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INHERITANCE IN KENAF AS RELATED
TO SELECTION OF INBRED LINES FOR
COMPOSITE VARIETIES

By 1 G, Nirsox, formerly research agronomist, und T. D, WILBON, rescarch
genediodd, Crapse Reyearch Divisfon, Agrivelbural Rescureh Sereice

Wenafl ([ibiseus cunantinus 1. is o subtropical species of the Mal-
waeeae.  Cotton {Gossypitm spp.}, oken (L. esculentus I.), and sev-
cral ornamentat species of /fibiveus are members of the family that are
better fmown in the United States,

Kenal is used mainly for she wanufaeture of hurlap, and is prob-
ably tdigenous to Alciew.  Most of it connnercial production is in
southeast Asi. Tu the Western Hlemisphere it gained widespread in-
ferest during World War LL when o jute substitute was needed.
Kenal Gher s slightly coneser and wealer than jule, but it can be
sepirated maore veadily by mechanical methods, and the crop is less
restrictive inits soil mrd climatie requirenments,

Under favorable conditions the plants grow § to 10 {feet high in
abont 100 days. The Sabeadorinn varicty has been most widely grown
in tho Western Tfemisphere. Several of its inbred lines were used
i this study.  Ir blooms ouly when duy lengths ave about 195 hours
or less, necording to the U8, Department of Agricultucs (13).0 Day-
length response s a varietal charneteristic.

When grown for fiber in Florida, where most of the domestic m-
tevest in kenaf is centered, kenaf is planted any time From May to
August; but June piants produce highest yields. Flurvest at the be-
ginning of flowering gives the best, most easily clenned GGber. Be-
canse of a rapid decrease in fiber quality after the plants begin to
flower, liber from seod ficlds is seldlom saved.

Since kenal is still at the stage where high yield and disease re-
sistance are more soughl for in n vaviely (han quality relinements,
plant breeders have been concerned with getting variclics that ave
productive.  Most breeders have worked to develop pure-line varieties,
aithough some huve bulked pure lines and introduced them as “syn-
thetie varieries” *  Tn these. however, somoe undesivable sepregiles
have resulted.  This has veveaded the need for studying inheri(ance in
the hybrid progenies that would develop from natural cross-pollina-
tion i a composite of lines (4 composite vuriety).

!Ttadic munbers in preentheses rofer to Literatuee Cited, p. 97,

TeRynthetie vacicty” 15 0 lorm (hat has boer used oxtengively by corn and
Larnge breeders to refer exelusIvely to highly eross-pollinnteld types.  As sneh,
it ey to mitnd very speeitle qualifications, soveral of whiceh kenaf does not have.

Althongh kena! hreeders Ceequently apply the (erm ko a eompesite of liues, “eont-
posite vaciety” is the more wsid terminology.

1




2 TECHNICAL BULLETOV 13i¢, U.5. DEPT. OF AGRICULTURE

Although hybrid vigor in kenaf had not been studied as such, it had
been observed in various breeding programs. Since there is no prac-
tical method of producing hybrid kenaf seed on a commercial basis,
1 composite vuriety is now the only means of utilizing heterosis.

The research that has been done on natural crossing has not demon-
strated the effectiveness of this means of using hybrid vigor, Studies
along this e have been limited, however, t¢ the amownt of natural
crossing and, in the present study, to clfects of crossing on specific
variables.

To be successful commercialiy, composite varicties of kenaf must
first of all be wniform in date of first flower (maturity). Also, they
must contain lines that are vigorous and produce vigorous offspring.
They should bo uniformly taiT, and the percent fiber should be high.
In order to extend the harvest season, composite varieties should differ
in maturity, ranging from early to very late, each with a narrow range
in dute of first flower.

The inhecitance of these characters has been studied primarily to
evaluato factors that a plant breeder would need to consider in putting
together suituble inb rc({ lines for a composite vaviety, Many varinbles
can bo considered in selecting such inbred lines, buf certain ones are
particularly limiting. Except for disease resistance, the most critical
of these have been considered in this study.

REVIEW OF LITERATURE

Little scientific information on kenaf is available. Most of what
has been published concerns studies of existing {ypes and varieties and
natural cross-pollination.  The most extensive literature on work dons
with existing types of kenaf is that of Hownrd and Howard (4}.
They deseribed cight agricultural types and divided them into five
varieties. These they classified mainly on leaf shape, maturity dates,
and stem and petiole color. The commercial Salvadorian variety,
which is the source of inbred lines 1, 2, 8, 7, and § in this study, is
mixture of two hasic types that ave most nearly Hibiseus cannadinus
var. piridis How. & How. and M. connabinus var, vulgeris accorvd-
ing to the deseriptions by oward and Foward. The Javanese kenaf
also used in this study—parent 0 and one parent of inbred lines 38, 4,
and 5—is H. cannabinus var. purpureus How. & How. The Howard
andd Tloward varieties were reported by Dague (7) as having typical
vield and quality characteristics. Flowever, Liynn et al. (9) and others
found a falrly wide range in yield, quality, and other agronomic
charneteristics within these varieties.

Pate, Senle, and Gangstad (17) reported that Javanese varietles
are lower in fber percentage and have fewer capsules per plant than
the commercial Salvadorian kenaf. They also found Jower yields of
stalks per acre, which, with low [iber percentages, made even more
marked diffevences In net yield of fiber.

Several workers, including Bague {7} and Horst (8), classifad
kenaf as a “naturally self-pollinated” crop, and it has been hanaied
on that basis in most breeding and commercial production undertak-
ings. But oward and Howard (4) observed that when varieties
were grown close together, cross-poliination was very common. They
noticed that when the flowers began to close about midday, frequently




INEERITANCE IN KENAF 3

no pollen was on the stigmas. Thus, pollen brought from other flowers
by insects would have resulted in cross-fertilization any time during
the morning, They believed that self-pollination is nearly always
cftected by the closing of the petals in the afternoon.

Jones and Tumargo {7) found that vatural crvoss-pollination in
varieties grown in alternate rows varied from 1.79 to 23.76 percent,
with an average of 7.23 percent for the six straing tested. Varieties
imcluded in this test differed in maturity date. The ones of simiilar
maturity date, as would be used in a composited variety, were found
to have the highest percentuge of natural crossing.  This suggested to
the nuthors that the percentage of natural crossing might be greatly
incrensed 1f compatible varvieties of similar maturities were grown in
arens where the chief pollinators, the lioneybee, were plentiful.

Junes and Tamargo (6) found in another study that wild bees and
wasps did seme cross-pollination, but that the wild bees were too
searee in Cuba to be o [actor; the wasps worked on kenaf flowers only
1f forced te do so when the supply of other nectar was shovt.  IHoney-
bees were the most ellective insects in pollinating kenat flowers,

Some incompatibility between lines of kenaf hins been observed.
This may have been the result of tiniing, or it may have been from
other causes.

Jones, Paentes, and Suarvez (5) reported considerable hybrid vigor
in natural kenaf hybrids and related their findings to those in cotton.
They noticed that the natural hybrids were large encugh to make
roguing easy by looking for lnrge plants.

MATTERIALS AND METHODS

The inbred material used in this study originated from two basic
types—Salvadorian and Javanese. Both had been brought into the
United States as varieties, but they were actnally mixtures of types.
All the material had been selfed for five or more generations. As
shown in table 1, parent O is an inbred selection from the Javanese
introcluction; parents 1, 2, G, 7, and 8 are inbred selections from the

Tanre L—Inbred lines used in making diellel crosses in full of 1957,
Lake Worth, Fila. (planted in September)

Parcnt Dala of first Plant Rotted
Mo, Source of telectlon! flower (No- belpht fber 1
! vers ber 1907)

Inches Pereent
Oo—op Javanese oo ___ 13 47 2,96
1o.___} Salvadorian. o . .. 17 4% 3. 67
b S o e . a 406 4. 39
3.t Javanese X Salvadorian._ . ________._ 1 53 4, 49
[ S S O oo e 4 B33
L S . [0« 4 515 1 [,
Gl Salendorian. oo o 1l 52 5.10
(] T VPPN 4] 47 5. 83
_______________________________ ! g 42 4, 54

'Varjety (usually named for source counlry) from which seleclion wns mande.
? Decorticated fiber further cleaned by rotting.
1 Nab cheeked for shedding of huds.
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Salvadorian introduction ; and parents 3, 4, and § are inbred sclections
fromr Javanese-Salvadorian hybrids? in which the discase resistance
of the Salvadorian variety had been incorporated. These will be re-
fered to as J X 5 lines. The Javanese {inu was included in order
to provide & divergent source of germ plasm.

Lu the fall of 1957 the inbred hnes described in table 1 were ovossed
in all possible combinations, using each line as n male parent and asa
female parent. Crosses were made in the fields. Flower buds were
cnmscn'l]uted in_the afternoon, and pollinations were made early the
following morning. Kenaf pollen grains are essily seen on the exposed
stigmas, which were observed through n magnifior before the pollen
wag applied. Very few emasculated flowers had to be discarded be-
causo of foreign pollen. Potals were removed during emasculation
and thus the bees were not attracted to the emasculated flowers.

F, Spring Nursery

On January 29, 1038, pareats and T, progenics of crosses in all
possible combinations between the nine lines of kenaf were planted in
the greenhouse at Belle Glade, Palm Beach Connty, Fla. On March 8
they were trnnsterred to the feld at Lake Waorth in the samoe county
on sandy soil, using two randomized blocks of 80 plots each—35 F,%s
{one progeny missing), 36 reciproeal F, progenies, and the nine
patrents.

Each plot consisted of three greenhouse plants spaced 2 feet apart
in rows 2 feet apart. The wide spacing wis to encourage branching
and flowering. Tach parent and each reciprocal of each cross were
treated us a separate plot.

Datn on several characters were taken, bat only information en
dato of lirst flower (days wfter Maveh 31) was amalyzed and is re-
ported here.

‘The main purpose for this spring nursery was to produce seed for
an Py nursery, Notes tnken were incidentsl.

Tosnpply the nmussing If, hybrids and to supplement the seed supply
from the fall crossing block for some progenies, a fow cross-poliina-
tions were mirde in the spring nursery, Adl flowers of F, plants were
selfed to provide F; seed. Selfing was assured by applying a pinch-
type paper clip to the petals that protrude from the bud the evening
befove the flower opens. Isfforts were made (o obtain ss many T, seeds
a3 possible from all I, progenies. Ilowever, some of Lhe I, plants
procuced few seeds and some did not produce any beeause of unfavor-
able day lengths. ({Ilenaf flowers only when days nre short.)

I, Summer Nursery

Phe F, summier nursery was planted on July 22, 1938, Seed origi-
nated from the suine crosses as for the spring nuvsery and was planted
on tho same soil type.

In 40-inch F, plots, live I, seeds were planted in 20 inches of row and
five reciproeally produced seeds of the same Fy were planted in the

*The Jnvanese selections ave highly susceptible to Qollglotrichum hibizei Poll.,
a disease of kenaf that could desteoy n susceptible line.
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other 20 inches of the same row. Where seed was suilicient or miss-
ingr, additional sceds of the veciproeal cross were planted. In parent
plots, 11 seeds were planted 4 inches apart in the rows. Progeny and
parent rows were spaced 3 feet apart with guard rows of Everglades 41
variety of kenaf on each side of ench row, 1 foot from the progeny
row. Also, o guavrd row of the same yarviety was planted across each
end of the plots. The interplanted and guard rows were putled from
around esch progeny at the time of havyest.

Notes were taken in the lield on cach plant for date of (irst flower
(days aftor August 81}. All other data reported here wove taken
on harvested stems,

Most of the I, and inbred plants were harvested 7 to 10 days after
tho first flowers opened, but a few were culside thnt vange.  (The
irregularity of harvest is assumed to have contribuled to experimental
error.) ‘The plants, cut 5 inches above the ground, were then meas-
ured for height, and o, 15-inch section was cut from the base of each
stem and weighed to the nearest gram. These 15-inch samples wore
partly dried in an oven to avoid spoilage in transit to the fiber labora-
tory at Beltsville, Md.

F., Summer Nursery

The F, suminer nursery was planted on July 23, 1958—1 day later
than the F, nursery and in the same Lield. The 21 plots (15 hybrid
plots and G parvent plots) were randomized in cach of four replica-
tions. (If, progenies involving parents 4, 7, and 8 were so late in the
spring nursery that ne flowers, or only a {ew, developed on many of
them.) ‘Thiriy-five seeds of each Fy progeny weve pianted in o 16-
foot row, and 35 sceds of its veciprocally related progeny weve planted
in an adjacent row 12 inches awny. ‘Ihirty-five seeds of each parent
were planted in a 10-foot row, and nonrelated seed was planted in
the adjacent row to make puvent plots the sume size as the progeny
plots. A gunrd row of Iiverglades 41 was planted on ench side of
each plot and across the ends of the plots in the alley.

Beginning in September, a few early plants from all four replica-
tions of the I, nursery were hurvested at the time of (ivst flower, and
notes were taken on the hirvested plants for date of {ivst flower (days
after August 31) and plant height. Basal samples were cut and
woighed as in the I', nursery, but green-stem dinmetars were not
measured. AL harvesting ol ¥ plants was temporarily discontinued
on October 18 because of the amount of tine vequired and the resuls-
ing delays that would occur in the ¥, havvest.  Meanwhile, notes con-
tinued Lo be taken in the feld on standing plants, Dute of first flower,
plant height, and stem diameter were recorded for cach plant of all
four replications. ITarvesting was vesuined on Qclober 29 only of
the plants in the second replication. Dasal samples wero cut and
woighed as in the ', nursery. No further harvesting was done in the
fiest, thivd, and fourth replications. Tlarvesting in the second repli-
cation was continued at intervals as the plants flowered until ull except
o few very late plants were harvested.  Then, after a L3-day interval,
those of the late plants that had grown for 20 to 30 days were har-
vested ; 30 days laler the remaining few plants were harvested.
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Single-Plant Measurements and Caleunlations

Diameter measurements of the stems in the T, nursery in the fisld
wore made 20 inches above the ground with & caliper on the standing
plants. Green-stem diameters were not measured in the ¥, nursery.
Dry-stem dinmeter measuroments were made on ail plants harvested,
both T, and I,. The dry-stem mneasurements (in millimeters) were
made at the upper end of the 15-inch sample section, which, including
the -ineh stubble, had been 20 inches above the ground. With only
dry-stem dinmeter measurements from the If; nursery and only green-
stem measurements from the first, third, and fourth replications in the
T, nursery, a conversion factor was necessary. This was established
as o ratio of the measurements in the second replication in the F,
nursery, where both dry and green-stem measurements were available.
With this [actor, all green-stem diameter measurements on unhar-
vested plants were converted to an estimated dry-stom diameter {in
millimeters). Conversions were made on individual-plant data,  Sub-
sequently, only dry-stem measuvements—actual or converted—were
used in &ll analyses and frequency distributions.

Heighé of plants was measured in inches from the ground to the
top of the plant. (For harvested plants, measurements took into
necount the 5-inch stubble.)

In the F, nursery and the second replication of the F. nursery, these
meuasurements were mude as the plants were being hm-vesbeci}. The
plants in the F. nursery that were not harvested (first, third, and
fourth replications) wers measuved at about the middle of the flower-
ing perioc?.

Laboratory Measurements and Fiber Determinations

At Beltsville the stems were dried for 2 days or more at about 70°
C. with air circulation. They were then lield in & room where 65-
percent humidity and 21° C. were constant.  After the samples reached
2 constant moisture content, each was weighed to 0.1 gram, and the
diameter was measured to the nearest millimeter,

From 3 to 314 kg. of sample stems were coolied in o copper wash
boiler in 30-35 liters of 2-percent sodium hydroxide solution. Pres-
sure in the autoclave was brought up to 9 pounds. The automatic
control was then seb ab 6 pounds’ pressure and maintained for 1 hour,
after which all valves were closed and the steam was turned off,
Bringing the antocluve up to ¥ pounds’ pressure with that guantity of
solution required about 40 minutes; cooling to atmospheric pressure re-
quired about one-half hour more. Thus, the samaples were cooked for
more than 1 heoar.

After being thoronghly washed by runmning tap water through the
boiler, the stems were allowed to stand overnight in a weak solution
of approxunately 0.2-pevcent acetic acid.

Since two batches were required to cook a complete replication,
such factors as dilution, temperature, ratio-nf-stems to solution, and
time were carefnlly controlled, even though small differences in cook-
ing are probably not important. As o fest, some extra samples of
cooked and washed fiber were put throngh a complete second cooking
and washing and lost only about 5 percent in weight.
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Gums and nonfiber cells were washed out of the fiber by working it
by hand uwnder running water before it was slipped off the woody
central eylinder of the stem.  The fiber was dried overnight at about
70° C. in a forced-draft oven and then allowed to regain u constant
weight nt 65-percent relative humidity and 21°.  Fiber snmples wore
weighed to the nearest 5 my.

Percent fiber was then caleulnted for ench plant.  Caleulations were
made on the basis of the dry weight of (iber from the 15-inch section
of stein divided by the dey weight of that stem section and multiplied
by 100. Since it 15 kmown that {iber percentages are affected by stem
size—tho larger the stem, the lower the percent fiber on generally homo-
geneous materinl—percentages were adjusted to compensate for such
cffects (percentnge=y on diameter=a). (In the F; nursery, b=
—0.429 and n the F, nursery o=—0.{5. These regression coellicients
were calenlated on a within-plot basis.) Adjustments were made on
the individual-plant data. The term “percent Gber” in this bulletin
refers to adjusted data nnless otherwise noted.

Explanation of Methods 14

In the calculation of the analysis of variance, four methods were
used. Theso were based on (1) whether ov not the parents were in-
cluded and (2) whether single-plant data were averaged as a separate
figure for each reciprecal progeny or as o combined figure for the
two reciprocal progenies.

The follewing foirr methods were used: (1) Reciprocals averaged
separately, parents not ncluded ; (2) reciprocals averaged together,
parents niof ncloded; (8} reciprocals avernged separately, parents én-
chuded,; and (4) reciprocals averaged together, parents included.

Calculation of Means

All Fy spring nursery plots were caleulated with reciprocals sep-
arate, since reciprocals were planted ns whole plots rather than split
plots, as in the summer nurseries,

I'; progeny means from the summer nursery were calculated (1)
on the basis of reciprocals averaged separately and (2) with rvecipro-
cals averaged together. Since the means with reciprocals separate
have 12 missing values, 14 plots with oenly one plant and 43 plots
with only two plants, they were used only for the analysis of recipro-
cal differences (method 1}. For all If, analyses on the I, summer
nursery the data were averaged with reciprocals together {methods
2 and 4). Thus averaged, only one plot was missing, two means rep-
resented only two plants each, und four represented three plants.  All
other means represented more plants.

Means for the If.’s were calculated only with reciprocals separate
(muthods 1 and 3}, since 10 or more plants were processed from all
excopt one (split) plot, which had 8 plants and all four veplications
of one cross {0 X 5) that were missing. Thwenty or more plants were
hatvested Trem most of the plots. Tor eross 0 X 5, missing in all repli-
cations, the reciproeal values 5 X 0 were substituted.

Since flowering data on some plants were missing in several prog-
enies in both nurseries, those meins were calculated on fewer plants

T-i2--400—04
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than for other variables. Also, in several F, plots, flowering data on
all plants were missing. Values had to be estimated on move plots for
Howering than for other variables.

Estimation of Missing Values

Reciprocal values wore substituted for missing plots throughout
the enlewlations repocted here exceept in the second veplication of 6 X 7
in the T, snummer nursery, where both crosses were missing. These
values were estimated by o formula proposed by Yates (14).

Caleulating Sums of Squares

The procedure used here follows closely that described by Sprague
and Tatum (72) with modification described by Kempthorne (8,
pp. 118-119).

Using each line as a male as well as o female, p inbred lines were
crossed in all possible combivations. Thus, there nre p(p—1) prog-

. . . p(p—1 . .
entes with reciprocnls separate; there are &P‘)—)— progenies with

reeiprocals averaged together.

Analyses of variance were made on plot means calenlated by one or
more of Lthe four methods (p. 7).

The F, sums ol squares were calculated by methods 2 and 4 for all
exrept reciprocal ellects; these were by method 1.

The F. sums of squares were caleulated by methods 1 and 3. E,
plot means of the separate reciprocals were totaled for main plot ef-
fects, since the I\, nursery contained suflicient plants per plot and the
varintion I number per plot was small enough to permit such a
procedure.

Calenlating F,/Midparent and F./Midparent Ratios

The I,/midparent and F./midparent ratios were calculated from
array means. The term “array® vefers to the mean or sum of all
replications of all progenies with & common parent. Parent values
are not included. The F./midparent and F,/midparent ratios for
each inbred as it appears as a common parent were cileulated by the
following formula, beginning with table 3:

2(p—1)Z;
SZy, +(p—2) (@)
Where .
2 =number of parents or inbred lines.
z,. =mean ol all progenies with common parent.

&, =rmeaen of all plots of parent line,
8%, =sum of all parent means.

Caiculating Estimates of General Combining Ability

Estimates of general ecombining ability (g, ) were calculated from
array sums.  The formuls used in ealeulating g, . in method 1, where
reciprocals are averaged separately (F; data), is as follows:
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A X RN
2n(p—2)

Where
Ao =sum of prozenies with 7-th parent as female.
X ¢ =sum ol progenies with 4-th parent as male.
Noo=sum of all progenics (parents excluded).
p =nwuber of parents ov inbred lines.
n  =number of replications.

The [ormula used for caleulating g, in method 2, where reciproeals
nre averaged together (1% dutn), is as follows:

_Y:__—Q.X . f'p

n{p—2)

Where

A, =sum of progenies with ¢-th parent as both male und fetnale,
totnled nfler two reciprocals were averaged in each
replicallon.

A...=sum of all progenies (parents excluded). Note that its
value is approximately one-half that of X..., as used in
method 1 {preceding formula).

1 and p are the same as for the preceding formula.

RESULTS

In this study, analyses of variance showed some reciprocal differ-
ences, especially in the T, nurseries. ¥Flowever, these are assumed not
to be real, except perhaps in cross-compatibility, for the following
rensons: The number of I, plants per plot wus small, numerous plots
were missing in the I, nurseries, the nature of the differences in the F,
nurseries was erratic, and only one of the variables—date of first
flower—in the IF, nursery had significant reciprocal differences. On
the basis of this nssumption, the information from both reciprocals has
been combined as follows: For the I data in the summer nursery,
as n single menn for ench pair of reciprocals; for the F, spring nursery
ancd the F, data, as the sum of the two meuns (see p. 7). In this
way the information has been combined in all ealenlations beginning
with table 8.

Tho results of the analyses are assumed to be essentially the snme
whether the means arendded together as in methods 1 and 3 or whether
it i necessary that the two reciprocals be combined from the original
data asin methods 2 and 4.

Original Pollinations

The number of seeds from each cross-pollination madein the nursery
hetween specific inbred lines, ns shown in table 2, is un indicastion of
cross-compatibility, Indications nre that the differences between indi-
vidual crosses (hybrids) and between specific combining ability (s.c.n.)
values are not significant, but that diflerences between the general
combining ability (g.c.n.) values (all the progenies of each parent
combined as an arrny) are significant.
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TanLe 2—Seeds produced per pollination in crossing block, showing
ﬂ}al‘g (;mz female array means and general combining ability, full
of 19567 *

Menn scads per pollinoation ns— Clemern!
Iabred ling Mo, coinbinlng
abifity*

Afzle parent Foengie parent

Numirer Nuuther

7.
b
7.
8.
11,
13
1L
11,
10

g,

1l1.
g
8.

1L,
£,

2.

.

9.

b Bl N = 0 Wl i DT GG

G| I DN C

o

*Differances signifiennt at 3-porcens level of probability.
! Datu not replicated.

The deductions arrived at from the sbove analysis are based on a
method used by Yates (74) for unreplicated datn. Without a true
ervor vilue, reciprocal mean squnres have been used for testing the
other sources of vartation. Observation in the field indieated a strong
probability of reciprocal effects; certnin crosses were successful when-
ever tried out, but with the reciprocal cross, repeated pollinations
fuiled to produce sced.  Such effects wonld cause the mean square for
reciprocals (the ervor) to be large. The mean square value For g.ca.
would have been even larger had there been no reciprocal difference.

Spring Nursery

The spring nursery was grown primarily to obtain I, sced. Hov-
ever, notes were taken, and those on date of first flower are swinmarized
in table. 3. Since kennf is not ordinarily planted in the early spring
in Florida, except in a breeding nursery, these data have little impor-
tance except for the light they shed on genetic relationships in day-
length response. Thus, unless specifically indicated, all subsequent
meterial deals with summer nurseries.

Date of IMirst I'lower {(Maturity)

The inbred line parent § shed buds casly in the season, as did many
of the progenies of that line and a few of the ]{rogeuies of parent 1.
<

This somewhat complicated the reporting and interpreting of the
vesults on maturity.  When bud shedding on & plant was noticed in
time, it seemed pructical to estimate the date of flowering by relating
bud scars to the buds that ac.ually opened in the same progeny.
Superficial checks in the field suggested that such an estimute was
fairly reliable. Little, it any, buicl shedding occurred on the late-
maturing segregates. Al plants bloomed eventually, but for those
that lost their early buds, flowering dute was either estimated as indi-
ented or was not recorded.
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Taswe 3.—Date of first flower: Summary by parent and array, with
parent-progeny comparisons and estimates of general combining
ability, I, spring nursery

Progeny Forent Progeny/ Coneral
Parent or srrey No, AFCLY meqnl v menn i ** midparent eombinlng
{array meany? abllity**

Doyx  after Dayr affer
e ur%l&' Marek 21 Ratio

30. 5 0. 82
17. 2 . 80
14,2 . T4

12.0 . 87
15. & .73
1. 6

15.
13.
15.

13.
13.

(S RSP
poeo

b =3 —
L |

18. 40,0

**Differcnces significant at 1-percent level of probability.

! Mean of all progenies with parent indicated.

3 Menn of 2 replications of each parent.

3 Bee text for method used in ealculating ratio.

! Indicates buds formed but shed, as days became too long for flowering,
® B0 many progenies failed to flower that they could not be included.

The F, data on flowering, as shown in tables 4 and 5, indicate that
the flowering behavior of Javanese and Salvadorian varieties is con-
trolled by different genes. ¥, plants from crosses between parent, 0,
the Javanese, and any of the other lines—all of which contained Sal.
vadorian germ plasm—ranged from very early to very late; some
progenies had a range of about 90 days in date of first flower from
earliest to latest plant. This range is well beyond that of either
parent, especially in lateness. Also, many of the progenies of the
other < rosses showed more range than the parental material did.

Eviduace of multiple factors for flowering is found in the plant
frequency distribution given in table 5. As an example of breeding
behavior of all lines considered, parent 0 represents one type in this
table and parents 1 and 2, all the others. F.’s and F.’s, with their
%nrents, were grown in adjacent nurseries. All distributions except

» progenies are from F, nursery data. The modes for the parents
occurred for the same period in both nurseries. This table shows the
wide range in maturity in the F, progenies of crosses with parent 0.
It also shows two modes in the frequency of flowering. The greatest
frequency oceurred between the modes of the parents {period 1019 for
P, and period 40-49 for P, or P.), bui about 60 days later a second
and smaller mode appeared in progenies of four (only two shown in
table) of the five crosses with parent 0, This second mode could have
been the result of weather.

Earliness seems to be at least partly dominant. The values shown
in table 4 for the F, divided by the two-parent, or midparent, mean
and avernged on the hasis of each array (progenies with a common
parent) show a ratio of less than 1 in all ¥, arrays. The dominance
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TasLe 4~—Date of first flower: Summary by parent and array, with
parent-progeny comparisons and estimates of general combining

ability, F, and F, summer nurseries

F; NURSERY
Progeny Parent Progeny! Gengrsl
Parent or array Na. Arpay Dipan le mengd midperent combining
{array mean)? ability**
Daye  after Days after
Aug. 8! Aug. 31 Fatie §i..
O o e mem 20. 8 18. 6 0. 64 —-21.1
) UL 40. 3 48. 8 .39 1.4
i mm——————— 41, 9 406. 5 , 82 3.0
B e e e mmmmammrn—————————— 38.1 38. 2 L 92 —~1.3
4 e mmmmmu—a - 40. 1 44, 0 .91 1.0
2 S 41. 4 44. 3 .94 2.4
B o e mmm—— e 45. 5 T .93 7.4
T e e e mmmmmmmm— i m—m————— 42. 5 46. 8 .94 3.7
B e —mmmemmmem—m——————— 42,3 47. 5 .93 3.5
Means:
General e 35. 3 43. 1 -1 T
Figh parent. oo e[ 48 Bl feeeiaaaaa
Low parent. o ceemvceomen oo 3704 | e
F; NURSERY
D oo et e ——— 48. 8 18.0 1. 08 2.8
U U, 17. 8 46. 8 1. 1a 1.5
SRR S 48.7 46. 8 1. 13 2.6
SR 43. 3 36,0 1,17 —4.2
o o emm e mmm————— e m——— H 44 5 43. 8 1. 11 —2.3
D e rmmmmmcmam e ——— e 46, 4 46, 2 1.12 —. 3
Aenpa:
Cenetrtl. e oo e 46. 6 39,7 1.22 |
Migh parent oooee e 45, 06 ||l
Low parent_ .o oo 33,8 o e e aeem

#* Diflerences significant at 1-percent lavel of probability.
1 Mean of all progenies with parent indicated.

z Mean of 4 replicutions of each parent.

3 8ee text for method used in ealeulating ratio.

of earliness is particularly striking in crosses involving parent 0. In
four out of the five erosses, the By mode coincided with the early parent
0. In the F. nursery (table 4) the progeny/midparent ratios were
all greater than 1. This appears to be due to the earliness of parent
0. The progeny/midparent ratio for parent 0 is high (1.58). The
very small value of the common parent (0) decreases this midparent
value, which, when divided into the ¢ progeny array meon, gives a
high ratio. In the other ratios (ranging from 1.11 to 1.18) parent 0
ocenrs only once. In nearly all F. progenies, the frequencies were

skewed toward the later periods {table 5)




TasLe 5.—Date of first flower: Plant frequency distribution of 8 selected groups,cach composed of parents (Po,
P2y, B s and IFe's

‘Number of plants during Indieated periods (days after Aug, 31) when first flower appeared Nuutber of | Mean days after Aug. 31 in==
Parent and cross lants withno
A . flowering data?!
10-19 7 o 110-119 Fi nursery F; nursery

273 73 18,0
5

31
5

73

1
32
5

1 In some. cases, buds were shed before flowers opened, In 2 Date of flowering estimated from a few I, planis of same
others, plants had started late and were badly stunted. Since inbred line on which flowers were produced without buds drop-
stunted plauts were. observed in parent plots.to have delayed ping. Nonc of these 73 plants flowered, but apparently their
raaturity, they were generally omitted. bhuds matured about the same time.

HONVILIGEHNI

AVNET NI
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The mean date of flowering for the parents was signifieantly differ-
ent from that of the progenies 1n all three nurseries. In the T,
nursery, parents were significantly later and in the F, nursery, signif-
icantly earlier.

As would be expected, lateness appears to be associated with high
yield. A corvelation between the estimated fiber yield per plot and
maturity date has an » value of 0.68. This may arise from the fact
that the time during which nutrients are going into vegetative de-
velopment in early-maturing types is shorter than in late-maturing
types, for kenaf plants continuc to increase in size while setting seed,
but grow more slowly after flowering starts.

Diameter and Height

In this study stem diameter and plant height were treated as sepa-
rate variables. Ilowever, the diameter: height correlations of 0.83 for
progenies and 0.70 for error indicate that they may be two measure-
ments of essentially the sume thing—vigor, As a further indication,
estimates of general combining ability for both diameter and height
are high or low in the same arrays (progenies with a common parent).

In the I, nursery, hybrid vigor is evidenced by progeny array
means, as shown in table 6, that exceed the high-parent mean in
all except the 0 arvxy. The mean diameter of all parents (inbreds)
in the F, nursery was 12.53 mm., and the high-parent nmean was 14.0,
both considerably below the progeny mean of 15.5. The difference
between diameters of inbreds and progenies is highly significant.

It 15 obvious from table 6 that none of this hybrid vigor continued
into the I, generation. Progeny and parent means were almost iden-
tical and, as would be expected, the difference between hybrids and
inbreds was nonsignificant.

General combining ability in the F, nursery was high; the mean
square was approximately nine times as large as for the specific com-
bining ability in the ¥, nursery. In the F. nursery, general combining
ability was significant, but the mean squares for general combining
ability were only a little more than twice as large as for specific com-
bining ability. Specific combining ability was not significant.

Parents 0 and 3 were poor combiners for diameter in both the F,
and F, nurseries. In general, parent 0 (the Javanese) and parents 3,
4, amcl & (J X B} were smaller in diameter as inbreds and produced
smaller progenies than the Salvadorian types. _

Correlations between diameter measurements and dry weight of a
15-inch section of stem (the actual weight of the sample that was esti-
mated by diameter measurements in this study) had an » value of 0.97.

Diameter measurements proved to be especially useful in this study
in estimating yield. For first, third, and fourth replications in the F,
nursery, time did not permit the customary harvesting, weighing,
measuring, and processing. Thus, diameter (and height) measure-
ments were made 1n a short time without destroying the plants. This
simple method provides a reliable estimate for yield if the stand is
fairly constant, as it wasin this experiment.
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Tapry 6.—Stem diameter: Summary by parent and array,with parent-

progeny comparisons und estimates of general combining ability,
I, and I, swnmer nurseries

¥, NURSERY

[Dioroeter mensuremenis in millimeters, 20 lnches abave gronnd]

. Progeny Parent Progeny! COeneral
Perent or array No. array menn mldperent coinkbining
mea 12 {array mean) abiilty ¢

1.
13
16.
16.
id
1G.

15,

18.
16,

Ratio

n
™

[ Y
-0 S 000

B D e e e 0D
ooy Gtk

et e
AT

High parent
Low parent

High parent
Low parent

! Mean of all progenies with parent indicated,

*In ¥\ nursery, differences significant at I-percent level of probability; in ¥,
nursery, at 5-percent level.

3 Mean of 4 replications of each parent; differences aignificant ab I-percent
level of probabilify.
+ Sec text for method used in caleulating ratio.

Measnrements for height showed less evidence of heterosis than
those for diameter; o progeny/midparent ratio averaged 1.11, as
shown in table 7. F, progenies of parent 0, the most divergent in
origin, were the shortest; they averaged about 20 inches less than the
next shortest array mean. Only one of these progenies was taller than
its taller parent, whereas all except one of the progenies of parents 1-8
exceeded the taller parent in height, and that one progeny was as tall
as its taller parent. Nevertheless, the differences were small, as the
following means show : All progenies, 112.7 inches; the high parents,
109.9 inches; and the means of all parents, 101.4 inches,
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TapLE 7.—Plant height : Summary by parent and array, with parent-
progeny comparisons and estimates of general combining ability,
F, and F, surymer nurseries

F. NURSERY
{Helglit of plant measured in inches at time of harvest)

Progeny Porent Progeny/ Qaneral
Pareidt or array No. arrny wean | " mean it mwld parent combinipg
{efray mean}! uhility e
ii. Tij Ratia 1..
O e 92 72 104 —23.27
U, 117 134 1, 1 4,98
b SV, 116 113 1. 09 4, 55
B - 112 98 1. 12 —. 73
A e mm e —m L6 8t 1. 24 3. 52
D e m e ammm—n— 113 102 1. 11 .37
[ SV, 116 1038 111 4, 09
e e —m—mm———————— 118 116 1. 0% 5. 5%
S e mmmmmm i m— == 114 112 1. 07 g1
MMenns:
Clenernl e 2.7 101 4 LIS % A S
Figh purenbo e e e 309 G |om e
Low parente .o oomame e on S 92,9 |
. NURSERY
PP | 102 33 104 —7.35
Y e o mmmm e mmm——————— 111 123 .87 3. 11
B e cememum—————————— 1il 117 .99 2. B0
3 i cmcmmm e mm———— == 108 110 .94 —. 64
e adammm e am————— 108 1i1 .49 05
B e ———— 16 107 1,62 2 02
AMeans:
General . oo oo 108. 2 108. 5 OO foeeeeeee -
Hiph parento o . e oas 6.2 |l
Tow parento e ee e W8 ek

**[3ifferences significant ab 1-percent level of probability.
t Mean of all progenies with purent indicated.

3 Afean of 4 teplications of erch parent.

* See toxt for method used in ealeulating rotio,

The difference between parents and progenies in the F, nursery is
small, as shown in table 7, and is not significant.

The g.c.n. mean square for height was more than 30 times the s.c.a.
in the ?ﬁ‘, sumnmer nursery and more than double the s.c.a. in the F.
nursery. As would be expected from the data reported above, the
g.c.a. estimate for parent 0 was extremely low (—23.27 for the Fy’s and
—17.85 for the Fy's).  That for pazent 3 wasalso low.

Percent Fiber
The percent fiber in the stem of a bast fiber plant decreases as the

diameter of the stem increases. This is based on the ratio of diameter
{or circumference) to cross-sectional area. Although the bark con-
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taining the filor is thicker on a large stem, it does not compensate for
the ratio mentioned above. Thus, to minimize the effect of diameter,
the actual fiber percentages were adjusted in this stuc?, on: the basis
of regression coefficients (see pp. 6-7). Oulgeadjuste , or corrected,
Eercent fiber is reported here, and “percent fiber” not otherwise modi-
ed refers to adjusted percentages.

The data in table 8 give no clear-cub evidence of dominance for high
or for low percent fiber. The progeny/midparent ratios are near
unity, varying slightly above or below in the two nurseries.

TapLe 8.—Adjusted percent fiber: Summary by parent and array,
with parent-progeny comparisons and esiimates of general com-
bining ability, F, and Fy summer nurseries

¥, NURSERY
[Percentuges adjusted on Dasts of dlumeter=7 ang percent Gber=g}

Progeny Parent ¥rogeny/ General
Parent of array Mo, afray mean t mldparent combining
{urray megnjd abiifty ¢

-

Ratio g1,
L0

1
1
1.
1

ot i Gad ST G R D e

Genernl
High parent
Low parent

"

¥, NURSERY ”

e pra =t b I s
FODSE
b e b B D

ey = =g

High parent
Low parent

t Mean of all progenies with parent indicated; differences significant at L-percent
level of probability.

* In F; nursery, mean of 4 replications of each parent and differcnces significant
at I-percent ievel of probability; in ¥, nursery, 1 replication and no significant
differences.

} See text for method used in caloulading ratio.

¢ Differences significant st 1-percent level of probability.

s Tn absence of true error term, reciproenl mean square is used, as suggested by
Yatos {14}, for determining F values.
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Results as a whole on adjusted fiber percentages indicate there was
no heterosis.  Some ¥y progenies are below the low pavent and some
are above the high parent, but most values are intermediate. This
is the only variable studied in which the average of the I progenies
was not significantly higher or lower than the average of the parents.
Only three crosses show possibie heterocic effects. Int X G and 2 X 4,
the I, mode is above either parent and in 0 X 3 both the ¥, and T
modes ave below either parent.

On the other hand, the heritability of percent fiber is strong. There
1s a close relakionship between the midparent and progeny arrny means,
as shown in table 10, as well as between individual crosses and their
respective parents. Table 1%, comparing progeny pecformance from
diﬂlerent combinations of high and low parents, brings out the ex-
tremes and again shows a very close relationship between parents
and progenies.

Figer percentage is an important component of fiber yield. Total
yield, as calenlated by fiber weight X height X plant count, is sig-
nificantly correlated (r=0.55) with adjusted percent fiber in the I,
nursery. Thus, in this study the fiber percentage is vespousible for
about 30 percent of the variation in fiber yicld.

Data on percent fiber are further evidence of the poor performance
of inbreds 0 and ¢ as potentials for a composite variety.

Fiber Weight Per Sample

In the ¥\ nursery the mean square for specific combining ability for
fiber weight per sample was only about 7 percent as large as the mean
square for general combining ability—an indication that dominance
was relatively unimportant in obtaining the high valnes found for the
hybrid progenies. Ilowever, dominance apparently had some effect,
8s indicate& by the highly significant T value for s.c.a. In the F,
nursery, as given in table 9, the progeny/midparent ratios were varied ;
some were less than 1 and some were greater than 1. This might be
interpreted as differences in dominance in some of the inbreds. For
example, parent O might have dominance for high fber weight and
parent 1 might have dominance for low {iber weight. The 0 progeny/
midparent ratio was 1.23; the ratio for 1 was 0.89.

Fiber weight per sample in the ¥, nursery showed pronounced
heterosis—more than any other variable studied. The progeny ar-
ray mean (0.340) was much greater than the parent mean {0.289),
and this difference is highly significant. The progeny mean was also
well above the high parent mean (0.306). Also, a frequency distribu-
tion (not included here) shows that 10 of the 36 I, progenies had
modes that exceeded ecither parent, and 2 of these were two units
above the higher parent. Even in the ¥, generation, there was some
evidence of heterosis, especially in the 0 progeny array. The 0
progeny array mean {0.216} was only a little below the average for
allI'; progenies (0.230). Infact,0 progeny array produced relatively
much better in the I, nursery than in the T, nursery. For the T,
nursery as a whole, the F. mean was below the mean for the higher
parents, which would somewhat discount evidence of T, heterosis.

Parents 6 and 7 (included in the F, nursery only) had not only the
highest fiber weights as inbreds but also the highest general com-
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TanLe 0.—Fiber welght per sample: Summary by parent and array,
with parent-progeny compurisons and estimates of general com-
bining ability, 1 and I, nurseries

¥, NURSERY
[Welght In groms of dry fiber from 15-ineh sectlon of stem]

Progeny Parent Progenyf Genersl
Tarent or ureay No. array fnean 13 meun mhdparerit cotnbining
(Brray mean)s nbility 1
£i.. T Ratio fi..

| 0. 247 0. 106 1. 36 —A0. 107
; . 374 . 250 1. 563 . 039
L343 . 296 1. 30 . (04

. 303 . 160 1. 48 —. D42

. 329 . 100 1. 84 —. 013

. 306 . 189 1. 47 —. 039

O . 430 . 397 1. 3% . 102
T e e e . 38% . 363 1. 33 . 056
. PRI L34l L34 1,25 .00t

Means:
Genernla_ .o o_ . B . 239 1.44 | ___
Iligh purent 806 Jo bl
Low parent. . oo ooomemaeaas B - B N S fmm———
F» NUHSERY &
3 | 0.216 0. 104 1,23 —0.018
Y e mmmmmmmm_ . 248 . 365 . 89 023
2 e . 252 . 301 .99 . 028
b VO L2104 194 1.01 —. 019
I . 225 . 175 L1l —. 005
= ST . hag . 196G 1. 05 —. 010
Means:

Ceneral o oo Lo . 230 . 222 105 |oceieran
High parento oL _________ L R O PR,
Low parent. _ .o WG oL |

! Meap of nll progenics with parent indicated.

*In Fy nursery, differences significant ab I-percent level of probability; in Iy
nuracry, at 5-pereent level,

HIn I nursery, mean of <4 replications of ench parent; in Tz nursery, 1 replica-
tion; differences signilicant ab l-percent level of probability.

+ $ec text for inethod used in calculnting ratio.

4 In nbsence of Lrue error term, reeiprocal mean stuare §s used, as suggested by
Yates (L4}, for determining IF values.

bining ability for this variable, indicating how well they would be
suited for n composite variety. PParents 1 and 2 were next best in com-
Lining ability in the I, nursery and produced well as inbreds. In the
F, nursery, pareats 1 and 2 also showed high combining ability.

Fiber Yield
Estimates of fiber yield per plot were made by combining data

on fiber weight per sample, plant height, and plants per plot.  Data
thus caleulated may be considered as “fiber yield.” In general, the
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results found for fiber vield are essentially the same as for fiber weight
per sample except that fiber yleld differences ave relatively greater.
This shows that fiber weight per sample is 2 good indieator of fiber
¥ield in this experiment ; the calculated yield data are not shown here.

Heritability Estimates and Progeny Performance From High
and Low Parents

All the characters under consideration show high heritability, as in-
dicated by a correlation befween progeny array means and parent
menns: » values ranged from 0.68 to 0.98 (+* from 46 to 96 percent)
i the F; summer nursery and from 0.03 to 0.94 {»* from practically
0 to 88 percent) in the F, nursery. The » values squured are shown
mn table 10 and represent an estimate of the amount of variability in
the I, and Iy progenies that is attributable to heritability.

Tasie 10.—Heritability estimates (v} based on correlations between
progeny array wmeans and pavent means, F, wnd F, sunvuner
TLHTIEeries

Nursery

'
| Flrst Qower
H

Stem
tiameter

| Plant helght

Adjusteld
perecnt fber

Fiber welght

G 46
. 52

066
. 88

(62

. oD

0.72
.79

In order to demonsérate simply the high heritability of the facters
being studied, the two highest and the two lowest inbreds for each
variable were selected on inbred performance only. The performance
of hybrids involving them is presented in table 11. (The high X low
represents one cross only—the highest X the lowest. Also, the parents
that exce] are not the same in the different variables.)

Tapre 11.—Comparisons of progeny performance from different com-
binations of high and low parents, with selection based on inbred
performance only, F, and Ity summer nurseries

F; NURSERY

Parent performnnee

Firal fower

Stem
dtnmeter

Plant hefght

Adjusted
percent fiber

Fiber welght

High X high
High X low
Low X low

o0
.
i,

17,
16
il

120
42
87

0. 504
. 361
- 155

High X high
High X low
Low X low

49,
al.
4.

! Progeny means from parent types indicated.
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For the I, comparisens, the high X high inbred produced the high-
est progeny, the low X low produced the lowest, and the high X low
was intermediate.

For the F. compavizons, the differences i general were less con-
sistent and smaller than for the I, comparisons, but nevertheless they
show strong trends. lun some variables, particularly in adjusted per-
cent fiber and fiber weight, diflevences were consistent and fairly large.
Inbreds 6 and 7, which were the most productive in the J¥, nursery,
were not available for T, comparisons; diameter, fiber percentage,
and fiber yield were particularly high in those two inbreds and their
progenies.

The resuiss of the two methods of demonstrating heritability ave
comparable. Date of first Hower in the F, nursery shows little herita-
bility by either method. Ilowever, the I, sicm dinmeter measuve-
ments showed litéle heritability in table 11, but they have relatively
high #2 value (table 10). In other variables in the two nurseries, both
heritability estimates and high and low comparisons give sirong
evidence of heritability.

DISCUSSION

In selecting lines for a composite variety, two characteristics are of
primary importance—high fiber yield of the inbred and uniform flow-
ering date of both the ibred and progenies that result from inter-
crossing. A third characteristic is cross-compatibility; incompatible
lines would be eliminated when crosses were first being made, but
would not have the disastrous effect on a composite that low fiber yield

or variation in flowering date would have. Most of the ather varia-
bles considered—dinmeter, height, percent fiber, and fiber weight per
sample—are comlinonents of yield. Other variables, which are not in-
cluded in this bulletin and which would exclude u line from considera-
tion, are tendency to lodge, branch, or produce unusually large or small
seeds and, most of all, susceptibility to disease.

The inbreds chosen for this study of differences and inheritance
provide good examples of lines whose performance would exclude
them from considerntion tor use in a single composite variety : The
differences in maturity dates—the earliness of parents 0 and 3 and the
lateness of parent 6—the shortness und the low fiber percentage of
parent 0, and above all the low fiber yield of parents 0 and 4.

Otherwise desirable inbreds would also be eliminated from con-
sideration if incompatibility were found when the original crosses
wers made. Such inecompatibility would affect the composition of
the first few subsequent generations of a comnosite variety and would
nlso have the same effect on inbreeding in thie composite as would a
reduction in the number of component lines.

It can be expected that inbred lines of kenaf that would be con-
sidered for a composite variety will have had relatively little, if any,
testing for combining ability, since kenaf has traditionally been han-
dled on the basis of inbred lines. The much higher variances for
F.c.a. than for s.c.a. found in this study are in agreement with the
indings of Sprague and Tatum (72). They found that previously
tested and seiected lines of corn showed higher s.c.a. than g.c.a. vari-
nnces in nearly all cases. The untested lines they studied showed a
higher g.c.i. in about half of the combinations.
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Also according to Sprague and Tatum (72) and Matginger and
Kempthorne (J(J), gea. and sca. measure diflerent types of ene
action. (ke variances measure additive ellects: sen. variances
measure nonadditive eifects.  Thus, from the point of view of the plant
breeder who is testing inbreds for use in a composite variety, g.c.n,
gives the information that will help him to sclect lines that would
perform well ina composite.  Strietly from the point ol view ol logie,
it would follow that in a composite variety, any one line will be
crossed with all the other lines at random, and the number of times
that a specilic combination vecurs would make the performance of that
particnlar cross relatively unbnportant., 1L, ou the other hand, the
plant breeder i3 looking fov single- or double-cross contbinations, hoth
goa. and sco. information helps him to find the lines with a com-
binntion of additive and nonadditive elfects necessary to obtain maxi-
mum production,

In working with material like kenaf about which little is known
coneerning 11111&111&1\::0, the knowledge of combining ability gained
in this study wives a livm basis for eliminating undesivable i\ pes ar
selecting the ones that are wost promising. In pulting together any
sueh sef of randomly sclected lines, the plant Lreeder can e\pec.t the
Zenern] results to be similar to those mpuued here, but they may be
of different magnitudes.  Flowever, performance of the mdividuaal
lines, ns indicated by their gcn estimates, can be expected to difler
from the resuits that would be obtained with another set of inbreds,
Thus, the gea, and the sea. mean squeres {for all lines taken to-
celber) nay be considered on the basis of having been random selec-
tions of lines from a population.  But the combining-ability estimates
for the various individual inbred lines and combinations cannot be
considered an the basis of randomly selected variables, and interences
can be made on that basis only about the individual lines in the
sample—not about a population that they might represent.

In order to make maximum use of the high combining-ability poter-
tial, eross-poliimation must be encouraged.  With compatible lines fhat
bloom at the same time, as much as 23-percent natural crossing in
kenaf shiould be readily atiained, and wder ideal conditions wmore
than that mueh sliould be possible.  Some kenaf breeders believe that
variglies differ in susceptibility to natural crossing.  This should be
checked.  Jones and Taronrgo (7} found as much as 23,76- -pevcent
naturnl crossing befween lines that were selected only on the basis of
marker wenes and without providing supplemental bee populntion.
Lower pnmonlweq were found wmonyg Jines that bleomed atv difterent
times. Furthermore, their vesults were based on planis in alternate
rows, and crossing was not so extensive s it would have been if the
plants had been surrounded by contrasting types, as they would be
in o (‘m‘npomte variety. In n limited supplemt\nt.tl experiment, Jones
and Tamargo found that, with alternate plants, the amount of natural
CrOs8Iing wis mmmﬁod nore than #0 pmm‘nr——hom 11.07 percent in
alternnte rows to 18.32 with alternate plants.

On the bagis of 25-percent natnural erossing and the esfimated hetero-
gig effects in the F, plants of 4+ percent in fiher weight per sample
found in this study {table 9, celumn 4), a thepretical advantage of a
compogile of lineg is an increase of about 11 percent. Turthermaore,
part of this increased vigor ov productivity would coutinue into the
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F. generation, although the amount of increase there would be small.
Preliminary tests on one or two composite varieties have not supported
this estimate.

Even on the assumption that 25-percent crossing would oceur, there
would also be u large amount of inbreeding. Ior this reason, if for
none other, the lines selected must be good producers as inbreds.

Another important reason for requiring inbreds that are productive
and have other desirable agronomic characteristics is the consistent
relationships between parent and progeny performance, especially as
to liber percentages and yield. The good performance of the high X
high parents in diameter, percent fiber, and fiber weight, s given in
table 11, is in agreement with the findings reported by Hayes and
Johnson (2) for corn. Tlowever, the high X low performers in corn
weore velutively better than those in kenaf. This difference may be
atbribuled to the Laet tat the high and low parent lines of kennf were
solected entively on the basis of inbred performanee; the corn inbreds
were selecied on the basis of top cross performance.

Diversity of origin within adaptation limits should normally pro-
duce o maximum of hybrid vigor, but with the material used in this
study it was less important than sood performance of the inbred.
Yield differences had been observed eaclier, but these inbreds had not
been evaluated on the basis of the more spectfic variables studied here.
Soms of the differences found in this stuly were of considerable mag-
nitude—much greater than had been cxpected, even thongh the inbreds
wore chosen on the basis of differences.

From u practieal point of view in kenaf breeding, this close rela-
tionship between inbred performance and progeny performance greatly
simplilies the selection of inbreds for a composite. Yield tests of
hybrid progenies prior to the bulking of the inbred lines are not
necessary. ‘Thae tests that are required in the F, and T, generations
can be made by observation and {romn field notes, '

Although the tests that must be made on hybrid progenies are simple
compured to yield tests, they are nonetheless important. Salvadorian,
the variety from wlich several of the inbreds used in this study came,
is a composite varlety and a fairly successtul one. Possibly natural
selection has improved it. More recent attempts to develop composite
varicties {usually called synthetic varieties by kenaf breeders) have
not met with suceess, usually beeruse of segregation in flowering dates.
The inbred eomiponents of these recent composites have not been tested
as hybrid combinations, nor probably had the components of Salva-
dorian, bot ne records are available on its developmient. If has been
assumed that Salvadorian was a fortunate aceident. Findings in this
study emphasize the importance of examining ¥, and I, behavior of
all combinations of inbred lines before they are put together as a
composite variety. This is especially clear in the findings on maturity,
as indicated by date of flowering. Heve, wide segregution was found
in some IT, progenies whose parents had flowering dntes as inbreds that
did not Qiffer enough to eluninate them from consideration.

Ona of the inbred lines and some of its progenies shed buds carly
in the senson. The date that flowering would have ocenrred if buds
had not fallen might have been enrlier than that shown. If would
not have been Iater, stnce the method used to estimate these dntes was
hased on & comparison of buds and bud sears with buds and flowers
of apparently normal plants in the same progeny.
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The shedding of buds in the hybrid progenies as well as in the in-
breds is ¢ characteristic that needs basic study. An inportant ques-
tion is whether or not the fiber becomes lignified and brittle if the
plane drops buds and continues to grow. The (iber does develop these
poor charaeteristics as the plant continues to flower and mature seed.
Lt 15 not known, however, whether the same physioclogical processes
are initiated and continued it the buds drop before the flowers open;
but it has been, for the purpoese of this discussion, arbitrarily and ten-
tatively nssumed that either the lignification does not ocour daring
bud shedding or the process is greatly retarded. I this asswmption is
true, the shaﬁcling of buds would have the same effect as late meaturity.
Ilowever, until more is known sbout the relationship of bud shedding
to fiber quality, inbreds that shed buds or produce offspring that shed
buds should be avoided in selecting lines for a composite variety.

Another aspect of flowering date to be considered in solecting lines
for a composite vaviety is kenaf's strong photoperiodic response; the
flowering behavior of the spring-planted crop shows little relation to
that, of the swnmer planting.  In the former, the seed is planted
during short days, and the dute of fivst flower depends on factors other
than duy length; in summer plantings, which bloom in the fall, the
date of first flower is limited by day-length effects as well as by other
less tangible factors. In this study progenies of the pure Javaness
line {parent 0) were among the latest in the spring nursery (table 3),
but the carliest of all in the summer nursery (table ¢). The pure
Juvanese line has another unusual characteristic; inbred 0 and several
of its progenies continued to bloom in the spring, long after other
inbreds and their progenies had stopped because of long days. ‘Thus,
the Javanese line scems to be less sensitive to day length than the
Safvadorian.

Day-length response is an indicstion that flowering date of the
Javanese types is controlled by different genstic factors than is the
Salvadorian.  However, segregation was no wider in the F. genera-
tion in a cross between Salvadorian aud inbred progenies of J X 8
types then in erosses between Salvadorian lines.

In kenat, neither earliness nor lateness per se is always undesirable.
It is desirable to have at least one reasonably early- and one late-
maturing variety. TFor eflicient use of harvesting and processing
machinery, producers should be able to start their harvesting on an
carly-maturing type and to extend their harvest by the use of late-
maturing types, Thus, more than one composite would need to be
developed. A type such as might be developed from inbreds from the
Inte-maturing segregates of this study would supplement the earlier
maturing Salvadorian variety.

In evaluating lines for a composite from the standpoint of yield,
one of two methods may be used; actual yields may be determined or
yields may be estimated from diameter-height measures and plant
count. Both were explored in this experiment.

Diameter and height were studied primarily as indicators of vigor
and yield.  The dvy weight of the 15-inch stern samples was lso de-
termined. but the correlation of 0.97 between stem-sample weight and
diameter indicated that the density of the various types being studied
was sufliciently consistent that there was no advantage in reporting
both dimmeter and weight. In other words, they were essentially



http:produce.rs

INHERITANCE IN KENAF 25

measurements of the same thing—vigor. Stem-sample weight was
used for caleulating pervcent dry fiber. Ilowever, sinee diameter
messtrements can be readily determined without processing the stems,
they are more useful generally for estimating yield. Thus, dinmeters
were studied in more detail and were reported under results. IFor
this, more sampling and testing need to be done. By measuring stem
dizmeters and plant height and by determining the stand prior to
harvesting and processing samples, it should be possible to accumu-
late data that would give n rensonubly accurate estimate of yields
of total plant material, and perhaps of hiber yield, without entting the
plants. This study shows that on the basis of present knowledge,
diameter, height, and plunt-count information is satisfactory for esti-
mating yields in early-generation testing within a given experiment.
Dr. 87D, Chaudhuel, a jute specinlist from Pakistan, stated that jute
researchers use a similar method of plot evaluation, but make diameter
measurements nbout midway between the ground and the top of the
plant rather than at o predetermined height, as in this study.

1t is essentinl that kenaf grow tall in order to produce well and fo
be suitable for harvesting and processing by methods now employed.
Flowever, since most varieties that are being grown commercially or
arve being used in kenaf breeding programs grow fairly tall if condi-
tions are favorable and since there 15 a close relationship bebween
yield and height, data on height have not been given much attention
1 recend breeding programs.

If kenaf is harvested and processed by a combine-type havvester
{now in the development stage}, high fiber content is important only
as 16 affects yield. Iowever, with present methods of handling, a
high fiber percentage is especially important, because the stems are
moved to a central area for processing, and thus a low fiber percentage
means moving greater amounts of unsalable material.

Fiber percentages are greatly affected by moisture content of the
stems, which varies with stage of maturity, atmospheric humidity, and
soil moisture at the tine of harvest. Therefore, in evaluating fiber
porcentages of an inbred, this variation can be minimized by using dry
weights of the stems or by adjusting the green weights to a constant-
moisture basis after actual moisture determinations have been nmade
on the samples.

An estimate of yield based on fiber weight per sample, height, and
plant count is considered far more reliable than plot totals when there
avo such wide differences in number of plauts per plot as in the ¥,
nursery of ¢his study. Generally speaking, however, such an estimate
is more subject to error than plot totals would be. In fact, if it had
been recognized at the time of harvest that yield estimates would be
wanted later, all plants in the ¥, nursery would have been sampled
even if they had made an abnormal-type growth due to injury or had
been abnormally small. Then plot totals would have been more re-
liable than estimates caleulated from components.

In selecting inbreds for use in a composite variety, considerable ex-
pensa may be saved if selections and eliminations are made in this
order:

1. Inbred performance. Select inbreds with similar maturity dates
and with the good yield and agronomic characteristics sought for any
variety.
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2. Compatibility. Eliminate lines that are not generally cross-com-
patible,

3. Ity performance. Eliminate ', progenies by visual examination,
taking out lines that produce progenies appavently lacking in vigor,
differing in maturity, susceptible to disease, or otherwise undesirable.

4. I, performance. Make observations similar to those for I,
progenies, paying particular attention to range of maturity and dis-
ease susceptibility.

The actual combination of the compoesite material may be accom-
plished by bulking the sced either from the inbreds or from the I,
hybrids. ‘The simplest and, with kenaf, the most practical method
1s to bulk an equal quantity of seed from each of the inbred lines be-
ing considered. This method has the additional advantage of provid-
ing a considerable quantity of seed in a short time. In the second
methiod, the I’y hybrids between all the lines finally selected for the
inbreds may be made and this seed bulked. In ecither case, equal
quantities of seeds should be ineluded from each line or each cross.
Tho result should be essentially the same. The material should be

rown in isolation to avolid cross-pollination with undesirable types,

ut cross-pollination among the selected material is essential if the
advantage of heterosis is to be obtained. Since natural crossing is
dependent on insect pollination, insects should be kept plentiful. For
example, hives ot bees located in or around the seed field would be
desirable.

Seed increases and seed production shoald be limited to late sum-
mer and fall plantings in Flovida unless the flowering habits of the
inbreds and the hybrid combinations have been studied in difterent
photoperiods and found to be satisfactory on the basis outlined for
maturity date. Otherwise, seed produced In the spring nursery might
completely upset the balance of lines in o composite variety.

Though several researchers are working to develop kenaf lines
that can be composited as a variety, nothing has been found in the
literature ov in this experiment that proves the advantage of the com-
posite versus the inbred. However, the good performanee of the orig-
mnal Salvadorian composite variety ns compared to the highest yield-
ing selections taken from it as well as the F, leterosis found in this
study cannot be overlooked.

Belore a firm case can be made for the use of kenaf composites
versus kenaf inbreds as varieties, extensive comparisons must be made
between inbreds and actnal composites developed as deseribed in this

bulletin.
SUMMARY

Inheritance as related to selection of inbred lines of kenaf for
composite varieties was studied in a diallel-cross analysis of data
from nine lines of kenaf grown in Palm Beach County, Fla. The
moro critical yariables studied were date of first flower, stem diamctor,
plant height, percent fiber, and fiber weight.

In making the original crosses, incompatibility between some of the
mbred lines was found. Such incompatibility between any two lines
would immediately climinate one of them from consideration in a
composite variety.
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Alse, wide segregation in flowering date was found in some of the
crosses between lines, which as inbreds had bloomed at the same time,
Thus, it is essential that all combinations of inbreds be tested in hybrid
combinations through the F. generation to avoid the serious conse-
quence of segregation in maturity date,

For fiber yield and yield components—stem diameter, plant height,
and percent fiber—this study showed that the high-producing inbred
lines invariably vesulted in high-yielding offspring and, conversely,
that the low-yielding lines produced Jow-yielding offspring.

Fairly strong hybrid vigor was evidenced in the F, generation, but
little was found in the F, generation. As indicated by fiber yield per
sample, production was increased by 44 percent over the inbred lines
in the F; generation. In the F. generation, only slight and relatively
unimportant increases were noted.,

Variances were found relatively much higher for general than for
speeific combining ability in the lines included in this study.

In general, this analysis shows that heritability of the variables
studied js high. High X high, high X low, and low X low inbreds
produced high, intermediate, and 10w progenies, respectively. Fur-
ther evidence of high heritability of the factors considered was demon-
strated by high correlation between means of inbred lines and progeny
array means, The high heritability found and other evidence of the
close relationship between performance of inbreds and hybrid prog-
enies clearly demonstrate that extensive studies of vield or of the
various yleld components in hybrid progenies ave nob necessary. Only
& careful observation is needed during tests on such factors as date
of flowering to avoid including lines that, though good performers
as inbreds, perform badly in hybrld combinations. No such lines were
found in this study.
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