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Pima Cotton Genetics

R. G. Percy

Abstract

Two investigations, one of the inheritance of stomatal regulation and its relation to heat tolerance
and the other of seed gossypol content in Gossvpium barbadense, began yielding results in 1992.
Mode of gene action conferring stomatal conductance varied with the parentage of crosses.
Selective advance for high conductance appeared to be feasible in wide crosses, but limited in
crosses of elite Pima strains. Variability for seed gossypol content in G. barbadense was
surprisingly high. There was evidence of geographic and taxonomic structure to the variability
observed. A conversion program to convert photoperiodic short -day flowering accession's of the
G. barbadense germplasm collection to day neutrality continued.

Introduction

The Pima genetics program is a long -term project with numerous objectives that include: characterizing and
evaluating a collection of primitive Gossypium barbadense L. cottons for potentially useful agronomic traits;
investigating the genetic and geographic variability of the species; converting the G. barbadense germplasm from
a short -day to a day -neutral flowering habit to make variability in the collection available to genetic investigations
and improvement efforts; transferring genetic traits that confer tolerance to environmental and biological stresses
to Pima breeding lines; and investigating genetic systems in G. barbadense to provide information on the
inheritance and relationship of genetic systems in cotton.

Materials and Methods

An investigation of the mode of inheritance of stomatal regulation and its role in conferring heat tolerance,
begun in 1990, continued in 1992. This research is a collaborative effort with Dr. E. Zeiger, University of
California Las Angeles, and Dr. J. Radin, USDA -ARS. In 1992 the high stomatal conductance parents PS -6 and
P73, and the low conductance parent Pima 32, and their F1, F2, and backcross populations were planted in a five
replicate test at Maricopa, AZ. Stomatal conductance measurements on the various populations were made
between 1400 and 1600 h each day - the time of maximum phenotype differentiation. Data was collected on one
replicate per day. Scaling tests and generation mean analyses were performed on the data.

An investigation was initiated in cooperation with Dr. Millard Calhoun, Texas A & M University, in 1992 to
characterize the variability of seed gossypol content in the G. barbadense species. A sample of 75 primitive and
cultivated accessions, representing the geographic distribution of the species, is being analyzed for total gossypol
content, percent negative isomeric gossypol, and percent positive isomeric gossypol by means of HPLC. Data
is being analyzed to determine total species variability and to determine if there is geographic or taxonomic
structure to gossypol variability in G. barbadense.

A program to convert photoperiodic short -day flowering cottons to a day neutral flowering habit using a
backcross scheme has been conducted at the Tecoman, Mexico winter nursery and the Maricopa research center
for several years. In the backcross scheme, initial crosses of tropical accessions to a commercial Pima cultivar
are made in the greenhouse at Maricopa to transfer the day neutrality factor. The F1 populations are then grown
in Mexico to produce F2 seed, and segregating F2 populations are grown in the field at Maricopa. Flowering
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segregants from the field at Maricopa are transferred to the greenhouse where they are backcrossed to their
tropical short -day parent. The procedure is repeated until the genotypes of the tropical germplasm accessions
are recouped in day -neutral flowering plants.

Results

In an investigation of the mode of inheritance of stomatal conductance, preliminary data from scaling tests
indicated that the cross PS -6 x Pima 32 could be described adequately by a simple additive -dominance gene
action model. Additivity was the only significant parameter operating in the above cross. In the P73 x Pima 32
cross, both additive x additive and dominance x dominance epistatic interactions were present in addition to
simple additive and dominance gene action. In the cross PS -6 x P73, all gene action parameters were significant.
The small size of the additive parameter and the negative sign of the dominance parameter suggested that
selective advance for higher conductance would be limited in the above cross.

Preliminary analysis of data from an investigation of seed gossypol content within accessions of the G. barbadense
collection reveal considerable variation. Data at hand indicates that greatest variability occurs in accessions
originating west of the Andes in South America. High total gossypol content has been observed in kidney- seeded
brasiliense type accessions. The negative isomer of gossypol, the more biologically toxic form, varies in the
collection sample from 36% to 63 %.

In the 1992 backcross program to convert photoperiodic tropical cottons to the day -neutral flowering habit, 102
BC_F2 populations were successfully backcrossed to their tropical parent accessions in the greenhouse at
Maricopa. At Tecoman, Mexico, 74 F1 conversion populations were grown to produce seed for BC_F2
populations.

Conclusions

Preliminary data from an investigation of the mode of inheritance of stomatal conductance indicated that
sufficient heritable variation exists within the Pima germplasm to allow selective advance for the trait. Additive
gene action in wide crosses (low conductance parents x high conductance parents) indicated that selective
advance might be relatively quick and efficient in these crosses. The small size of the additive gene action
parameter and negative dominance displayed by a cross of elite parents (high conductance) indicated that further
selective advance in such crosses may be limited.

Initial results from an investigation of G. barbadense seed gossypol have revealed greater variability within the
species than one might expect from previous data collected from within cultivated varieties. Although mean
levels of total gossypol or its isomeric forms do not differ significantly by geographic region, variability within
regions for gossypol content differ considerably. The purported center of origin of G. barbadense, South
America west of the Andes, has displayed the greatest variability. Analysis of this data continues.

164



Publications

Percy, R.G. and E.L. Turcotte. 1992. Interspecifïc hybrid fiber characteristics of cotton altered by
unconventional Gossypium barbadense L. fiber genotypes. Crop Sci. 32:1437 -1441.

Percy, R.G. and E.L. Turcotte. 1993. Registration of three germplasm lines of cotton:8327, 84514, and 84524.
Crop Sci. (accepted Aug. 31, 1992).

Percy, R.G., Z. Lu, E.L. Turcotte, J.W. Radin, M.R. Sharifi, and E. Zeiger. 1992. Genetic control of stomatal
conductances in Pima cotton. Am. Soc. Plant Phy. Meeting. (Abst).

Percy, R.G., Z. Lu, J.W. Radin, and E. Zeiger. 1993. Inheritance of stomatal conductance in Gossypium
barbadense. Proceedings of Beltwide Cotton Conf. (abst.) (In press).

Radin, J.W., Z. Lu, R.G. Percy, and E. Zeiger. 1992. Stomatal conductance, evaporative cooling, and heat
resistance of Pima cotton: a genetic approach. Proc., First Int. Crop Sci. Congr., Ames, IA, p.105. (Abst)

165




