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• BREEDING BEHAVIOR OF 
Certain Agronomic Characters in 

Progenies of Sugarcane Crosses 

AT THE UNITED STATES SUGARCANE FIELD STATION, HOUMA, LA. 

By LEO 1'. ijEllERT, research agronomist, Crops Hesel/reh Division, A uriclI/lura/ Reseorch 
Service, Uniled Slates Department of llariculture, :md ;\1. T. HENm~It..,o~, Profe:;sor of 
Agronomy, Louisi(l1/(L AUricliltural Experiment Statim. l . 

INTRODUCTION 

• 

Development of sugarcane varieties meeting the exacting de­
mands of the Louisiana sugar industry presents many problems 
in a number of related fields of agricultural research, because con­
ditions under w.hich sugarcane is grown in this State differ from 
those of most sugar-producing countries. To be acceptable a vari­
ety normally must possess some degree of resistance to certain 
diseases, insects, and inversion of sucrose after cutting. In addi­
tion, major consideration is given to several agronomic and chemi­
cal. characteristics that are associated with the ability of a new 
variety to produce relatively high yields of cane and sugar from 
two to three successive crops from one planting, and with its adapt­
ability to mechanical harvesting. 

Among the characters that determine yield of cane and sugar 
are stalk diameter, number of stalks per stool (tillering ability), 
resistance to lodging, Brix or density (total soluble solids), and 
percentage of sucrose in the juice. 

Large stalks are also preferable from the standpoint of grower 
acceptance i of two varieties with equal yielding ability, the one 
having the stalks with the larger diameter is preferred. Good 
stooling, or profuse tillering, especially when occurring early in 
the growing season, is desirable, because it affords better coverage 
of the row surface and consequently more effective control of weeds 
in addition to contributing toward higher yields of cane. Quality 
of the juice as determined by the Brix and percentage of sucrose 
is a very important consideration in variety selection. The quality 
and quantity of the juice are important components of varietal 
performance. 

• 
To be adaptable to mechanical harvesting with the commercial 

machines 110W available (1957), a variety must be fairly erect in 
growth habit.. Varieties satisfactory in other respects may be dis­
carded, because they are not adapted to machine harvesting. 

1 Th(' atlth(),'~ an' indebted tl) L. (:. Ui1vid:'on, "I':'(':Ir('h :If.(roIlOll1ii't, ('mp:; Hl'~(':I"1"I1 
I)ivi~ion, for <:oll:liJorat,ill~ ill oiJtnillinf.( illllllYi'PR of jllil'(' for Ilrix illid ""t.,.O~C. 
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Each year a large number of individual seedlings from crosses 
at the United States Sugarcane Field Station, Canal Point, Fla., 
and, more recently, from crosses made at Grand Isle and Baton 
Rouge, La., are grown as single stools by the United States Depart­
ment of Agriculture at the Sugarcane Field Station, Houma, La., 
for the purpose of selecting varieties satisfying the requirements 
listed above. Considerable labor and funds are involved in this 
seleciion work each year. Information is needed that will make it 
possible to predict with a reasonable degree of certainty the manner 
in which important characters are inherited in prog~nies from dif­
ferent crosses and the behavior of these characters in single stools 
of individual seedlings and subsequently in clones established from 
these single stools. For example, with the characters commonly 
used in appraising the value of individual plants, which ones are 
reliable as criteria in making selections in anyone year? Or, to 
state it in another way, what is the association between the per­
formance of individual single stools and clones, or varieties estab­
lished from the single stools? 

A knowledge of the relation or association of different characters 
in single stools of individual seedlings and clones, and of the same 
character between these single stools and clones, would be of much 
value in the sugarcane breeding program. 

The literature contains very little information on studies reiatecl 
to the performance of agronomic and chemical characters in sugar­
cane, especially in regard to their relative performance in single 
stools and clones. This is particularly true of the work in Louisiana, 
where an extensive breeding program has been in progress since 
1919. The program brought the industry from practically total 
failure in 1925 to its highest cane yield per acre in Louisiana his­
tory during 1955. All but 2 percent of the sugarcane acreage in 
1955 was planted to varieties produced at Canal Point, Fla., and 
tested in Louisiana, according to. a survey made by Hebert (10).~ 

During the fall of 1953, a study of breeding behavior of the 
characters-stalk diameter, number of stalks pel' stool, erectness of 
stalks, Brix, and sucrose percentage in the juice-was begun at i:he 
Houma station with progenies of seven crosses made at the Canal 
Point, Fla., breeding station of the U. S. Department of Agricul­
ture. The study was continued through the 1955 crop. It included 
observations of single stools as well as the plant cane, or first-year 
crop, and first stubble, or second-year crop, from the same planting 
of clones derived from these single stools. 

, (Inti«: 1It1ll1her~ ill pareIlUI('~l's !'l'fer to Litl'l'llttlrp Citl'd, p. 54. 

• 
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• 
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REVIEW OF LITERATURE 

Association of Characters Between Single Stools and Clones 
Established From Single Stools 
In crosses between Saccha.1'um ofjicina1'1l1n and S. spontanewn 

the seedlings invariably had more tillers or stalks per plant than 
the clones derived from them, according to Raghaven (H), who 
studied the problem in India. 

In Barbados, McIntosh (12) found that if a selection were made 
among the seedlings, workers usually selected only early-maturing 
ones and the clones established from the seedlings were all early 
maturing with a short growing season. To overcome this disad­
vantage in Barbados, all seedlings were replanted as clones at 10 
months and allowed to grow until the following year, when selec­
tions were made from the clones. In Puerto Rico, Davis (8) elimi­
nated all weak seedlings at the potting stage, and at 3% months 
discarded all but the most vigorous ones. Davis reasoned that 
there was a close association between vigor in the seedling stage 
and in the clones. 

Venkatraman (17) reported that a detailed inspection was not 
carried out with the original seedlings in India, because it was 
found that rankings of clones did not confirm ranking in the seed­
ling stage. He also found that clones did not give results superior 
to those of the original stools, i.e., establishing clones from the 
single plants did not result in any improvement in the qualities 
of the plant. 

Association Among Characters in the Same Year 
Barber (3,4) reported an inverl:-e relation between sucrose and 

vigor and between purity and vigor with the material he studied 
in India. The smallest and least vigorous plants had the highest 
sucrose and purity. This was true whether the low yield was due 
to the genetic makeup of the plant or to diseases. 

Mangelsdorf (13) reported a very high correlation between 
refractometer Brix and percentage of sucrose in the juice of cane. 

Stokes:: found low degrees of positive association between per­
cent sucrose in the juice and percept fiber in the cane, sucrose and 
stalk height, sucrose and length of leaf, fiber and length of inter­
node, fiber and diameter of stalk, fiber and stalk weight, and be­
tween fiber and staik height, in varieties studied in Louisiana. A 
close association existed between stalk diameter and stalk weight, 
as might be expected. 

Abbott (1) in Louisiana found that there was no association 
between vigor of cane and its susceptibility to red rot or between 
sucrose percentage and susceptibility to red rot among c10neH in 
advanced agronomic tests. 

There waH a correlation between cell size of the leaf and earlineHs 
of maturity, according to Dutt, Rao, and HUHsainy UJ). These 
investigators, working in India, observed that' the Hize of the Hto­

3 STOKI':~' I. I':. A 1I1()~H:TltI(',II. ":-;,11,\,,,1,, OF ('1':11'1',,1:> (,IUIIAC'I'I':I!;; 01-' "1('('IIAI(l~~! 
(WI'WIX.\HDI. a·, pp. L\la~tf'I"" tli~'si~, Tl'x. A. & ~r. CollC'gl', ('ollC'gC' titalion.) 19:34. 
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mata in both upper and lower epidermis and the bulliform cells 
in the upper epidermis were smaller in early-ripening varieties 
and that this condition could be detected when seedlings were 3 
months old. 

Breeding Behavior of Characters 
Venkatraman (17) evaluated the type of cloues resulting from 

various combinations by making experimental crosses and grow­
ing small numbers of segregates resulting from them. He states that 
he was then able to determine which parents to employ for obtain­
ing particular results. 

Warner (18, 19) was of the opinion that selection percentage 
among the p!'ogenies tells only part of the story in respect to evalu­
ation of clones as parents for use in Hawaii. Some parents that 
are highly sterile may yield few seedlings. In planning a crossing 
program he stated that special attention should be given to bi­
parental crosses which bring together two elite parents, with par­
ticular emphasis on combinations in which the virtues and short­
comings of the two parents complement each other. He opposed 
selfing that reduces heterozygosity and recommended use as parents 
heterozygous clones that differed in economic characteristics, to 
insure highly variable populations from which to make selections. 

Stevenson (16), in Barbados, cited a low correlation coefficient 
of -0.213 between stool weight and Brix, but he concluded that 
selection can be made on the basis of yield with a reasonable degree 
of certainty that some clones with high Brix will be taken. He 
maintained that the objective in a breeding program is to increase 
the percentage of individuals in a population that will be acceptable 
for commercial use. This can be done by 8elfing to 'purify the 
genotype, i.e., to eliminate all undesirable characters and develop 
breeding material for crossing in which the potentialities are pre­
dictable. 

Dutt, Rao, and Hussainy (9) studied the inheritance of pithiness 
in sugarcane and found certain relationships associated with this 
character which depended on the combination of parents used. 
For example, in crossing 2 parents that had solid stalks, or did not 
have the pithy character, the progeny all had solid stalks; 2 parents 
that had the pithy character, or stalks that were not solid, bred 
true for that character; and in combinations of parents differing 
in degree of pithiness, the crosses in which the male parent was 
characterized with pithy stalks gave the higher percentage of 
pithy, or nonsoIi.d, individuals, than the reciprocal. 

Buzacott (6) found that progenies from crosses with Co. 290 
generally have had low sucrose but that combinations of certain 
P.O.J. varities, such as 2727 and 2878, with Co. 290, gave progenies 
having high sucrose. 

Brandes and Klaphaak (5) found that two mosaic-susceptible 
varieties selected from Chunnee crosses gave only susceptible seed­
lings when crossed together. The deleterious effect of mosaic was 

• 


• 


• 

not great becanse of the Chunnee parentage. Kassoer, a natural 
hybrid of Saccharum spontane1lln and S. ofjicina1'1t1n, is resistant 
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to mosaic and to most other diseases. In backcrosses of Kassotr 
to S. ofjicina1'wn some susceptible and some resistant seedlings 
were obtained. The proportion of susceptible seedlings was 
greater in the second and third backcrosses than in the first back­
cross. 

When Raghaven (14) crossed Co. 745, a clone selected from seed­
lings of S. spontane1l1n (Burma), with variety Co. 285, the off­
spring were all higher in Brix and sucrose than the S. spontanemn 
parent and many were as high as Co. 285 or higher. 

Abbott (1) studied reaction of progenies to red rot in four 
crosses. Three of these crosses involved the resistant variety Co. 
281, and one of the crosses was. the resistant variety C. P. 1161 and 
the susceptible variety P.O.J. 2725. When Co. 281 was crossed with 
very susceptible varieties U. S. 1694 and C. P. 30-23,25 to 30 per­
cent of the progeny was resistant. In the cross of Co. 281 with 
moderately resistant P.O.J. 2878, almost 50 percent of the progeny 
was resistant. The crossing of resistant C. P. 1161 with very 
susceptible P.O.J. 2725 gave a larger proportion of very susceptible 
progeny than the cross of Co. 281 and U. S. 1694. Abbott con­
sidered Co. 281 X U. S. 1694 as being more desirable than P.O.J. 
2725 X C. P. 1161, for the reason that the latter cross gave a higher 
percentage of very susceptible seedlings. In each case one suscep­
tible and one resistant parent were involved. On the other hand, 
Co. 281 X P.O.J. 2878 was considered a better cross than Co. 281 
X U. S. 1694 or P.O.J. 2725 X C. P. 1161 from the standpoint of 
yielding red-rot-resistant seedlings. From these data he con­
cluded that resistance behaved as a recessive character and that 
genes for resistance were derived from S. spontanewn. 

Azab·J concluded that a variety need not be discarded as a poten­
tial parent in the breeding program because it is susceptible to 
red rot. He found that a variety may be ahle to transmit genes 
for resistance if at least a trace of S. spontanewn is present in its 
lino[,ge, although the variety itself may be susceptible. According 
to Azab, resistance to red rot was inherited as a dominant charac­
ter. S. ofjicina1'1on lacks the dominant gene for resistance, and in 
addition it carries a dominant epistatic gene I which masks the 
expression of the gene for resistance of S. spontanell1n. Arce­
neaux, Coleman, and Hebert (2), working with varieties in ad­
vanced agronomic tests, reported that individuals of the same 
progeny group varied widely as to the degree of injury from freez­
ing. In every cross there were some seedlings that were more 
resistant than either of the parents, which suggested to them a 
typical case of multiple-factor inheritance. The study above was 
limited to 50 to 140 agronomic selections from each cross and did 
not represent random samples of the progenies of the various 
crosses, since the disease-susceptible and agronomically undesir­
able clones had been discarded. 

.! 1\1.AB, Y. J.:. IX"I':HITAX('~; OF I!ESISTAXCE IX Sl'(;Altf'AXE '1'0 ~[OS,\I(, AX!) HIm HOT 
/)[;<1;.\;;1':. :{O.~ pp. fTh('"i~, I'h.D., L:t. St:ltp l'niv. t Bnton HOll~P.1 1(1)2. 
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MATERIALS AND METHODS 
The study was made during the period 1953-55 of the progenies 

of 7 biparental crosses involving 11 clones of sugarcane, made in 
1951 at the U. S. Sugarcane Field Station, Canal Point, Fla. The 
characters included were (1) stalk diameter, (2) erectness of stalk, 
(3) number of stalks per stool, (4) Brix by hand refractometer, 
and (5) sucrose by polarization. rrhe crosses, parents of each 
cross, characteristics of the parents involved, and number of seed­
lings and of clones from each cross are given in table 1. Seedlings 
from the crosses were grown as individual plants in the field at the 
U. S. Sugarcane Field Station, Houma, La., as plant cane in 1952, 
and as first stubble in 1953 when the initial observations were 
made. 

In the fall of 1953 records were taken on the first stubble of each 
single !"tool for stalk diameter, erectness of stalk, number of stalks 
per stool, ane! Bdx. In November 1953 clones were established 
from first-stubble single stools of the 7 crosses. Sufi1cient material 
was used to establish 5-foot plots of each clone. When available, 
150 clones of each cross were planted. Four plots of each parent 
were interspersed among the crosses. In November 1954 the 
clones were evaluated in the plant-cane crop for stalk diameter, 
erectness, and number of stalks per stool. In addition, Bdx and 
the sucrose percentage in the crusher juice were determined for 
each clone and parent. In the fall of 1954, 75 clones from each of 
2 of the crosses were planted in a randomized block experiment 
with 2 replicates of each clone and the parent variety. In Novem­
ber 1955 the clones that survived the winter were again evaluated 
in the first stubble crop for stalk diameter, erectness, number of 
stalks per stool, Brix, and sucrose percentage. 

Stalk diameter was obtained by caliper measurements at the 
middle of the internode nearest the midpoint of the mature stalk. 
Values recorded represented the averages in millimeters of 5 or 6 
stalks. 

In ranking sugarcane as to erectness of stalk, a rating baspd .on 
the following scale, in use at the Houma station for some time, waS 
adopted: 1. :-:: very superior; 2 :~= superior; 3 :::: average; 4 -= in­
fel"ior; and 5 ::::;;- very inferior. Pictures illustrating those erect­
ness classe!" are presented in figures 1 to 5. A variety must have 
at lem;t a 4 rating to be adapted to mechanical har\"esting in Louisi ­
ana. 

Techniques for obtaining juice samples and for determining- the 
Brix content of the juice have been described by C'hriRtiansOll (7) 
and Lennox (11). In this study Brix for all ;~ years was de­
tel·mined in the field by hand-refractometer reading- of the juice 
obtained with a Hawaiian-type punch. This special punch con­
tains a reservoir in which juice from a number of stalks can be 
collected. Samples were taken from the center of the intemoc\e 
nearest the midpoint of the stalk. The juice from 5 diffel·ent 
stalks was composited for each reading whenever 5 stalks were 
available. 

• 


• 


• 
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In order to measure Brix in the laboratory, immediately after 
extracting the juice samples for field Brix tests, the stalks wer.e 
cut, taken to the laboratory, and milled to levels of extraction 
ordinarily obtained with factory crusher rolls; i.e., approximately 
65 percent with a variety similar to Co. 281. The Brix of the ex­
tracted juice in the sample was determined by hycirometer. 

Sucrose was obtained by direct polarization of the undiluted 
juice after clarification with lead subacetate, and the polarization 
reading was converted to percentage of sucrose by use of Schmitz's 
table. Sucrose and polarization are frequently used synonymously 
in cane factory work to designate direct polarization. The Clerget 
polarization is called true sucrose to differentiate it from the 
direct polarization figure. Polarization is designated as "pol" and 
(Iefined as the value determined by direct polarization of the nor­
mal weight solution in a saccharimeter (1 ti. p. ti85L 

All stalks large enough for milling, whether damaged by wind 
or borers, were counted for the purpose of calculating the number 
of stalks for each year of the stUdy. In the single stools the num­
ber of stalks in each stool was counted and recorded. In 1954 
,md 1955 all stalks in a clone were counterl. and this number divided 
by the number of stools in the clone to obtain the average number 
of stalks per stool. 

Scatter diagrams showing the association for the same charac­
ter in different years were prepared for representative crosses in 
respect to each of the charactel's studied. Correlation coefficients 
were calculated for association between different characters in the 
same year and for the same character amon.~ different seasons for 
each cross separately and fOl' the average of all crosses. 

RESULTS AND DISCUSSION 
Assodation Between Performance of Single Stools and Clones 

Derived From Them 
Correlation coetIicients were calculated for each of the four 

characters (stalk diameter, erectness of stalks, stalks per stool, 
and field Brix) studied (1) between first-stubble single stools grown 
in 1953 and the plant-cane crop of clones established from them in 
1954, (2) between single stools in 1953 and the first-stubble crop 
of the clones derived from them in 1955, (3) between plant cane of 
clones grown in 1954 and first stubble of the same clones in 1955, 
and (4) between single stools in 1953 and the average of nlant cane 
and first stubble of clones grown in 1954 and 1955.. The single 
stools in 1953 were first stubble of indiv.idual plants that had been 
grown from seed in 1952. The plant-cane clones in 1954 and the 
first stubble of clones in 1955 wel'e 5-foot plots established from 
cuttings taken from the single stools in the fall of 1953. The~r pro­
duced plnnt cane in 1954 and the !lame plantings prodlleed first 
~tll bble in 1955. 

Stall< Diameter 

In respect to stalk dinmetel' positive significant correlations for 

• 


• 


• 




15 BIU~EDI~(; B1~HAnOR OF SL'GAHC:\::\E CBOSSI':S 

• 
all 7 crosses were found between first stubble of single stools in 
1953 and plant-cane clones derived from them in 1954; and between 
first stubble of single stools in 1953 and first stubble d clones in 
1955 (ta,bles 2 and 3, respect.ively). The eorrelation coefficients 
ranged from 0.4£1 to 0.67 between 1953 and 1954, with an average 
value of 0.54; and from 0.22 to 0.76 between 1953 am11955, with an 
average value for all crosses of 0.50. Average values of l' between 
1953 and 195'1 were es~entially the same as ./" values between 1953 
nnd 1955 for all crosses as a group. Values for crosses 32 and 
49 were lower between 1953 and 1955 than between 1953 and 1954, 
suggesting that the agreement between single stools and clones 
was closer in plant cane than first stubble of the clones. On the 
other hand, the agreement for cross 11 was closer between 1953 
and 1955 than between 1953 and 1954. The other 4 crosses showed 
essentially the same correlation in the 2 sets of comparisons. Be­
cause all?' values were significant, the results indicate that selec­
tion for stalk diameter in single stools would be effective to some 
degree. 

TAIlI.~; 2.-('orrela[iol! coefficients (r) for stal~' cha/'l/cters in 7' ('rD.~.ses bettl'een 
first-stubble .sinalI' stools 'in 19:')8 (wd plcwt ca.ne of clones established from 
them 'in U);i4 

• Correlatioll ('oefliei(,nt~ 1 for l'ro~~ Xo."­
('II:lI':I(,t!'r 

II lfi 72 I 7·~ 
l-ilnlk di:lllwtPI' 0.5S" O.ii·~" 0.·1·1" 0.52" n.iil·· n.iin·' n.H7" n.;;·'"
En·('t Il('~~ of ~tlll k. .:15" .:In·· .21" .28" .2S·· .:\1 u .ii7"i .:1:1" 
Xllmlwr of ~talkg 1)('1' ~(ool .21 • .:~·I·· .ii·I·· .:17" .:lii·' . 1:1 .:12'" .:\:1" 
Bl'ix (n·fraptollwtpl'l .28" .·IS·· .;~2'· .7Z·· .2·'" .(ill·· .70,·j .-IS" 

1 ·=~i~llifi(·tlllt :11. ii-pl'l,(,PIlI It·v(·I; "=~i~llific::tl\t at l-pl'n'l'lIt If'\"'\' 
'S('t' tahl!' I for pllr('nt:q~(' nf l'1'O~~r:;. 

TABU'; :3.-('ol'relation ('()e(Ji('ielll.~ (r) for plnnt clwi'{/cil'l's in 7 ('/'()s.~e.~ 
betll'ern .firsi-stubble ,~ill(Jlc st()ol.~ II! 19/iS and first-stubble donI's e"'t(/bli,~hed 
fl'Ol/I lhemin ! .9:iij 

I ('OITt'latioll l'o('fIil'i('IlI'; 1 for ('1'0:''' ~o? • 
( 'Ita nlf't 1'1' 

\ II I;; ;{Z ·10 72 71 I I IH l.h'!'!';I!!,' 

• 
t-italk diallll'll'I' Ie.70" l).fiO·· ().~2" o.;\~·, [;.fi I" O.(i I"!n,(w'! 0.;;0" 
En,,'t Il('~:' of ~t a I k ! ?S" I?" ?'l" '~f)" "Ii" 1'1"\ C,ti"1 .;{S" 
~ullll)('r or ;:t:dk. pl.'r :'10111 ! :21' :.1;;" :X7" ::12" :41'" ::l,~ "I :;i\*,1 .,10" 
Brix Irf'fm('\omrj('r) ; ,,21 * t .:10··; .22··t ~ IRe. ~:~2··: ~o:{··i ..-}:~.. .:U";·· 

1 '=t-ii~llifit':1llt at ii-pl'l'!'l'lIt 1('\,['1; "=~i~llifil'alll at I-pen"'nl !t·\'I'I. 
2 :i,'!! lahl,' I fol' parcllta~l' of cru"~(''', 



16 TECH. BUL. 1194, U. S. DEPT. OF AGlUCUL'l'URE 

Cross 32 had the lowest correlation coefficient for stalk diam­
eter between single stools in 1953 and clones from them in 1954 
(r = 0.44). In this cross the pereentage of superior clones (those 
having a diameter of 26 mm. or above) in the unselected popula­
tion or entire 1954 progeny was 19 (fig. 6). If only single stools 

STALK DIAMETER 

CROSS 32 (C.P. 36-105 xC.P. 30- 24) 
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with diameters of 25 mm. or above had been selected and estab­
lished as clones, the number of superior clones in this selected 
progeny would have been 33 percent. Thus, selection among single 
stools would have been somewhat; less effective in cross 32, with a 
correlation coefficient of 0.44, than in cross 148, with a correlation 
coefficient of 0.67. There was an even lower correlation coefficient 
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for cross 32 of 0.22 between single stools in 1953 and first stubble 
of clones established from them in 1955. However, even in. the 
case of cross 32 selection of single stools for large diameter of 
stalk would have been sufficiently effective to warrant its us~. 
It shouid be pointed out that in cross 32 almost all clones had large­
diameter stalks because of the nature of the parents. The previous 
discussion of selection effectiveness in this cross refers to the 
possibility of obtaining the largest diameter clones available in the 
cross by selection among single stools. 

Table 4 gives the correlation coefficients by crosses among clones 
for stalk diameter between plant cane in 1954 and first stubble in 
1955. Correlation coefficients for the same clones between plant 
cane and first stubble in the 2 seasons ranged from 0.56 to O:{1, 
and averaged 0.64 for all crosses. This shows a significant asso­
ciation, but correlation was not particularly high for the type of 
material involved. Apparently some clones did not give the same 
relative stalk diameter in the 2 seasons. In fact, 1" values for clones 
between plant cane and first stubble were not much higher than 
between single stools in 1953 and clones in 1954 and in 1955 in 
the average of all crosses. 

TAB!.~ 4.-Correlotion coefjicienl.s (I") for plant characters for 7 crosses be­
tween 1)lnnt cane in /.9·?4 and first slubble in 19.?':) of clones e.~l(lblished 
from .sin(Jle .slool.~ 

I "=Si~llifi('llllt:lt l-p('f"('Pllr h·vel. 

2 S('(' lablp J for p:u'PlIlal!;(' of ("n'~"('~. 


In order to obtain a more complete concept of the effectivenesR 
of selection among single stools, scatter diagrams giving the dis­
tribution according to stalk diameter of the single stools in 1953 
and the plant cane of the clones established from these single stools 
in 1954 are shown for crosses 32 and 148 in figures 6 and 7, respec­
tively. These 2 crosses had the highest and lowest correlation 
nmong the 7 studied. Cross 148 had a relatively high correlation 
coefficient of 0.67. An examination of figure 7 shows that of the 
99 clones grown of cross 148, 28 had diameters of 21.5 mm. or 
above in 1954. In respect to stalk diameter these 28 clones can be 
considered as superior, indicating that approximately 28 percent 
of this unselected population of cross 148 consisted of superior 
clones. It is apparent from figure 7 that a very high proportion 
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STALK DIAMETER 

CROSS 148 (C.P.47-191 x C.P. 43-33) 

32 I I 
J 

--. 
I 

I 

r=O.G7 
en 

", ~ It) 

en 28 f ­
c 
g.. -

CI) :=! 
...J -o e • 
(/) f­ • 
~ 
(!) ­
ZE_ E 

24 f ­ • . 
. • 

• -

(/)~ 

W 
...J 
CD 
m:::» 
I ­
(J) 

I ­
(J) 
ct: 
lL 

20 

16 

2

• · .. • •• • . 
f- I . . 

5... .. •• ... • 2l­ · • 
Mean 19.2 • .. '" -. . . 

l­ . . 

. . . .. · ....:- :: l­.. . .e. . . :.. . - . .. .. ·. • 

• 
-

-

-
f­

. .. 
J I I i 

16 20 24 28 32 
PLANT CANE OF CLONES 1954 

(mm) 

NOTE: Numeral beside dol represenls number of readings 01 some localion. 

ll,,-!i714x 
I"U:UHI') 7.-S(:u.lte!" diagram of ('ross 148, giving distribution aeconling to stalk diam­

pte!" of first-~tllhble Hingle stools in 1H5:1 and pl:lnt ('ane of clones estahlished from
thf'm in 1054. 

of these large-diameter clones were derived from single stools that 
had large stalk diameters. In fact, all except 5 of the 28 superior 
clones were derived from single stools that were above average for 
this cross in stalk diameter. Furthermore, if selections had been 
made in this cross among single stools in 1953 for large stalk diam­
eter, and only the 26 plants with diameters of 20.5 mm. and above 
had been kept and established as clones, the number of superior 
clones (21.5 mm. or above) would have been 16, or approximately 
61 percent of the selections made. The increase from 28 to 61 
percent in frequency of superior clones provides a measure of the 
relative effectiveness that selection among single stools in cross 
148 would have had in obtaining clones with large stalk diameters. 
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That the failure of l' values between single stools and clones 
derived from them to approach 1.00 was caused primarily by 
experimental error within seasons rather than season-genotype 
interaction is indicated by results obtained in an additional experi­
ment (tabie 5). Two plots of each clone of crosses 49 and 72 
were planted in 1954; in 1955 correlation coefficients of 0.66 and 
0.63, respectively, were obtained for stalk diameter between the 
two plots of the same clone. Since this is essentially the same asso­
ciation as that found between the same clones when grown in sepa­
rate years (table 4), the results indicate that genotype-season 
interactions were negligible. 

It is concluded that selection among single stools should be prac­
ticed for large diameter of stalks. This selection will probably 
prove more effective in some crosses than others. However, selec­
tion among single stools or even among small plots of clones should 
not be extremely rigid, because of the experimental error involved 
in dealing with small plots. From results of this study it is ex­
pected that 40 to 60 percent of single stools with large diameter of 
stalk:; will produce clones having large-diameter stalks. 

Erectness of Stalks 

Significant correlations for erectness of stalk in all crosses were 
positive between single stools in 1953 and plant cane of clones in 
1954, and between single stools in. 1953 and first stubble of clones 
in 1955 (tables 2 and 3). Values of the correlation coefficients 
between 1953 and 1954 ranged from 0.21 to 0.57 and averaged 0.33 
for all crosses; and values between 1953 and 1955 ranged from 
0.26 to 0.56, with an average value of 0.38 for all crosses. 

The average values of l' for all crosses between 1953 and 1954 
and between 1953 and 1955, as well as for each cross, were essen­
tiallyequal. Only in the case of cross 74 was the ag-reement appar­
ently closer between single stools and first-stubble clones than 
between single stools and plant-cane clones. This difference is 
relatively low, however, and probably not important. 

TABL,I-: 5,-('o/'/'elation coc.tficienls (r) Jo/' plant c//Omelel's Jo/' 2 CI'fJS8(,S 

belteeell 2 plols oj the snll/(' clone (f/,o/I'IL (18 pla III 1'(111(' in /.9i;.) 

('OIT(.latioll ('()('flil'it'lIt~ I b('(\\'I"'1I 
2 pl()t~ or t Ill' ~:llllP ('\OJI(' for 

('I'll:':' XO,2 ­

( 'hanll'l('I' 

72 

() 0i'HHlk (\ialllPlI'I' (), (W"" 0:1"" 
EI'('(·tlll'~R •. .:m" 0·1\)*" 
X\llIllwl' or ~t:llk" IWI' ~tool .1," .:ll "" 
Brix {I'"rrapt (Jllw!"I'l .20" .r;o·· 

I "=Hi~lIifi(,:lllt at fi-P('ITI'1I1 II'vl'l' ""=:,i~ltirk:lllt :It 1-1'('1'('('111 11'\'pt. 
";0;1'(' \:1 hi.. 1 for P:II'('lIt:1l!(' of ('1'0:'.':(';:, 
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Despite the fact that all l' values for erectness were significant 
between single stools and clones from them, many tended to be 
iow, indicating relatively poor agreement between single stools 
and clones for part of the crosses. The primary reason for this 
poor agreement between single stools and clones grown in separate 
seasons can be found in table 4. The correlation between clones 
grown as plant cane in 1954 and th·~ same clones grown as first 
stubble in 195::: were also relatively low, ranging from 0.21 to 0.58, 
with an average of only 0.39. Crosses 11 and 32 had l' values less 
than 0.3; and only 2 crosses, 49 and 148, had l' values above 0.5. 

The low'}' values between the same clones in separate years 
were caused almost entirely by experimental error within each 

ERECTNESS OF STALK 

CROSS 32 (C. P. 36-105 X C. P. 30-24) 
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• 
season. Correlation coefficients between different plots of the 
same clone grown in the same season were only 0.30 and 0.49 for 
crosses 49 and 72, respectively (tabie 5). This indicates a very high 
experimental error in erectness of stalks for plots of the size used. 

Throughout the experiment cross 148 behaved differently from 
the other 6 crosses in regard to erectness. Moderately high l' values 
of 0.57 and 0.56 occurred between 1953 single stools and clones 
from single stools in 1954 and 1955, respectively, suggesting a con­
siderably closer agreement than was found for the other crosses. 

The wide variability in erectness of stalks among crosses in 
agreement between single stools and clones derived from them is 
illu.strated in figures 8 and 9. Figure 8 shows the distribution of 

ERECTNESS OF STALK 
CROSS 74 (C. P. 43 -64 xC. P. 44-154) 
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the population of cross 32 for erectness in single stools in 1953 
and in plant cane of clones established from them in 1954. The 
correlation coefficient in this population was 0.21. Among the 148 
clones grown in 195'1, 41 percent was classified as resistant to 
lodging (classes 1 and 2). If selection had been practiced among 
single stools in 1953 and only plants of classes 1 and 2 taken and 
established as clones, 45 percent of this selected popUlation would 
have been classified as resistant to lodging. Thus, essentially no 
improvement in percentage of clones having resistance to lodging 
would have resulted from selection among single stools of cross 32. 

Figure 9 represents a frequency distribution for single stools 
in 1953 and clones in 1955 of cross 74. The correlation coefficient 
was 0.49. There is a much closer agreement between performance 
as single stools and performance as clones than was found for cross 
32. Among the 147 clones grown from cross 7'1, 82 clones (56 per­
cent) were rated in classes 1 and 2. On the other hand, if selection 
had been practiced among single stools and only those in clas'i8s 1 
and 2 had been kept, 82 percent of these selected clones would have 
been superior in resistance to lodging. Thus. in cross 32 selection 
among single stools would have had very little value, while in 
cross 74 it would have been moderately effective in obtaining a 
high proportion of erect clones. 

On the whole, the data indicate that wide variation will occur 
among different crosses in effectiveness of selection for erectness 
of stalks in single-stool poPUI,ltions of sugarcane crosses. Because 
of the low degree of association between plots of the same clone, 
whether grown in the same season or in different seasons, it is 
doubtful that rigid selection should be practiced in the single-stool 
stage or even among clones for erectness on the basis of one sea­
son's results. It appears that, in general, selection for erectness 
in anyone season, whether among the single stools or among 
clones, was not so effective as selection for large stalk diameter. 
ThiR iR borne out by the appreciably lower correlation for erect­
ness of stalks in all crosses except No. 148; between single stools 
in 1953 and clones in 1954 (table 2) ; between single stools in 
1953 and clones in 1955 for crosses 11, 15, 72. and 74 (table 3) ; 
between the same clones when grown in 1954 and 1955 fOI' all 
crosses (table 4) ; and between different nlots of the same clone 
for crosses 49 and 72 when grown in 1955 (table 5). The only con­
sistent exception to the lower r value for erectness of stalk than 
for stalk diameter occulTed in cross 148. As pointed out earlier, 
there was a consistently higher association for this cross in el'ect­
nesr-; of stalks between single stools and clones established from 
them than for the other crosses. 

Stalks per Stool 
Positive correlations in all crosser-; for number of stalks per stool 

occurred between single stools in 1953 and plant cane of clones in 
1954. and between single stools in 1953 and first~stubble clones 
in 1955 (tables 2 and 3). In all cror-;ses, except crosr-; 74 in 1953 
and 1954, the l' values for association between single stools and 
clones were significant. Correlation coefficients ranged from 0.13 
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to 0.54 between 1953 and 1954, and from 0.21 to 0.51 between 1953

• and 1955. 
Effectiveness of selection among single stools for number of 

stalks pel' stool varied among th"" different crosses, but selection 
for number of stalks in most cases would not have been so effective 
as for stalk diameter. Despite the significant positive correlation 
of 0.37 for number of stalks per stool between single stools in 1953 
and clones in 1954 for cross 49, selecting number of stalks among 
single stools had very little value (fig. 10). In selecting for num­
ber of stalks per stool, 5 is considered the acceptable minimum, 
while stools with 10 or more stalks would be rated as superior in 
this respect. In the unselected population of 139 clones of cross 
49, 12 (9 percent) had an average of 10 or more stalks per stool 

STALKS PER STOOL 
CROSS 49 (C.P. 29-I03x C.P. 33-224) 
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and could be considered as superior clones in respect to number 
of stalks per stool. If in the selection among single stools in 1953 
only the 38 plants with 10 or more stalks had been established as 
clones, the number of superior clones obtained from this selected 
population would have been 16 percent. Although this reflects 
some increase in the percentage of superior clones obtained in the 
selected population, it would still have been very low. Thus, if 
selection had been practiced among single stools for a high num­
ber of stalks per stool, 84 percent of the superior clones of cross 49 
would have been discarded; i.e., there were 84 percent of the 
replants that did not meet the minimum requirements with respect 
to number of stalks per stool. In fact, 21 percent of the clones 
derived from selected single stools (10 stalks or more per stool) 

STALKS PER STOOL 
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• 
had 401' less staiks per stool and would have been distinctly inferior. 
Thus, as marlY inferior clones would have been obtained by selec­
tion among single stools for large number of stalks per stool as 
distinctly superior ones. 

Figure 11 gives the distribution in number of stalks per stool 
for cross 74 as single stools in 1953 and plant cane of clones derived 
from them in 1954. The correlation coefficient for this distribu­
tion was 0.13. It is obvious from figure 11 that selection on the 
single-stool basis would have been valueless for obtaining high 
tillering clones in cross 74. In the unselected population of 148 
clones of cross 74, approximately 11 percent had an average of 
10 or more stalks per stool. If only single stools having 10 or 
more stalks each had been selected and established as clones, only 
'7 percent of the clones obtained would have been superior. The 
lower percentage for the selected population is probably due to 
chance. Of the clones obtained by selection among single stools for 
10 or more stalks per stool, 18 percent would have had fewer than 4 
stalks per stool and would have been considered inferior. 

• 

Table 4 gives the correlation coefficients among clones for the 
same characters in 2 different years. The association for stalks 
per stool between years for the clones was variable for the different 
crosses, ranging from 0.21 to 0.70. Most of the l' values were rela­
tively low, and the average l' value for the 7 crosses was 0.48, 
The low correlation for most crosses between the same clone in 
separate years will account to a large extent for the low associa­
tion between single stools and clones derived from them in respect 
to number of stalks per stool. Number of stalks per stool, whether 
among single stools or among clones, apparently is subject to a 
high degree of environm~l1tal variation (table 4), These results 
suggest that selection for number of stalks per stool, even among 
clones, will be limited in effectiveness. 

The strong influence of environment on number of stalks per 
stool, even in clones, is sho\vn more strikingly in table 5, The cor­
relation between 2 plots of the same clone for crosses 49 and 72 
were only 0,17 a11d 0,31, respectively. Although both l' values are 
significant, they are'very low. The reason for the lower l' value 
for number of stalks per stool in table 5 than for those in table 4 was 
not apparent. It should be stated, however, that, as in the case of 
erectness, the number of stalks per stool h.:'1.d an extremely high 
coefficient of variability (data not shown). 

• 

Selection for number of stalks per stool in one season, either in 
single stools or among clones, was not so effective as selection for 
diameter of stalk, but probably was as effective a~ selection for 
erectness of stalks, It appears that if selection for stalks per 
stool is to be practiced in single stools, it should not be rigid, and 
relatively little emphasis should be given to this character at this 
stage of cane growth, 

Field Srix 
From correlation coefficients given in tables 2 and 3, positive, 

significant correlations in respect to field Brix occurred for all 
crORses lJetween Ringle stoolR in 195~ anel plant-cane clones in 19!)4 
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and for all but one of the crosses between single stools in 1953 and 
first stubble of the clones in 1955, with l' values ranging from 0.21 
to 0.72. The averages for 1953 with 1954 and for 1953 with 1955 
were 0.48 and 0.38, respectively. The generally lower values for 
the 1953 and 1955 data than those for the 1953 and 1954 for the 
averages of all crosses and for all individual crosses except one 
suggest that the agreement between single stools and clones was 
closer in plant cane than with single stools and first stubble. This 
may have been caused by a closer similarity between the 1953 and 
1954 seasons as they affected Brix, or to a difference in plant cane 
and first-stubble crops. 

In both comparisons there was a wide range among the crosses 
in magnitude of the correlation coefficients between single stools 
and clones derived from them. For example, ill the 1953 and 1954 
comparisons 2 of the l' values were below 0.3, while 3 were 0.69 
or above. This suggests that the crosses differed greatly in the 
association between single-stool performance and clonal perform­
ance, indicating that selection for Brix among single stools would 
be considerably more effective in some crosses than in others. The 
data suggest that selection among single stools in crosses 11, 32, 
and 72 would have been of limited value, while selection in crosses 
74 and 148 would have been at least moderately effective. 

In 3 of the 7 crosses-49, 74, and 148-there was evidence that 
selection for Brix among single plants in 1953 would have been 
effective in obtaining clones high in Brix. In the other 4 crosses 
I' values were low, and it is probable that selection for Brix in 
1953 'would have been of little value, Effectiveness of selection in 
the field on the basis of Brix would depend, then, on the particular 
cross involved, because the differences in l' values among crosses 
were greater than in the case of stalk diameter. 

Correlation coefficients for Brix between the same clone grown as 
plant cane in 1954 and first stubble in 1955 are given in table 4 for 
each cross, These correlation coefficients were all positive and sig­
nificant, ranging from 0.47 to 0.70, with an average of 0.57. The 
fact that l' values for some crosses were not high indicates that selec­
tion on the basis of clonal performance for 1 season only would 
not have been highly effective. In crosses 15, 32, and 72, there 
\vas considerable disagreement in the relative Brix of the clones 
involved for the 2 seasons. On the other hand, crosses 49, 74, and 
148 showed high correlations, and apparently selection in either 
season alone would have been highly effective, 

The data in tables 2, 3, and 4 indicate surprisingly that selection 
in crosses 74 and 148 for Brix on the basis of single stools in 1053 
would have been as effective in obtaining clones with high Brix 
as selection on a clonal basis in 1954 or 1955. Correlation coeffi­
cients for these 2 crosses between seasons were high for all com­
parisons. including those between single stools and clones. This 
was decidedly not the case for most of the other crosses. For 
example, in cross 11 the correlation coefficients between sing-Ie 
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• 

stools and clones for 1954 and 1955 were 0.28 and 0.21, respectively, 
while the I' value for clones hetween 1954 and 1955 was 0.61. This 
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further emphasizes the fact pointed out above that considerable 
variation occurred among the crosses in the relationship between 
single stools and clones. The low correlation found between plots 
of the same clone in 1955 for cross 49 (table 5) could not be 
accounted for. 

Figure 12 shows the distribution for Brix between single stools 
in 1953 and plant cane of clones from them in 1954 for cross 148. 
The l' value for this distribution was 0.70. The agreement for 
Brix between single stools and clones was consistently close for 
both 1954 and 1955, suggesting that selection for high Brix among 
single stools in this cross would have been highly effective in obtain­
ing high Brix clones. This is borne out by the distribution in the 

BRIX 
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scatter diagram in figure 12. Among the total number of unse­
lected clones in cross 148, the frequency of clones having Brix of 
18.5 and above was 32 percent. If selection had been practiced 
among single stools in 1953 and only those with Brix of 18.5 or 
above had been established as clones, 59 percent of this selected 
population would have produced clones with Brix of 18.5 or above. 
This represents not only a considerable increase for the selected 
population over the unselected one, but the 59 percent constitutes 
a very high frequency of superior clones. Approximately 60 per­
cent of the single stools selected from this cross would have been 
outstanding in Brix, as indicated by the performance of clones 
derived from them. 

BRIX 
CROSS 72 (C.P. 33-224xC.P.48-126) 
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On the other hand, cross 72 showed a consistently low correla­
tion between single stools and clones, and selection in this cross 
on a single-stool basis would not be expected to prove very effective. 
Figure 13 gives the distribution of cross 72 according to Brix for 
single stools in 1953 and for plant-cane clones established from 
them in 1954. The correlation coefficient in this population was 
0.24. The number of clones among the unselected population with 
Brix of 17 or above was 33 percent. In the selection if only single 
stools with Brix of 17 or above had been taken and established as 
clones, only 34 percent of these selected stools would have pro­
duced clones with Brix of 17 or above in 1954. Thus, there was 
essentially no improvement in the percentage of individual clones 
high in Brix obtained by selection in single stools over random 
selection. 

Correlation Between Single Stools and the Average of 2 Years 
of the Clones Established From Them 
Correlation coefficients were calculated by crosses for each of 

the 4 characters between performance of single stools in 1953 and 
the means of the clones derived from them for the 2 years 1954 
and 1955. These l' values are presented in table 6. The greater 
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reliability of single stools in selecting for stalk diameter than in 
selecting for the other 3 characters is apparent in this table. With 
only one exception, the ). values for the crosses were relatively 
high for stalk diameter, and the average l' value for all crosses 
was 0.60. This is further evidence confirming the conclusionR 
reached earlier that for the crosses as a whole, selection for stalk 
diameter on the basis of single stools would prove more effective 
than selection for erectness of stalks, number of stalks per stool, 
and Brix. Considerable variation among the crosses was shown 
for each of the other 3 characters. For example, the r valUeS for 
erectness ranged from 0.20 in cross 49 to 0.63 in cross 148. These 
reRults also indicated that the degree of effectiveness of selection 
for erectness, number of stalks per stool, and Brix varies with the 
crORR. In Rome crosseR selection for a specific character will be 
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at least moderately effective, while in others such selection will 
have little or no value. 

The average}' value for all crosses in number of stalks per stool 
was somewhat lower than those for erectness and Brix, suggesting 
that selection for this character would be the least effective, How­
ever, the lower average I' value for number of stalks per stool was 
caused by very low values for crosses 11 and 32. In the other 
crosses, selection for number of stalks per stool, as based on the 
2-year average, would have been as effective as selection for erect­
ness and Brix. One of the surprising features of the study is the 
fact that correlations between single stools and clones were rela­
tively low for Brix and on the average did not exceed the l' values 
for erectness, a trait known to be affected greatly by environment. 
Although significant correlations between single stools and average 
of clones for 2 years in Brix were found for each cross, none of 
the values was especially high and the average £01' all crosses 
\i as only 0.39. Selection for high Brix among single stools will 
probably have value in any cross but will not be so effective as 
selection for stalk diameter. 

Selection lor a Combination 01 Four Characters 
Any llew variety developed in a sugarc.l.ne breeding program 

must meet certain minimum standards for several characters, such 
as yield, juice purity, and disease resistance. Consequently, the 
effectiveness of selection of single stools or clones would be based 
on the combined pel"formance in regard to stalk dianleter, number 
of stalks per stool, erectness of stalks, and Brix. Minimum levels 
of selection that have been commonly used in the sugarcane breed­
ing programs in the United States would include 22 mm. for stalk 
diameter, 5 stalks per stool, rating 3 fO!" erectness, and 17 for Brix. 
These levels are considered to be acceptable for agricultural val"ie­
ties of sugarcane. 

Some clones that meet these minimum requil'ements could have 
been obtained by chance without any selection among single stools 
fOl' the 4 characters involved. Of the 869 experimental clones 
that were grown in both 11)54 and 1955, 145, or approximately 17 
percent, met the above requirements for stalk diameter, number 
of stalks pel' stool, erectness, and Brix as an average of both years. 
Thus, for the 7 crosses included in the present study as a group, 
17 percent of the unselected clones would have been considered 
supel'ior in a breeding program in I'espect to the 4 characters 
studied. This provides a basis for comparing the effectiveness that 
selection among single stools for the desired combination of the 
4 characters would have had. 

Among the 869 single stools of these crosses, 148, or approxi­
mately 17 percent, met the minimum requirements listed earlier 
fot' the 4 characters. If these 148 single stools had been selected 
and established as clones, 46, Or 31 percent, would have produced 
clones that met the minimum requirements as an average of both 
years. Thus, rigid selection among single stools for a114 characters 
would have raised the freqUency of superior clones obtajned from 
17 percent to 31 percent of those grown. This is a very w0l'thwhilc 
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increase in the frequency of superior clones and provides statistical 
proof that selection among single stools for all 4 characters together 
would have been valuable. However, the frequency of superior 
clones in respect to all ,1 characters would still have been relatively 
low; 69 percent of the selected single stools would have produced 
unacceptable clones. 

It is probably valid to use these percentages of superior clones 
in estimating the effectiveness of selection and number of superior 
clones that would be obtained in a typical breeding program as 
conducted in the United States. The data suggest that if 200 
single stools are kept and established as clones from a population 
comparable with those studied, approximately 34 clones acceptable 
with respect to stalk diameter, number of stalks per stool, erect­
ness of stalks, and Brix would be obtained with no selection what­
ever for those characters. With rigid selection for the 4 charac­
ters the number of acceptable clones among the 200 grown would 
be approximately 62. The 62 clones acceptable in these 4 charac­
ters would be a very small number from which to expect to obtain 
~. superior variety or varieties when it is recalled that further elim­
ination must be practiced for such important characters as yield, 
purity of juice, disease resistance, shading capacity, pithiness of 
stalks, inversion of sucrose, and insect resistance. 

The probability of obtaining a variety superior in all respects 
from these 62 clones wuuld be low. Even with rigid selection 
for the 4 characters included in this study, the original figure of 
200 clones established from single stools would be far too few to 
enable a sugarcane breeder to obtain a new superior variety with 
any reasonable degree of probability. It would appear from the 
results of this experiment that even with rigid selection among 
single stools for stalk diameter, number of stalks per stool, erect­
ness, and Brix, considerably more than 200 clones should be estab­
hshed and evaluated ftjrther. 

If an experiment station could establish from single stools as 
many as 1,000 clones in small plots, the probability of obtaining 
new superior varieties would be increased considerably. In fact, 
if 1,000 clones were established from single stools without any 
selection Whatever, 17 percent, or 170 clones, would be acceptable 
in respect to stalk diameter, number of stalks per stool, erectness, 
and Brix. Thus, more than twice as many acceptable clones for 
these 4 characters would be obtained from an initial number of 
1,000 clones without any selection than in a typical breeding pro­
gram with only 200 initial clones established from selected single 
stools. If the number of initial clones is increased to 1,000 and 
selection is practiced among single stools, approximately 310 ac­
ceptable clones, or 31 percent, should be obtained. However, it 
is doubtful that 1,000 single stools, which meet minimum stand­
ards for all characters for which selection is practiced, can be 
obtained from the 30,000 to 40,000 single stools normally grown 
each season in breeding programs in the United States. It would 
appear advisable either to (1) grow a much larger number of 
single stools from seed and maintain previous high standards in 



32 TECH. BEl,. II!)·I. L S. nEPT. OF A(:IU(TL'lTTIE 

selection in order to obtain a larger number of initial clones, or 
(2) reduce somewhat the selection pressure among single stools 
for certain characters, such as number of stalks per stool and erect- • 
ness, for which selection was found to be less. effective. Probably 
a combination of these two steps would be most practical-increase 
the number of single stools grown to perhaps 80,000 to 100,000 
nnd reduce selection pressure for certain of the characters. 
Sucrose 

Table 4 gives the correlation coefficient by crosses for percentage 
of sucrose for the same clones between plant cane in 1954 and first 
stubble in 1955. Correlation coefficients for all crosses were posi­
tive, significant, and relatively high. The range in l' values was 
from 0.60 to 0.73, with an average of 0.66. The aven'.ge correla­
tion coefficient was as high as for any other character studied, and 
the /' values were more consistent among the crosses than for any 
other character. This finding indicates that selection for sucrose 
among clones in any single season would have been very effective 
and that selection among clones could be more rigid for sucrose 
than for any of the agronomic characters studied. This is also true 
in respect to Brix determined under laboratory conditions. 

Association Among Different Characters in the Same Season 
Correlation coefficients for association between different charac­

ters in the same season were calculated among the 7 crosses for • 
single stools in 1953 and for plant cane and first stubble of clones 
in 1954 and 1955, respectively. The correlation coefficients for 
association between (1) stalk diameter and erectness, (2) stalk 
diameter and number of stalks per stool, (3) stalk diameter and 
Brix, (4) erectness and number of stalks per stool, (5) erectness 
and Brix, (6) number of stalks per stool and Brix, (7) stalk cliam­
eter and sucrose, (8) erectness and sucrose, (9) number of stalks 
PP.' stool and sucrose. (10) Rrix and sucrose, and (11) number of 
stools per plot and number of stalks per stool are presented in 
tables 7, 8, and 9. 
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TABLE i.-Con·elation coefficients (r) between characters for single stools in 
7 crosses grown in 1953 

Corrcbtion coefficients· for eros!' NO.2-
Chamcter~ 
('orrelated 

11 15 :32 411 72 74 14S Average 

Stalk diameter and 
erectness of st:llks3 0.09 0.21)" 0.16** 0.3S·· 0.04 0.11 O.:{O" 0.1!'" 

Stalk diamcter and 
number of stalks 
per stooL ________ .09 .01 .IS" -.0:3 .02 -.0:3 .21· .05 

Stalk diameter and 
Brix ___ , ..... --_ .. .04 -.06 .02 .02 .OS .W** .W· .05 

Erectness and num­
ber of stalks per
!ltool 3 ________ • __ , .26· .2U·· .10 .0I'" .:38** .22·' .IS .21·· 

Erectness and Brix 3_ .20 -.04 -.10 .08 .1!)·· -.02 -.10 .05 
N umber of stalks uud 

Brix __ " __ ,, ••• _, .0:3 .O!) .L-**, .14· -.02 .O!) .0.1 .00·· 

• ·=Significllnt. at 5-percent level; **=signifi(~allt. at I-percent level. 

, See table 1 for parentage of cl'Ogses. 

3 III rating fOI' erectness, low values indicatc typc most I'CSil't:lllt to lodging. 


TABLE S.-Correlation coefficients (r) between characters for clolles 'til, 7 
crosses grown as plant cane in 19?4 

COl'n·\ation cocfJicients I for croSH X o., ­
Ch'U"ldero 

correlated 
.~ 

11 15 72 1-18 :\veragc 

Stalk diameter and 
crectness of stalks 3 0.07 10.2(\•• 0.15 0.12 0.11 O.l){)2 0.24· 

Stalk diameter :111(\ 
Humber of stalks I 
pl~1' stooL __ • _____ -.15 

I
.10 -.oa .10 -.14 

!
I -.10 -.02 

St.alk diameter and 
Brix... ... ___ -.01 .:{2** -.2a** .002 .15

St:t!k dialllctt·!' lind I 
sucrosl', _______ • _ .07 \' .O!) -.17· .11 .20· . .01 -.2S·· .02 

Ereetn(,~B and Ilum- I 
ber of stul ks pel' ) 
stool·'. __ ..... .04. .08 .12' .2(.j·· .02 .22·· .:3ti·· .I.j·· 

Ercctne~s and Brix 3, -.04 .10 .0·1 -.O!} .20·· .2S·· .OS .OS 
I~rectll(,ss and RH- I 

crose 3 ••••• _ • _ • .10 .:{2** .O:{ .I:{ .an··1 .22·· .07 .10" 
Number of st.alkH pel' I I 

;:tool and Brix____ .05 I .2a··,-.08 I .20· I .20· I .2S·· .25· .IS·· 
~lImb('1' of ;:t.alks Iwr , I ! I I 

.(1\1.~tool and SllcrOHt' .05 I .02 i .04 i .07 I' .11 ! .H .20· I 
Brix and SIH.:ro;:e •.. I .7!)··r .71··r .75**1 .5:~·· .lil·'f .m·· .fiS··j .(jfi"· 
~ limber of Ht.ools pel' I II I \ 

plot and number of II ! 
staib per stooL •• -.:~7··. -.a2·· -.SI··, -.IS·· -.:{o··j-.a,·· -.-1-1** 

~------------~--------~--~----~--------~--~.~ 
I '=Signifieant at 5-pen!enllevel; ··=~ignifi(,:lIlt at l-pl'l'ecnt It'vel. 

2 SI'I' tahll' I for pal·pnt.ag(~ of (:rO~~I·}·. 

3 [n I'lllilll!; fIJI' (!I'('('IIII'~~, loll' v:tiUI':< indiea(!' Iypl' lll!)~t I'P"j;:(unL til lodgilll!;. 
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'TABr,E 9.-Correlation coeffidenls (1") between characters for clolles -in 7 
crosses flrown as first stubble in 1955 

Correlation l'ocflicients 1 for ('I'OS:; );o.2_ •
Chametcrs 

('orrclnted I 


II 15 
 i2 ! i4 I.4S Average

'-----~--l---- --.-
Stalk diameter allli I 

1'!'\'ctIlCl;S of stalks 3 0.07 0.1 a O,O:~ O.O!) O. ! I IO.OS 0.2/" 0 . .\1" 
Stalk diameter and 

number of sttllks 
+pf.'r :;'\001. __ ••• -.20 -.Ii· -.11 -.O:{ -.O!) 1-.11 -.05 -.11·· 

Stalk diametCI" lind 
Brix_ .• , .. . .OO-t -,08 -.on -.01. .11 -.12 -.:30·· -.05 

Htalk dianwter and 
suc:ro~e.... • .001 -.I:{ -.12 -.0:1 .IH· .05 - ?/••j -.01I .-Ercdncss and /lum­
ber of stalks (leI' 
slool ,_ ". •• .:~2·· .IS· .I;{ • 1-·.2U·· I .:{ I·· .27••,' .22·· 

Ercctne~~ and Brix'. -.05 .17· -.1-1 .IS· .O:{ -.02 .Of) I 0-·. , 
El"cc:lill'S8 and 8U­

'J- ••('ro~(' '...... -.001 -.Oli -.12 ••OJ .02 .02.15 ,-.17 ~ 
::-iumhel' of ~talks I)('r 

stool and Bl'ix.... .:{O" .O!) .1(). .20" .:li·· . t:l .:{:{ ••! .22·· 
); uml)('1' of ~talkH PI'" 

... ­stool and ~u('roSe . . .l:{ .005 . Hj· .:'14•• .OJOJ .:{U·· ._n1)- •• 

Hrix and HIH'I'OS('. •. .7/·· .U/·" .B-I·· .(jU·· .71·· .Ii/·· .72'·1 .IiS·· 
X umber of stool:;. pCI' 

plot and lluml)('1' of I 
!:italk~ 1)1'1' :;1001 _l-.:~8··I-.2i•• -A:{·· .O-l -.25••!-.42••\ ••')-*"j')OJ -.2\)·' 

I J I 

.. ?I.! 

! 

I ·=Signifi{':lnt at 5-perr'l~nt Ipvcli ··=signific:lnt at J-p('reent level. 
• Sce tahh' t for parentage of crosseR. 

3.In rating for crectJJ(,8s, low vitlucs indir:at(' tr(l(' 1Il0~t J'e~h:tant to lodging. 


Stalle Diameter and Erectness of Stalle 
Correlation coefficients for all crosses of stalk diameter and 

erectness of stalk were positive for each year of the study, sug­
gesting that large diameter of stalk is associated with tendency 
to lodge, as higher values for erectness indicate more recumbent 
stalks. It seems logical that the heavier stalks tend to fall down 
more easily than the thinner, lighter ones. This is not a. close 
association, however, since 14 of the 21 comparisons were not 
statistically significant, and the 7 that were significant were rela­
tively low and obviously not very important. The 7 significant 
./' values ranged from 0.16 to 0.35. Even the highest of these does 
not indicate any important association, No special difficulty should 
be encountered in selecting large-diameter clones that are also 
erect in any of the crosses studied; as a matter of fact, many of 
the larger diameter clones were erect. 

Stalle Diameter and Number of StaIb pel' Stool 
Of the 21 correlation coefficients for association between stalk 

diameter and number of stalks per stool, 8 were positive, 2 being 
statistically significant, and 13 were negative, 1 being significant. 
In 1953 for the single stools, correlation coeflicients between stalk 

• 


• 
' 
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• 
diameter and number of stalks were significant for only 2 of the 
7 crosses, 32 and 148. Both of these significant correlations were 
positive. However, both r values were very low and do not imli­
cate an association of any importance. For the clones in 1954, 
liOne of the r values proved to be significant. The average l' value 
for the 7 crosses in 1954 was negative, although not significant, 
and it can be concluded that no important association was found 

• 

for that year. 
For the clones in 1955, alI r values were negative, and the 

nverage for alI crosses was also negative and significant. How­
ever, the average l' value for alI crosses as welI as the significant 
/. for cross 15 were both very low and indicated 110 important 
relationships. It can be concluded from this study that 110 impor­
tant associatioJ' occurred between stalk diameter and number of 
stalks per stool. 

It has been generalIy assumed that there is a close negative 
association between these two characters, i.e., clones with large 
diameter of stalk tend to have fewer stalks per stool. This assump­
tion could not be confirmed in the present experiments. None 
of the 7 crosses in any of the 3 years showed an association of 
this type great enough to be considered important. The highest 
negative 1" value found was -0.20 for cross 11 in 1955. This value 
was not significant. The highest significant negative 'I" value, for 
cross 15 in 1955, was only -0.17, an obviously unimportant value. 
Among the single stools in 1953, 2 positive, significant but still 
unimportant, r values were obtained among the 7 crosses. 

These 2 characters were not even so closely associated as stalk 
diameter and erectness, and from this study it appears possible 
to select clones with both large diameter and high number of stalks. 
This is evidence that rigid selection could be practiced for stalk 
diameter among single stools or clones without an adverse effect 
on number of stalks per stool. 

Stalk Diameter and Srix 

Twelve of the 21 correlation coefficients for stalk diameter and 
Brix were positive, 3 being significant; and 9 were negative, 3 being 
8ignificant. The 2 highest 1" values were +0.32 and -0.30, and 
12 of the 21 were less than 0.10. Thus, the 2 characters showed no 
important association in this study, and no particular difficulty 
should be encountered in selecting single stoolH or clones that are 
both large in diameter and high in Brix. 

Erectness and Number of Stalks 

• 
All 21 correlation coefficients for association between erectness 

and number of stalks were positive, and 14 of the 21 were signifi­
cant at the 5-percent level of statistical significance. The signifi­
cant correlation coefficients ranged from 0.15 to 0.38. Only 4 of 
the'/" values were above 0.30; thus, even the significant values were 
not important. Single stools or clones with a high number of 
Rtalks per stool tended to be less erect; but again, no special diffi­
culty should be encountered in selecting varieties that have a rela­
tively large number of stalks and that are alHo erect. The tendency 
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for erectness of plants to be associated with smaller number of 
stalks per stool will lead to some handicap in a sugarcane breeding 
program, but selection for satisfactory expression of both char­
acters at the same time should make it possible to overcome this 
difficulty. 
Eredness and Srix 

Of the 21 correlation coefficients between erectness and Brix, 
12 were positive, 5 being significant, and 9 were negative, none 
being significant. All ')' values were less than 0.3 and were not 
considered important. The fact that all l' values were low and in 
some of the crosses the 2 characters were positively associated in 
single stools and negatively associated in clones, while in others 
the association was negative in single stools and positive in clones, 
indicates that there was very little real association between the 
2 characters and that no great difficulty should be met in combining 
erectness of stalk and high Brix. 

Number of Stalks and Srix 
Nineteen of the 21 correlation coefJicients between number of 

stalks per stool and Brix were positive. Twelve of the 19 positive 
correlation coefficients were significant, but the 2 negative '1" values 
were not statistically significant. The range of the significant 
/' values was from 0.14 to 0.37, but only 3 of the 12 significant 
)' values were as high as 0.30. Of the 12 significant positive corre­
lations between number of stalks and Brix, 10 occurred in clones in 
1954 and 1955. Thus, 10 of the 14 'I' values for clones in the 2 
years were positive and significant. Consequently, there was a 
shght, but well-defined, tendency among clones for a large number 
of stalks per stool to be associated with high Brix. This tendency 
wQuld be of some advantage in a breeding program, but the asso­
ciation was relatively low and probably would not be of great value. 

Stalk Diameter and Sucrose 
Sucrose percentage was determined for clones in 1954 and 1955 

only. The correlation coefJicient between sucrose and other char­
acters, including stalk diameter, are shown in tables 8 and 9. 

Eight of the 14 correlation coefficients for association of stalk 
diameter and sucrose in clones were positive, Of the 8 positive 
'J' values 2 were significant, but relatively low, and 3 of the 6 
negative values were significant, the highest being only 0.28. No 
important relationship exists between stalk diameter and sucrose. 

Eredness of Stalk and Sucrose 
Ten of the 14 correlation coefficients between erectness and 

sucrose during 1954 and 1955 were positive. Only 4 of the 10 posi­
tive l' values were significant, all being relatively low, and none 
of the negative correlation coefficients were significant, The low 
r values together with the positive and negative values shown by 
different crosses in different years (for example, cross 15 had a 
significant positive correlation coefficient in plant cane but was 
negative in first stubble) strongly suggest that there was no real 
association between erectness of stalk and sucrose. 
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Number of Stalks per Stool and Sucrose 
All 14 correlation coefficients between number of stalks per 

stool and sucrose were positive, but only 6 of these associations were 
statistically significant. In cross 72, the l' value for association 
between the 2 characters was 0.55 in first stubble in 1955 but only 
0.11 in plant-cane clones in 1954. The low average values for all 
crosses individually for both years indicated a relatively low but 
unimportant association between the 2 characters. The low but 
positive association between number of stalks and sucrose is in 
agreement with the results reported earlier between number of 
stalks and Brix. This association should prove to be an advan­
tage in sugarcane breeding but probably not of great importance. 
Srix and Sucrose 

All correlation coefficients between Brix and sucrose were posi­
tive and significant. Values of r in the clones ranged from 0.53 to 
0.79 in plant cane and from 0.64 to 0.77 in first stubble. This asso­
ciation is expected, since sucrose is a major component of Brix. 
The data indicated that sucrose values could be predicted reason­
ably well from the Brix values, but failure of correlation coefficients 
to approach 1.00 strongly suggests that the elimination of clones 
in early tests on the basis of Brix alone would be moderately reli~ 
able but not entirely so. These results confirm the validity of the 
currently and widely used practice of making selections for high 
sucrose on the basis of high Brix readings. The effectiveness of 
this selection among single stools was discu~sed previously. 
Number of Stools per Plot and Number of Stalks per Stool 

All but 1 of the correlation coefficients for association between 
number of stools per plot and number of stalks per stool were nega­
tive and significant at the 5-percent level. Value of l' for associa­
tion between these 2 characters was not significant in first stubble 
and was barely significant in plant cane in cross 49, but was statis­
tically significant in all other crosses. Although the association 
was not close, as evidenced by the relatively low values, the data 
did indicate that there was a relationship between the number of 
stalks per stool and number of stools per plot of the same clone, 
and that the lower the number of stools in the plot the higher will 
be the .number of stalks per stool. Competition for light, water, and 
nutrients would affect the number of stalks per stool within the 
clone. 

Breeding Behavior of Characters Studied 
From the standpoint of selection of parents for crosses, behavior 

of the 7 crosses in comparison with the performance of their par­
ents for each of the characters was included in the study. For this 
purpose frequency distribution of each of the 7 crosses in each 
year was prepared individually for diameter of stalk, erectness of 
stalk, number of stalks per stool, and Brix. 
Stalk Diameter 

Frequency distributions for the progenies of the 7 crosses 111 

respect to stalk diameter for 1953, 1954, and 1955 are shown in 
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tables 10, 11, and 12, respectively. Among the crosses, the average 
stalk diameter of single stools in 1953 varied from a low of 19.1 
mm. for cross 148 to a high of 24.1 mm. for cross 49. In percentage 
of the population having stalk diameter above 22 mm. the progenies 
ranged from 14 percent in cross 148 to 74 percent in crosses 49 and 

TABLE 10.-F'I'cqltency d£stribut£on accordina to stalk diameter Jor 7 crosses 
{frOWn (IS first-stubble single stools 1:n 1953 

Distribution as to stnlk diameter in millimeters 
Percentage of 

population;'~~~~~~;;I 20.1 22.1 24~~~128.~:m~ .-. ~-' 'II with stalk 
to to Ii') t.o to to to t.o to :\ver:lge 2 diameter' 

Iti.o 18.020.022.0 2-LO 26.028.0 :)0.0 :32.0 ov('r 22 mm. 
-..~ -.- -~. ~- - ..~ -~ - -- .-.. ! 

II. :\ !J 14 28 18 10 5 21.:1 I :38 
15. I 5 18 5:{ 7n 7() 41 I(i 1.1 ?'l I) 7-1-' .. f;{2._ .. :{ 12 :)0 02 88 4:~ 22 S ? 22.5 54 
4n ... 4 Ii 120 :10 56 ·15 40 2:3 oI 24.1 74
72 __ 2 :{ II :14 :37 -II 2:\ li 2:L5 (i!) 
74 .. _. ii :34 GS 78 5li 27 7 22.U {i1 
148.•. 5 I :3li I 2!l II!) 12 2 I ... ~I , In.1 14 

I ! 1 
! Hee tahl(' I for pal'pntagp or C·l'Os~p•. 
2 Weighted value, using midpoint of e1a~R intl'rval. 

TABLE 1 J .-Frequency distribution (lccorciin(J to stalk (Hall/etel' Jar parents 
and 1nio(Jenie.~ oj " crosses (trown as 1Jlant-cnne clones in 19':;4 

I I'en'entage of 
Distribution as 10 ~talk dianwlpl' in lIlillill\('lel's population with 

stalk diamct('1' 
or' '·~--·f---~--~l------·T-"---- .. _.'- ov('l' ­

variety 14.1 Hi.ll'IS.1 20.122.. 1 2·L I 2o.112s.1 :m.1 AV('I'.! ......___•. __. 
10 to 10 to to to 10 to to age 2 

Ili.O I~~~12~~0 2:~_0 :~~ 20.0 2~~ ~.~ ;~~I __ '_ (2.rl~~I~ ~._r~lI~. 
II ... 2 I: I:l 2S 2.1 I 7 _ .. _ /21 .!) j.l\) ()
15. __ .. I II 15 2S 4S as I:.l 2 25. I 1 S8 :.Hi 
:12, . I ! 8 25 47 40 15 II I 2:L8 I 77 18 
4!), _• 2 II :3 12 I 2-1 :{2 ;{2 18 Hi 25.S i 1'8 47 
72 .• _ . .. 2 10 a5 41 :38 Ia 5 25.:{'!l2 :{\l
74. _ I 17 :{7 48 24 17·~ 2;LO Ii:{ 1·\ 
I-IS_ , ,~ 20 :3;{ 21 17 :) I 1!l.S 21 I 
C.P.2!HO:L. 2

2.-.1- 12s.0C.P. :30-2-1" 2 22 21i.0 
C.P. :1:{-22·\. ..l 27.:{ 
C.P. :H-Ia" ... 2 I')" 0 
C.P. :3(HC5 [) 
C.P. as-M•... i ~r?' 
C.l'. ·\:Hl:.l._ In.iiIC.P. -I:l-{H ·1 25.0 
C.P. ·1-I-15'L I 22.0 
C.P. ·\7-101. 1 I!I.O 
C.I'.48-12U._ 1 ! ?- ­l _i.ilI ! 

• 


• 


• 

J 8('1' t:11.11' I I'(ll' pal'clltngl' of (·I'O~Sl·;:. 

2 \\'pighled value, using Illidpc)illt 01' claiis illtl'l·v:d. 
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TADLE 12.-F1·equency distribution according to stalk diameter f 01" pm·ents 
and proflenies of 7 crosses grown as fi1·st-stubble clones in 1955 

Percentage of 
Distribution as to stalk diameter in millimeters population with 

CI'O~S No.' --o--,-~.----..,..--.--.,-----.--o--,---I stalk diameter 
or ovef­

variety 14.116.118.120.122.124.1. 26.128.1 :30.1 Aver- 1-----;-- ­
~ ~ ~ ~ ~ ~ ~ ~ ~ ~2 

16.018.020.022.024.026.028.030.032.0 22 mm.26 mm. 

I L_ _________ 6 6 29 22 17 :3 2 ____ •• _ 20.:3 26 2 
15 _______________ 11 18 40 47 14 7 1 2t.9 50 Ii 
:32 _____ .. ___ _ __ _ _ 5. 26 55 :3/ 14 7 2 21.8 41 {i
4!L _ _ _ _ _ _ _ _ _ _ 1 5 25 :3:3 21 20 7 ___ _ 23.8 I 72 24 
72___________ J I 10 20 41 28 2:3 19 ___ _ 24.2 78 2!l
74__ _________ 2 Ii 45 5:3 27 12 2 _______ _ 20.9 28 1
148 ________ • _ 17 :n 27 14 II ;j ___________ _ 9 ; 018.4
C.P. 2!H03___ ____ ____ ____ ____ ____ 1 2 ___ _ 27.5
C. p. 80-24___ • __ _ _ _ __ _ __ _ _ _ _ _ _ 1 :3 ___________ _ 24.5
C.P. :3:3-224_______________ .,__ 2 4 J ___ _ 26.7
C.P. 84-laIL_ ____ ____ ____ :3 1 _______________ _ 21.5
C.P. :36-105___ ____ ____ 2 2 :3 ______________ _ 21.3
C.P. :38-34____ ___ ____ __ __ ___ :3 .--- 1 _______ _ 24.0 
C. P. 48-8:3. ___ _ _ _ _ ___ 4 ____________________ • _•• 1!l.0
C. P. 4:3-64 __________ • _ __ _ I 8 ___ _ _ _ _ _ ______ ._ 22.5
C.P. 44-15·1.__ __ _ __ _ 2 2 ______________ . _. __ 20.0 
C.P.47-L!)I_.- I 1 2 ___________ ._. ________ _ 1.7.5 
C.P. 48·-126•. _ ____ ___ _ _ _ _ _ I. :3 24.5 

1 See table 1. for parentage of cl'Osse~. 

2 \Veighted value, using midpoint of class interval. 


15. There was close agreement between the average of the single 
stools from a cross and the percentage of the population above 22 
mm. in diameter. A similar wide range also occurred among the 
crosses when grown as clones for 1954 and 1955. For example, 
in 1954 one cross, 11, had no clones above 26 mm. in diameter while 
another cross, 49, had 47 percent of the clones with stalk diameters 
above 26 mm. Thus, the data for all 3 years indicated wide and 
important differences among the crosses in number and percentage 
of large-diameter individuals. In fact, some crosses were so dis­
tinctly inferior in stalk diameter of progenies, as to be essentially 
valueless. An example of this is cross 148, which had an ex­
tremely low percentage of acceptable individuals in all years. 
Cross 11 was also inferior, although not as distinctly so as cross 
148. On the other hand, crosses 15, 49, and 72 gave a high per­
centage of superior progenies in &11 3 years. The superiority of 
those 3 crosses in respect to stalk diameter was very marked. 

Close agreement existed among the crosses in the performance of 
their progenies in single stools and as clones. Crosses 11 and 148 
were inferior to the others in stalk diameter in single stools and 
both years as clones. Performance of these 2 crosses in the single­
stool stage could have been used reliably as a basis for discarding 
the entire crosses. Furthermore, the superiority of crosses 15, 49, 
and 72 was as apparent in single stools in 1953 as in clones in 1954 



40 TECH. BUl~. 1I!>4, U. S. DEPT. OF AGRICULTURE 

and 1955. These 3 crosses could have been selected as superior 
ones on the basis of their performance in single stools. It appar­
ently is not necessary to grow clones from a cross in order to decide 
whether that cross can provide an acceptable number of clones 
having large diameter of stalk. This decision can be made from 
the performance of a small number of single stools. 

The average stalk diameter of the parents involved in the 
crosses determined, to a large extent, the stalk size of the progenies. 
The average diameters of the parents in crosses 49 and 72 for 
1954 and 1955 were 27.3 and 26.5 mm., respectively (tables 11 and 
12). These were the highest averages for any of the parents 
among the 7 crosses. As brought out previously, the progenies of 
these 2 crosses were superior in percentage of individuals having 
acceptable stalk diameter. Conversely, the average stalk diam­
eters of the parents in crosses 148 and 11 were 18.7 and 22.1 mm., 
respectively, representing the smallest diameter parents in the 
study. Based on percentage of progeny having acceptable stalk 
diameter, these 2 crosses were classified as inferior. As indicated 
above they would have been discarded in the single-stool stage, 
because of the extremely low percentage of acceptable individuals. 

Thus, there was close agreement between averages of the parents 
involved in a cross and the relative performance of its progeny in 
respect to stalk diameter. Crosses involving parents with large­
diameter stalks produced high percentages of progeny in the large­
diameter class. On the other hand, crosses between parents with 
small-diameter stalks were almost valueless for a breeding program 
in regard to stalk diameter, because of the low percentage of accept­
able individuals. Crosses in which both parents had relatively 
large stalk diameters or one large and one no smaller than medium, 
such as 49 and 72, produced progenies 25 to 30 percent of which 
had stalk diameters over 26 mm. 

Three crosses-15, 32, and 74-were somewhat variable. These 
were crosses involving one parent with small-stalk diameter, and 
the other parent with a medium- to large-stalk diameter. In the 
single-stool and in the plant-cane crop of the clones, these 3 crosses 
produced progenies with a moderately high percentage of stalks 
above 22 mm. in diameter. In the first stubble of the clones, how­
ever. the percentage of the progeny with stalk diameters 22 mm. 
or above was appreciably below that of the sup~rior crosses 49 
and 72. The percentage of clones with a satisfactory stalk diam­
eter was sufficiently high from these 3 crosses to permit their use 
in a breeding program. These crosses were less desirable than 
such crosses as 49 and 72. 

It appears from these results that a variety or clone having smaIl­
diameter stalks can be used as one of the parents in crosses, but 
only when the other parent has stalks of large or medium diam­
eter. The data suggest that crosses between 2 small-diameter par­
ents wiII be valueless when selection is to be made for large-stalk 
diameter. A very high percentage of the progeny wiII have accept­

• 


• 


• 

able stalk size when both parents in a cross have a large diameter. 
Crol')sel') between smaII-(ljameter and large-diameter parentl') will 



41 BllEEOIXG HEHAnOR OF SUGAnCA~E CROSSES 


present more difficulty, because of the lower frequency of accept­


• Hble segregates. 

Erectness 
Frequency distribution of erectness ratings for the progenies of 

the 7 crosses and parents for 1953, 1954, and 1955 are presented 
in tables 13, 14, and 15, respectively. As in the case of stalk diam­
eter, appreciable differences occurred among crosses in percentage 
of the progeny in the 2 superior classes, 1 and 2. In all crosses a 
relatively high percentage of the single stools or clones was erect 
each year. There was good agreement between the average of the 
population in a cross and the percentage of the population in the 
different classes, i.e., the lower the average of the population the 
higher the percentage of the progenies in classes 1 and 2. Despite 
the fact that all crosses were relatively high in average erectness 
and differences among crosses were smaller than for diameter of 
stalk, some crosses were superior to others and were more desir­
able from a breeding standpoint. Crosses 49.and 74 were among 
the superior ones during all 3 years, based on percentage of the 
single stools or clones in classes 1 and 2. Cross 11 was among the 
poorest in this respect for all 3 years. However, there were some 
exceptions; cross 72, for example, was among the superior ones 
in 1953, but was classed as inferior in 1955. 

• Unlike the case of stalk diameter, the data from single stools in 
1953 would not have been reliable as a basis for discarding entire 
crosses. In the single-stool stage, cross 32 had the lowest percent­
age of progeny classified as erect. In the average of clonal per­
formance in 1954 and 1955, this cross was not inferior in percent­
age of erect clones to crosses 11, 15, 72, and 148. However, the 
superiority of crosses 49 and 74 in resistance to lodging was ex­
pressed in the single-stool stage. 

• 

For the 2 years 1954 and 1955 the parents of the 7 crosses ranged 
in average erectness from 1.0 to 3.7. Unfortunately, none of the 
7 crosses involved 2 nonerect or 2 highly erect parents. All 7 
crosses had one parent classified as erect or moderately erect. This 
probably accounts for the small differences among the progenies 
of the crosses in degree of erectness. Since no cross involved 
2 nonerect parents. no distinctly inferior cross was expected, arid 
none was found. Owing to the absence of erect X erect and non­
erect X nonerect crosses among the combinations, this experi­
ment is probably not suitable for determining any exact relation­
ship between means of the parents for erectness and performance 
of the progenies. However, despite the small differences between 
the parents for the 7 crosses, there was some tendency for the 
mean of the parents to be associated with the frequency of erect 
individuals among the progeny. In general the. parents having 
the lowest means tended to produce the highest frequency of erect 
progeny. 'rhus, the data suggest that a relationship exists between 
erectness of the parents and frequency of erect types in the progeny. 
They also indicate that a high percentage of erect clones will com­
monly occur among the progenies from crosses between erect and 
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nonerect parents. Presumably even highel' percentages of erect 

clones should occur from crosses involving 2 erect parents. 

TABLE 13.-Freqllcncy dilltribution accordiuy to crecttWIlI; of ,~lalks for 7 
 •crosses yrmvn as first-stubble single stools in 1953 


Di;:tribution as to erectnesl' l"la,,~ , IPereentage of pOPlllation inl'\al';:('s-

Cross No.1 


I 

1 2 a + 5 Average 3 1 alltl 2 4 and 5 


11 ________ 14 28 Hi 18 II 2.8 48
15________ -?68 77 (). 50 5:~ 2.8 48
82 ________ 4.4 6!) 48 5n 80 :~.2 :~84!L _______ 05 55 42 2-10 17 2.2 64 

-?1 ______ -- ­ 56 55 29 16 -10 2.1. !i!)
74 ________ 

S:~ 108 52 28 8 2.2 {i8
148_______ 2!l 30 24. II 10 2.4 57 


I See table 1. for parentage of crosses. 

, In rating for errctness, low values indiente type most resistant to lodging. 

a Weighted value, using midpoint of elas:; interval. 


TABLE 14.-[?requellcy distribution acconHn(J to erectness of stalks for parents 

and progenies of 7 crosses grown as plant-cane clones in 1954 


PI.'rl'pntage or popul:lticn ill 
(·Iasses-­ • 

I Sl'P tahle 1 for parentav;c of ('ro~S(':;. 

, In rating for l'redn('SH, low vahl(,:; indieate typc' mORL rC'sist:lnt to lorlginv;. 

a Wl'ightpd valll(', IIsing midpoint of ('Ia~s in!'I.'rval. 
 • 
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TABLE 15.-Frequency distribution according to erectness of stalks for 

parents and progenies of 7 crosses grown as first-stubble clones in 1955 


Percentage of population in 
Cross Xo.l Distribution W5 to erectness rlass • classes­

or 
variety 

1 2 :3 4 5 Average 3 I and 2 4 and 5 


- - -- - ------- .._--­
11- .. __ . 15 21 U) IS 12 2.9 42 :{5
_.15_. ___ ?-C ·is :31 1:3 I\) 2.6 55 24 

:~2_ • 21 -IS 42 2:~ 12 _.1 -Ill ?-

~;)
? -

4!L ___ :35 -10 16 14 1:3 2,4 n:3 2:3 

-?
1- ~ ..... Hi :30 :32 2il :36 :3.:3 :3:! 45 

74_ ._ 21 61 :32 20 1:3 2.6 56 22 

1-t8. ___ 15 :32 IS 12 21 2.!l -17 :3:3 


N _0_ __C.P.2\HO:L. 2 1 I -- - 1.7 --­.,.>C.P. :m-2+. __ I 1.2 
" -. 

C.P. :3:3 22·L. I 1 2 :3 4.0 - -

C.P. :H-I:3!J :3 1 a.2 ., '-

C.P. a{j·IO,1 1 .) 2 1 :3.4 

C.P. :~8-:H._ ·i 2.0 
C.P.4:3.:t3 -I I 1.0 
C.P. -1:3 (i-l. :3 I I 1.2 ­
C.P.4·1-15-1 -1-.5
2 I 2 ­1 I
C.P. -l7-1\)1 1 2 I :3.0 !
('.P.4R-12li i 

i ! 2 1 i 1 :l.0 I 
I 


I See tahll' I for pal'en tage of ('rosse::. 
2111 ratin!! 1'01' ere('tn('s", low vaitlC';; indieat(' type' mo~t n'."istant to lod~ing. 
3 \Vei~ht('d value, n;:ing midpoint of ellis;: intpl'val. 

Stalles per Stool 
Frequency distribution for the 7 crosses in respect to number of 


stalks per stool for 1953, 1954, and 1955 are presented in tables 16, 

17, and 18, respectively. The average number of stalks in single 

stools ranged from 7.7 in cross 49 to 13.4 in cross 11. The average 

number of stalks per stool in plant cane of clones ranged among 

the crosses from 5.5 to 8.3 in 19M and from 9.1 to 14.2 in first 

$tubble of clones in 1955. Thus, relatively wide differences occurred 

among the crosses in respect to average number of stalks per stool. 

In nearly all cases the crosses that had a high average number of 

stalks per stool also had a high percentage of the population with 

over 10 stalks per stool. Hence, there was good agreement between 

the average of the population for a cross and the percentage of the 

population with more than 10 stalks per stool for all 3 years of 

the study. 


A surprisingly close agreement existed between average number 
of stalks per stool among the crosses of single stools in 1953 and 
and of clones in 1954 and 1955 (tables 17 and 18). For example, 
crosses 11 and 148 had the highest average number of stalks per 
stool among the single stools in 1953 and also produced clones with 
the highest average number of stalks per stool in both 1954 and 
1955. On the other hand, cross 49 had the lowest average number 
of clones in 1954 and 1955 (tables 17 and 18). For example, 
well as among clones in 1954 and 1955. Thus, single-stool progenies 
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TAIILEI6.-Frequency dis/rib/lt ion (/('co/'diJl(J to numb('/' oj stalks per .~to()l jor 1))'0(fCI1ics oj 7 crosses {/rowl/. 
sinyle stoU/8 'il/ 19fh] 

J)i~lrihution as t.o nllmb«'1' of ~talks PPI' ~t.ool 
-""".-.......-Cross No.! 

·1 I 10 la Iii 10 22 25 28 
to to to to to to (n (0 to to Avcl'Ilgc 2 
;) li 12 ?­\l 15 18 21 2·1 _I :10 

.-~~~---.,~ --~,--
-I-~- ---1-------1

11 ___ - __ 
 !J 10 18 ti iii Ii :1 5 .10 13.4.
15 __ ... _. __ .• 47 Ii;{ 5·1 a(i:.12 __________ _ :IS 2ti 22 :1 " 4 i 10.1
:.lI 5(i (i5 Ii5 :10 2."; !l 0 2 2 10.0-HL ____ • __ • __ ?­

-? 
4S U(i ii:J -I 2G 5 2 I 2 :l i.7

1 ______ -----­ 25 an :~(i 2S 21 5 ti ;{74_______ "_ I -- ... _---- 8.0 
I-IS. ________ _ 21 

(j 
58 S;) 40 40 15 [) Ii ~- .. ---- ... -,-'" !I.a 

(i 20 I!) 18 20 !) :l 2 12.8 

! ReI' table .1 1'01' pal'l'nLagc of t'1'(lSS«'S. 

2 \\\'ight.ed vaitlt'. IIsing midpoint· (If daSH inlel'val. 


as first-stubble 

PCI'CCllllIgC of 
populut.ion 
with 10 01' 

mOl'e st,ulks 

5i 
45 
4U 
28 
40 
41 
(if) 

• 


~ 
t:i o 
!:Ii 
t:i:I 

~ ,...,... 
<0 

.JO­

~ 
rn 
o 
t:i 

!-3'" 
o 
"'.l 

:.­
Ci 
~ o 
q 
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~ 
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TAII\."~ 17.- FrNjllC/lfY tlislri/Ju/-ion (//'("ort/ill!! to 	numlie,. of stalks 7)ef stool for parents and prO!!Cn1'cs of 7 crosses yl"Own as 

plani-Cllne clo'lles ,in 19f;4 
tx:I 

J)itil ribll! iOIl as 10 III II libel' of st.alks pl'r stool 	 ~ 
PCI'cclI(,agc of t=:l 

('ro~s Xo.' or poplIlllt,ioll SZ 
val'it'ty ·1 7 10 I;! Ili III 22 2ii 28 with 10 or Z 

10 10 to to to 10 to (0 1.0 t.o Awrage 2 11101'1) Ilt,alkH o 
:l li H 12 Ii) 18 21 2-1 2, ao tx:I 

,~..-~.....,~. t=:l--,~.-'" 

III 
II (i 20 :1;1 I!) I ·1 ·1 8.2 :31 > 
15 I(i flO ·17 i!l 7 I (UI 18 g
:12. R 1- II I-.J .1\) (i 	 (i.8 1:3 

;0("J 2 	 5.5 II·I!! :17 )- 28 7 2 
-'J ;")~ 

., 

.) 7 . .1 I!I o1- Hi ·1:1 Hi Ii 
,.i- HI iiti ·lti )",) 2 (j.4 II "'l 

,)- (i 8.a aa UlI·IS 	 'I _I :Iii 2:') 
C1C.P.2!)-IO:1 I 2 I 11..0 o 

('.1'. all -2·1 . 2 2 Ii. 5 ;;. 
('.1'. :;:1 22,' 2 ;1 2 8.0 ;0 

oC.l'. :1·1-1:!!l. - .. I 2 	 11.0 .,('.1'. :UHO:3 ·1 	 Ii.a ;;. 
.J 	 ~ 

<'.1'. :ll'; :\·1 2 2 Ii. 5 ~ 
<"I'. ·i:;-:l:; 2 2 (Ui 
C.I'. ·1:Hj.J 2 2 a.5 gI('.1'. "·I-·If)-I •• :1 8.7 o 
('.1'.,,, WI ·1 8.0 g5 
C.I'. ·18·.120 10.2 t=l 

Ul __.~._____L 1I 'I 11 r:·I--
I HI''' tabl" I fOl' par!'lIt:!).';!' of (·I·()~Hl·';. 

"\\'ci,;hl!'d "aim', lI:4ill).'; lIIidpoillt of I'I:t,;,; i"II'I'\'al. 
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TAli!,\,; lS.-Frct)uellcy distribution accordil1!/lo nWl/ber of stalks l)(ll" ,~loolfor 1}(//"cI118 a.nd l))"o(Jcnics of7 crosscs (JI"Olon liS first­

stubble c/t}/lCS '£110 1,gfirj 


H 
t:1Distribution as to nllmh!'r of stalkR pt'r st.ool o 

-- ~~.- ~. ---._---- ... - Pcr('cntllgc of ;:t:Cro~s :'\0.' or populationvar-ipt.,'· O:l4 i 10 1;1 10 I!J 22 25 28 wit.h 10 or 
to to 10 10 to 10 to tn I:\ verage 2., to to mol'C ~t.nlks

?- ~ .) Ii n 12 lil IS 21 2·1 _f ;30 .... ~ ·-1--· ~ ....- ...----~-~- ~~. 

IL ·1 ·1 15 I;{ I!) 1:1 2 ·1 ·1 14.2 7:l 
!f 

Iil ~ ·1 18 24 ao I- I
:32_ 

al I S 2 2 II.!) Hti !=1
I 2ti ·12 20 17 IS :; 2 10.7 ill.I!J _ rn1;1 2·1 ;\8 20 14 a ;1 2 2 !I.I -.~ :37 

1- 8 II :1I 28 2·1 IS 7 ·1 ·1 S 12.S G~.) o
7·!. ?­·1 IIi _I ;14 24 20 II ·1 I Ii t:l12.S GS '"01'.18 .,2 il 12 20 ., 1·1 Iii 12 ·1 2 14.1 SIC.P.2iHO:L I ~ 

.) !I.5C.P. ;m-2·L .. --~---------2 C 
C.I'. ;1;\··22·1 2 2 

5.0 ,"'-------------- ":j
10.GC.P. :14-1:1\) ;\ -----~--.---~---15.5 >

('.1'. ;,(;- lOil~ ---------------~ o2 I :l I. - - I 1;L1i ... ... "" ...... -.. -. _.,.('.1'. ;{8·;!·1 ~I 2 ~!l.ii 
---~ 

C.P.4;!-;1:L '1 --------.-~----- o15.5 .. ... - ... _- ....C.I'. ·1;Hi·l.. 2 1 2 ! Ii. 5 ~ ('.1'. ·1·1-lii,L. 14.0 1________________I 1'1 2 H
C.P. ·1I-1!J1 _. J . I~ ·1 c2 14·2 -.• ---- .----. ___ ::;;('.1'. 41H2u .. 2 

'j' 

14.. ' _'. _____________.1 t:l·1 
, He!' tabll' I for parpnt:ll!;t' of (·ro~~('~. 

2 \\"l·ightpd valill', IIsing Illidpoint of ('IHs~ ini!'r\':tl . 
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should prove sufficiently reliable for discarding entire crosses that 
will produce a low frequency of clones with acceptable number of 
stalks per stool or for selecting those crosses that will produce a 
high frequency of acceptable clones. 

Crosses 11, 15, and 148 ranked consistently high in both single 
stools and clones, and cross 49 was consistently poor in all 3 years. 
The other 3 crosses, however, were not consistent in their behav~or 
over the 3-year period. 

The average number of stalks per stool for the 2 parents of a 
cross showed a definite relationship to number of stalks in the 
progeny. If the parents involved in the 7 crosses are ranked accord­
ing to number of stalks per stool, this association becomes evident. 
The parents of crosses 11 and 148 ranked 1 and 2, respectively, in 
average number of stalks per stool, and the averages of their 
progenies consistently ranked 2 and 1, respectively, in all 3 year.s. 
On the other hand, the parents of cross 49 ranked 7 and the prog­
enies of that cross ranked 7 in each of the 3 years of the study. The 
agreement between average numbers of stalks in the parents and 
in the crosses was essentially as close in cross 15. In the case of 
crosses 32, 72, and 74, the rank in the 3 years was not as consistent. 

Thus, the stooling qualities of the parents affected the number 
of stalks per stool in their progenies-the more stalks per stool 
based on the average of the 2 parents, the higher the percentage 
of population with more than 10 stalks per stool, and the higher 
the average of all plants or clones in their progenies. 
Srix 

Tables 19, 20, and 21 give the frequency distribution for the 7 
crosses according to juice density, or Brix, for 1953, 1954, and 
1955, respectively. Brix range from 9.1 to 22.0 among the single 
stools and clones of the 7 crosses in the 3 years, and the percentage 
of the progenies with more than 18 Brix in the juice ranged from 
o to 60 among the crosses in single stools, from 6 to 60 in plant­
cane clones in 1954, and from 3 to 46 in first-stubble clones in 1955. 
Average Brix of the progenies for the 7 crosses ranged from 12.8 
in cross 11 to 18.2 in cross 74 among single stools; from 14.7 to 
18.1 in 1954, and from 15.5 to 17.4 in 1955. 

In general there was agreement among the 3 years in rank (\f 
the crosses for Brix. Crosses 74 and 148 had the highest me,lns in 
1953, 1954, and 1955. The rank among the other 5 crosses in the 
different years was not consistent. Cross 11 appeared to be inferior 
to all other crosses on the basis of average Brix in 1953, but both 
in 1954 and 1955 this croSS was as high in Brix as the other 4 in 
the group. It appears from these results that the average perform­
ance of the single stools in a cross might be useful in determining 
which crosses have very high levels of Brix, but probably could not 
be used in distinguishing average crosses from poor crosses. The 
results also indicate that care should be exercised in discarding 
an entire cross on the basis of low average Brix of its progeny 
among single stools. In spite of the very low average for cross 11 
in single stools in 1953. 20 to 25 percent of the clones from this 
cross were above 18 in Brix. 
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On the basis of average Brix of the parents for the 2 years 1954 
and 1955, the crosses could be separated into 2 groups. Two crosses, 
74 and 148, had high parent averages, while the other 5 crosses 
were about equal in the average of their parents and could be con­
sidered as intermediate. The average Brix of the parents involved 
in a cross affected the juice density of the progeny. The averages 
of the parents in crosses 74 and 148 were the highest of all parents 
in the 7 crosses, and the progenies of these 2 crosses had the highest 
averages for all 3 years of the study. The remainder of the cresses 
had similar parent averages for the 2 years and also did not differ 
appreciably in mean performance. 

Thus, there was a relatively close agreement between average 
Brix of the parents and average Brix of the progeny from the cross. 
All crosses with high parent averages also had high progeny aver­
8,ges, while the crosses with intermediate parent averages produced 
progenies with intermediate means. Unfortunately, none of the 7 
crosses had parents with low means for Brix and consequently no 
prediction is possible regarding performance of such crosses. Pre­
sumably, however, they would have low average levels of Brix. 

If the parents are classified on the basis of their average Brix 
for the 2 years into 3 classes, low, medium, and high, only the com­
binations low X medium, medium X medium, and high X high 
were represented among the 7 crosses. Two of the crosses, 74 and 
148, represented high X high combinations and, as indicated 
above, produced superior progenies. with means ranging from 16.5 
to 18.2 for the 3 years. The combinations low X medium and 
medium X medium gave progenies that were distinctly lower than 
high X high, but not consistently different from one another. 

One of the outstanding features of the study was a high degree 
of transgressive segregation for Brix in all 7 crosses involved. 
This was particularly true in the case of low Brix percentage for 
all crosses. Clones were obtained in each cross that were much 
lower than either parent. On the other hand a large number of 
clones were obtained from crosses 11, 15, and 32 that were consid­
erably higher in Brix than either parent. Through the influence 
of this strong degree of transgressive segregation some clones were 
obtained in all the crosses that were exceptionally high in Brix. 
For example, in cross 11 during 1954 10 clones had Brix higher 
than 19. The parents of this cross, C. P. 34-139 and C. P. 36-105, 
averaged 16.9 and 17.6 Brix, respectively. 

The parental combinations in respect to Brix were limited in 
nature and permit only general conclusions concerning selection of 
parents for crosses. No combinations of low X low, low X high, or 
high X medium, were available. However, it is apparent from the 
data that a larger proportion of high-Brix clones will generally be 
obtained from crosses between high-Brix parents than between par­
ents having medium or low Brix. Owing to transgressive segrega­
tion, however, some clones with exceptionally high Brix can be 
expected in the progeny of crosses between medium-Brix parents. 
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SUMMARY 
A study of breeding behavior of certain agronomic characters 

with progenies of seven crosses of sugarcane grown as single stools 
in 1953 and as plant cane and first stubble of clones established 
from these single stools in 1954 and 1955, respectively, revealed 
the following: 

Significant correlation coefficients for stalk diameter between 
single stools and plant cane of clones, between first stubble of single 
stools and first stubble of clones, and between plant cane of clones 
and first stubble of clones, were 0.54, 0.50, and 0.64, respectively, 
and indicate that selection among single stools for Etalk diameter 
would be effective. Selection from single stools should be practiced, 
but this selection should not be rigid. 

The relatively low correlation coefficients for erectness between 
single stools and clones and between crops of the same clones in 2 
years strongly suggest that rigid selection should not be practiced 
for erectness or for adaptability to mechanical harvesting in either 
the single stools or any single crop of the clones. Only several years' 
results for erectness would provide an adequate basis for selection. 

Correlation coefficients for number of stalks per stool were low 
between single stools and clones. Rigid selection for number of 
stalks per stool should not be practiced in single stools or in only one 
crop of the clones. 

Although correlation coefficients for Brix between single stools 
and clones were significant and high enough to be of importance 
in the average of all crosses, there were wide differences among 
crosses as indicated by 'I" values. These values range from 0.28 to 
0.72 between single stools and plant-cane clones, and from 0.21 to 
0.63 between single stools and first-stubble clones. It is concluded 
that due consideration should be given to this fact in the breeding 
program and that selection for Brix as determined by refractometer 
in the field should be practiced but should not be rigid. 

Approximately 17 percent of the un selected population of clones 
met the minimum requirements of commercial varieties for the 
four characters-stalk diameter, erectness, number of stalks per 
stool, and Brix-in all 3 years of the study. However, if selection 
had been practiced among single stools, approximately 31 percent 
of clones obtained would have met these requirements. The dif­
ference between 17 and 31 percent is a measure of the efficacy 
(If selection in the single stools. A suggested breeding program 
for development of varieties for Louisiana includes the growing of 
80,000 to 100,000 seedlings and the lowering of selection standards 
previously followed in single stools to permit selection of approxi­
mately 1,000 single stools per year for establishment as clones and 
further evaluation. 

Both sucrose by polarization and Brix by hydrometer, as deter­
mined in the crusher juice from five stalks, showed a high degree 
of association between plant cane and stubble of the clones, and it 
is concluded that selection for either character in a single season 
would be highly effective. 
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There was essentially no association between any of the follow­
ing characters as indicated by nonsignificant or low significant 
correlation coefficients in all 3 years of the study: 

(1) Stalk diameter and erectness of stalks; 
(2) Stalk diameter and number of stalks per stool; 
(3) Stalk diameter and Brix; 
(4) Erectness of stalks and number of stalks; 
(5) Erectness and Brix; 
(6) Number of stalks per stool and Brix; 
(7) Stalk diameter and sucrose; 
(8) Erectness of stalks and sucrose; 
(9) Number of stalks per stool and sucrose. 

Based on 2 years' results, a negative and significant correlation 
between number of stools per plot and number of stalks per stool 
occurred in the average of all crosses, but this association was 
not very close and in the case of one cross was not statistically 
significant. 

A close association exists between Brix and sucrose for the 
clones in both years. The average correlation coefficient was con­
sistently high for each individual cross and averaged 0.72 in plant 
cane and 0.68 in first stubble for all crosses. 

Tn general, progenies of crosses involving large-diameter parents 
were large in diameter, and, conversely, progenies of crosses involv­
ing small-diameter parents were small in diameter. There were 
exceptions, and many individual single stools in clones were either 
larger or smaller than either parent involved in the crosses. 

Progenies of crosses between erect parents were generally erect 
and progenies of nonerect parents were generally nonerect. The 
average ranking of the two parents in respect to erectness agreed 
very closely with the average ranking of their progenies. 

The number of stalks per stool in single stools or clones also 
agreed with the number of stalks per stool in the parents. The 
ranking of the parents in number of stalks per stool was about the 
same as that of the average of the progenies. 

Progenies of crosses involving parents high in Brix were rela­
tively high in Brix and progenies of low-Brix parents were low 
in Brix. There were examples of transgressive segregation for 
Brix in all crosses, as evidenced by the number of individuals in 
each cross either above or below either parent. 

Thus, in respect to all characters studied, the general perform­
ance of the progeny derived from a cross could be predicted to a 
reasonably reliable degree from the performance of the parent:.;. 
There were no instances in which inferior parents produced a 
superior progeny, or superior parents gave an inferior progeny . 
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