
THE CONNECTICUT 

AGRICULTURAL EXPERIMENT 

STATION 


NEW HAVEN. CONN. 

BULLETIN 188, SEPTEMBER, 19 1 5 

FURTHER EXPERIMENTS ON 

INHERITANCE IN MAIZE 


d-

H. K. HAYES and E. M. EAST. 



I 

i 
! 

CONNECTICL I 


ACRlCULTURAL EXPERIMENT STATION. 

OFFICERS AND STAFF. 

T!OARD OF C O S T R O L  

His  Excellency, Marcus H. Holcoml), e x - o f i c i o ,  P r e s i d r t r t .  


I'rof. H. \V. Conn, V i c e  P r e s i d r t r t  . . . . . . . . . . . . . . . . . . . . . .  .Middletown 

George t\. Hopson. S e c r r t n r y  . . . . . . . . . . . . . . . . . . . . . . . . . . . \\'allingiord 

E. FI. Jenkins, D i r r c l o r  n ~ r dT r r o s r r r c r  . . . . . . . . . . . . . . . . . .Ne\\r Haven 
Joseph \V. Alsop . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . ..Avo11 
\Vilson H. Lee . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . .Orangc 
Frank H. Staclttnueller . . . . . . . .  . . . . . . . . . . . . . . . . . .Elm\vood 
James H. \Vehl) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Hamtlen 


.\cI~i~itiist~-alio:i 	 K. IT. JENKINS, PH.D., Dircctoi- nird Trrosrrrrr-. 

XIrss V. E. COLE, Libraiinrr arrd Stcirograplrcr. 
Jlrss L. 31. BRAUTLECHT, Boof ikrrpcr nird S:rrrogrnplrcr. 
\ \ ' ILLIA~I\'RITCH, I n  cliorgc of B!ri ldirigs ortd G'ro~rrids. 

Chcliiistry. 
Atialytical T.ahorn:ory. JOIIK PHILLIPS STREET, 3I.S.. Clreirti.st iir Clrnryc. 

E. JIONROE~ A ~ L E Y ,PH.D., C. C .  XIORISOX,R.S. 
C. F:. SHEPARD.G.  L. D.\\'Is. As.sistarlts. 
I Iuco LANCE.Loboratory I-lclf irr. 
1'. I.. SniitplirrgCHURCIIILL, A g o l t .  
Jrlss E, n. WIIITTI.ESEY, S ~ Z I I O ~ I . O ~ I I C I . .  

Protcirl Rcsearcli. 	 T. I%.OSBORNE,IJ~.D. ,  D.Sc.. Chciirisf iii C i r n r ~ r .  
3l1ss E. L. PERRY, hl.S., Assistn~rt. 

C.. 1'. CI.INTON, Sc.D.. 	Dotnnist. 
E. 31. B.S., Aotnirist.STODDARD, Assistnirf 
3Irss E. B. \\'HITTI.ESEY,Hcrbnrirriir :lssistorrl. 
G.  E. GR,\II.\M.Gcircrol Assistnilt. 

Itlrlomolngy. 	 \V. E. BRITTON,PH.D., Eirtorirologisf; Stotr  Eirfoiiroloyist. 
E. H. \\'.~LDEx. IJ.Aar., Fi rs t  As.si.rtai~t. 

\\'.\I.TER 0. PII.LF.Y, For rs tc r ;  O ~ S O  Stnte Forester 
o~rdSto t r  Forr.st F i r c  M'nr.dt,ir. 

r\. E. hross. 3I.F.. Assistnirt Stntc nird S tn f io~r  Forc.~tcr .  
hllss E. T.. .\YERY,Stcirogrnplrer. 

Plant Rreerlilig. 	 DOS.\LDF. JOSES. C.S.. I ' ln i i t  Rrccdrr .  
C. 13. HUBBEI.~.,.4+.~i.~t0trt. 

Ycartable Groa.in~. 	 IIo\\..\RD T.'. TIURER,R.S. 

I 

i 



F U R T H E R  ESPl.7KI;\IENTS ON I N H E R I T A N C E  I S  

MAIZE. 


This paper is a report on tlie inheritance of certain tlifier- 
cnces in tlie entlosl~enii of various niaize races that have bec:~ 
matle the hasis of a division into the subspecies w e r t o ,  induratn.  

i ) ldrntntn ant1 nnlylncca. T o  these investigations, a genetic 
study of the shape of seetl ~rliicli characterizes tlie socalled 
rice pop corns is added. 

T h e  ~vr i ters  take pleasure in ackno\rledging the efficie~it 
:tit1 of J I r .  A. F .  Scliultze. assistant botanist a t  tlie C ~ ~ l n e c t i c u t  
~gr icul tu ;a l  College, ant1 Air. C. D. Hubbell, assistant a t  tlie 
Connecticut Agricultural Experiment Station. in tlie consitler- 
able amount of field work involvetl. 

,I.he parental races used in tlie crosses were self-fertilizecl 
for  several years before any hybritls were made, and a re  be-
lievetl to have I~eeii Iiomozygous for  the characters studied. 
Tlie material from which these races originated was describc(1 
in a previous publication (See East  ant1 Hayes. l!)Ll), but 
the folloiving additional points regartling it should he noted. 

1 .  	 Zen ~r toys  cz~cr to.  Tlie pop corns. 

No. 64. IVliite rice pop. J 


This ~ r l i i t e  pop is one of the lilies \vhicli has been pro-
tlured froni No. 23, (Eas t  & Hayes, 1!)11). I t  breeds truv 
to the "rice" type of seed,-s1iarl)ly pointed where the style $ 

* Mr. Hayes resignetl January 1. 1914. to take charge of plant 
1)rccding work in the Experiment Station and College of Agriculture of 
the Uni\.ersity of Minnesota. The  experimental work here reported was 
carried on at the Connecticut Station as  an .4danis Puntl Project. T h e  
Minnesota Experiment Station and the Gussey Institution of Harvard.  
slioultl I)e gi\.en credit for time spent in the preparation of this paper for 
pul)lication. 
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(silk) was attached,-although there is some variation in ilie 
degree to which this character is expressed. The seeds con-
tain only very small amounts of soft starch. 

No. 65. A white, flint-like pop. 
This is a strain produced from No. 26, of our previous 

publication. I ts  seeds resemble those of a typical flint variety 
in shape, and contain only very small amounts of soft starcn. 

2. 	 Zea, ma,ys indzlrafa. T h e  flint corns. 

No. 5. Watson's ~vliite flint. 


This variety is a true white flint which developes a red 
pericarp in full sunlight. The  depth of tint which developes 
naturally is therefore inversely proportional to the tliiclcness of 
the husk. T h e  seeds contain a larger proportion of corneous 
starch than many races of flint corn, though less than that shown 
by the two pop varieties just described. As  in all flints, liow- 
ever, there is a sinall zone of soft starch in the center of the seed. 

3. 	 Zen mays inde~ztata. The  dent corns. 

No. 6. Leaming dent. 


This is a vigorous strain of a famous yellow dent. Like 
all varieties of its group, the soft starch extends over the whole 
summit of the seeds, yet the layer is thin enough to allow the 
race to be classified as  a smooth dent (i. e. not beaked). 

4. 	 Zea mays amylacea. The flour corns. 

No. 10. White flour. 


This is a floury race with seeds resembling the average S 
rowed flint in shape. Though the seeds usually contain only 
floury starch, sometimes an almost imperceptible layer of corn-
eous starch developes in the exterior of the endosperm. I t  
seems lilcely that this variation is an effect of external condi- .' 

tions rather than of gametic impurity. 
The  plantings have always been made from the original 

seed envelope, and pains have been talcen to prevent the mis- 
placement of seeds. 

The different families were marlced in the field by heavy 
stalces to which wired tree labels were attached, but to prevent 
error through their misplacement a planting plan was made each 
year showing the exact location and the number of hills of each 
strain. 
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Classification of seeds was made only from hand pollinated 
ears, although the remaining ears of a selection were always 
examined, and in the case of those seed characters not immediate- 
ly affected by pollination, were used in determining the range -
of variation. 

The  various races were given different, numbers as No. 10 
flour corn and No. 5 flint corn. A cross between 10 and 5 was 
then written as  10  x 5 the female parent appearing first. Differ-
ent self-pollinated ears obtained fro111 growing the cross between 
(10 x 5 )  were labeled (10 x 5)-1, (10 x 5)-2, etc. Later genera- 
tions were labeled as  (10 x 5)-1-2, (10 x 5)-1-3, (10 s5)-2-4, etc. 
If  the F, generation was pollinated with pollen from the flint 
parent, this ear received the label (10 x 5)-1 x (5-2)-8-3, as the 
case might be. .This back cross was planted the following year 
as  (10 x 5 x 5 ) .  Thus we had complete records of the parents 

' '  and ancestry of our various lines. 
The  field technique has been described in previous publica- 

tions. 
For  convenience the various crosses will be considered under 

special headings. 

A cross between the floury race No. 10 and flint race No. 5 
was made in 1910, the resulting seeds resembling the female 
parent. As indicated above, the characteristic difference between 
these races is the amount of soft starch in the seeds. The  flint 
race produces a small quantity of soft starch in the center of the 
seed, surrounded by a large layer of corneous starch, while,the 
flour race produces only an occasional trace of coineous starch 
around the exterior of the endosperm. No immediate effedt of 
pollination through double fertilization was expected, as  both 
our own earlier results and those of other investigators (Correns 
and Lock) were thought to imply that these differences in the 
starchy character of the endosperm behaved in heredity as  if 
they pertained to the plant rather than to the endosperm. O n  
growing this cross, in 1910, however, we were much surprised 
to find a clear segregation of seeds on each ear. This fact 
showed that the physical condition of the starch in these races 
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was not a maternal character, since in that case we should l ia\~e 
expected a uniform population of seeds on tlie F, ears. resembling 
either the niale or  female parents or  intermediate I~etween them. 

A classification of the seeds from the ears of the F, gen-
eration plants, is given in Table 1. Only two classes could I)e 
made:  corneous seeds lilie the flint parent, and,floury seeds re- 
sembling the floury parent. There was no c l i ~ c u l t y  in dividing 
tlie seeds into these two classes. Of tlie thirteen ears shown 
in Table 1 ,  some contained a greater 1>ro~orti011 of flint or  of 
floury seeds than others, but all gave close approxiniations to  a 
1 to  1 ratio. This  being a novel F, ratio, further experiments 
were made to find a genetic interpretation of it. 

TABLE 1. 

SELF-POLLIS.\TEI) T I I E  F,C ; E I \ . E R \ T I ~ X  OF .\ CROSSE.\HsFRO.\[ 

BE.TWEEKSo. 10 FLOUR 	 I;LIS,T.. \ X D  No. 3 CORNEOUS 

~ -

Ear  Su~ i ibe r  1 Cornenus Seeds Floury Seetls 
~ ~ ~.,. 	 -- - - -

( I 0  	x 5)-1 i 143 186 
" -3 20s 14? 
" -4 169 161<' - !-.> I56 	 169 
" -6 181 	 1M 
i' r 

- 1  1 159 	 172 
" -8 175 	 203 
" -9 3 6s 	 165 
" -10 I 213 	 213 
' -11 209 	 20.5 . . 
" -12 I 235 	 237 
" -12 Inn 	 I97 
" -14 252 	 2.3 

Total 
- -.

-1-

.-

- 2493 , 2439 
~ 	 - -~ -~ 1 - - -~. -- -- -

The  floury seeds of ( I 0  x .i)-?antl (30  s 5 ) - S  were labeletl 
( 10 s .:)-7S antl ( I0  x S ) - S S  to distinguish them fro111 the cor-
neous (flint-like) seeds of tlie same ears. which were labeletl 
(10 x 5)-PC and (10 s 5)-SC respectively. The  data from sev-

'The  word hybrid in these discussions is w e d  in a peculiar sense to 
avoid longer tlescriptions. It means a col) bearing a population o f  seeds 
Iwlonging to Inore than one phenotype. 



era1 self-fertilized ears obtained by growing the floury seeds 
are given in Table 2. Of a total of 11 hand-pollinated ears, S 
were hyl~rid', and gave 1 to 1 ratios with a total of 7'48 
corneous to 691 floury seeds. T h e  other 3 ears I~ red  true for 
the floury habit. 

Of  the open field o r  naturally pollinated ears, 28 were liy- 
brids and 23 pure floury. This gives a toial of 36 hybrids to 
26 pure floury, \vhich, considering the number grown. is a rea-
sonable approximation of a l to 1 ratio. 

TABLE 2. 

Ear  Sumher  Corneous Seeds I Floury Seeds 

(10 	x 5)-7 S-I 10s 

" -7 S-2 76 

' I  -7 s -4  162 

-7 s - 7  5s 

" -5 s-3 100 

" -s S-6 .i3 

'< -s S-7 91 

" -s S-8 100 


Pure  Floy'ry 

" 

---- 1 ----
Total in hyl~rid ears 748 I on1 

Table 3 gives the results of planting the corneous seeds of 
ears (10 x 5 ) - ;  ant1 (Ill x 5)-S. Of a total of !) self-fertilized 
ears, 3 proved to be hyl~rids ant1 -1 were pure corneous. T h e  
ratio of corneous to floury seeds in these .? liybricl ears w a s  
-164 corneous to 452 flour!^, a close approximation of 1 to 1. 
Of the open ficld ears :3S were corneous and 34 Iiybritls. Thus  
in this case the I~ybritl ancl the pure corneous ears are clearly 
in a I to 1 ratio. 

-

P. 
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TABLE 3. 

E a r  Number Corneous Seeds Floury Seeds 
- .- -- -- -. 

( l o  5)-7C-6 30 29 
-7C-9 73 101 

" -8C-3 97 81 
" -8C-8 191 211 
" -8C-10 73 60 

‘I - 7 ~ - 5  Pure  corneous 

" -7C-8 ' 

" -8C-5 


Total in hybrid ears I 464 482 

Table 4 gives the results of pb~~inat ing ears of the F, plants 
with pollen from the parental strains No. 10 flour, and No. 3 
flint, respectively. Only 1 ear was obtained from the back 
cross between (10 x 5)  and the No. 10 parent. This ear had 
156 corneous and 184 floury seeds. Three ears resulted from 
crossing plants of (10 x 5) with the flint, o r  No. 5 parent. These 
ears showed various ratios of corneous to floury seeds, but the 
tleviations from 1 :  1 ratios were not all in the same direction. 
Of the total number of seeds in the four ears, 544 were corneous 
and 543 floury. 

TABLE 4. 

E a r  Number Corneous Seeds I Floury Seeds 
.- --

I 
(10 x 5)-13 x (10-3)-14 156 184" 

' - 3 x ( 5-3)-1 102 79 
- 1X ( 5-3)-3 107 79 

" - 5 X ( -5-3) -7 179 201 

Total 544 543 
- - I .- --- - - 1 



- - - - 

Table 5 gives the results obtained from planting floury seeds 
of ears (10 x 5)-3 x (5-3)-7 and (10 x 5)-1  x (5-3)-3 of Table 
4. I t  was expected that such seeds would be I~ybritls bet~vecn 
the corlieous and floury types and should therefore give hybrid 
ratios when grown. The  table shows 10 self-pollinated ears which 
gave a ratio of 1014 corneous to 850 floury seeds. Seventy-
nine naturally pollinated ears were all hybrids sho~ving a definite 
segregation. The  corneous seeds of ears (10 x 5 ) - 3  s (5-3)-7 
ant1 (10 x 5 ) - l  x (5-3)-3 were also tested. A total of 13  self- 
fertilized and ST open field ears were pure corneous flints like 
the corneous flint parent, KO. 5. 

T A B L E  5 .  

Ear Number Corneous Seeds Floury Seeds 

(10 x 5 )  x 5-7% 102 

-5 125 


< -1 77 

-8 126 

-2 128 

-7 67 


( I 0  x 5 )  x 5-3% 93 

-8 74
,' -1 126 

-6 96 


Total 1014 
.. . --

Table 6 gives the results obtained frorn planting cornedus 
seeds of ears (10 x 5)-13 x (10-3)-14. As  these seeds wereras- 
sunled to be the result of a cross between corneous and floury 
types. it was to be expected that all resulting ears would sho\v 
segregation. Five self-fertilized ears evidently came from hybrid P-

seeds as they gave a total ratio of 653 corneous to  620 floury 
seeds. Of 57 open field ears, 56 came from hybrid seeds. One 
ear \vhich was somewhat immature probably was a pure soft 
floury ear. This result may he explained by assuming that one 
floury seed was planted by mistake. 
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Of the 7' self-fertilized ears obtained fro111 planting the floury 
seeds of the cross between ( l o x  3)-13 x (10-3)-14, all were 
pure floury. Of the open pollitiatecl ears, I1 were unquestion-
ably pure floury while 2 indicated segregation. These ears iiiay 
have come from corneous seeds planted by mistake, althougn 
it is possible that a few stalks were lnislabeletl a t  harvesting 
time, a s  the stalks bearing the open pollinated ears all were 
~hoclied on the same field. 

TABLE 6. 

Ear Xuml~er  ( Corneous Seeds Floury Seecls 
- . - .. -- ~ .. . - -

(10';~5)  s 10-3-14C-4 I 127 llG 
" -9 200 172 

-7 70 I 71 

' -6 94 
" -10 183 ' 1 167 

Total 

Table i ,  gives the results of planting seeds of 13ar No. 
(5-3)-20, pure corneous flint, which was pollinated 1vit11 pollen 
froni F1 generation cross (10 x 5) .  There was 110 inimediate 
effect of tlie pollen of ( I 0  x 3)-6 upon the pure flint ear (5-3)-20. 
Of 5 self-fertilized ears obtained from growing this cross, C 
sliowetl segregation, giving a total of 328 corneous to 508 Houry 
seeds, and 1was pure corneous. Of the open fieltl ears 24 were 
pure corneous and 34 showed segregation. Tliese results show 
that the pollen grains carry tlie factors for corneous ant1 flou& 
starch in the ratio of 1 to 1. 

Table 8 gives the results of planting seeds of ear (10-:))-13, 
~vhich \\?as pollinated \\lit11 pollen from an  F, ear (10 s 5)-14. 
There was no visible effect on the endosperm of (10-3)-13 due 
to crossing. Three of tlie self-fertilized ears ol~tained from this 
cross had a total of 397 corneous to 377 floury seeds; G self-
fertilized ears were lilie the floury parent. Of the open field 
ears, 32 were homozygous floury and 30 were 1iyl)ritls. 
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TABLE 7 

SELF-POLLIN.\TED F R O ~ I  CORKEOUSE.\Rs OBT.\INED PL.\NTING 

SEEDSOF E.\RNo. (5-3) -20  x (10 x 31-6. 

Ea r  Sumber  Corneous Seeds Floury Seeds 
-- - . ---

5 x ( I 0  x 5)-2 3 16 113 

-3 116 116 

-3 126 120 

-8 170 159 

-9 Pure  corneous 


Total it1 hyl~ritl ears I 528 I 50s 
. ....--..- - - --- ---- - - . -

TABLE 8 

-
Ear  Xumber 

- -  
I Corneous Seeds 

- - -

Floury 
- --- -- -- 

Seeds 
-- 

I 0  x (10 x 5) -6  
I' -

158 
84 

I56 
79 

-4 155 141 

' 

Pure  floury 
I 

-3 
-4 
-2 i 
-G 

---- .- - - ~ 

Total in hybrid ears 397 377 

'I'able I) gives the results of planting the corneous seeds of 
( l o  s 5)-8C-S ant1 ( L O  x 3)-SS-8. This  I;,generation \vas grown 
to determine \\rIiether a coilstant splitting into a 3 to 1 ratici. in  
the hyl~rid ears could l,e espected. l 'he results show 110 @eat 
tle\iations from this ratio. O n  !) selfed ears sho\ving segrega- 
tion there mere !)!I6 corneous ant1 954 floury seeds. 

The total progeny of (10 x 5)-SC-8 consisted of 12 Iiyl~ritl 
ears and 1.? corneous ears, while the progeny of (1 0 s 3 )-SS-SC 
inclutletl 17'  hybrid and 10 pure corneous ears. Considering 
the few intlivicluals gro\zrn the data corroborate those of the pre- 
\.ious generation. 

.-
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TABLE 9. 

.~-- ~ ~ - -
Ear  Kumber : Corneous Seeds I 

-
Floury Seeds 

(10 S i)-SC-SC-I I- ---;;; 116 
-3 116 133 
-2 Pure corneous I-5 ' -7 ' -8 


(10 s 5)-SS-SC-1 114 132 

-2 96 115 

-4 103 98 

-3 142 104 

-0 114 95 

-7 89 101 

-4 72 GO 

-3 pure  corneour 


-

Total in hybrid ears I 996 'r 954 
- ---. .- --. -- - - .. -- - - .- . --- - --. - - ---.-- -

Table 10 gives the results of planting floury seeds of ears 
(10 s 5)-8C-S and (10 s 5)-8S-S. In  8 self-pollinated ears there 
nrere a total of 966 corneous and 997 floury seeds. Among the 
~x-ogenyof (10 x S)-SC-SS ther: were 17 segregating ears and 1 G  
floury ears, ~vliile the progeny of (10 s 5)-8s-SS gave a total of 
12  segregating and 10 floury ears. The  data in these two tables 
slio~v that the progeny of an ear \vhich is a cross between floury 
and corneous may be expected to give a ratio in F, of 1 cor-
neous. 2 segregating to 1 floury ear. 

? 
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TABLE 10. 

SELF-POLLIN.\TEDEARSODT.\INED PL.\NTINGFROM FLOUR^ SEEDS 

OF (10 x 5)-SC-8 . ~ N D  (10 x 5 ) - 8 s - S .  
-- -. - .  -

Ear Xumber I Corneous Seeds Floury Seeds --I-

(10 x 5)-Sc-8s-1 112 1 132 
" -2 157 174 

-5 155 1 150 
-G 100 I 9s 
-7 150 I 150 

(10 :: :)-8s-5s-2 98 1 107 
-3 96 100 

' -4 98 I 86 
-1 pure ~ ~ o u f y  1 
-4 

( l o  x a)-sc-SS-s  " 

-3 I I 

Total in hybrid ears II 966 I 997 


T o  test the purity of apparently homozygous segregates the 
seeds of pure corneous ear (10 x 5 ) - S C - 6  were planted. A total 
of G3 ears were all pure for the corneous habit. Pure  floury 
ear (10 x 5)-8.5-2 gave a progeny of 78 ears. All were of a 
similar character and contained seeds which were nearly filled 
with soft starch. There were traces of corneous matter in some 
seeds, but under Connecticut conditions the floury parent also 
produces traces of corneous matter in a few seeds. 

In  general, no matter \vhich variety was used as  the female 
parent, there was no immediate, visible effect of the male paient 
in the endosperm of crosses between No. 5 flint and ~ d :10 
floury maize. The  F, generation plants produced ears in which 
there was a clear segregation of corneous and floury seeds in 
a 1 to 1 ratio. This ratio was' unaffected whether the F, ears 
were pollinated with pollen from either the pure flint or  the pure 
floury parent. T11e progeny of a cross between F, and the flint 
parent gave a ratio of 1 hybrid ear to  1 pure flint ear. Like-
wise the progeny of a cross between F, and the floury parent 
gave a ratio of 1 floury ear to 1 hybrid ear. Seve~ity-six 

4 



F, ears produced fro111 a self-fertilized F, ear of cross (10 x 5 ) .  
gave a ratio of 1 pure flint ear, 2 hybrid ears and 1 pure 
floury ear. The  flint and tlie floury ears bred true in later 
generations. 

A total of 69 self-fertilized ears showing segregation gave 
a ratio of 5,503 corneous seeds to 8.562 floury seeds. This is 
a ratio of I to .!I61 or approximately 1 to 1. 

The  abo1.e results prove tliat tlie visible endosperm character 
of a seed shows tlie potentiality of tlie female gamete which 
entered into that particular seed, and that tlie male gametes 
have no imiiietliate effect on the endosperm to determine whether 
they be corneous or floury. Data from later generations, IIO\Y-
e\:er, show that tlie pollen grains of plants from hybrid seeds 
transmit I)otli tlie corti,eous and the floury condition, approxi- 
mately 9 carrying a factor for corneous seeds and tlie other 
half a factor for floury seeds. 

Two hypotlieses will explain tlie facts: either there is no 
fusion between the female endosperm nucleus and tlie so-called 
second nlale nucleus of tlie pollen grain, in wliicli case tlie en- 
tlosperm de\~elopes ~vliolly from tlie endosperm nucleus of tlie 
e~iibryo sac and therefore exhibits the gametic character of the 
egg cell: or, there is dominance of the conditio~l of the niotlier. 
'4s ortlinarily two feniale polar nuclei unite ~vitli a single male 
nucleus to produce the endospcrni it ~iiiglit be expected that this 
tlouble dose of tlie fe~nale  character should predominate over a 
single dose of the male character, so tliat by inspection tlie seeds 
would be classetl as  of the ~iiother type. Correns (1901) used the 
second hypothesis to account for certain results in his study of 
tlie inheritance of color in the aleurone cells, where there ap- 
peared to be a cloniinance of the maternal condition. Xltliougli 
East ant1 Hayes (1011 ) wei-e able to show that Correns' assunip- 
tion was unnecessary in the case of aleurorie color, the aberrant 
ratios ohtained being due to the interaction of several factors, 2: 
it does appear to fit the facts in the crosses just described. 

A cross between a yellow corneous race and a white floury 
race would show tlie correct explanation of the results of the 
floury-flint cross, f& i f  in F, the ratio of yello~v to white \\?as 
3 to  1, ant1 of corneous to floury, I to 1, it woultl then be 



establisliecl that there was a fusion of tlie female polar nuclei 
with a male generative cell. Emerson suggested tliat the 
same test could be niade by pollinating ears which \\rere espect- 
ed to give a 1 to I ratio with I)ollen'frotn a yellow corneous flint. 
At the time this test was to be lnacle no seecls of tlie immediate 
cross betcveen tlie corneous and floury races were a\,ailable, but 
a nunil)er of seeds of hybrid ears (10 s 5)-SC-SS-G mere planteel 
and the resulting plants crossetl wit11 pollen fro111 a corneous 
yellorv flint knoi1.n to breed true. Four  ears were obtained of 
a cross I~etween (10 x 5)-8C-8s-GC (tlie corneous seecls) ant1 
the yellow flint. They proved to be yellow corneous flints. Of 
tlie naturally pollinated ears obtained fro111 (10 s 5)-SC-SS-GC. 
12 were pure corneous flints and IS  hybrids. Five ears of 
(10 s 5)-SC-SS-6s (the floury seeds) were also pollinated wit11 
pollen from the yellow corneous race. All five ears were yellow 
anel four were yellow floury ears. One  ear was a rlefinite liy- 
brid, however. and gave a ratio of 5.5 floury seeds to 59 cor-
neous seecls. Of  the open fielcl ears of ( I 0  s 5)-SC-SS-GS, I:% 
were pure floury and 14 hybrids. 

The  ear which lzad all ycllozc~ secds and yet sho\vecl a ratio 
of .5.5 floury to 3!) corneous, seems sufficient evidence for con-
clucling tliat the apparent doniinance of tlie condition of the 
mother is due to the fact that the endosperm is produced from 
a union between two female polar nuclei and one male cell. 
'flius two doses of a flour corn factor dominates one dose of the 
corneous factor ant1 vicr versa. Tl l is  fact has all importarzf 
hcari~rg on t k c  ~nziltiple factor Izypotlzcsis for ir~ferprct ing tlzc it/- 
Ircrita~lcc of qz~a~l t i ta t ive  clzaracters. for it sllorcls tlznt a scrirs of 
factors nzojl 11a . i~~ somatic r f c c f s .  c ? ~ ~ n u l a t i z ~ c  

> 

This cross was lnatle in I!)()!)between self-fertilized strains 
of Leaniing No. 6 ant1 floury No. 10. An F, generation was 
grown in l!)lO, anel an F, generation from tlie seeds of F, ear 
(10 s 6)-1 was produced in 1911. There was no appreciable 
effect on tlie physical condition of tlie starch in the seeds of No. 
10 clue to tlie pollen of No. 6. O n  the F, ears the seecls were in- 

-

p: 
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termecliate between No. 10 and No. 6 in size, and were rather 
uniformly dented. As  regards the appearance of the starch in 
the seeds, there was definite segregation, but classification was 
difficult due to the fact thaf all seeds contained soft starch a t  
the cap and sides and were dented. The  seeds of the self-fertiliz- 
ed F, and F, ears were all examined carefully against a strong 
light, however, and were classified as accurately as  possible. The  
results of this classification are given in Table 11. Considerable 
variation in the ratios on the clifierent ears is exhibited, but as  a 
rule tliere is an indication of a 1to 1ratio. 

Although this seed classification may not have been as ac-
curate as  might be desired owing to the difficulties involved, the 
division of the total population of F, ears into corneous, hybrid 
and floury types as  shown in Table 12, is exact and serves as a 
complete corroboration of the theory. Thirty-six ears were 
classed as  pure corneous, eighty as hybrids and thirty-seven as 
pure floury. This is certainly a close approximation of a 1:2:1 
ratio: 

An examination of the F, ears showed that there was con- 
siderable range of variation between the different ears which 
were classed as corneous or  floury types. There was a little Ira- 
riation among the seeds of the same ear, but this was not 
greater than could be explained by differences in development 
clue to physiological causes. The  pure corneous or pure floury 
ears, however, differed from each other by a considerable amount, 
and it seemed liltely that some of this variation would be. in- 
herited. Of the ears of Table 11, (10 x 6)-1-13, (10 x G)-1-3 
and (10 x 6) 1-4 bred true to the floury type. 

The  corneous seeds of ear (10 x 6)-1-5 produced 13  hybrid 
and 17 pure corneous ears, while the floury seeds yielded 19 p ~ ~ i e  
floury and 16 hybrid ears. Corneous ear (10 x G)-1-5-2 was 
grown the following year and produced dented ears which bore 

J
seeds containing a fair proportion of corneous starch. 4 

Ears  (10 x 6)-3-6, (10 x 6)-1-9, (10 x 6)-1-12 and (10 x 6)  
-1-14 of Table 11 were grown in 1912. All produced ears hav- 
ing seeds with a considerable proportion of corneous starch, the 
progeny of No. (10 x 6)-1-6 and No. (10 x 6)-1-12 having 



-- 

-- 

about the same proportion, and of No. (10 x 6)-1-9 and 
No. (10 s 6)-1-14, having a greater proportion of conleous 
starch than the dent parent. 

TABLE 11. 

RECORDOF SELF-FERTILIZEDE.\RsOF F1 AND F2 GENER.\TIOS01: 

CROSS BETWEEN NO. 10 AND No. 6. 

Ea r  Number Corneous Seeds Floury Seeds 
~ -

75 
226 

48 
152 
145 

250 
208 
94 

182 
77 

202 
196 
209 
106 
108 

30 
85 

hybrid ear, immature 
considerable corneous starch i'n all seeds 
all seeds very corneous 
some varibility, no  seeds a s  No. 10 (caria-

tion probably due to immaturity) 
pure corneous . 
pure corneous 
all seeds very corneous 
pure corneous 
as No. 10 
p r o y  a s  N O  0 PA,;d inPu:i12 i 

I 

as  No. 10 
, I  

Probably as No. 10 
6' 


Total in hybrid ears 
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TABLE 12. 

F,E.\Ks OI:T.\IXED FROXI 7 7 . \ ~( 10 s 61-1.GRC)WISC 
- -- -- -- ..---- -- -

Parent Stock 1 I ,Hyl,rids I Pure Floury 

1 Hand pollinatetl ears1 7 1.6 12 
Dark gellow seeds of (10 x 6)-1 16 S 
Light yello\\l seeds of ( l o  x 6)-1 
\\.liite seetls o i  (10 x 6) -1  
. -

- -Total 
- -- - . . . . . . . . . . . . . . . . . . . . . . . -- 37 - -~ 

*\I1 ears ol)tai~letl fro111 ear No. ( I 0  s G)-1-9 selfetl had s11ia:l 
sectls \\.it11 traces of tlent. On some ears there ~ v c r e  merely 
traces of tlent, I ~ u t  other ears sho\ved tlie tlentetl contlition in ali 
scctls. Sc lec t io~~s\verc made to determine \vhethcr these varia- 
tions \verc inlicritetl. I n  191 I- a self-fertilized ear urliicli I ) o ~ c  
scetls \\.it11 onl!. a few traces of tlerit was gro\\~n,  also an  car with 
all scetl tlc~ltc(l. 

.I.he progeny of these ears is given in Table 13. 

i Progeny Classes. 
Col~dition of Parent Ear  

I - - 1 
Few seetls dented 9 32 7.1 1 
v ,
./4 seeds dented 11 

?.I hese rcsults slio\v that little progress was niatle by the Se- 
lection. 

Of the self-fel-tilizetl ears obtai~ietl fro111 ear Xo. (10 s 6 )  
? 

-1-1-1. one sho\vetl no trace of tlent. all of tlie seetls containing a -. 


large ~)roportion of corneous starch. This ear \ \ a s  gro\\ln and 

compared with another self-fertilized ear which sIio\\led traces of 

tlent in nearly all seeds. The  results are giveti in Table 1-1. 
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TABLE 14. 

Condition of Parent E a r  
1
1% 

Progeny Classes 

Seeds dented F > ~ n ~ ~ ~ d sseeds dented (so 
, - -

S o  seeds dented 1 4 27 
Half seeds dented 5 11 / 19 
- --. --- --- I - - - - - --- -

I n  this case there seems to be some effect of selection, al- 
though the number of individuals grown is not very large. 

There seems to be a close agreement between the results of 
the cross between 10 and G and those reported for the cross he- 
tween LO ant1 .5. I t  was, however, more difficult to classify the 
seeds in the (10 x 6 )  cross as  in No. 6 corneous starch is pro- 
tluced only on the sides of the seed, the cap and the immediate 
vicinity of the embryo being filled with soft starch. 

The  essential difference between No. 10 ancl No. 6 in type 
of starch produced is evidently one factor. yet since different I?, 
families showecl variations in the amount of corneous starch pro- 
duced, there must be several minor factors which modify its 
development. There is good evidence that a t  least some of these 
minor factors are  factors which have a direct effect on totally 
different tissues. For  example, the size and shape of the seed 
\\lhich is at least partly controlled by the type of pericarp ( a  
maternal character) has considerable influence upon the appear- 
ance of the starch. T o  put the lnatter roughly, in plants nrf~icl~ 
fundamentally have the sanle zygotic possibilities as  regard6 the 
type of starch in the endosperm, the alnount of soft starch ac- 
t~ially developed is directly proportional to the size of the seed. 

The No. 10 parent had been self-fertilized for three years 

ancl the No. 64 parent had heen self-fertilized for two years 

prior to 1900 when the cross was made. There was no visib!l: 

effect of the pollen of No. 64 on S o .  10. F, ears were grown in 




-- 

1910, but in no case was there a clear segregation among the 
seeds like that occurring in the F, ears of crosses (10 x 5 )  a113 
(10 x 6) .  This may have been due to the fact that the ears were 

-soniewliat immature. The  seeds of three F,ears were separated 
into two classes; first, seeds as floury as  No. 10 ;  second, all re- 
maining seeds. These partially corneous seeds showed a rangc 
of variation from very corneous seeds to those which contained 

- only a little niore corneous matter than the No. 10 flour parent. 
The  result of this classification is shown in Table 15. 

TABLE 15. 


F, EARSOF CROSS BETWEEN (10 x 64). 


E a r  Number Floury Seeds Corneous Seeds 

(10 X 64)-7 93 216 
(10 x 64)-10 82 349 
(70 x 64)-12 16s 353 

Total . . . . . . . . . . . . .I 343 1 918 

The seeds of (10 x 64)-7 and (10 x 6-1)-10 were planted in 
191.1. Those which had been classed as  of the floury type like 
No. 10 were planted as (10 x 64)-'7s and (10 x 64)-10s. The 
remainder of the seeds of the same ears were planted as (10 x 64) 
-7C and (10 x 64)-10C respectively. The  results obtained from 
a classification of the progeny of these ears are given in Table 16. 

. Progeny Classes jI --
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There is a si~ililarity in the variability of the populations ob- 
tained from the floury seeds of (10 x 64)-7s  and (10 x 64)-10s; 
tlie progeny of the corneous seeds of (10 x 64)-10 and (10 x 64) 
-7 also show about the same percentage of ears in the different 
classes. 

Two self-fertilized F, ears (10 x 64)-10s-5 and (10 x 64) 
-10C-4 were classed as  definite hybrids. The  corneous seeds of 
these ears gave a range of variation from purely corneous to 
definitely hybrid ears, there being 3.3 times as  many corneous, 
intermediate, and definitely hybrid ears, as  there were pure cor- 

neous ears. T h e  floury seeds of (10 x 64)-10s-5 and 
(10 x 64)-10C-4 produced 4.2 as  Inany hybrid and intermediate 

ears as pure floury ears. Thus these two F, ears showed as 
variable a progeny in F, as  had been found in F,. 

Five self-fertilized F, ears of the intermediate floury class 
from the progeny of (10 x 64)-10s gave a total population of 
165 ears;  of which 19 approached pure corneous but contained a 
larger percentage of soft starch than the corneous parent, 12 ap- 
proached the floury parent, and 134 were intermediate. Many 
of these intermediate ears showed some variation among tlie seeds, 
but no clear segregation. 

F, corneous ears, (10 x 64)-10C-9, (10 x 64)-7C-9, and 
(10 x 64)-7C-1 bred true for  the corneous habit in F,. (10 x 64) 
-10C-9 was grown in F, and again bred true. 

Pure floury ear (10 x 64)-7s-13 bred true in F, and F, for 
tlie floury habit. 

One self-pollinated intermediate F, ear, (10 x 64)-7C-2 
proved to be a hybrid and gave in F, 15 corneous ears, 32 definite- 
ly hybrid ears showing clear segregation, and 18 inter~iietliate cbr- 
neous ears ~vhich showed some variation. This is a 1:2 :1 ratio. 

Two F, ears bred from the intermediate class, (10 x 64)-7C-
2-10 and (10 x 64)-7C-2-1, together produced 14  ears approach- 
ing pure corneous, GS intermediate variable ears and 4 approach- 
ing pure floury. Tliese ears are probably all intermediates, tlie 
variation being due to maturity and possibly clue to the effect of 
other inherited factors. Of 3 other F2 ears classed as inter-
mediate, 2 gave intermediate progeny and 1proved to be a definite 
hybrid. Self-pollinated ears of selections (10 x 64)-7s-1 and 
(10 s GI-)-'?S-7 from tlie intermediate class were grown the fol- 
lo~ving year. These results are given in Table 17. 



TABLE 1 7  

-- - .---- - - - - -- --

Classification of Progeny I 1 

1 2' 2 ..: .-5 

E a r  No. Parent type Z" 
I d o ,  .-;

0,1 2 s  
5 5  

3 

2 2 
2.
< 

=: 

1
I ?."u 2 

Most corneous ear 1 2 ' 38 
" floury ear 40 

Intermediate ear 
I . 

3 I 35 
48 

I 47 
2 1 $ 4 6  

$ O f  this population. 25 open field ears \\!ere very variable and 
showed definite segregation. The  self-fertilized ears were comparatively 
uniform. 

T!le data in Table 17 sho~v  that intertnediate variable ears 
tend to give intermediate variable progeny. The  ears did not all 
become tliorougl~ly mature, and this may be the explanation of 
their variable endosperms. There is also the possibility that 
other lieterozygous factors may have influenced development in 
such a way as  to produce variation. (East & Hayes 1911).- 

F, ear ( 3  0 s 61)-10C-1-6 produced intermediate and corneous 
seeds in a ratio approaching 1:l. The  corneous seeds of this ear 
gave a progeny of 2s purely corneous and 24 definitely 11yb;itl 
ears, while the intermediate seeds gave a progeny of 2 cornehus 
ears. I i'definite hybrids and 23 intermediate variable ears. This 
is a close approximation of a 1:2 :1 ratio. That  only 1factor de- 
termined whether corneous or intermediate seeds were to be pro- 
duced in this ear is further indicated by the separation of seeds 
from five self-pollinated ears which ~ v e r e  classed as  definite 
Iiybrids. The results are  given in Table 14. The  total number 
of corneous seeds in these five ears were 514 and of intermediate 
seecls 491. This clearly approaches a I to 1 ratio. 



I 

TABLE IS. 

. ---.-. --

Ear Number Corneous Seeds Intermediate Seeds 
.. - - - -- .-

( 10 x 54; -lOC-1-61-2 101 84 
-9 78 92 
-8 80 87 

. 

(10 x 14) -lOC-1-6C-8 
-10 / 

Total in hybrid ears i 
-- -

135 
120 

514 ~-

-

124 
124 
-

491 
-- 

-- 

.---

-

The pollen of No. 64 pop apparently had no effect on the 
character of the endosperni of No. 10 flour. This is in agree- 
ment with the results of the crosses (10 x 5)  and (10 x 6 ) .  The  
F, ears slio\vecl .the results of segregation, although in tliis case 
there was a range of variation from the floury to the corneous 
type. Seeds of this F, generation ( F 2  seeds) produced a popu- 
lation of ears ranging from the pure corneous to the pure floury 

ty pe. 
One uniformly floury ear bred true in F, and F, for the 

floury habit; three ears with purely corneous seeds also bred true. 
Two F,ears (10 x 64)-10s-5 and (10 x 64)-10C-4 gave as  

variable an F, progeny as  had been found in F2.T h e  ratio in this 
case was approximately 1pure corneous ear to 6.2 interinediates 
and definite hybrids to 0.8 pure floury ears. 

Other F2ears gave a 1:2 :1 ratio in F, as  was the case in the 
(10 x 5) and (10 x 6)  crosses. An example of such a ratib is 
that obtained from F, ear (10 'x 64)-PC-2, which produced I.? 
corneous ears, 32 definitely hybrid ears and 18 intermediate ears. 

Several self-fertilized intermediate F,ears bred comparative- 
ly uniformly, giving a progeny ~vhich contained more corneous E 
starch than the No. 10 parent but less than the No. 64 parent. 
Thus intermediate ear (10 x 64)-7's-1 produced 41 ears of the 
intermediate type none being either purely corneous, definitely 
hybrids, or  clearly floury. A self-fertilized ear (10 s 64)-"i-1-2 
~vliich contained more corneous starch than other self-fertilized 



ears, yielded a progeny of 35 variable intermediate ears and 2 
ears approaching the corneous condition although they were not 
truly corneous ears like No. 64. Self-fertilized ear (10 x 64)-7s-
1-6 which approached the floury type, produced 40 intermediate 
variable ears and 1ear with somewliat more floury matter, though 
it did not compare with No. 10. Thus in a total of 119 ears from 
this intermediate line (10 x 64)-7s-1 there ivere 110 pure cor-
neous, pure floury or definitely hybrid ears. This variation may 
largely be due to differences in the maturity of the seeds and 
ears, as  the amount of corneous starch is directly dependent on 
the maturity of the seeds, although of course the hereditary con- 
stitution determines the amount which can be produced under 
favorable conditions, but there is also considerable likelihood that 
what one may call minor inherited factors modify the expression 
of the character. Whether more than one major factor affecting 
the endosperm is involved is still a question. The  ratio obtained 
among the progeny of ears (10 x 64)-10% and (10 x 64)-10C-4. 
the facts that certain F, ears produced an F, progeny similar to 
the 10 x 5 cross, and that others bred approximately true to  the 
intermediate, the pure floury, o r  the pure corneous types might 
seem to indicate two such factors, but analysis is so dificult that 
this is only a reasonable guess, as  will be shown by a considera- 
tion of all of the facts. 

The  following conclusions we hold to be justified by the 
data a t  hand. 

1. T h e  factors directly responsible for the differences in the 
physical condition of the starch exhibited by the so-called starchy 
sub-species of maize, the flour, dent, flint and pop corns are as  
truly endospermal in their inheritance 'as endosperm color char- ' 
acters. They partake of the nature of the cnzbr.jlo and not of t@ 
blant on which they are borne. t 

2. These characters appear superficially to be maternal for 
the following reasons. The  endosperm nuclei are triploid due 
to the fusion of two nuclei from the female ganietophyte with <. 

one nucleus from the male gatnetophyte. In  the characters under 
discussion, the presence of two factors always dominates the 
presence of one factor. Thus corneous female (CC) x floury 
male (F) is phenotypically corneous, while floury female ( F F )  x 
corneous male (C)  is phenotypically floury. These characters, 



therefore, appear to be inherited in a different manner from 
endosperm colors where the presence of one color factor is suf- 
ficient to cause perfect development of color. This is the first 
proof of a cumulative somatic effect of factors. 

3. From the fact that in these crosses, as well as  in num- 
erous others involving the same subspecies of maize that we have 
examined, the F, reproduces the grandparental and no types more 
extreme than the grandparental types (with possibly a rare ex- 
ception), it follows that a large series of multiple allelomorphs 
affecting the starchy condition of the endosperm exists. 

4. From the facts ( a )  that where no complications such as  
tlitierences in shape and size of seed exist (viz. cross 10 x 5)  
segregation is simple and definite, (b )  that where such differences 
in shape and size of seed do exist segregation occurs but is diffi- 
cult to demonstrate clearly until these complications hare  been 
eliminated, it follows that although only the presence of factors 
in the endosperm affect these characters directly, the maternal 
zygotic constitution has an indirect effect. This effect is roughly 
a tlirect correlation of size of seed with floury condition of the 
cndcsperm. 

I-Iaving these facts in mind, let us see what difficulties ob- 
struct analysis if it be assumed that two factor differences may 
differentiate the endosperms of certain maize varieties in respect 
to starch as seemed possible in the case of cross (10 x 64). 

The simplest assumption would be that each of these factors 
has a similar effect, and when one sees the difficulties thus in- 
volved, ant1 considers that such a simple assumption Is less- erob- 
able than one in which each factor has a different effect, it is 
clear why we do not wish to assert dogmatically that two s u ~ h  
factors are involved in the cross .between the flour and the pqp- 
corn. 

Let the flour corn be AAHH and the pop corn aabb, it being 
understood that the phenomenon of dominance is in this case 
ml~olly a quantitative reaction. The  F, generation in the cross 
ant1 its reciprocal would be 

AAa BBb 
and 

aaA bbB 



24 CONNECTICUT EXI'ERIMEKT ST.\TION. IIULLETIS 1 H 8 .  

In  each case, the l>redominant influence of the mother would I>e 
such that any effect of the father would scarcely be noticeable. 
Four  types of gametes would be formed in the F,generation as 
usual. AB, Ab. aB and ah,-but tlie appearance and breeding 
qualities of the zygotes formed would be peculiar, as  is sIio\vn in 
the followi~ig table, due to  the fact that the "gametes" of the 
embryo sac are the fusion cells AABB, .\Ahb, aaBB ant1 aabl). 

1 AAABBB 1 
I 

AAABBb1 AAaBBB -Appear alike breed differently 

1 AAAbbB I 
1 AAAbbll I 
1 -4AabbB 1I .\pl)ear alike breed cliffere~itly 
1 .L\Aabhh J 

1 aaABBb > .Appear alike breed differently I
1 aaaBBB I 

1 aaAbbB 
1 aaAbhb 1t Apl)ear alilie breed differently 
1 aaabbB I 

I
1 aaabbb I 

The  grandparental types have appeared of course and will 
breed true, but other individuals will looli like the grandparents 
though they will breed differently and will ultiniately give the 
\ilhole series if crossed together. Other co~nplicatio~is will occur 
to any one who takes the trouble to study the table. 

F A ~ ~ I L Y(65 x 64). \\;IIITE PE.\RL POPx \\'IIITE RICEPOP.i 
I n  1910 a cross was made, between white rice pop No. 64 and 

pearl pop No. 65 for  the dual purpose of determining the probable 
value of such a cross for the commercial production of first gen- 
eration hybrid pop corn, and to study the inheritance of the 
pointed seed characteristic of tlie rice pol) corns. 

The  F, plants were considerably more vigorous than either 
parent. The  seeds produced approached the length of those of 
the lotiger type, tlie white rice pop, and tlie width of those of the 
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I~roatler parent, tlie pearl pop. Thus tlie F2seeds (those borne on 
F, pla~its) mere considerably larger than those of either parent, 
and since the pericarp was weaker rather than stronger than that 
of the pure types, they did not pop as well. 

T A B L E  19. 

I Condition of Progeny 

Pure  pt. 147 
S o n  pt. 

Int. pt. 6 
1 


< <  9 
I " 4 

ln t .  or  tion 
pt. 

" Possibly non-point as the point \\.as scarcely perceptil~le. 

The data on the cross are  given in Table 10.  The  F, gen-
cration was of intermediate habit,-there heing sonle projection 
of the seeds a t  the point of attacl~ment of the silk. Four selfed 
I:, ears furnished F2generations. The  progeny of these ears was 
variable, the seeds of some ears being as  completely pointell as 
the white rice pop parent, tlle'seeds of others non-Pointed like 
the pearl pop parent, while the greater nuniber were of various 
intermediate types. Of a total progeny of 263 individuals, 24 
ears were classed as  pure pointed like the white rice parent. 
This is an indication of a 15 :1 ratio, altliough one can not be cer- 
tain that the classification was correct because these ears were 
not selfed and could not be tested by the type of progeny produc- 
etl. A number of I;?ears were self-pollinated, 1)ut none happened 
to be obtained which could be classed as  typically pointed. One 
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ear having seeds but slightly pointed (possibly non-pointed) was 
grown in F,. The  twenty-one ears produced were like the parent 
ear, s l ~ o ~ v i n g  only slight projections on the seeds a t  the tip of the 
ear. 

The difference between the pointed seed characteristic of the 
\vhite rice pop corn and the normal shape of seed typical of other 
\.arieties can not be explained by a single factor. I f ,  however, we 
assume that there is a difference in t\vo factors, that each factor 
is allelomorpl~ic to its own absence and is inherited independently 
of the other, that both are necessary for the production of the 
pure pointed condition, and that either of them alone may pro- 
duce a tendency to a pointed condition (intermediate point), the 
data accortl fairly well with the theory. But since on this hypo- 
thesis it is assumetl that a factor in the heterozygous condition, 
produces only half as great an effect as when homozygous, one 
can appreciate the difficulty of classifying the ears correctly by in- 
spection, and since classification must be exact to prove such a 
case merely by the ratios obtained it must be admitted that our 
evidence is open to some criticism. O n  the other hand, we be- 
lieve that the facts are clear enough to make them of some value 
in practical plant breeding, and we do not believe that the case is 
sufficiently important to malce it worth while overcoming the 
tliHiculties that stand in the way of a more acceptable proof. 
Furthermore, the data on the next cross appear to corroborate our 
earlier facts. 

This cross was nlade in 1909 between self-bred Learning ancL 
white rice pop strains. The  purpose of this cross was a furthef 
stutly of the mode of inheritance of quantitative differerices in 
seed size, of the proportion of corneous to soft starch, and of the 
pointed habit of the white rice pop. 

The  results on inheritance of seed shape are given in Table 
20. These results again indicate that two factors are  involved. 
Furthermore, esa~nination of Table 20 and Table 21, shows that 
the pointed character is inlieritetl independently of the position of 
starch in the seeds. 
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TABLE 20. 

~ - ~- .. -. ~ -~ 
I ! 

I ParentEar Sumber  
Type

I 1 
. ..- -. ---- --

64-4 PI 
6-3-4 
6 x 64 FI 
(6 s 641-4 F2 

" 

" 

" 
" -
" 
" 

" 
" 

' I  

-6 I72 

-6-6 I;, 
-6-3 
-4-8 F1 
-4-0 I;-
-6-4 F3 
-4-6 
-4-4 PJ 
-6-5 F, 
-6-7 Fs 
-4-3 F3 
-4-7 Fa 
-4-10 Fa 
-4-5 Fa 

(6  x 64)-6-6-4 I?, 

'‘ 

t 

" 
" 

-6-6-1 " 
-4-8-8 'c 

-6-3-6 " 

-6-5-4 " 

-6-5-3 " 

4 - 7 4  " 
-4-8-3 ‘I 

-4-3-7 " 

-4-10-5 F a  
-4-10-3 F, 
-4-3-5 F, 

Pure  ct. 

Int. pt. 

' Pure  ~ t .  / 

, Pure  ( ? )  pt. 

1 
111t. pt. 

a t  

1 
1 

S f n  pt 1 

Pure  pt. 
Pure  or  int. pt. ( ? )  

Pure  pt. 
1 

Tnt, pt 
1 " 
1 " 

I ‘‘ 

1 Yon or  int. 
F o n  ---

Condition of Prosrenv 
-

u I ~ n t e r - / N O I ~  
mediate Point 

Point Point . 

26 
21 

:: 
1

I 2 

:: 
I

i 
4 1 

13 
13 37 

4 ( ? )  53 
3 34 

13  
3 

43 

1( 38 5
11 

16 40 

22 
48 17 

- -- - 6% 

a-t ears with polnts not as strongly developed as the remaining e d s  

1,-1 ear \\it11 points not as strongly deleloped as the remaining ears. 


The F, generation was intermediate as regards the pointed a 
rontlition, and there was segregation into pointed, non-pointed and 
intermediate ears in FP. Thirteen self-pollinated Fz ears were 
gronrn in F,. Of these. the following F, ears were classed as  
I)L:re pointed, (6 x 64)-6-6, ( 6  x 64)-G-3, ( 6  x 04)-4-8, (6  x 61) 
- 1-3. Two of these ears, (6  x 64)-6-6 arid (G x 64)-6-3, bred 
true in F,, while ( 6  x 64)-4-S and ( 6  s 64)--1-9 showed segrega- 



tion in F, with a total of 133 pointed and 31 intermediate pointed 
cars. Two self-fertilized ears, ( 6  x 64)-4-84 and (6  x 6-1.) 
-4-8-3, were grown in 1914. One proved to be a pure pointed ear 
and the other again gave pure-pointed and intermediate pointetl 
seeds. These results might have been obtained if ear (6  x 64 j  
-4-8 were homozygous for one factor for point and heterozygous 
for a second factor. 

Three self-fertilized F2ears of the intermediate class showed 
;I range of variation in F, from pure pointed to non-pointed ears. 
Six  F, ears classed as non-pointed were proved to have been 
hybrids by the F, results. One of these, ( G  x 64)-4-i, produced 
52 intermediate and 13  non-pointed ears. ,4s no typically pointed 
ears were obtained it seenls fair to conclude that the parent ear 
( 6  x 64)-4-7 was heterozygous for 1 factor for pointed seeds. 

TWOself-fertilized F, ears of line ( 6  x 64)-6-0 which bretl 
true for the pointed habit in F, were grown in F,. Ear  (6  x 64) 
4 - 6 4  gave a progeny of 35 ears, all of which were pure pointed: 
while ( 6  x 64)-6-6-1 had a progeny of 23 pure pointed ears and -L 

with points more strongly developed than the intermediate class, 
I,u: not so strongly developed as the 23 pure pointed ears. This 
may be a physiological variation or it may possibly be due to 
chance pollination. As these four were open fielcl ears, it is im- 
possible to tletermine the matter by further breeding. 

The  results are an excellent illustration of the old I'ilnlorin 
Isolation Principle,-in modern times the genotype hypothesis,- 
for they show that the only sure tnethod to determine the breeding 
value of an ear is to grow and examine its progeny. A pa& of 
the pure pointed class gave a pure pointed progeny; other ears 
proved to be hybrids. There was also considerable difference i p  
the progeny of {ifferent intermediate ears ; some being apparendy 
lio~nozygous for one factor for point and heterozygous for 
another, mhile others appeared to be heterozygous for a single 
factor. 

These results, as  did those in the case of the (63 s 64) cross, 
indicate that two factors are involved in the production of strong- 
ly pointed maize seeds. 

Table 21 gives the results of a study of the dented condi- 
tion and the proportion of corneous to floury starch in the same 



cross. The white rice pop parent contains only a slnall amount 
of floury starch, while the dent variety has corneous starch at the 
sides of the seed and floury starch at the cap and next the em- -hryo. There was no effect on the develop~nent of the amount of 
corneous starch in No. G dent due to the pollen from No. 64 pop. 
The I;, generation cross produced ears with intermediate sized 
seeds. 'These ears would have to be classed as dents. 

- . - - . 

1 Condition of Progeny 

Ear Xumber Parent Type 

pop, non-dent 
dent 

nearly pure dent 
" " 

pure dent 29 
1' ' I  1 

" " 

" " 24 
" , 25 

nearly pure dent 3 
" " 2 

1 30 
f e w  seeds slightly de~itedl 

" 6' 'i 

I non-dented 
I' I' 

pure dent I :: :: 
half seeds dent ( 

half seeds slightly dent I 
seeds slightly tlent 
few seeds dent 
no seeds dent 
few traces of tlent ~ 
non-dent 

-

'6 




Two F, ears (6 x 64)-4 and (6  x 64)-6 were grown in F,. 
Both populations showed a wide range of variation. The ears 
were classed as  pure dent, nearly pure dent, half seeds dent, few 
seeds dent and non-dent. E a r  (6 x 64)-4 had progeny of each 
class, while (6  x 64)-6 produced progeny in all classes except the 
non-dent class. Thirteen F, ears were grown. in F,. Two non- 
dented ears gave a progeny of non-dented ears and ears with a 
few seeds slightly dented. No ears bred true in F, or F,for the 
pure dented condition, although some selections gave a progeny 
with a much larger proportion of dented ears than others. 

Twelve F, ears were grown in F,. E a r  (6  x 64)-6-5-3 pro- 
duced the greater proportion of its progeny in tlie pure dent class. 
E a r  (6  x 64)-4-10-3 bred true to the non-dented character, and 
the corneous non-pointed condition. E a r  (6  x 64)-6-5-3 bore 
seeds which approached the size of those of the No. 6 Leanling 
parent, although the range of variation was somewhat greater. 
E a r  (6  x 64)-4-8-3 gave a uniform progeny in 1914, and bred 
comparatively true to the seed size of the pop parent. 

The seeds of those ears which were classed as non-dents and 
those with a few seeds dented, popped perfectly when tested. 
The  condition of the other families is shown in the table. 

Tlie data from these two crosses indicate strongly that two 
independently inherited factors are necessary for the productioli 
of a strongly pointed seed. The  rice pop point can be transferred 
from the pop parent to dented seeds by crossing and selection.; 
the inheritance of these characters. being entirely independent o i  

1

each other. 
A study of the proportionate amount of corneous and floury 

starch in the 6 x 64 cross shows a wide variation in F,. One ear 
(6  x 64)-4-10-3 bred true for about the same amount of corneous 
starch in F,as that of the No. 64 parent. Other ears were again 
as variable as F,,whilc still others slio~rred a s~ilaller range of 
variability. I t  is impossible to state how many factors are in-
volved in producing these somatic difference~, but it is a fact that 
tlie parental types can be recovered easily and will breed true. 

-

. 
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Since a summary of the results obtained for each cross has 
been given in its proper place, it seems unnecessary to repeat 

-them here. If the reader will refer to then1 he will find an all- 
stract of the paper. 
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PLATE I. 

f 

S o .  3, corneous flint a t  I)otto~n, S o .  10 flour a t  top and F1 at left. 

The two lower center ears show the result of planting corneous I;, 
seeds nntl the two upper center ears S~IO\V the result of planting 
floury IT1 seed. 



a. KO. 10 Hour at  left. Ko. 6. Learning dent a t  right. The four other ears 
represent the I;, generation of cross. They are  uniformly very corneous with 
slight traces of dent. The seeds are smaller tllali those of either parent ant1 
of uniform size. 

I). Average cars of S o .  6.5 pearl pop at  Icft. S o  64 rice pop at  right with 
average I:, in center. The t\\,o remaining cars represent the cxtrclnes of P2. 



PLATE 1 IT, 

a. KO. 6 Lca~ning dent a t  right, S o .  G4, rice pop a t  left ant1 immediate 
cross, (G x G4), above. The two central ears shot\. the variation in seed size 
ancl condition of point of the F, generation. 

1). PI generation of cross (6  x 64) .  Note the segregation of characters. 



PLATE I V  

Upper row, F, generation ears, wit11 large amount of corrleous 
starch. Some ears with slight trace of dent. Middle row, average 
progeny of F2ear which bore good sized dented seeds. Lower row, 
average progeny of Fz ear which bore intermediate dented seeds 
with a well-developed point. 



Average ears of parental types No. 6, Learning dent and No. 64, white 
rice pop above. The  ears below represent the variation in 4 F, families. 
( 6  x 64)-6-6-4 bred true for the rice point, ( 6  x 64)-4-10-3 bred true for 
corneous, non-dented seeds, ( 6  x 64)-4-8-8 is a small-seetletl selection ant1 
( 6  x 64)-6-5-3 is a large-seeded selection. (Photo  by Waltlen.) 



PLATE VI 

Upper row. generation of cross Ijetween So.  I0 flour ant1 S o .  
G4, rice pop, \\~hich bred true for the floury habit. 

Middle row, I.', generation of same cross which Imre seeds of 
intermediate type. 

Louler row, Fn generation o f  same cross wliich I~retl true for the 
corneous hahit. 



PLATE VII. 

a. F, generation of cross hetween No. 10 and Ko. 64 which bred true for 
the seed size of KO. 30. 

1). P, generation of cross between No. 10 ant1 KO. 64 which I red  true for 
thc seeti size of KO. 64. The corneous seeds popped perfectly. 


