
STUDIES IN INHERITAN CE IN SUGAR CANE. 
By Tl. B. CowotLL. Plan t Breed er . Jnsular J•;xperi111e11t ~tation. 

JN'l'ROD UC'l'! OK. 

Although only a fc\\' expe riment : ha n: bee11 <:ond ud l•d in thl' 
br eeding work with sugnr cane at thi s Sta tion , fo1· th e sole purp ose 
of stud ying inherit ance and relat ed snbj eds, it has hecn the pur-
pose, as the work progr essed, to secure as many useful llata as pos-
sib le from the seedling s which wer<· being pl'opagated and sel(•<:ted. 
P oint s which are of int erest are t he cxtl' nt to \\·hich t'harack 1·s ar;., 
inh erited fro m the par ent vnrieties when t he lat ter ar e self-po llin-
at ed ; whether new types ar e produ ced in tl1e nat 'u1·1' of mutations; 
and in what manner and to what deg ree vari eties cRn be expecte d 
to transmit th eir cha ra cte rs to seedling.s when et·ossed . Vai·iom; cane 
var ieties have heen tri ed as seed-producers, and it has become evident 
that , in general , \\'hen c1·oss-pol'lination has not been atte 111 pted. thet'P 
i!"; clearl,,· a differ ence in th e ap pearan ce and appa1·ent Yalne of seed-
lin gfl prod need from the different va ri eties, and that there is also 

t 
consid erable difference in th e amount of resemblance to the parent 
vari eties. In many cases th is resemhlance is plain, ,rncl in others 
th ere is very littl e simi lari ty. 'I'he reason for t his may be that all 
cane vari etie s a1·e probably more or less heterozygous, the ('ases of 
closer resemblance bei11g du e to more homozygon s par entag e. lt is 
also possible th at accidental int ercrossing sometim es takes place be-
tw een vari eties g l'owing in the same lora li ty, and that this affects 
the appearnn ce of th e r esultin g seed lings. Resemblan ce to both par-
ent s bas also been observed, when cross-pollination has been affected 
between va riet ies, and it is \l'ort hy of note that in some eases simi]. 
ari ty to the pollinating pa rent is very plain. 

S l!:EDLIN GS SHO WI NG RESEi\IH l,. \NCE ' I'( ) SEJ,;D P.\ RE N 'l' . 1 

A very close 1:esemblan ce of seedling s to pareut cane, as to ,·isua l 
characters , ha s bee'n observ~d every year since 1913 in seed ling s p l'o-

1 For desc ripti ons of cnne vnrictich set: ·14\ .Method of ld cntification au<l Descrip1 ion of 
Sugn r Cn11e Vari et ies nnd it s App licati on to 'J'~·pcs Gr own in P o1·to Rico"; H. B . Cowgill . 
Plan t Br eeder , I nsu lar Experiment Station. Porto Rieu: .Tonrnnl of 1111, Dep ortme nt of A!?l'I· 
enltur e. Vo l. l , No. 3, .Tuly. 1!117 . I 
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duced from seed of D-109. 1 '!'his is a Jark greenish-re<l to pu l'plc 
cane, usually reclining in habit, with buds before expanding semi-
elliptical in shape. l\Iany of the seedlings plainly show some or all 
of these characteristics, ·while the res emblanc e as to colo1· is especially 
notic eable. 

A great majority of the seedlings of T-77 a1·e Yc1·y much like 
tllis variety in color and habi t, and res emble it more 0 1· less · as to 
the forrn of the bud. 

Out of thirty -four seedlings produ ced in 1916 from B-3 47. a 
light- color ed cane, only two were of a dat'ker shade than th e parent, 
an9- seventeen of them showed spots on the internodes more or less 
like the characterist ic spots on the parent var iety. 

'l'he B- 109 seedlings produ ced in 1916, one hundr ed and nin ety-
two in all , were all ye llowish-gree11 in r·olor, being lik e th e parent 
variety in thi s Tespect. The.v also resembled the pai·ent lllorc 01· 

less as to the shape of the intemodes and the bud s. One seeclliug 
was dark e1· green than the parent vari<'ty and had a tinge of t·ed 
on the upp er int emodes; one was a shad e darker green. but without 
the reddish tint; tlHee "·ere greenish-y ellow lik e the par ent , but 
ting ed with red on the upper int ernod es; three were the same colol' 
as the par ent with the addition o[ bt·o,rnish-red blotches on the 
stalks. 

Other variat io11s occurred among thesr seedling s as follows. 'l'\\'O 

'were markedly glaucous; one had especially prominent buds; one 
had ext rem ely short joints; t\\'o had many adve ntitious roots : one 
had especia lly thin sta lks; one "·as Yel'Y thi ck-stalk ed. 'J'here \\'as 
also a great difference among these seedling as to vigor of growth. 
Those gro"·ing in the area of bettl't' soil were taller and of larger 
girth. while a majority of those on poor er soil appeared more 01· 

less stunted, some of them producing almost no sta lks. 
Out of three hundred and sixty-six seedlings from the variety 

D-448, which is a red cane, two hundred and twenty-one or sixty 
per cent, showed redness on th e stalk. though some in a less degt·t>e 
than t he parent variety. Thfrty-four per cent were red all o,·er 
th e stalk, hut some were a light~, · red t lu-111 the par ent cane. Twelve 
per cent .were as dark or darkei· than the par ent. 

J. 'l .. hese seedlings nnd those o( subsequent instanct-s c itctl. t>Xcl~J)t when• cross- pollination 
ts indicated, were raised from seed frflm opcn-pollinnt ed tusse1R. l•'or that reason the puritr 
of the pollen cnu not be guarnntcecl. Howcvt 1l', it doPs not Hecm proba ble thnt sugar-can~ 
pollen is carried more than n short clistnncc hy the wind'. It ha s no specia l adaptation for 
being transported and is soft and delicate. In some cases observ ed the stigmaa of the florets 
wore in close contact "rith tho dehi scing nnth crs. The nnthcirs nro shed in groat numb ers, 
und possibly th ey pollinate other florets us the)' fall. J'or these reasous it seems probable that . 
the tassels in the center of a field of ,n pure rnriet~· arc. without exception, pollinated by pol· 
len of the same ,·ari ety . The similarity of the seedlings in manr cases also tends to ,·eriCy this 
belief. It is pl nnn eil IP bag tassel s for se l( .. ·ollinat(on to ohtnin fur th er d:1111 on thi s ])OilJt . 
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.Among th ese seed ling s t\rn non-glau cous wine-colored canes or·. 
cu l'l'ed.; two wern greeuish-y<>llow; t,ro ll'l't'e reddish-green am! 
glaucous; thr ee wcl'e light 1·Pddish -g1·een and glaucous: one hnd 
distinctly tumid joints . 

. A 11 seedlings produced from D- 117 seed have shown ma 1·ked l'P · 

semblance to this variety in <·olo1· and in hahit of g,·o,vth, but they 
have shown moi·e varia tion in th e typ e 0£ the internode and th e bud. 
Abnormalities such as dwarfed cahes, extremely short inLernodes , 
wedge-shaped internodes, and bud s of unusual form have been com-
mon. In using the term abnormality the writer includ es only stools 
distinctly different from th e vari<!ties cultivated for commercinl pm•-
poses, and especially those unfit fo1· commer cial cultivation. 

Approximately nin e hundr ed D- 117 seedlings were grown to ma-
turity iJ 1916-17. In color th ey were almost uniform ly like th e 
parent variety. No dark- color ed canes "·hat ever ,Ye're fonnd among 
them. One seedling only ont of this nnmb er was a slightly different 
color , being green instead of yellowish-green. The niost marked Ya-
riations were in length of stalk and length of intemod c. Some of 
th e stools were rec lining in habit , hnt most of them were as erect . 
growing as the par ent vari ety. 

In all , tw enty-fou,· abnormal stoo ls "·er(• found among thcsr see<l-
li.ngs.1 Nine of them were c·lassified as " dwr1rfs." Th ey had stalk s 
not over thr ee feet long anc1 almost uniform in length; int ernodes 
one-half to one in ch long; usually semi-promin ent bud s; erect-gro,r-
ing leaves; and often few 0 1· many shoots grow ing from the base of. 
the stool. Some of th e abnorma l cepas wc1·e simil a1· to t he dwarfs , 
but had one or mor e long sta lks. 

Oth er unusual characters in the se ahnorrnal canes were sta lks 
with all or many of th e buds spr outed, and stalks \l·ith many ad-
ventitious root s. Still other unusual charact ers , especia lly among th e 
dwarfs, were the pr esence of dead sta lks in the stools and a t endency 
for the entire stool to· ha ve with er ed or weak tops. Some stools also 
had stalks with wedge-shaped internodes, each averaging about au 
in ch long on one side of the stalk, and nal'l'owed clown to sometimes 
pra ctically nothing on the opposite side. It is plann ed to grow some 
of these variations to see wheth er the abnormal characters ar e in -
herited. 

1 It might be nssumecl that the unu sual trpe s which nm found among eaue seedling s 
!'re du e to chnr ncters acquir~d by inter crossing of Ynriou s types of cane nt nn ear ly stn ~e 
m th e development of t he species, and that the se chnr ncters have been hidden by ,·easou of tho 
dominance of other s, s inc e cnne has been propa g at ed by sex ual menn s for nn unknown period 
of time. But the question also pr esent s it s~lf whether such nbnormnlit ies are not of the 
chnrncter of muta tions, and whether some of tho other ,1 ariat ions in cane seedling s may not 
al so belong to t he same class. 
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RESEMBLANCE Ol' SEED LING S 'l'O Ps~REN 'l'S 11' CANEf; l•'ROM CROSS-

POLLINA'I' ED 'l' ASSELS. 

Seedlings produced from ta ssels of Cry stall ina cane, which had 
been bagg ed and pollinat ed by D-109 in 1916, showed rescmblane <'s 
to both parent var iet ies. s ·ome of them were almost ident ical in 
appearanc e with t he polli nating variety, while a few closely rr sem-
bled Crys ta llina. Betw een t hese two types many ' '.ari ations could 
be found. 

Th e method followed in crossing is descr ibed in t he Fourth An-
nua l Report of this Experiment Station.' A bag of closely-woven 
cheese-cloth is support ed by means of a bamboo pole over a ta ssel 
of a variety which is, for pra ctical purpose s, poll en-ste ril e. Cut 
tassels of the variety which is to furn ish t he po llen are tiecl in posi -
tion ins ide th e bag, so that t he wind will carry th e poll en , as it is 
shed, to the stigmas of the tassels of th e oth er -var iety. Th is method 
has proven v~ry satisfactory for our pu r poses, as a lar ge 1111rnbe1· 
of crossed seedlings are produced, and th ere is very lit~le possibilit y 
of a-ny pollen fertilizing t he ovaries of th e fema le par ent tass el ('X-
cept t hat from t he tassels introdu ced into th e bags. or occasional !~· 
that from its own anthers. If the variety nsed for a polli nator hap · 
pens to be a dark -color ed cane and the other lighter colored , as was 
the case in this cross, it is t hen possible to observe many seedlings 
which show this chara cter of the male par ent . 'I'h ere is th en litt le' 
possibility of doubt but that they ar e the result of cross-pollination. 
·wh ere the parents ar e not so distin ct ly differe nt it is i mpossibl<' to 
be absolutely cer ta in whet her indi vidual seedlings ar e from C'l'Oss-
pollination or from self -pollinat ion of th e vari ety. intended for the 
seed parent. The prog eny taken as a whole, ho,..vever , can hC' con-
sid ered large ly cross-poll inat ed seedl ings . 

Th e canes result ing from cross-pollination last yea r hav e grow11 
well and many of them appea .r promi sin g for commer cial cnltur e. 
Only one abnorm al stool was found amon g them. Thi s was a very 
small stool, the st alks being qnly about one-fourt h inch to one-half 
in ch in diameter and proportionately short. The leaves were als0 
relativ ely small . 'Except for its size th is cane was quite like D- 109, 
th e vari ety used as a pollinator. 

Th e following types were observed among these seedlings : 
l. Typi cal D- 109. 
2. Typi~al Crys tallina. 

tFour th .~\nnunl R eport, Ronrd of Commi ss ioner s of .\gricultun• of Porto R,ic·o, pp . 23 - 3:J, 
1914-15. 
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8. Like D-109 as to color but with intemo des and huds lik,' 
-C rystallina. 

4. Like D- 109 in shape of iuternodcs 1md bnds, · hut of n light el' 
color and very glaucous. 

5. Can es greenish-red to wine colo1·, very littl e glaucousness, with 
buds more resembling those of Cry stall ina than D-1.09. and 
with internod es int ermediat e between th e t\\·o. 

6. With internodes like those of D- 109, color like Crystallina , 
but larger in diam eter than eit her. 

7. With internod es and buds like Crystallina , hut the ·colo1· 
darker and somewhat like th at of D- 109. 

8. Like D-1 09 as to int erno~ es and buds. but like Crystallin a 
in color. 

9. Like D-109 in color but with large nodes, constri cted inte1·-
nod es and with buds somewhat lik~ those of Crysta llina. 

10. Like Crystallina as to bud s and int ernodes but more glau-
cous. 

The follqwing data conce·rnin g these canes were also noted: 

Number. P er ccnr. 
Tota l stools __ -- - - - ___ -- ______ --- _ -- ______ --- _______________ _ 560 100 
Sto ols as red as D-10 9 ____________ ________ __________________ _ _ 147 28 . . 
Stools clal'ker tbau Cl'ysta llina _____ : ____________ ______________ _ 294 :32. 5 
, tools ha,, ing iute rnocles like D-109_ : ____ _______ ________ _____ _ 246 .. rn. 9 
Stools having no charn cter like D-109 , and with Mlor and inte r-

nodes like Crysta ll ina ________ - -- -- ________ --' - - - -- ________ _ 42 i .. ) 

· These observations were made when the canes were quik matu1·r. 
so that ther e was the least possible chance of subsequent chang e in 
appearance; hut cane varieties a re extr emely variabl e and their 11 p-
pearance is affected in many ways by outside influences, such as soil 
condi tions, moisture and sun-light, so that it is difficult to separate • 
different types. Should vari et ies still more dist inct ly d'iffer ent be 
chosen for crossing, more definit e result s would possibly be secur ed in 
the r esulting seedlings. The above <lata, howeve1·, show certain point s 
which are worthy of not e. They indicat e that there is a form of 
combination of char acter s in some, at least, of the seedling s result -
ing from a cross between two varieties of cane. This may be due 
to certai n chara cters derived from each parent variety , being domi-
nant in the heterozyg ous seedlin gs. It also appears that th err iil 
gr eat er variation in seedling s so produced. th an in those obtain ed 
from tassels not cross-pollinated. 

As to the economic value of the seedling s produced by crossing , 
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there is little to be said at present. Many produ ced by this c1;oss 
appear very promis ing , and a relatively large number wer e selected 
for extension and further trial, . although their true value will not 
be definitely known until they have been tested furth er. 

Available data as to th e sucrose content of the jui ce of three of 
the groups of seedlings und er consideration, as well as of two other 
groups which were germinated in 1912, are given here. The distri -
bution is in classes which differ by one per cent, grouped on the 
nearest half per cent. 

• 
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There are some diffel'ences sho\\'n in the f1·equency dist ributi ons 
of tl1ese populations ; however , seed ling canes are very much af-
fected by environm ental influ ences, and no data are at hand to sho,r 
t hat frequency distributio ns of subsequent genera tions of such groups 
would show th e same 1~elation as that sho\\·n here. )foreove1·, it is 
the individual seed lings t hat a re of interest, as 11e\\· vari eties a l'l ' 

forme d by asexual multiph eation of th ese; and eYen though ,re 
assume th e above to be the case. we still cannot say th at th e chanc es 
of selecti ng supe rior seedlin gs ar e ·great er i11 a percent age group 
showing a relative ly high fr equency distt·ibution. than a lo\\' one. 
until it is shown that t he indi vidua l rang es of varia tion of su bse-
quent gener at ions of t he separate :ee dlings of these groups beat· 
a r elation correspondin g to that of th ese first generatio n seedlin gs. 
Th e coefficients of vari abili ty of th ese gl'oups of seedlin gs rang e 
from 9.6 ± .934 of the D- 117 par ent age group of 1916, to 12.5 ± .87:3 
of th e Crystall ina X D- 109 pnrentag e gro up, the latter hein g a lit tle 
greater than that of the D- 448 parentag e gr oup , which was 12.4 :::i:: .959. 
Stati stic s of different years ar e probabl y not comparabl e, thou gh it 
is nota ble t hat t he coefficient of var iabilit y of th e D- 117 can es was 
th e same for l\oth yea rs. In both years t he coefficient of vari abili ty 
of the D- 117 canes was the sma llest, and in t he 1916 seedlin gs those 
of D-448 and Crysta llina X D- 109 were about the same. Th e nu1!1ber 
of ind ividu als in any gro up is not ~ufficiently lar ge. and the dat a at 
hand are not sufficient to allow conclusions to be drawn. Th e table 
is includ ed ,vit h th e other data at hand a.t this t ime, mainl y fo1· the 
purpo se of. point in g out a line of "·ork which may give results whe11 
it has been completed. 

CONC LU S IONS. 

1. Seed ling sugar can es in th eil' first generati on show a degree 
of resemblan ce to the varieti es from which they were prod nced. 

2. The result s of t he work at this Statio n indi cate t hnt resem-
blanc e of color is mor e, mark ed than thnt of any oth er clwracter-
ist ic. 

3. 'rh ere is wide l' :7aria t ion in sPcdlin gs than in cam's p1·oduc<'d 
from cutti ngs of the same variety. 

4. 'l'h e g reat est variatioll in seedli ngs produ ced from tass els ol' 
a single vari ety is in the size and fo rm of the plant s, . and of their 
component parts. 

5. Cert ain vari eties produce bette r seedlin gs than others. 
6. Abnormali ties ar e 1:ommon in .-eedling canes. whe1·eas in <·ant's 

' 
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produ ced from cuttings they are rare. Certain varieties produce 
many more abnormal seedlin gs than others. 

7. New types of can e ar e produ ced by crossing vari eties. 
8. Variation is appar ently increased by a singl e combinat ion of 

two var ieties. 
9. Crossing seems to produce a recombination of characte rs of the 

• parents in some of the r esult ing seedlin gs, this probably being due 
in a measure, to dominan ce of certain chara cters derived from each 
parent. 

10. Only slight differences in sugar content of the jui ce have 
been observed between groups of seedlings produced from differ-
ent varieties. 

• 


