U3cnedeaHus ebpxy nonckume kynmypu, 2010, Tom VI - 3
Field Crops Studies, 2010, Vol. VI- 3

Field Crops Studies

CENEKUUA HA TEXHUYECKU U OPYTUKYITYPU
INDUSTRIAL and OTHER CROPS BREEDING

DETERMINATION OF RESISTANCE OF F, COTTON HYBRIDS BY INOCULATION WITH
DIFFERENT VIRULENT ISOLATES OF THE VERTICILLIUM DAHLIAE KLEBHAN

Abboskhon Marupov', Robert Kim?, Rahmatov Asror', Michael Kim?
"Uzbek Scientific—Research Institute of Crop Protection, the Republic of Uzbekistan,
Tashkent province, Kibray district, 4 Bobur str., e-mail: agroilm@tps.uz
2 Institute of Cotton Seed Breeding and Seed Production, 702147, the Republic of
Uzbekistan, Tashkent province, Kibray district, Salar, Universitet Str., e-mail:
selection.uz@mail.ru

Abstract

Marupov A., Kim R., Rahmatov A., Kim M., 2010. Determination of Resistance of F,
Cotton Hybrids by Inoculation with Different Virulent Isolates of the Verticillium dahliae
Klebhan, FCS 6(3): 381-386

Verticillium wilt is one the most harmful diseases of cotton and distributed in all
cotton growing regions of the world. It is known, that different species, forms and varieties
of cotton have different genetic nature of wilt resistance. Degree of plants affection de-
pends upon the phase of plant development, aggressiveness of strains of fungus, con-
ditions for viability of plant-host and parasite, activity of enzymes, which can change
depending upon external factors of environment and agricultural technique of cultivation.
Academician S.M. Mirakhmedov (1974), while studying the character of the research of
wilt resistant with ecologically distant hybrids of cotton, obtained from crossing of original
wild form G.hirsutum ssp. mexicanum with susceptible, medium resistant and resistant
varieties of that species, marks the uniformity on resistance to wilt in F,, and in F, cleav-
age, close to theoretically expected monogenic correlation 3:1, i.e. three parts resistant
and one susceptible. Cimilar correlation on resistance to wilt had been obtained by S.
Wilhelm (1974). F.V. Voytenok (1971), while studying inheritance of wilt resistance with
intervarietal crossings was observing interim resistance to wilt with F, and incomplete
dominance of susceptibility in F,, in the correlation 1:78, and with ecologically distant
hybridization the dominance of resistance in F, and complex cleavage in F, in the corre-
lation 263:1. According the opinion of N.G. Simongulyan (1971) resistance to verticillum
wilt is controlled by several additionally acting genes. Together with that, the author indi-
cates that polymorphism of the sign is not high, as the genes controlling high-polymeric
signs are inherited coherently. About polygenic inheritance of wilt resistance with distant
intra- and interspecific hybridization of cotton is reported in the works of S.Y. Krayevoy and
A.E. Egamberdiyev (1975), R.G.Kim (1985) and the others. From the view point of acad-
emician S.S. Sadykov (1972), wilt resistance of cotton is defined by the action of two and
more dominant genes (R,, R,). Academician A.A.Abdullayev (1974) thinks that resist-
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ance of cotton to wilt is characterized by allel interaction of complimentary genes and
genes-modificators. R.G.Kim (1977, 1985); R.G. Kim, A.Marupov (2004); A.Marupov, R
Kim (2005, 2007) writes, that wilt resistance is defined by genetic nature of varieties
resistance and forms of cotton, and that it has field or horizontal, tolerant and vertical
resistance. Thus, with the objectives for creation of wilt resistant varieties of cotton to
more virulent races, strains and isolates of the fungus Verticillium dahliae Klebhan it is
necessary to:- study genotypic resistance of varieties and lines of cotton to more virulent
isolates of different geographic populations of the fungus V. dahliae obtained from differ-
ent varieties;- study the inheritance of wilt resistance with hybrids of the first generation to
various isolates of the fungus V.dahliae with inoculation of plant — host by monosporous
isolates of pathogen.

Keywords: wilt resistance - inheritance - hybrids and varieties - isolate - dominance
- verticillium tolerance

MATERIALS AND METHODS

Inheritance of wilt resistance by the hybrids of the first generation we had studied
depending upon the degree of susceptibility to wilt with inoculation of plant — host by
virulent monosporous isolates of the fungus V. dahliae. Inheritance of wilt resistance we
defined according the degree of dominance and calculated according the equation: h =
F,—MP/HP-MP.

In the experiment we used parental forms of the varieties Omad, C-5621 and C-
8284, and also the lines L-162, L-842, L-408, L-155, L-44 and L- 1708, and hybrids F,.
The experiment had been founded in 3 times repetition, 20 lunar plots in 4 rows in each
hybrid combination.

The records on wilt resistance of hybrids F, we carried out according phenotypic
appearance of wilt on the terms of June, 15, July, 15, August, 15 after inoculation of plant-
host with monosporous isolates 28, 30, 32, 36, 40 and 44 of the fungus V. dahliae, and
also the degree of affection of plant according the cut of main stalk in faint, medium and
strong degree in the end of September.

RESULTS AND DISCUSSION

The obtained results witness about the fact, that the studied isolates of the fungus V.
dahliae have different virulence according degree of affection of hybrid plants F,. With that
the degree of affection of tissues of main stalk and its distribution in the organism of
plant-host, and also its genotypic reaction towards monosporous isolates on the perfor-
mance of external symptoms of wilt depends upon heritable anlages received from their
parental forms. For instance, in hybrid combination Omad x C-6521 the hybrids inocu-
lated with monosporous isolates 28, 30 and 76 have relatively faint susceptibility towards
wilt. Phenotypic performance of wilt was equal to 20 %, at the time with the inoculation of
plants with isolates 32 and 44 the number of susceptible plants for June, 15 was 40%,
and with the plants infected with isolate 40 there were no symptoms of wilt. Number of
affected plants for June, 15 was equal to 60, 80, 40, 60 and 60% respectively. The highest
virulence for hybrid combination Omad x C-5621 have monosporous isolates 28, 30, 32,
44, which were extracted from the varieties C-6524 and C-2609 in Andijan province and
from the variety Akkurgan-2 in Fergana province.

The degree of inheritance of wilt resistance of the hybrids Omad x C-5621 towards
studied monosporous isolates of the fungus V. dahliae is characterized by dominance
and super dominance to the side of susceptible parent independently from the method of
assessment for wilt resistance, except where on the phenotype of plants infected hybrid
with isolate 36 there was dominance to the side of resistant parental form C-5621.

The other picture was observed in hybrid combination C-8284 x C-5621 where coef-
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ficients of dominance according phenotypic performance of disease showed interim
inheritance on resistance to monosporous isolate 30, dominance and super dominance
on wilt resistance to isolates 28, 32, 36 and 40. Super dominance on susceptibility to
isolate 44, where both parental forms have high wilt resistance to the present isolate,
which was extracted from the variety Akkurgan-2 from the samples of plants obtained
from Fergana province. This says about the fact, that monosporous isolate 44 of the
fungus V. dahliae is more virulent for the present hybrid combination than other isolates.

Some other results had been obtained on inheritance of the sign on wilt resistance
according cut of stalk, i.e. super dominance on resistance to monosporous isolates 30,
32 and 36. Dominance of hybrids to the side of more susceptible parent C-8284 with
inoculation by isolate 28 (h=-1.0), and with hybrids infected with isolates 40 and 44 there
is super dominance. With that it should be marked, that inheritance of wilt resistance in
the present hybrid combination depends upon genotypic reaction of hybrids towards
monosporous isolates and upon genetic nature of wilt resistance of parents and viru-
lence of the studied isolates of the fungus V. dahliae, and also upon the degree of
performance of characteristics of tolerance of parental forms.

Inheritance of wilt resistance in hybrid combinations Omad x L-44 and C-8284 x L-44
is characterized by super dominance on susceptibility in phenotypic wilt performance
with inoculation of hybrids by isolate 28. With infection of hybrids Omad x L-44 by isolates
30, 32, 36, 40 and 44 there is dominance to the side of wilt resistant parent L-44, and with
inoculation of plants with isolate 32 there is dominance of more susceptible parent L-44,
which shows less wilt resistance than the variety Omad to present monosporous isolate
of the fungus V. dahliae.

The inheritance of wilt resistance with hybrids F, according phenotype of plant with
inoculation of plants by monosporous isolates 36 and 40 is characterized by interim
phenomena and dominance to the side of more susceptible variety Omad and super
dominance on susceptibility to wilt with inoculation of hybrids with isolate-44 (h=60.0),
i.e. monosporous isolate 44 extracted from the variety Akkurgan-2 in Fergana province is
more virulent for present hybrid combination. And with that it should be marked, that
present isolate has high aggressiveness for hybrid combination Omad x C-5621.

In hybrid combinations with fatherly forms C-5621 and J1-44, and maternal varieties
Omad and C-8284 the degree of susceptibility of hybrids F, to isolate-36 is at the level of
parental forms and interim inheritance to isolate-30. The analysis of the obtained results
according the degree of susceptibility of hybrids with participation of maternal forms L-
162, L-842, L-408, L-155 and L-1708 to the studied monosporous isolates of the fungus
Verticillium, shows, that they have different genotypical reaction in phenotypic inheritance
of the sign of wilt resistance. Coefficients of dominance in hybrid combination L-162 x C-
5621 show that inheritance of resistance to wilt is characterized by super dominance
towards wilt resistance, except isolate-44, there is super dominance on susceptibility to
wilt. Similar results had been obtained on cut of stalk, but with some differences accord-
ing the degree of dominance. Similar results on inheritance of the sign of wilt resistance
to the studied isolates of pathogen were in hybrid combination with participation of fa-
therly form L-44, both as on plant phenotype as well as on cut of stalk.

Degree of wilt resistance sign inheritance in hybrid combinations, where maternal
form is the line-842, there is interim phenomena of dominance and super dominance to
the side of wilt resistance to all studied isolates of the fungus V. dahliae, except to isolate-
32 in the combination L-842 x C-5621, there is super dominance towards susceptibility.

With hybrids obtained while crossing L-408 x C-5621 and J1-408 x J1-44 with inocula-
tion of plants with monosporous isolates 28, 30, 32, 36, 40 and 44, there was super
dominance in phenotypic wilt performance towards isolate-28, and according cut of stalk
dominance to the side of wilt resistant parent. Phenotypic dominance on susceptibility to
wilt had been obtained also with hybrids, which were inoculated by isolates 30 and 32, at
the time when on the cut of stalk there was interim inheritance to isolate 32 and domi-
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nance of susceptibility with hybrids infected by isolate-30. Hybrids infected with more
virulent isolates-36 and 40 have high degree of dominance on susceptibility towards the
side of less resistant parent to those isolates. High degree of inheritance of wilt resis-
tance has hybrid plants inoculated with isolate-44 independently from the method of
assessment of sick plants. With that for present hybrid combination the highest virulence
have monosporous isolates 36 and 40, which had been extracted from the varieties
Akkurgan-2 and C-6524 in Namangan province. Similar results had been obtained while
evaluating according cut of stalk.

Inheritance of wilt resistance in hybrid combination L-408 x L-44 is characterized by
dominance of susceptibility in phenotypic wilt performance with inoculation of plants by
isolate -28 towards the side of parental form L-408. Similar inheritance of the sign had
been obtained also according cut of stalk. This witnesses about the fact, that present line
possesses high wilt resistance and high degree of tolerance towards monosporous
isolate-28. High degree of susceptibility to wilt had been obtained with hybrids F, by
inoculation of plants with monosporous isolates 30, 32, 40 and 44 independently from
the methods of assessment on wilt resistance. According the degree of dominance they
are characterized by interim inheritance, dominance on susceptibility at the level of pa-
rental forms and super dominance to the side of less resistant parent, here coefficients
of dominance are varying from 0 to 60,0. With that it is necessary to mark, that for that
hybrid combination the most virulent isolates of the fungus V. dahliae are isolates 30, 32,
and 40, which had been extracted from the samples of plants received from Andijan
province from the varieties C-6524 and C-2609 (isolates 30 and 32), and also in
Namangan province from the variety C-6524 (isolate-44). It should be marked, that in
hybrid combinations L-408 x C-5621 and J1-408 x J1-44 there is relatively faint degree of
tolerance performance to the studied isolates of pathogen. This, probably, linked to ge-
netic reaction of initial parental forms and their hybrids on introduction of parasite into
organism of plant-host with inoculation by virulent isolates of the fungus Verticillium. In
hybrid combinations obtained while crossing L-408 with fatherly forms C-5621 and J1-44
there is very faint reaction in phenotypic wilt performance with inoculation of plants by
monosporous isolates 28, 30, 32, 36, 40 and 44 for August, 15, and on June, 15 and on
July, 15 are practically absent, except one case with hybrid combination L-408 x C-5621
towards isolate 32 on July, 15. Degree of wilt resistance in hybrid combinations with the
participation of resistant to wilt maternal form L-155 witnesses about the fact, that the
studied hybrids F, with infection of plant-host by isolates of the fungus Verticillium have
high phenotypic resistance to wilt in all studied isolates. Number of infected plants in the
combinations L-155 x C-5621 and L-155 x L-44 for August, 15 was varying from 0 to 60%
depending upon virulence of the studied isolates. It should be marked, that there were no
affected with wilt plants on June, 15 and July, 15, Except one case in hybrid combination
L-155 x L-44 to isolate 44. Degree of tolerance performance is varying from 0 to 80 %,
which depends upon genotype reaction of hybrids on the introduction of parasite into
organism of plant-host and virulence of the studied monosporous isolates of pathogen.
It should be mark that hybrid combination L-155 x C-5621 is characterized by phenotypic
dominance on susceptibility to isolate-28 at the level of parental forms, and according cut
of stalk super dominance to the side of more resistant parent C-5621. Similar results
had been obtained with inoculation of hybrids F, with isolates 30, 32, 36, and 44, which
had shown dominance and super dominance according resistance to wilt. Also resem-
bling results were obtained with the assessment according cut of stalk. Hybrids inocu-
lated by isolate-40 have dominant character of inheritance of the present sign to the side
of more susceptible parent L-155. It is necessary to mark, that for that hybrid combination
the most virulent monosporous isolates of the fungus V. dahliae are isolates 30 and 36,
and with that they show high degree of tolerance.

Wilt resistance of hybrid combination L-1708 x C-5621 to virulent isolates of the
fungus V. dahliae is characterized by higher resistance in phenotypic wilt performance
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while inoculating of hybrids with isolates 32, 36, 40 and 44 for June, 15 and July, 15. The
number of sick with wilt plants in hybrid combination L-1708 x L-44 on July, 15, except to
isolate-32, was varying from 20 to 40%, and on August, 15 in both combinations number
of affected with wilt plants was varying from 0 to 40% depending upon virulence of the
studied isolates of the fungus V. dahliae. The highest virulence for hybrids L-1708 x C-
5621 have isolates 28, 30 and 40 (on cut of stalk), and for hybrids L-1708 x L-44 isolates
28 and 30, i.e. monosporous isolates 28 and 30, i.e. monosporous isolates 28 and 30
are equally virulent for both hybrid combinations. The degree of tolerance performance is
varying from 0 to 60,0 %, and only in one case has 100% to isolate—40. Wilt resistance of
hybrids F, to the studied monosporous isolates of the fungus is inherited according the
principle of super dominance and dominance to the side of resistant or more suscep-
tible parent. Interim inheritance is observed in hybrid combination L-1708 x C-5621 and
to isolates 30 (on cut of stalk), and also with hybrids L-1708 x L-44 to isolate-28, and in
four cases at the level of parental forms, and in hybrid combinations L-1708 x C-5621 and
L-1708 x J1-44 to isolates 28, 36, 30 and 40, respectively.

CONCLUSIONS

The obtained results on inheritance of wilt resistance of the hybrids of first genera-
tion to the studied virulent isolates 28, 30, 32, 36, 40 and 44 of the fungus V. dahliae show
that:

- the highest wilt resistance has the variety Omad and lines L-44, L-842, L-408, L-
155 and L-1708 to the studied monosporous isolates 28, 30, 32, 36, 40 and 44 of the
fungus V. dahliae, which posses the reaction of super sensibility while introducing para-
site into organism of plant-host, do not perform external symptoms of disease with wilt.
The obtained results are in accordance with the conclusions of L.V. Metlitsky, O.L.
Zeretskovskaya (1985) and the others, who writes, that parasite cannot penetrate further
the place of inoculum, but part of spores of pathogen in some places penetrates further,
than in the first several cells of host, and with long joint interaction the cells of host and
staying within them pathogen coexist for a long time, staying alive. With that necrotic
tissue is included into encyst and actively extruded by healthy tissues, and extinct part of
cells seems like being rejected from the alive ones by mechanical barrier from periderm.
The authors mark, that the more intensively the reaction of super sensibility is expressed
with plants, the faster infected cells die and visa versa, the more the degree of compatibil-
ity of parasite and host, the longer they coexist, i.e. the higher the degree of resistance,
the less number of cells die. Sometimes these are one or two louring cells in the place
of parasite penetration;

- wilt resistance with hybrids of first generation with inoculation by the studied
monosporous isolates of the fungus V. dahliae is inherited according the type of super
dominance and dominance to the side of resistant or susceptible parent independently
from the methods of records of sick with wilt plants, and also interim inheritance is
observed. The degree of dominance of the sign depends upon combinational ability of
parental forms and genotype reaction of hybrids F, on the introduction of parasite into
organism of plant - host, and also upon the virulence of monospores isolates, which are
extracted from different varieties of cotton and from different soil-climatic regions of the
Republic of Uzbekistan;

- phenotypic degree of wilt performance with parental forms and hybrids F, depends
upon genotype nature of their resistance to monosporous isolates of the fungus V. dahliae
with inoculation by parasite of the plant-host and their reaction on performance of exter-
nal phenotypic symptoms of the disease. The highest phenotypic wilt resistance, i.e.
tolerance, posses the varieties Omad, C-5621 and lines L-162, L-842, L-44 and L-1708,
and among hybrids the hybrid combinations L-162 x C-5621, L-162 x L-44, L-842 x C-
5621, L-842 x L-44, L-155 x C-5621 and L-1708 x C-5621. The degree of tolerant resis-
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tance to wilt varies from 50 to 80%.

- genetic control on inheritance of tolerant resistance to the studied isolates of the
fungus V. dahliae with hybrids F, is characterized by negative and positive super domi-
nance, dominance to the side of the best or the worst parent and interim inheritance;

- hybrid combinations L-155 x C-5621 and L-155 x L-44 have the best combinational
ability on wilt resistance to the studied isolates, than other hybrid combinations with the
participation of maternal forms Omad, C-8284, L-162 and L-842.

REFERENCES

Abdullayev A. A., 1974. Evolution and systematic of polyploid species of cotton. Fan
Publishing, Tashkent, Uzbekistan, 260 pp.

Kim R. G., 1977. “Wilt resistance of some hybrids of cotton on various backgrounds of
infection with Verticillium fungus”, Collected tractates of VNIIH, Genetics, Cotton and
Alfalfa Breeding and Seed Breeding, Tashkent, pp. 49-54.

Kim R. G., 1986. “Wilt resistance of distant hybrids of cotton and its interrelation with the
type of embranchment, prematureness and other economically — valuable charac-
teristics”, Abstract on competition for PhD of agricultural sciences scientific degree,
Tashkent, 21 pages.

Kim R.G., Marupov A., 2004. “Wilt resistance of varieties and lines of cotton of the species
Gossipium hirsutum L. after inoculation with various strains of Verticillium dahliae
Kleb. fungus”, Material of International Scientific — Practical Conference “Problems of
cotton and grain growing development”, Tashkent, pp. 294 — 296.

Krayevoy S.A., Egamberdiyev A.E. and the others, 1975. “On polygenic nature of cotton
wilt resistance”, VASHNIL, No 5, pp. 22 — 23.

Marupov A., Kim R., 2005. “Influence of Different Geographic Population of the Fungus
Verticillium dahliae Kleb. On Genotype Reaction of Varieties and Lines of Cotton
ofthe Species Gossypium hirsutum L.” Cotton and Durum wheat Research Institute,
International Conference, Bulgaria, Chirpan, Ne2, pp.315-319.

Marupov A. and Kim R.G., 2007. “Wilt resistance of new varieties and lines of cotton
(Gossypium hirsutum L.) to different geographic populations of the pathogen Verticil-
lium dahliae Kleb. in Uzbekistan®. Revised Edition World Cotton Research Confer-
ence - 4. September 10-24, 2007. Lubbock Memorial Civic Center. Lubbock, Texas,
U.S.A. pp. 268-272.

Mirakhmedov S. M., 1974. Intraspecific distant hybridization of cotton of the species
Gossypium hirsitum L. for wilt resistance. Fan Publishing, Tashkent, Uzbekistan, pp
188..

Sadykov S. S., 1972. Increase of prematureness and yields of cotton. Fan Publishing,
Tashkent, Uzbekistan, pp. 322.

Simongulyan N. G., 1971. Problems of prematureness and breeding of cotton. Fan Pub-
lishing, Tashkent, Uzbekistan, pp. 207.

Voitenok F.V., 1971. Breeding of cotton for wilt resistance. Scientific theses. Kolos Pub-
lishing, Moscow, Russia, p. 133.

Wilhelm S., Cames T.S., Hilga T., 1974. “Gossipium hirsutum subsp. mexicanum var.
nervosum. heningrad starain — a Source of Resistance to Verticillium Wilt” — Phyto-
pathology, V. 64, No 7, pp. 931 — 939.

386



