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INTRODUCTION 

The report of the Seed Production Association, enti-
tled “Climate Changes and Seed Production” highlight-
ed the expectable rise of the temperature by 11 degrees 
till 2050. Such changes will have a negative impact on 
agricultural production throughout the world, along 
with more frequent and prolonged droughts and  oods, 
amid the ever-increasing negative impact of pests and 
diseases. In order to prevent signi  cant losses in ag-
ricultural production the world’s leading breeding and 
seed centers face the need to revise generally accept-
able approaches of scienti  c research. The adaptation 
of plants to stress conditions is a complex set of pro-
cesses occurring at the molecular, cellular, physiologi-
cal and biochemical level, while most signs of stress 
tolerance are determined by the set of genes, linked into 
complicated systems. For this reason, the ef  ciency en-

hancement of stress tolerance by means of traditional 
breeding methods is much more complicated. 

Some ways of creating breeds that would be resis-
tant to disease-producing factors include the methods 
of cell selection, based on the in vitro selection of toler-
ant biotypes, which develop adaptively in the course 
of microevolutional processes in the populations. This 
approach makes it possible to cut the time of selection. 
The selection of regenerant plants which are resistant/
tolerant to stresses in vitro has a number of advantages 
compared to the selection in the  eld: quick and more 
precise assessment of quantitative attributes of poly-
genic resistance; a big quantity of genotypes analyzed 
within a comparatively short period of time [1, 2]. The 
fungal culture  ltrates of the disease-producing agents 
are commonly used as selective media for the selec-
tion of material that would be resistant to necrotrophic 

ISSN: 2312-3370, Agricultural Science and Practice, 2014, Vol. 1, No. 3

UDC 631.147:631.527:635.646:635.64

The usage of cell selection in vitro in the creation of tomato 
and eggplants breeding lines with resistance to fusarium (Fuzarium oxysporum)

T. V. Ivchenko, S. I. Kornienko, T. M. Miroshnichenko, H. V. Mozgovska
Institute of Vegetables and Melon Growing, National Academy of Agricultural Sciences of Ukraine

1, Instytutska Str., p. o. Selektsiyne, Kharkiv Region, Ukraine, 62478

e-mail: ovoch.iob@gmail.com

Received on August 11, 2014
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tion of callusogenesis according to their resistance in the  eld. The effective concentrations of the liquid culture 
 ltrate of F. oxysporum in the selective media necessary for the selection of resistant callus clones are 20 30 % 
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time necessary for the attainment of resistant initial material.

Keywords: in vitro, Fusarium, selective factor, fungal culture  ltrate, resistance source, selection.



16

IVCHENKO et al.

AGRICULTURAL SCIENCE AND PRACTICE   Vol. 1   No. 3   2014

phytopathogens [3]. In vitro culture selection with the 
usage of culture  ltrates of fungus as selective agents 
is even more effective than the usage of pure patho-
genic culture [4]. The fungal culture  ltrate was used in 
the selection of genotypes of chickpea,  ax, cotton [4], 
gladiolus, wheat [2, 5, 6], and cucumber [7].

We used this approach in our study while selecting 
the sources of resistance to wilting, the main cause of 
which in the forest-steppe zone is fungi of Fusarium 
Link (Fusarium solani and Fusarium oxysporum), the 
spreading of which has been 37 69 % in the zones of 
solanaceous vegetables in recent years. This results in 
signi  cant losses of crops (30 40 %) [8].

The aim of this study was to develop a biotechnologi-
cal system of assessing and selecting the forms of egg-
plant and tomato, tolerant to fusarium in the culture of 
the in vitro isolated tissues.

MATERIALS AND METHODS

The studies were carried out according to the stan-
dard biotechnological methods and using the standard 
equipment [9]. The quantity of plants in one group was 
40. The high-grade and hybrid seeds of egg-plant and 
tomato genotypes of F1–F4 breeds with different toler-
ance to fusarium were used in the study. The seed-lobes 
of seven-day seedlings were used as donor explants for 
cell selection. They were bedded out into our speci  -
cally designed MS media, modi  ed by growth regula-
tors (6-BAP – 6-benzylaminopurine, IAA – 3-indolyl-
acetic acid). The cell selection was carried out in the 
media with different content of the selective agent – 
fungal culture  ltrate (FCF) of the pathogenic fungus 
F. oxysporum (20, 40 and 60 % of the total medium 
volume). The control samples were culture media with-
out FCF. The selection of resistant breeding lines was 
carried out according to the two-stage scheme. The cul-
tivation went on at 22 24 ° , 16-h photoperiod and the 
lighting level of 2,000 lux.

The level of FCF in  uence on the development of 
explants in the in vitro culture was measured con-
currently with the  rst differentiation of the samples 
according to the occurrence of calluses on day 16 of 
the cultivation. The in  uence of the complex of FCF 
toxins on the growth and development of the calluses 
was assessed visually according to the following  ve-
score grading scheme: 0 – highly resistant, the de-
velopment of the tissues is the same as in the control 
samples; 1 – resistant, the amount of chlorotic tissue 
is up to 25 %, the growth of calluses is intensive; 2 – 

moderately resistant, the amount of chlorotic tissue 
is up to 50 %, the growth of calluses is moderate; 3 – 
susceptible, the amount of chlorotic tissue is up to 
75 %, the growth of calluses is inhibited; 4 – highly 
susceptible, the amount of chlorotic tissue is more 
than 75 %, calluses do not grow. 

The regenerant plants acquired after the two-stage se-
lection were reproduced, grown, implanted and adapt-
ed to unsterile conditions according to the commonly 
used methods. Further assessments of the indications 
were carried out according to the Methodology for as-
sessing distinctiveness, homogeneity, and stability of 
breeds [11].

RESULTS AND DISCUSSION
The assessment of the susceptibility of egg-plants of 

various origins to FCF of Fusarium fungi in the cul-
ture of isolated tissues revealed the in  uence of the 
selective medium on the viability and the parameters 
of callusogenesis of cotyledonary explants. The inves-
tigated samples of egg-plant were divided into groups 
of resistance towards FCF of pathogens by the reaction 
of viability to the effects of the selective medium: 1 
(resistant) – interspeci  c hybrid b. c. 13 (b. c.  bio-
technological catalogue) genotypes of West-Asian type 
b. c. 47, b. c. 40; 2 – moderately resistant genotypes of 
West-Asian type b. c. 50, b. c. 5, b. . 37, b. c. 50, and 
genotypes of East-Asian type b. c. 35, b. c. 30, b. c. 8; 
3 – susceptible  genotypes of East-Asian type b. c. 10, 
b. c. 29.

It was determined that at the 20 % FCF concentra-
tion of Fusarium oxysporum, the viability of calluses 
decreased to 78.7 % for the sample b. c. 47 of West-
Asian origin and to 24.2 % for the sample b. c. 29 of 
East-Asian origin (Fig. 1). 

The viability of egg-plant calluses in the medium with 
FCF 40 % was in the range from 33.3 % (b. c. 47) to 
20.4 % (b. c. 29). The egg-plant calluses of West-Asian 
subspecies (b. c. 40), cultivated at the high concentra-
tion of FCF, had the lowest result of viability 13.2 %, 
and the calluses of East-Asian subspecies were totally 
inhibited and did not develop. 

Thus, at the stage of induction and proliferation of 
callusogenesis in primary explants, the samples could 
be reliably differentiated according to the level of re-
sistance in the  eld. The optimal conditions for selec-
tion by resistance are de  ned as the following sublethal 
concentrations: 20 % FCF for the samples of East-
Asian origin and 40 % FCF for the samples of West-
Asian origin. 11 lines of egg-plant were acquired from 
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the egg-plant calluses, selected in the medium with 
40 % FCF in the following subcultures.

The investigated tomato samples were divided by the 
level of tolerance in the in vitro culture: 1 – resistant – 
MK-1/5, Eleanora; 2 – moderately resistant – K-4138, 
I7, I31; 3 – susceptible – I5; 4 – highly susceptible – 
Ukrainskyy teplychnyy 285, MK-1/10. 

The process of cell selection in the tomato culture re-
vealed an inversely proportional dependence between 
the quantity of viable explants and the FCF concentra-
tion in the culture medium (Fig. 2). The in  uence of 
the pathogen was especially high on the explants of I7 
genotype – the rate of explants that survived after 30 % 
FCF had been added to the medium decreased to 32 %, 
50 % FCF  to 17.9 compared to 83.3 % for the con-

Fig. 1. The in  uence of various concentrations of FCF of Fusarium oxysporum on the viability of egg-plant calluses in the 
selective medium, average for 2011 2013

Fig. 2. The in  uence of various concentrations of FCF of Fusarium oxysporum on the viability of tomato calluses in the 
selective medium (2011 2013)
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trol sample. In genotypes MK-1/5 and K-4138 which 
were the most resistant of all samples, the rate of viable 
calluses in both 30 % and 50 % FCF media did not dif-
fer from that for the control sample. The standard for 
indeterminant samples – Ukrainskyy teplychnyy 285 – 
died entirely in the selective media which indicates its 
susceptibility to fusarium.

FCF contributed to the decrease of average cubic ca-
pacity of callus in all the investigated genotypes of to-
mato. For instance, for MK-1/5 the cubic capacity in 
the control sample was 804.8 cmm, in the medium with 
30 % FCF – 276.0 cmm, and in the medium with 50 % 
FCF – only 66.5 cmm. For MK-1/10 genotype the cubic 
capacity was 476.7, 128.3, and 3 cmm respectively. The 
most inhibiting in  uence of FCF on this parameter was 
observed for MK-1/5, I5, MK-1/10 and I7 genotypes.

The ef  cient FCF concentration of F. oxysporum 
for the selection of tolerant callus clones from sus-
ceptible genotypes (4 and 3 according to the scale) 
is 30 %. The FCF concentration of F. oxysporum 
equal and above 50 % can be used for resistant and 
moderately resistant (1 and 2 according to the scale) 
samples. The tolerant callus clones of 5 genotypes 
were selected from the samples in the selective me-
dia with 30 and 50 % FCF.

The studies on the correlated connections between 
the parameters of in vitro and in vivo culture have 
indicated the ef  ciency of cell selection in selective 
medium with 40 % FCF. There has been a signi  cant 
average positive correlated dependence found between 
the following parameters: “cubic capacity of callus – 
height of plants” (r = 0.76); “cubic capacity of callus –
plant productivity – general crop productivity” (r = 
= 0.78); close correlation was de  ned between the pa-
rameters “viability of callus clones – damage level” (r = 
= –0.70). The rest of the correlation coef  cient values 
were within the study error values. Thus, there is a reli-
able possibility of selecting regenerant plants, resistant 
to fusarium wilt, among callus clones which are resis-
tant to stress factors.

According to the selective assessment (2012 2013) 
of initial breeding lines of egg-plant and tomato and the 
news ones, selected via the cell selection, there have 
been 4 highlighted promising lines of egg-plant and 5 
lines of tomato, exceeding the control samples and the 
initial genotypes in their resistance to fusarium wilt and 
in all the basic parameters: height of plants, quantity 
and mass of fruit, productivity, market value of fruit 
(Table).

By the crop productivity parameter, most of the egg-
plant genotypes exceeded the Almaz breed which is 
resistant to fusarium wilt. It was determined that culti-
vation of new breeds created as a result of selection in 
40 % FCF provides big increase in crop productivity – 
S. m. 62  by 44.21 %, S. m. 63  by 30.9 %, S. m. 
79  by 29.61 %, L-21  by 26.18 %. The parameters 
of market value of egg-plant fruit were also high – 
98 99 %.

According to the phytopathologic assessment of ini-
tials material of egg-plant b. c. 47, b. c. 40, b. c. 36, 
resistance to fusarium wilt was about 5 points accord-
ing to the scale.

Genotypes S. m. 62, S. m. 63, S. m. 79, L-21, ac-
quired as a result of the selection in the media with 
FCF, were characterized by the resistance to the dis-
ease with 7 points that corresponds to ‘resistant’. 
Only the line L-21, created from the genotype sam-
ple b. c. 11 that was susceptible to the disease, got 
5 points. The reason is that egg-plant genotypes of 
East-Asian origin lack genetic resistance to the phy-
topathogen.

The level of resistance to fusarium wilt of tomato 
plants, screened in the selection media with different 
content of F. oxysporum FCF, exceeded the values 
of the control samples induced without the addition 
of the selective agent by this characteristic. The re-
sistance of determinant samples T. m. 42 and T. m. 
52 was at the level of the standard breed Eleanora (7 
points – resistant). In the indeterminant genotypes – 
T. m. 11 and T. m. 46 – the level of resistance was also 
7 points, which is higher than that for the standard 
breed Ukrainskyy teplychnyy 285 (5 points). The 
samples, singled out in the selection media, exceed-
ed the control by the main agricultural features such 
as fruit weight, plant productivity, and general crop 
productivity. Moreover, the crop productivity of sam-
ples T. m. 42, T. m. 52 (determinant), T. m. 11, T. m.
46 (indeterminant) exceeded the standard breeds. 
The exception is genotype T. m. 15 whose crop pro-
ductivity was twice lower than that for the standard 
breed Eleanora, but exceeded the control sample T. 
m. 27 two-fold by this characteristic. The biggest in-
crease in crop productivity compared to the standard 
breed was registered in indeterminant samples T. m. 
11 and T. m. 46–24.24 %, and in determinant sample 
T. m. 52–14.14 %. The market value of the selected 
samples was not lower than 90 %. The acquired data 
indicate high ef  ciency of selection in the in vitro 
culture.
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New breeds are recommended as the source of resis-
tance towards wilt and heat resistance in the process of 
creating breeds and hybrids of egg-plant and tomato.

Conclusions. The possibility and ef  ciency of a bio-
technology of faster creation and express assessment of 
cell lines of egg-plant and tomato, resistant to F. oxyspo-
rum, in order to cut the time necessary for the acquisi-
tion of resistant initial material, have been grounded and 
experimentally proven. The selective in vitro system for 
egg-plant and tomato was developed, which makes the 
selection of valuable genotypes 2 3 times faster.
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