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NATURAL
CROSS-POLLINATION
IN COTTON!

By D, AL BrmesoX. egroncuist, Field Crops Research
Braneh, dgriculturul Researeh Serrice

Natural cross-pollination has Impostant implications in cotton
breeding and cottonseed production,  Contro) of the renetic complex
fhat deterines the potential value of a cotton plant for economic
use is hnportant. regavdless of the breeding methods employed. In
the past, natural crossing in cotton has received attention mainl ¥ as
the cause of undesirable hybridization and mongrelization of seed
stocks.  DBreeders have adopted artificial means of maintaining the
genetic purity of their stocks, and allowable limits of segregation from
other varielies have been set up for organizations engaged in the
multiplication and distribution of cotton-planting seed. More re-
cently, natural crossing iu cotton has reeeived increased attention
because the phienomenon has possible use as 2 means of utilizing hybrid
vigor and also for producing hybrid seed in commercial quantities.
Formerly, studies were directed almost exclusively to reducing out-
crossing; now, means of increasing natural crossing in cotton are of
widespread interest.

REVIEW OF LITERATURE

Natural crosving in cotton has been investigated by numerous indi-
viduals duving the past 50 years. The studies have served to em-
phasize the wide dilferences in amount of natural erossin g in diiferent
loealities und in diffevent vears. IJowever, the materizle nsed and
the methods employed in these separate investigations were so varied
and the results so contradictory that they furmshed little 1 the way
of uniform information.

Loden and Richmond (£)2 in their excellent review of hybrid
vigor 1a cotton, have smmmarized the pertinent data on natural eross-
ing available up to 1950. The information in table 1 is taken from
their article. There is no general pattern of behavior detectable from
the data in {able 1, but, in the discussions of their dala, the investi-
gators are in general agreement concerning the following tactors
that influence the amount of natural cvossing: (1) Cotton pollen is
relatively heavy, aud wind is not an agent in pollen dispersal; (2)
therefore, the amount of natural erossing in cotion is defermined
by the number of insect pollinators presenf in relation to the namber
of cotton flowers; and {3) intercrossing may be affected by the flower-

! Bubmitted for publicntion March 15, 1054
*Italic numbers in pareitheses refer Lo Literature Cited, n 17.
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ing habits of the varieties grown, by the abundance of unlike polien,
by location of the fields in relation to insect habitats, by flowering
periods of other plants attractive to insect pollinators, by distance
between uniike varieties, by topography and barrier crops, and by
other environmental, climatie, and biotic factors.

TapLe 1.—Percentages of natural crossing reported in the literature,
1908501

Corrox Beor or tue UNITED STATES

! Percent
| nntural
crossing

Loecation Investigators Experimentsal design

Max- | Mini-
imum

South Carolina Webber Alternate rows._.. 10
{Mlard--_-_-_-_--- d 220

MeLondon 22
a4
Male 50 pereent__ 34
Male 90 perceent+-- 43
Alternate rows__ .
Simpson Male 90 pereent__.
Brown Male 90 percent4-.
Mississipp! Ricks and Brown..| Alternate rows.__ ]
Brown Adjacent plants___;
Fayetteville, Ark Afternate rows____
Scott, Ark

North Georgia_._.___.

Riclimond ebal.._.

de
College Station, Tex___ Stfomun and Ma- | Adjacent plants...'
honer. :
Waco, Tex . .ooo-- Sheemaker Excess of male____
{Kearney Allernate rews.___
I+ Male 90 pereent--_

Sacaton, Aria.________._

Orner CorroxN-PRoOpuciNg AREAS

Alternate rows. . _

ANGnymoUS..__.
_{Balls _____________
flo...do

i
t After Loden snd Richmond (83, tables 2 and 3.
2 Average figures.

Several reliable methods of artificial self-pollination are available
to cotton breeders, and the genetic purity of small stocks muy be
readily maintained by such methods. However, the use of barrier
crops {preferably cotton) and of adequate isolation from unlike geno-
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types are the only practical methods suggested for reducing inter-
varietal crossing in field-size plantings (2, §). As natural crossing
in cotton heretofore has generally been considered a handicap in breed-
ing programs and a hazard to be avoided, it is not surprising that
the literature contains little data on methods or means of inerensing
the amount of crossing. From consideration of the factors that have
been suggested as influencing the amount of natural crossivg, it is
apparent that inferstrain crossing can be increaged by intermingling
the unlike genotypes and by increasing the population of insect polli-
nators.  Meade (4) veporied that honey bees (A pis meliifere 1.} are
eflective cotton pollinators and suggested beekeeping as an aid to
cotton growing. Buamble bees (Domdbus spp.) are most frequently
mentioned as pollen cauriers,  From other suggestions, we m.y infer
that insect activity might be highest in small fields adjacent to uncul-
tivated aveas, such as timberlands. pastures, meadows, or wasteland.
Other investigations (8, 9) have mdicated that outcrossing occurs
more frequently in some varicties than in others when exposed to cross-
fertilization wnder similar conditions.  Adequate studiog of vavicetal
interactions have not Leen veported. nor have the merphological and
physiological bases for such Interactions been thoroughly explored.
‘se of o mle-sterile or semi-nule-sievile stock as the female pavent
(J) has been suggested us a means of obtaining maxinuum crossing,
A number of workers have studied this problem, but as yet there have
been no practical resultz from this line of approach.

REGIONAL NATURAL-CROSSING TEST
Plan of Experiment

Tentilive plans lor a veglonal natural-crossing test were formulated
at the First Cotton Improvement Conference held at Iaton Rouge,
La.in February 1949 Under the direction of o comnmiltee appointed
at that conference. o uniform plnting plan was prepared and seed
stocks were obtained for distribution to ail cooperators.

The general plan of the experiment provided for planting a small
block 20 rows wide by 100 feet loug) of upland ved-leaf cotion in a
loeation semi-isolated from other sorts. A small proportion of up-
landd precun-teaf cotton (approximately 10 pereent of the total plant
popwlation) was interplanted svstematically at 10-foot intervals, stag-
geved in alternate rows. n this red-leat bloek.  The zeed cotton from
the green-leat plants was retained separately. and the seed was sub-
sequently  planted for determtination of the percentage of red
() > green { 9) hybrids in the population.

The determinaiions of the oulerossing percentages were made by
each cooperator for his owu location,  Virions methods of mrowing
out the plants were used to delermine the proportion of hybrids,
These incladed sprouting the seeds in the germinutor, greenhouse
plantings, and field plantings.  Led wnd oreen seedlings ave easily
recognized in greenhonse plantings or wnder coutinnous illumination
in germinutors.  Cheeks of (he different methods indieate that all ave
about erually accurate i the counts are nide on populations of equal
size,
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Since the test plots were seeded with the ratio of 9 reds to 1 green,
the estimates obtained were actually 90 pereent of the total outerossing,
assuming the swme frequency of vuferossing between green plants as
that between red and green.  The red-leaf variety used wax DeRlidder,
and the green-leaf variety was Emptre. T2 of this cross are casily
recognized by the intermediate-red pigmentation in the scedlings ov in
the mature plongs,

The results ohtained by the method vsed hete jn measuring natural
crossing ave strictly applicable only to the two variefies emploved,
As pointed out by Stephens and Finkner (8. the vesult= could be
biased by marked differences in flower production, noncoineidence
of flowering period, ov other physiological vr morphological dilfer-
ences in the varieties,  Actually, initial flowering was somewhat later
in DeRidder than in Empire, 2o that in soaie cases a Tew very early
Empire flowers may have hud no opportusity for evoss-pollination
with DeRidder. Available information indieates that in other ve-
spects the two varieties ave near averige awmonge upland cottons for
potentinl outerossing and that roeiproeal natiral evos<ing hetween
them is about equal. The vesults, therefore. rre considered faivly
vepresenfative for the locations under the speeibe environmental con-
ditions in the season of test.

Plantings of this test were made nt 12 Tocations in 1948, 13 1 105,
18 m 19831, and § in 1932, All cooperators were requested to con-
form as nearly as possible o the genernl plan of the experiment so
that duta from the diftevent avcas would be comparable. ‘Lhis was
done in most cases. A different procedure. liowever, was nsed at
Sacuton, Ariz., in all 3 years of tests.  Ilowozygous ved-leat plants
of Acala were randomly spaced in a plot of green-leaf cotton, and the
percentage of preen (&) X ved { 2 ) bybrids was defermined {rom
a plant population grown from the female (rved) pavent. AL Raleigh,
N. Ol i 1930, the ratio of red-leaf plants {o olther bypes in the ¢ross-
ing block was 9:11 instead of 9:1 as w the peneral plan.  The 1950
data for Raleigh were corrected for the different proportion of red
stocks used,

Resulis and Discussion

The Cotton-Belt-wide scope of the experiment is illusirated in the
map {fig. 1) which shows the geographic locations of the tests, .\t
least once fest wags conducted il every cotton-growing State exeept
Californin

The data for the - vears of fest arve swmmarized (table 2}, For
the purposes of {his experiment. the data have been divided into
regional groups. ‘This grouping invelves cerlain overlapping of and
divergence from the generally nccepted geograplie subdivisions of
the Cotton Belt. This was noeessitated by ecological relationships
of these subdivisions. as diseussed on cusuing pages of this budlebin.
The percenttuges of natural crossing shown within the regional groups
indicate a definite puttern of behavior dependent on the climatie and
hiatic environment generally hinposed by peographic location.  The
wide difference in pereentage of outerossing belween and within re-
gions shows clearly why this has been a highly eontroversial subject
in the past.

The southeastern region of the Colton Belt {not including the
Mississippi Valley) contains more than onc-third the teful acveage
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Fieure 1.—~The distribution of cotton acreagé in the United States, 1949. The circles indieate the locations at which one or more of
the natural-crossing fests were conducted.




Tapne 2 —Summary of results of regional natural-crossing tests with cotton, 1949-52

Location

Total plants examined (in thousands)

Natural-crossing

1949 1950

1950

1951

1952

Mesan

Standard
deviation
of the
mean

Southeastern (except Mississippi Val-

ley):
Raleigh, N, C
Knoxville, Tenn
Loretto, Tenn
Experiment, Ga
Athens, Ga
THfEon, GO e e
Auburn, Ala
Hartsville, 8. Comm oot

Mississippi Valley:
Munford, Tenn... v oo e iaaan
Stoneville, Miss. .l v ivaimanns
Baton Rouge, La

South Central:
Bossier City, La
Fayetteville, Ark
Stillwater, Okla.
Chickasha, Okla
Tipton, Okla

Percen_t

Percent
)

Percent

Percent

Percent
49
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Central Texas:
Greenville, Tex
College Station, Texo.o..._.o......

Mean

Western (irrigated):
Sacaton, Ariz
State College, N. M.

S—$9—7280.682

Mean
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planted to cotton in the United States and produces more than one-
third the total cotton yield. This estimate is based on the 10-year
average for the period 193948, as given in Agricultural Statistics,
1951, The region is characterized by rolling to hilly topography,
relatively small fields of eotton, and relatively large areas of wood-
land, pasture, and wasteland. With abundant natwral cover in
proximity, insect pollinators occur in great numbers in the cotton-
fields. Natural cressing in this region approximated 39 percent
under the conditions of this experiment. This relatively high per-
centuge of natural crossing undoubtedly reflects the general physio-
graphic ecology of the region.

The cotton region bordering the Mississippi River is a well-defined
geographic area, but it is less well-defined in terms of ecological rela-
tionships, On the alluvial soils in the Acod plain of the Mississippi
River, a high proportion of the land is planted in cotton, and this
region is one of the most productive cotton areas in the United States.
Along the margins of the flood plain and in places where the plains
are narrow, the river bottoms are adjacent to considerable areas of
rolling. eroded loess soils, much of which is wasteland. In such
areas, the insect-plant association is much like that in the sontheastern
region. Munford, Tenn., and Baton Rouge. La., with nataral-
crossing percentages of 30 and 37, respectively, ave representative of
such locations. However, where flood plains widen, as in parts of
eastern Arkansas, northwest Mississippi, and northeast Louisiang,
the topography is flat or wndulating, und the land is intensely cul-
tivated, predominantiv in coiton; and there are few aveas of waste
or wncultivated land suitable as a natural habitat for insect pollina-
tors. Stoneville, Miss., is situated in an avea of this type and natural
crossing (18 percent) was genevally lower there than at Munford,
Tenn., and Baton Rouge, La.

There is a wide aren west of the Mississippi Delta, including parts
of Arkansas, Louisiana, east Texas, and Oklahoma, that lies within
the humid region. In soil type and topography, it is not unlike the
Coastal Plain that extends through the South Atlantic and Gulf
coast areas of the Cotton Belt. No data on naturs] crossing are
available from this general area, but it may be assumed that the pet-
centage of crossing would be somewhat intermediate to that obtained
in the southeastorn and south central regions.

The great cotton-producing region of the Blackland Prairvies and
contiguous areas of central Texas, and possibly similar climatic areas
of Oklahoma and west Texas. are regions of relatively low natural
crossing {tables 1 and 2). A large proportion of the land ju this
region is under cultivation. with large acreages in cotton and few
bordering areas of wasteland suitable for pollinator-insect habitats.
Low sumaer rainfull and searcity of wild flowering plants that would
provide year-round food supplies for pollinator insects are probably
confributing eauses of low insect population and low natural erossing.

The data Trow the western irvigated arens, with 33 pereent natural
crossing at Sacaton, Ariz., and 10 percent at State College, N. Mex.,
ave Indicative of loenl conditions at the places of the tests. In the
broad irrigated valleys in aveas of intensive cotfon production, such
4s exist in parts of the Sult River Valley in Avizona and the San
Joaquin Valley in California. natural crossing would be generally
low. In nress not predominantly planted to cotton and with more
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favorable biotic conditions, as at Sacaton, Ariz., a high percentage
of natural crossing is not unexpected.

It is inerveasingly apparent from the data on this subject that natural
erossing is lowest In aveus of intensive cotton cultivation where fields
are large and contiguons to other fields of cotton or other cultivated
lands.  Under such conditions ingect populations are small in rela-
tion to the total cotton acreage, and visitations to flowers are too in-
frequent or too long delayed to be greatly effective i cross-fertiliza-
tion. The distribution of cotton aeveage 1 the United States (fig, 1)
mdicates roughly the areas of high and low natural crossings, but
these areax caunot be clearly defined on the basis of data currently
available.

POPULATION COUNTS NECESSARY FOR ACCUBACY OF DATA

At the beginning of this study, no information wus available as
to the size of sample necessary to determine with accuraey the percent-
age of patural crossing. Population counts in 1949 ot the various
locations ranged from approximately 200 plants at Hartsville, S. C.,
to 25,000 at Knoxville, Tenn. and at State College, N. Mex. At
Raleigh, N. C.. Knoxville. Tenn,, and State College, N. Mex., popula-
tions counts were made by units of planting that made it possible
to calculate the percentage of hybrids on one or more units and judge
the accuracy of results from populations of diffevent sizes (table 3).
It is apparent that reasonably acenrate determinations of the per-
centage of hybrid plants can be obtained by examining a population
of 1,000 plants. Counts of larger populations reduced the standard
deviation of the mean but did not materially change the mean. The
natural-crossing percentages shown in fable 2, with one exception,
are based on counts of 1,000 or more plants. The daia are therefore
considered highly relinble. The arithmetic averages of table 2 are
justified since the percentage data from all Jocations furnish approxi-
mately equal information.

Tavre 3—Variation in natural-erossing percentages at three locat ions
when based on variously sized populations, 1949

[The populations used are cunnlative]

Hybrids at the locations shown
t

Approxiinaie tolal popuintion |

Slake Coliege,
N. Mex.

Raleigh, ¢ Knoxville,
N, L Tenn.

Pergent Peroent

55 0 : 412
© 52,4429 45 ¢
1,560 - 52. 24 1. 3.
2500 o e 57.0-£3. 4.
' H3. 5-£2 b,
a3, ald,

HES

g

LR PR |

SEOO e N
G C DA D O o b=
T CA D b= b T G
H- - H b b -
CooeRoe
LR S Rl T B U

1 0 08 15 0 e
H-H- H-id b b 4 1

44,
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The drta {table 3) from Knoxville, Tenn., and from State College,
N. Mex., show tendency of the mean percentage of hybrids to increase
progressively with the larger population counts. At Knoxville the
counts by units consumed considerable time and the work was spread
gver a period of about 2 weeks. It was observed that the hybrid plants
in the population were apparently less susceptible to seedling Qiseases
than the plants of the maternal green-leaf vaviety. On June 2,  ve-
check of the counts originaily scored on May 16 on 10-row units indi-
cated that 6 pevcent of the original stand had been lost from seedling
diseases or other causes. The loss, however, was § percent among
green-leaf planfs and only 3 percent among the intermedinte yeds.
The percentage of hybrid plants in the original count was 44,2, whereas
the percentage {from the counts made on June 2 on the sante vow units
was 45,4, Thus, under such conditions, the longer the count was de-
layed, the higher the apparent percentage of natural erossing.

several of the cooperators in the vegional natmral-crossing test have
raised the point that hybrid plants ave more vigarous and thal pozsibly
a lavger pereentage of the hybrid seeds produce seedlings than do
self-pollinated seeds in (he same lot. The vigorous growth of the
DeRidder X Empire hybrids was noted duving the cowrse of the ve-
gional tests. At Knoxville in 1940, hybrid seedlings were 14 percent
Beavier, based on green weight, than those of the green-leaf pavent
vuriety. These observations indicate the possibility that the greater
vigor of the hybrids may vesult in @ higher percentage of emevgence
and survival of seedlings from hybrid seed than from selfed seed.

ROW AND PLANT VARIATION

The general plan for the regional nafural-crossing tests specified o
field planting of about 20 rows approximately 100 foet long in o loea-
tiom at Jeast semi-iselated from other coffon. This general plan was
adheved to in most of the tests. Several of the coaperators maintained
the identity of the seed from their erossing plots hy row and plant
number until (he percentage of natural crossing was determined. The
very complete data obtained at Raleigh, N, (L. Athens, Gu. and
Favettevitle. Avrk., ave illustrative of row and plant variations in this
txpe of fesf.

The row variations {table 4) shown by the data from Raleigh, N. (..
ik Afhens, Ga., appear {o be a random distribntion of values arornd
the mean percentage of natural erossing obiained for {he respective
Toeations. Nabwal erossing in these Costs deps not appearr (o have heen
influenced by row position. At Fayelteville, Avle, however, the values
do not appear 1o be o random distribition around the Joration mean
but show o progressive inerease in percentuyge of natural crossing
from row 1 to vow 200 Tt is presumed (hat in {his ficld loeation, the
two sides of the plot were unlike in relation to topography, adjacent
plantings, or other environmental factors, although no information is
availahle az ia the nature of such possible diffevences. The percentages
of hybridz in the Favetloville samples were determined trom seed
sprouled in germinators, and the results could not have been due to
differential seedling mortality as described for delaved counts at
Knoxville (sec table 3).



http:intel'medin.te

NATURAL CROSS-POLLINATION IN COTTON 11

Tasie 4—Variation in percentage of natural crossing as affected by
row position

Hybrid plants by rows at—

Row No.
Raleigh, Athens, Athens, | Fayette-
1949 1850 1951 viile, 1950

Pereent Percent Percent Pereent

53 20. a7.
25, A2,
20. 44,
47,
46.

~10 = B

=) DA =T

Averaye, rows i-5

W b =T || O [ e =T B =]

- ' -
Q=2 = || o

by ] =1 S=1d ]l an 280 e b D

-1

LR B
esmoow ||

I3

=10 oA S -1 o He =1 =]

3
(IR IS

Average, rows 1620

v
WOl e [ —Drgobacn | &0 | =y tadn

48
.0
.2
. 8
6
. 8
.9 |
.9

Location mean !

' Obtained from total eount,

Data on natwral crossing by individual plants were obtained af
Raleigh, N. C., Athens, Gu., and Fayetteville, Ark. The class fre-
quencies derived from these data (table 5) ave from relatively small
populations and therefore show many irregularities, but they appear
to be near-normal distributions around the location means.  This is
an expected result, as both parental varieties are fairly homozygous
line-bred types.

VARIETAL RESPONSE TO NATURAL CROSSING

In general, DeRidder and Empire have been used as parental
vavieties for the regional natural-crossing tests, with Empire as the
{female parent. Some different resnlt might have been obtained if
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other varieties had been wsed. It is possible, even highly probable,
that the extent of outcrossing is affected by varietal differences in
meckanical and physiologieal characters, such as time of flower open-
mg, time of anther dehiscense, style length, abundance of pollen, and
rate of pollen-tube growth. Varietal response to natural crossing
has received some atfention, and preliminary evidence indicates that
varietal differences may be quite large. Turner (9) reported 30
percent crossed seed from an Acala strain as compared with 18 per-
cent from Flerida Greenseed when similarly exposed to cross-polima-
tion. At Raleigh, N. C, 79 percent natural crossing was recorded
when a virescent yellow stock was used as a female parent as com-
pared with 42 percent from Empire (green-leaf) and 45 percent from
DeRidder (re£1eaf).

Taste 5—Frequency distribution of natural erossing by
individual plants

Number of plants in respective class
intervals at—

Class interval {pereent.

hybrids) Raleigh, | Aibens, Athens, | TFayette-

N. G e, 3. ville, Ark.
1045 2 19580 ? 19511 1952

O 0 I b D i
SO

Total plants

Location mean (porcont hybrids) ,i

! Plants with 10 or less seeds omitted.

At EKnoxville, Tennessee, in 1951, 2 replications of 79 varieties
or strains of green-leaf cotton were planted in alternate rows with De-
Ridder red-leaf, to stucy response to natural crossing (6). ‘The aver-
age natural crossing between red-leaf and green-leaf was 41 percent.
The range among the 79 strains was from a Jow of 29 percent to a high
of 60 percent. A statistical analysis of the data ndicated that a
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differunce of 13 percent between strains was highly significant. Fuar-
ther tests will be necessary to determine whether genetic differences
that can be used to increase or decrease the normal percentage of
natural crossing exist in these strains.

INSECT ACTIVITY IN COTTON FLOWERS

Cross-pollination is not readily detected in cotton unless distinetive
marker characters ave present in the pavental lines. For this reason,
the extent of natural crossing in epen-pollinated fields has been con-
sistently underestimated by some cotton breeders. Some idea of the
potential for crossing may be gained from a study of insect activity
and visifations to cotton flowers.

Fekert (2} found that when colonies of honey bees were separated
from o given nectar-producing area by badlands, with no other source
of food intervening, they would fly o distance of at least 8.5 miles.
Experiments oun the distribution of bees from apiaries located within
a nectar-producing area showed that bees would Ay for 2.75 to 4.6
miles in one dirvection and confine their efforts to working in that
direction rather than in nearer Gelds of scemingly equal attractiveness.
The results indicate that bees establish feeding habits and tend to re-
turn to the same portion of a field, or to the same small field, on suc-
cessive days for nectar or ]gollen, even though other areas of the same
forage plant ave nearer. Bee experts state that when bees are brought
mto felds te Improve pollination and increase seed-set, best results
are obtained if the colonies are moved in gfter the particular plants
are in flower, so that flight lanes to some other food sonrce will not be
established.

A migue method for studying insect activity has been used by 8. G.
Stephens at Raleigh, N. €. The method and results as described by
Stephens are as follows:?

If you grind fuirly finely a dve like methyleone blue and dry it thoronghly befove
use it works a5 a good marker of the movements of fhe bees. We put o light
sprinkiing of the methyiene blue powder over the antber eglumn early in the
morning when the anthers horst. The next day we open the stale flowers from
the previous day and cxamine for blme stain. It works wvery well. Theve is
enougll moisture accumulated when the flower fades and closes to spread cven
one tiny grain of the dye and make an easily recognizable Due spot. Forther-
more you can gee whether the bee has been eollecting pollen ar visiting nectaries
or Roth by the position of the stain.  In our plots wo pitnced the dye in four flowoers
i one end of fhe feld. Next day we found blue stained flowwers for a distance
of 30 yards as {ar a5 it broad alleyway. Apparvently the bees did not eross the
alleyway ov if they did the vine shiin had become exbausted by fhe time they
reached it.  In the viginity of the “dye-dusted” flowers gll flowers examined were
blue pigmented. Apparently very few flowers are missed by bees under our
conditions wiiieh accords with the high percent of onterossing ohserved [in Kimoe's
exneriment], The methylene blue apparently does not deter Lhe bees from visit-
ing flowers, neither does it cnuse the flowers to drop withouf sciting. So it
appeitts Lo be guite o useful techrigue in finding out bow much visitation goes on,
how far the bees range and alsc onc conld probably deterinine what eifect o
neizhboring ficld of, suy, alfalfa would bave on the activity of the bewss in the
eotton. I think one couldd improve the technigue by grinding the dye veally fine
and possibly diluting with tale.

This method appears useful in studying insect visitations, including
how far the bees range, and the percentage coverage of Howers in a

? Loetter doked JTuiy 28, 1530,
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given area. 1f should be of particular interest to breeders who have
hesitated to conduct conventional natural-crossing studies for fear of
introducing red-leaf or other distinctive marker chavacters into their
seed stocks.

HETEROZYGOSITY IN SUCCESSIVE HYBRID GENERATIONS

Ilybrid vigor is associated with heterozyposity, and the maximum
expression of heterosis is obtained in the ¥, generation. Cotton is a
partially eross-pollinated plant; thus, some ﬁegree of hetevozygosity
is maintained indefinitely when open-pollinated seed from an original
F, popuiation is continued on through F,, Iy, and subsequent genera-
tions. The relative proportions of selfing and outerossing determine
the amount of hybrid vigor retained in later genevations. Stephens
(7} has given the following formula for calenlating the proportion
of heterozygotes in the ocurrent generation when fhe proportion of
heterozygotes in the preceding generation and the proportion of out-
crossing is known:

= [(1—EYA +k]

in which % 1s the proportion of heterozygotes in the current generution,
%’ s the proporiion of heterozygotes in the preceding generation, and
% is the proportion of outcrossing. The formula provides an estimate
of the average heterozygosity of any number of gene pairs expressed
as a percentage of the It; heterozygosity.

A practical test of heterogygosity, as measured by the frequency of 1
gene pair in suceessive hybrid generafions, has been conducted at
Knoxville, Tenn. In 1948, mass crosses were made between pilose-
leaf {T-611) and a smoeoth-leaf cotton. The pilose character in T-611
is controlled by » single gene.  All T, pplants of this cross were inter-
mediate with meomplete dominanee of pilosity. The If, generation
showed 3 leat-class phenotypes readily recogmzable by feld examina-
tion of mature plants.

The If; generation was grown, open-pollinated, in an isolated plot
on the station in 1919, The seed cotton was harvested in bulk from
tlus planting and ginned; the sced was thoronghly mixed, and part
of 1t was used for a similar planting in i950. The same procedure was
followed in obtaining seed for 1951 and 1952 plantings.

A count was made each year (1948 io 1959, inclusive) of the number
of plants in each leaf-class phenotype in the total population. The
amonnt of natural crossing ab Inoxville during this period averaged
about 45 percent. The actual proporfions of plants heterozygou. tor
the pilose charvacter is compared with the expected proportions cal-
culated on the basis of 45 percent naturad ervossing {table G6),
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YaBLE 6.—Frequency of pilose, intermediute, and smooth-leaf plants
in F, and later vpen-pollinated generations of the hybrid, and pro-
portions of plants heterosygous for pilosity, at Knozville, Tenn.

Proportion of
Plants in leaf-class phenotypes plants hoterozy-
eous for pilosity

Bx-
pecled 1

Inter-

mediate Smooth { Total Actual

TPilose

Number | Number | Number | Number | Percent | Percent
] B 0 100 100
151 384 144 7 87 a0
257 361 250 42 a6
206 | 319 ; 150 47 32

1 Based on 45 percent natural crossing.
? All plants.

The theoretical proportion of heterozygotes suggested by Stephen’s
formula is based on equal viability and equal proauctivity of all types
in the mixture. With types which show heterosis, the formula is
likely to underestimate the proportion of heterozygotes actually
obtained. For instance, if the more heterczygous plants in a given
population had higher than average yield, the succeeding generation
would contain a larger proportion of seed from such plants than
would be indicated by the actual number of plants of that class in
the current generation. Disproportionate frequencies could occur
if differences 1n seedling vigor, disease and insect resistance, or other
factors caused a larger proportion of one class of plants than another
to be left in the stand of mature Il)lants. It is likely in this material
that natural selective processes have operated to favor the heter-
ozygous phenotype, although the alternative possibility that the
amount of natural crossing was greater than £J percent cannot at
present be disregarded.

ROLE OF NATURAL CROSSING IN CURRENT BREEDING

The fundamentnl but perhaps unsuspected role of natural crossing
in current breeding technigues has been pointed out by Stephens and
Finkner (8):

Ia developing new varicties of cotton the breeder attempts to extract superior
lines from his breeding stocks. Following systemitie testing the best lines are
commonly bulked and multiplied for two or three years in increase hlocks to
provide seed for commercial planting. It will be svident that the composition
of the “variety” finely released fo the farmer will be dependent on the initial
heterozygosity of the breeder’s selections and the amount of natural erossiog
which has tsken place during multiplication. It could vary hetween the fol-
lowing limits: (a) a mechanieal mixture of different but more or less
homozygous hiotypes, {b) a hybrid swarm in which the identities of the original
selections have been lost. In the latter case the eombining ability of the lines
included in the multiplication mixture and the ameunt of hybrié vigor retained
during multiplication mizht be hmporvtant, though perhaps unconsidered, fuctors
in the success of the variety.
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Since mediwm to high percentages of cross-pellinafion oceur in
extensive areas of the Cotton Belt. neluding highly important seed-
producing aveas, the phenomenon must have considerable practical
effect on the genetic complex of varieties produced in such areas under
open-pollinated conditions. If hybridd vigor, retuained through
naturael erossing amoug component straing, 1= a contributing factor
to the productivity. quality, and adaplability of some of onr present-
day commercial cotton vavieties, recognition of this fact may suggest
modifications of present breeding techniques. In regions of moderate
to high natural croseing. the component strains might better be selected
on the basis of their combining ability rather than extreme uniformity
as represented by closely related homozygous lines.  On the contrary,
in regions of low natwral crossing, the combining ability of the com-
ponent strains would have little effect on the composition of o variety.
Varieties grown in such regions would tend to beconie or remain
mechanieal mixtures of relatively homozygous oty pes.

SUMMARY

The amount of natural crossing in cotton. determdned from 48
separute tests in 32 States over a perviod of I years, ranged from less
than 10 pereent in parts of centyal Texas to approximately H0 per-
cent in parts of the southeastern vegion of the Cotton Belt. The
extent of naturar crossing apparently is closely velated to the fre-
guency and timeliness of the vizits of insect pollinators to the cotton
Hiowers. The data from the several nreas suggest a regional pattirn
for natural crossing somewhat coinecident with the cotten-acreage dis-
tribution. In arcas of inteusive cotton cultivation, the ratio of insect
pollinators to cotton flowers ic low and cross-fertilization 18 infrequent.
In areas of small fields and “palteh™ cotton. as in most of the south-
¢astern region, the ratio of insect pollinators to cotfon flowers is high,
and evoss-fertilization is corvespondingly high. Thus, the phencme-
non refleets the general physiographic ceology of the region.

Reasonably accurate determinntions of the percentage of hybrid
plants can be obtained by exnmining a population of 1.000 plants.
Equally aceurate results were obiained by growing out the populations
in germinators, greenhouse benehes, or in the feld,  In general, data
on row and plant variation in natural eressing indicate @ random dis-
tribution of values around the mean pereentage obtained for the
regpective locations,

Ireom related studies ik appears that cotton varieties differ in the
amount of cross-fer{ilization that ocenrs when they are gimilarly ex-
posed to foreign pollen,  This fact may be of considerable signifieance
with regard to development of new breeding methods utilizing hybrid
vigror.

Bumble bees and howey bees ave wost frequent 1y mentioned as tigect
carriers of cotion pollen. The activity of these inseets in the cot-
ton flowers is a goud index of the petentind for erossing. The spread
of methylene blue from a few “dye-dusted™ flowers to other flowers
in the vicinity has been used to study such activity.

A study of heterozygosily In advanced generations of an original
1, population made at Kooxville, Tenn., indicited a higler percentage
of heterozveous plants iy the ¥y, K and ¥, gewerations than the
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theoretical expectation. The disparity may have been cuused by
natural selective processes operating to favor the heterozygous
spwhenotype.

Nutural ceossings may play a fundamental but perbaps unsuspected
role in current breeding technigues. Recognition of this role may
suggest modifieations of brecding methods to employ natural crossing
as o useful tool for cotton improveinent.

LITERATURE CITED

11} Eoxert,J, B,

1033, PHE FLICHT RANGE OF THE HoNsyses,  Jour. Agr. Res, 47 257-285,

itlus.
12y GueeN,J. M., and Joxes, M. 1

1905, ISOLAYION OF COPrUN FOR SEXD INCREASE. Agron, Jour. 45 366-3068,

ilins.
¢31 Looex, H. 1, ard RictinvoNs, T, R.

IV5L. WYBRIE VIGOR IN QUTION—CYTUGENLETIC ABPECTS AND PRACTICAL APPLI-

CATIONS. Lenn. Bor 5. ANT-105.
i) Means, R,

I91h.  REE KEEPING MAY INCHEASE 1UE Corrox cror. Jour. Hered, §:282-
2, illas,

{3y Porg, O.A Simesex, DL ML, and Duseaxs, .8

1404, BFFECY OF CORN BARRIERS 0N NATURAL CROSSING IN correN. Jour. Agr.
Hes. G 347-361, illns.

tU} Siaesow, DAL

172, UTILIZATION OF WYLRID VEGOR IN COTLON—ITS PROSLEMS AND PROSPECTS.
Caotton Twpr, UCont, Proc. 5, 28 pp. {Processed ]

71 Breenexs, 8. G,

16050, FACTORS AFFECTING THE GENETIC COMILEXITY OF 4 PARTIALLY CQUT-
CROSSED PorvLaTios. Cotlon Impre. Qonf. Yroe. 2, 10 pp., ius,
[Proceseed.]

{8} and Fixumnes, A D,
1953, NaTURAL CHOSBING IN coTToN, Leon. Bet. 7: 257-2069, illus.
{0y Touxer, J. H.

105 NaTURAL CROSSENG IN coreow. Cottou lmpr. Cont. Troc. 2, 5 pp.

[Provessed.]

0 X GOVERMMENT PRIRTING OFFICE. 1954







