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GENETIC ASSOCIATION AMONG YIELD AND FIBER
TRAITS [N F, HYBRID COTTON
Bing Tang'. J. N. Jenkins®, J. C. McCarty?
and R. G. Creech!
'Mississippi State University and ‘USDA-ARS.
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Abstract

o cultivars continue to occupy a portion of the cotton ( Gossypium hirsutum
£ tion areas in the United States and other countnies. This study was
swted to determine the geneuc refationship betwesn traits and heritabilities

sfactenistics in F, hybrid population. Sixty-four F. hybrids resulted from

s of 4 commercial cultivars and |6 pest-resisiant germplasm lines were
<iwd for ¥ fiber and 4 vielding traits in four snvironments at Mississipp

MS  An additve-dominance model was emploved for these traits with
2enetic background in different environments. MINQUE( 1) method
for esumating genetic vanance and covariance components and pre-
ihe zeneuc correlation.
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«t5 1ndicated that dominant variance was the major portion of the pheno-
* - -anances for iint vield. lint percentage and boil size. A smaller proportion

“+ aditive vanance for fiber waits and the significance on additive x environment
< cumponents suggested that lack of substanual genetic vanability for fiber
“-aithin these F. hyorids. However, relatively high values of narrow-sense
“setitties for lint vield and vield component indicated that 3 sufficient pro-
“nof additive genetic variance might be availabie in F, hybrids for effective
The esumates of the genetic and phenotypic coefficients of correlation
"¢ pairs of characters. for the most part. seem t0 be of comparable magni-
< Fiber swrength was positive-addictively correiated with boll weight. and
- ~uired dominant correlations between these traits with slongation and 2.5%
"+ 'wungth were also significant positive. Based on the znalysis of heritability
aeuc correlauon. the indirect selection for vieid improvement only by lint
tage were axpected to be as effective as by lint vield itseif for these F,
:ations: however. indirect sefection for yieid improvement by other traits.
-2 boll number, fiber eiongation and micronaire. would be 56%, 79% and

iess effective than selection for lint vieid itseif. resgectively.
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INTROGRESSION OF GLANDED-PLANT AND GLANDLESS-SEED
TRAIT FROM G. STURTIANUM WILLIS INTO TETRAPLOID
COTTON PLANTS.

C. Mergeai, V. Bi Irié, P. Dujardin, J.P. Baudoin
Facuité des Sciences agronomiques de Gembloux
GCembloux, Belgium

Abstract

Two tnspecific synthetic allotetraploids have been obtained using the Austrzlian
diploid species G. sturnianum, the main cuitivated amphidiploid. G. hirsutum,
and two Amencan wild diploid species : G. thurgeri and G. raimondii. Observa-
tion in the progeny of these trispecific hybrids revealed the expression of the
20ssypoi glands morphogenesis repressive mechanism of G. sturfianum in a rather
high proportion of the BC| seeds (6 on 41). In these materials, the glandless-
seed and glanded-piant trait seems to be linked t0 a lethal factor. Only one of the
six totally giandless BC seeds gave an aduit plant. /a vitro culture of the seed
and graiting of the plantlet at a early stage on G. kirsurum were necessary to
obtain a normal development of this genotype. All the other glandlcss materials
died just after germination or never germinated. The survival plant will be used
in 2 backcrossing programme to obtain the introgression of the glanded-piant
and gziandless-seed chara into G. atrsutum,

Introduction

The introgression of the glandless-seed and glanded-piant character from the
Australian wild diploid species into upland cotton would transiorm it in a true
food crop whilst preserving one of its natural defence mechanism. Either
bispecific or trispecific hybrids can be used to reach this goal (Mergeai, 1993).
To date. the main ¢fforts have concerned the exploitation of bispecific hybrids
issued from direct crosses between G. afrsutum and different Australian species.
Most of the hexaploids and pentaploids obtained from those initial crosses are
characterised by lower szed gossypol contents than the cultivaied parent and a
normal gossypol concentration in the other parts of the plant (Muramato. 1969:
Diiday. 1986: Koto. 1989). The addition families produced by back.. .sing the
pentaplowds with G. Airsutum show varying gossypol glands density in the seeds

and leaves. The only glanded plants issued from glandless seeds produced by
this way are muitiple addition matenais of G. srurtianum or G. australe on G.
airsutum (Altman er af.. 1987, Koto. 1989). No monosomic addition line ex-
press the giandless seed and glanded-piant trait (Koto, 1989; Rooney 21 al. 1991).
Another way 10 achieve the introgression is to create trispecific hybrids combin-
ing Q. Airsutum with an Australian species and either a D or a A diploid species
Shujing and Biling (1993) foilowed this last scheme. They crossed G. bickii
with G, arboreum 1o obtain a sterile diploid hybrid whose fertility was partially
restored by chromosome doubling. The resuiting allotetraploid was then crossed
with G. airsutum to produce a fertile trispecific hybrid. The bispecific and
trispeciric allotetraploids showed differences in the expression of the glandless
seeds-glanded plant trait. All piants of each hybrid showed glands in their aerial
pans but only the kernels of the bispecific allotetrapioid seeds were totally gland-
less. A similar observation was made by Mergeai (1992) on an (G. arboreum x
G. ausiraie) ailotetraploid. All the seeds of the bickii-arboreum-hirsutum triple
hybrid showed a few small and light coloured glands on the edges of the cotyle-
dons. No details are available on the glands distribution of the seeds produced
from the backross of the arborsum-bickii-airsurum trispecific hybrid. From the
literature (Shujing and Biling. 1993) it appears that no plant expressing the
glandless seed-gianded plant trait has been produced vet through this method.
Cytogenetics observations on the trispecific hybnd showed an extremely low
numoer of bivalents in Metaphase |. This result questions the actual possibilities
to exploit AADC or AADG tnispectfic hybnds in an hybridization programme
aiming at the introgression of the glanded-plant and glandless-seed trait into G.
Airsutum. The phyletic distance betwesn D and G genomes seems 0 be 100 large
to allow the introgression of the concerned character in the D subgenome of G.
hirsutum. Given the closer phyleuc refations existing between A and C species,
1t is expected to obtain better resuits using ACDD trispecific hybrids. We de-
cided therefore to develop this kind of material and to check its potentialities for
the introgression of this character.

Materiai and methods

Two trispecific allotetraploid hybrids including an Australian diploid species
have seen created within the cotton collection maintained at the Tropical Crop
Husbandry Department of the Facuity of Agricuitural Sciences of Gembloux
iMarechal. 1983). first tnispec:fic zllotetraploid was obwined zccording to
the method developed by Beasley (1940). [n a first step, a fertile bispecific al-
lotetrapioid was created by doubling the chromosome number of the allodiploid
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Rybrid resulting rom the cross © G. thurdert x G. siurticrum. This synthetic
allotetraploid was then backerossed by G. Airsurum to give the tnspecific hybrid
G. thurberi - G. swriignum - G. hirsutum (C101AhDh) (designated by the 1ni-
uals TSH). The second trispecific allotetraploid was obrained following the
scheme developed by Deodikar (1949). The first step was to creats an
ailohexaploid which resulted from colchidiploidization of the triploid hybnd 1s-
sued from the cross G. Airsutum x G. raimondii. In 2 second siep. this allohexapiod
wascrossed by G. sturtignum 10 develop the mspecific hybrid G. Airsutum - G. aimondii
- C. sturtianum ( AhDhDSC1) (designated by the initials HRS).

Both tnspecific hybrids have been backcrossed by C2 and NC3 G. Atrsutum
vaneues originating from Zaire. To increase the rate of success in the backcrosses.
we applied a growth regulator solution (50 mgl NOA - 100 mg'l GA) on the
ovaries according to the formula proposed by Altman {1988). To evaluate glands
density of ail the hybrids obtained. the seeds were soaked for one hour in water
atter removal of their integuments. The glands density of the hybnd seeds was
assessed under a binocular microscope according to 2 visual scale ranging from
). for totally glandless. 1o 10. for totaily gianded.

After assessment of their glands density the seeds were either planted directly in
Hity-pols corixammg a mixture of sand, peat and <ompost in equal proportion. or
iransferred on the i wirro culture media developed by Stewart & Hsu (1977) for
<oton germinated emdryos. Adult plants were cultivated in greenhouses at Gembloux.

Resuits and discussion

Among the material created in Cembloux. the expression of the zianded plant-
glandless sexd trait has been assessed in ail hybrids including the Australian
species G. sturtianum 1.e. the bispecific allotetrapioid G. siurtianum x G. thurber:.
the tnispecific allotetraploid hybrids TSH and HRS and their 8C1 progenies. A
simifar expression of the character is observed in the bispecific ailotetrapioid
ind the two trispecific hybrids : the seeds have a reduced number of glands that
are mainly located on the edees of the coryledons. Aft germination, the num-
oer of glands increases 1o reach a normal density on the aenal pants of the plaat.
The trispecific hybrid sesds produced by Shuijing & Biling (1993) from the
backeross of the bispecific allotetraploid G. arboreum x G. bickii with G. atrsutum
showed a similar glands density. These results confirm data obtained by Mergeai
(1992} : the later pointed out a better 2xpression of the repressive mechanism if
in Asian diploid species (genome A) was associated with an Ausiraiian cotton
species in a syntheuc bispecific allotetrapioid.

Thanks 0 the application of growth reguiators. 21 viable seeds were obtained
from the two trispecific allotetrapioids i Table 1). For 2ach hybnid. the backeross
success rate is similar and very low. In our conditions. 2bout |7 crosses are nec-
@ssary 1o obiain one sexd. Whitout application of growth regulators. we could
actobtain BC! sexds from the TSH trispecific hvbrid while very few seeds were
collected from the HRS hybrid (1 seed for more than 100 crosses).

The glands distribution of the 3CI seeds is very variable ( Tabie 2 ranges
from “0" (totally giandless) t0 9 (2imost similar to G. Airsurum glanding pat-
tern). The proportion of totally glandless seeds was relatively high (6on41). T
distribution of the glands density frequencies of the rest of the seeds
characterised by an asvmmerric bell shape.

is

inthe BC! population. the glandless tait appears 1o be linked with a lethal fac-
tor. Only one of the six glandless 8C1 sezds 2ave rise to a viable piant. [n order
0 facilitate the development of this plant. it was nevessary 10 cultivate the seed
ro for three weeks and then to graft the plantlet on a vigorous G. Airsutum
secdling. All the other materals issued from glandless BC1 seeds ceased to grow
before the spreading of the cotviedons. The only surviving plant from the six
8C1 glandless seeds tlowers abundantly and shows a normal density of gossypol
2lands on its 2erial parts. This plant will be used 1n a backcrossing programme
10 vbtain the introgression of the 2landed-plant and 2landless-seed charac
G sturtianum into G. Atrsutum
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Table 1. Production of BC1 seeds by HRS and STH trispecific hvbrids.
f J | 1
Hybrids Number of sceds | Number of Average numbers |

i produced crosscs of crosses for one

! i saxd |
1RS x NC3 s | 175 i 35 1
HRSxC2 | 12 | 157 | 13 |
I'SH x NC3 12 1 208 i7 |
TSHxC2 12 | 150 13 ]
Totai 41 E 687 17 |
|

Glanding Hybrids
| classes | | frequenc
l HRSxC2 |HRSxNC3| TSHxCZ |TSHxNCS| (%)
| ] 2 ) [ 2 2 | &15)
! 1 0 0 1 0 )
| 2 2 0 ' 0 [} I
I 3 1 i 1 2 4(10)
| 4 | 1 ‘ 3 0 (12 |
Los 0 T B 3 iop |
| ] 1 2 | 2 3 8(19)
| 7 [ 2 0 i 2 2 5(15) |
3 } ] 0 | 2 0 m |
9 | 2 L 0 1)
10 | ] 0 i 0 0 30) ]
] ]
Total 12 s on 12 stqon |
| ! |
= =
E
A
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