~ o o d  yirlds. t o  l)r ahout the sanie in uniformity and was milch easier to 
produce. TVitli this niethotl only two seed stocks ha\.e to 11e maintained. 

Canada-Learning is a si~nil ;~r 1iyl)rid using tlie sanie llultiplc Learning 
stock for the pollen parent \\-it11 a seed stocl; made 1111 of a ~iuinber of 
inhreds of cixht-rowed Canada Yellon. Flint. There is a wirle difference 



in the time of flowering so that the flint stvcl< has to be planted about two 
weeks later to insure proper pollination. This rrnss is exceedingly \'I: ,I or- 
ous and productive giving larger yields than mn-t varieties in the same 
season of ripening. 

The composite of inbreds itself is uniform and l)r~xluctive and in some 
cases may be a marked improvement over thr rrriginal variety. Where 
certain desirable characters can be estal)lishr(l in this \Yay, such a syn- 
thetic variety may have value without crossing. Spanish Cold is such a 
variety made up of a number of inbred strains selectcd for early maturity. 
The original material came from an early yrllow flint corn froln Spain 
crossed with sex.eral local sweet varieties. some having yellow seeds, some 
white and some purple. Hy self-pollination yellow-seeded sweet strains 
ripening early were established in a f e n  years and when cornhined these 
strains produced a vigorous variety, outstanding in its season. The develop- 
ment and description of Spanish Gol(1 sweet corn are given in circular 75. 

Top Crosses 

In  1917 a series of single crosses between inhred strains of field corn 
was tested for yield of grain. \\'ith these were grown a numl~er of  first 
generation hybrids ~iiade by pollinating a variety 3s a seed parent with one 
inbred strain as a pollen parent. The varieties used were local flint and 
dent types that were well adapted to this region and had been proved to be 
high yielding. The inbred was one of tlie original Leatning strains, No. 
1 - 6. (243), desrribetl in bulleti11 207. The 1-arirty from \vhicIi this inbred 
was derived came from Illinois. 

In  this series of about 60  crosses in all. 10 yielded more than 100 hushels 
of dry shelled grain per acre. Of these, eight \\-ere crosses o i  a variety by 
an inbred. The highest yielding combination was Canada Yellow Flint by 
Inbred Leaming S o .  1 - 6. This corn was well matured. uniform in its 
intermediate flint-dent type and similar to the Canada-Learning previously 
described. The  original Leaming variety crossed by inbred No. 1 - 6 out 
of this variety produced 103 bushels per acre and conq)ared favorably 
with many of tlie single crosses. 

The cross of a variety by an inhred is generally called a Top Cross, a 
term borrowed from animal breeding practice where a pure-bred sire is 
used with grade dams. Dr. E. I$'. Lindstrom at the Iowa Experiment 
Station has called attention to the \-alual)lc results obtained with top 
crosses in corn. This method has many outst;~ntling allvantages and has 
not been used to the extent that it deservrs. 

The seed parent stock is easily maintainrd. :I good yield of seed from 
a crossing field is ohtained with well-filled kernels of  tlie same size and 
condition as the varietal seed. Such seed can be planted by drills com- 
monly in use without any change in a(ljustment. Of more importance 
is the adaptability to different soils and varying seasons. Top crosses are 
sufficiently variable to make this adjust~ne~i t  at  the same time they are 
tioticeahly tilore rlniiortii than tlie variety. In  making a top cross every- 
thing depends upon tlie inbred used fo r  the production of pollen. Some 
inbreds produce much greater uniformity in their cross-bred progeny 
than do others. This is desirable if it is expresserl in good plant and ear 



characters. disease resistance and goorl yield \\.itl~out sacrificing too muc11 
in adaptability. 

Frar!ne 115. Top Crrrsscd Spanisll (;~ld-thc rcmlt  oi pollinating 
a variety lhy at, inbred. 

Many inbreds can i ~ e  tested at one time I,! rerersing the cross. u s i ~ ~ g  tile 
inbreds as the seed pal-ent a ~ i d  the variety as a pollitlator. IYhile these 
crosses will be slightly 1~11di~i1l)l)ed I)!. tlleir pool- t a r t  iron1 inhrerl secrl 



the most promising con~hinations should he easily noted and repeater1 
tests, from crosses made in the way seed is to 1)e produccd. will finally 
determine the best comhination. 

Top crosses have not been used with sweet corn estensivel!- enougl~ to 
determine iully their nsefulness. I t  was assumed at the start that the 
greater oniformity of otller methorls o i  combining inbred strains woold 
justify the greater cost of pro(lucing seed and this may well l ~ e  true. 
I n  the present stage o i  development, liowcver, top crossing can be used ti) 
advantage n.it11 sweet corn. Crosses well arlaptecl to local conrliti(~ns 
can be developed rluickly 1)y using the varictics that are kno\vn to (lo ivell 
in that locality. By crossing a few goorl i11l)red strains, alrc;~dy available. 
\\,it11 a number of varieties results can he ohtainctl more ~luickly t l~an  hy 
the slo~v process of producing and testing a lal-gc number o f  inl,rc(l strains 
to grt  the con11,inations with the right quality, size anrl shape of ear, time 
of ripening, resistar~cc to disease and all o i  the many details necessary to 
malie a profitable s\veet corn. Inhrc(l strains of extra early varieties are 
so small and unproductive that it is questi(~nahle i f  they can ever hr used 
in single crosses for ;ee(l production. To11 crossi~lg an inlxed of ;l slightly 
later s ? a o n  on to an cxtra early variety has given promising results. 

i\ variet!- used fo r  top crossing can be morc closely selected to typv than 
\ I - I I ~ I I  ~lserl fo r  pro(luction. The  loss in yielcl from such close selectiun is 
not serilous in a seed lield and the resr~lting g:lin in uniformity and in- 
creased l~roduction from the crossetl plants may be wrll wort11 whilr. 
For  this pnrpose it rllight Ire well to use the progeny of a single plant 
propagated lry natural pollination. Some strains of sweet coru used for 
canl~ing havc c o l ~ ~ e  from single pl:unts trsted in ear-row plots. Such 
strains should g ive  good results \r,l~en colnlrined with an inl,re(l o i  the 
rigl~t type. 

Inl~reds to he used for top crossing sl~oulrl n~;rlie a goocl stall; growth 
and produce an a(1eqrlatc supply of pollen. Since they have to coml,cte 
with more \rigornun plants it is \%-ell to plat~t tlieni earliel-. 

Crosses of Different Types  Compared wi th  Crosses within Varieties 

Top crosses that are nnrr being usen represent cnm1,inations of (;ol<len 
nantam. Sunshinr. \\.hippie and Spanish Gold with inhr?(ls out of clif- 
ierent varieties. I1 is generally true that the hcst results are o1)tainerl 
\vhen varieties of  difirrent type arc brought together. This is the casr 
\vl~atever metho~l of  crossing is used. 

Rlany varietal crosses have heen testerl. btlt appreciable increases it1 

yicl(l are usually olrtained only when distinctly dissimilar kinds of corn are 
I~rought together, such as flint and (lent, early eight-rowed stveet corn with 
a late many-rowed s w e t  corn, long-e;~red pointed pop corn with a short- 
eared rounrl-seeded pop corn. Chinese varietie.- of corn crosserl with locnl 
types have given somr remarkable increases in yielrl. T h e  same principal 
applies when inhrerl strains are used whether they are i ~ s r d  in single. 
clouhle, multiple or top crosses. 

Before the varieties to be inhred are electerl they shoold he tested in 
varietal crosses to give some idea of tlie general reaction het\?een the n1:1- 



terials to be used. I f  a varietal cross is vigorous and productive and pro- 
duces the type of ear desired at the right time, then inbred strains can 
be produced from those varieties with the expectation that good results 
can be obtained. This does not mean that desirable inbreds can not be 
iou~ld in varieties that do not combine well. Sometimes they are. 

Ability of Crosses to Repeat Their Performance 

The outstanding advantage of  crosses in ~\~Iiich inbred strains are used 
is their ability to give good results year after year. Inbreeding gives to 
corn a fixity and stability of type that can not be obtained in any other 
way. Varieties of corn may give good results for a period of  years and 
then change in some unaccountable may so that they are less productive 
or less well suited for the purpose desired. Change in quality, size or  
shape of ear, time of ripening or resistance to disease may greatly reduce 
the value of an open-pollinated variety. With crosses tlie results once 
obtained can be repeated if tlie soil and seasonal conrlitions are the same 
provider1 the inbred stocks are maintained true to type and kept free from 
mixing with other kinds of corn. In  some wags inbred strains are more 
easily kept true to type than varieties because out-crossing is itll~nediately 
apparent in the next generation. If proper precautions are taken inbred 
strains can be kept true to type and will give the same genetic constitution 
every time they are crossed in the right combination. Evcrytliing depends 
upon the proper maintenance of these stock strains, the care with which 
they are handled and the thoroughness of detasseling. Failure to carry 
out the necessary steps may not be apparent in the seed. Until growers 
realize that everything depends upon the skill and reliability o f  tlie seed 
prodncer, some poorly produced seed will undoubtedly be planted to the 
discredit of crossed corn in general. 

When sweet corn growers see the crop that can be grown fro111 crossed 
seed of the right kind adapted to the conditions in which it is grown, thev 
are not going to be satisfied with the variable varieties they have raised 
in the past. 




