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Ðåçþìå

 Åí÷åâà Þ., 2009. Ñëúí÷îãëåäîâà ìóòàíòíà ëèíèÿ ñúçäàäåíà ÷ðåç èíäóöèðàí
ìóòàãåíåç.

Íåçðåëè çèãîòíè çàðîäèøè îò ñëúí÷îãëåäîâ âúçñòàíîâèòåë íà ôåðòèëíîñòòà RHA-
857 ñà òðåòèðàíè ñ óëòðàçâóê ïðåäè äà áúäàò ïëàòèðàíè âúðõó õðàíèòåëíà ñðåäà çà
Åìáðèî êóëòóðà. Ïîëó÷åíèòå ðàñòåíèÿ ñà èçîëèðàíè è ñàìîîïðàøåíè â ïðîäúëæåíèå
íà íÿêîëêî ãåíåðàöèè.

Ãåíåòè÷íèòå èçìåíåíèÿ ïîÿâèëè ñå ïî âðåìå íà ìóòàöèîííèÿ ïðîöåñ âêëþ÷âàò
15 ìîðôîëîãè÷íè è áèîõèìè÷íè ïðèçíàêà. Â ñðaâíåíèå ñ êîíòðîëíàòà ëèíèÿ RHA-
857, íàìàëåíèå â ñðåäíàòà ñòîéíîñò íà ïîêàçàòåëèòå áå ðåãèñòðèðàíà ïðè 60.0% îò
îáùèÿ áðîé ïðèçíàöè è îáðàòíî, äîêàçàíî ïîâèøåíèå áå íàáëþäàâàíî ïðè 13.3%.
Ñúçäàäåíà áå ìóòàíòíà ëèíèÿ âúçñòàíîâèòåë íà ôåðòèëíîñòòà ñ ïî-âèñîêî ìàñëåíî
ñúäúðæàíèå, ïî-íèñêî ñòúáëî, óñòîé÷èâà íà ôîìà, òîëåðàíòíà íà ôîìîïñèñ è
ñòàáèëíî íàñëåäÿâàíè â ñëåäâàùèòå ãåíåðàöèè. Òîâà  å öåííà è æåëàíà êîìáèíàöèÿ
â ñåëåêöèîííàòà ïðîãðåìà ïðè ñëúí÷îãëåäà. Íàøèòå ðåçóëòàòè ïîêàçâàò, ÷å
èíäóöèðàíèÿ ìóòàãåíåç ìîæå óñïåøíî äà ñå èçïîëçâà çà ñúçäàâàíå íà íîâè ëèíèè
ñëúí÷îãëåä, ïîëåçíè â ñåëåêöèîííàòà ïðîãðàìà.

    Êëþ÷îâè äóìè: ñëúí÷îãëåä - Helianthus annuus - íåçðåëè çèãîòíè çàðîäèøè -
óëòðàçâóê - ìóòàãåíåç

Abstract

Encheva, J., 2009. Sunflower mutant line, developed using induced mutagenesis
Immature sunflower zygotic embryos of sunflower fertility restorer line RHA-857 were

treated with ultrasound before plating to medium for Embryo culture. All plants produced
were isolated and self-pollinated for several generations. The genetic changes occurring
during the mutation procedure included fifteen  morphological and biochemical charac-
ters. In comparison to the check line RHA-857, decreasing of the mean value of the indiñes
was registered for 60.0 % of the total number of characters and vise verse, significant
increasing was observed for 13.3 %.  It was created mutant sunflower restorer line with
increased oil content in seed, reduced plant height, resistance to Phomopsis helianthi and
Phoma macdonaldii and stable inheritance in the next generations. This is valuable and
desire combination at breeding program of sunflower. Our results showed that induced

ÑÅËÅÊÖÈß ÍÀ ÒÅÕÍÈ×ÅÑÊÈ È ÄÐÓÃÈ ÊÓËÒÓÐÈ
BREEDING of TECHNICAL CROPS



110

Sunflower mutant line, developed using induced mutagenesis

mutagenesis can be successfully used to develop new sunflower lines, useful for breeding
programme.

Key words: sunflower - Helianthus annuus - immature zygotic embryos - ultrasound-
mutagenesis

INTRODUCTION

The development of variable breeding material is a primary task of the genetic and
breeding programs in sunflower. The new approaches, tissue culture in combination with
induced mutagenesis, provide an additional possibility to enrich genetic variability in this
crop.

The studies on genetic variation in regenerants from sunflower are not very numer-
ous. Significant changes and molecular evidence for genetic variation in sunflower
regenerants obtained through the direct organogenesis method in sunflower genotypes
were reported by Encheva et al., 2003.

Induced mutagenesis, both physical and chemical, proved favorable for mutation in-
duction in tissue cultures. Encheva et al. (1993, 2002, 2003a, b) have reported statistically
significant changes in morphological characters of plants regenerated from immature zy-
gotic embryos of sunflower, independently and in combination with gamma irradiation or
ultrasound. Positive results were obtained when induced mutagenesis and tissue cultiva-
tion were combined appropriately in potato (Ahloowalia, 1990), in oil crops (Ashri, 1993),
in tomato (Gavazi et al., 1987), in rice (Maluszynski et al., 1994), many crops (Mike at al.,
1990), in maize, banana and plantain (Novak et al., 1988, 1990) and in wheat (Cheng et
al., 1990).

According to Ahloowalia (2001) in agriculture more than 1800 cultivars obtained either
as direct mutants or derived from their crosses have been released worldwide in 50 coun-
tries.

Black (Phoma macdonaldi/Leptosphaeria lindquistii) and grey spots caused by
Diaporthe/Phomopsis helianthi Munt.Cvet.et al. are a serious problem for sunflower pro-
duction in a number of countries worldwide (Scoric, 1994; Gulya, 1997; Carre, 1993),
including Bulgaria (Encheva, V. & P. Shindrova, 1990). The disease has epiphytotic out-
breaks in years with hot and moist weather during sunflower vegetation. Breeding of resis-
tant cultivars and hybrids is the most reliable method for disease control.

The aim of this study was: a) to develop variable R lines from sunflower through in-
duced mutagenesis in vitro in initial genotype RHA-857, and b) to evaluated the new ge-
netic material for resistance to phomopsis and phoma, and c) to carry out biometric and
biochemical investigations on the new line.

MATERIAL AND METHODS

A part of the experiments were carried out under laboratory conditions, and another –
at the field trial of Dobroudja Agricultural Institute-General Toshevo. The morphological
and biochemical traits of the new mutant line and the control genotype were studied during
2006-2008.

A/ Laboratory experiments
 Induced mutagenesis,  In vitro cultivation of immature zygotic sunflower em-

bryos and
Developing of mutant line
The American fertility restorer line RHA-857, witch is highly homozygtic, was used as

donor material. A main requirement to the initial plant material used according to the meth-
ods of embryo culture in combination with ultrasound is to be genetically pure, i.e. ho-
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mozygotic to the highest possible degree. Therefore the control line RHA-857 with very
good morphological uniformity was chosen as initial material for induced mutagenesis.

Plants were grown in the field and were hand-pollinated. The immature zygotic em-
bryos (11-13 days old) were treated with: 1) ultrasound at dose 25.5 W/cm2 for 3 min.
Immature embryos were sterilized under the following conditions: 1) 1 min in 95 % ethanol;
2) 15 min in bleaching solution (2.7 % Cl); 3), followed by several washings with sterile
distilled water.

Sterilized embryos were aseptically isolated and plating on nutrition medium M for
further growing (Azpiroz et al.1988): 1/2 MS (Murashige, T. & F. Skoog, 1962) macro salts,
MS micro salts, B5 vitamins (Gamborg et al., 1968), 20 g/l sucrose, pH-5.7. Sixty zygotic
embryos were plated for each variant. The conditions for cultivation were: 25o C, 16/8 h
photoperiod for one week. R0M0 plants (nomenclature according Novak at al., 1988),
which formed roots were transplanted for further grown, self-pollinated and harvested by
single plants under greenhouse conditions. The seeds produced (R1M1) were sown in the
field.

B/ Field experiments
Biometric evaluation of control  line RHA-857 and the mutant line 106 RM
As a result from selfing and individual selection, new sunflower lines were produced in

R8M8 generation. The lines were investigated with regard to some main characteristics
concerning breeding in sunflower. In each generation biometric studies of plants and bio-
chemical characterization of seeds were carried out. The evaluation of the check line RHA-
857 and the new developed mutant line 106 R was made on 10 plants for each individual
year, and included 15 main agronomic traits as oil content in seed, 1000 seed weight, plant
height, leaf width, leaf length, number of leaves, leaf petiole length, head diameter, stem
diameter, number of branches, length of branches, diameter of branch head, seed length,
seed thickness and seed width. 1000 seed weight (g) was determined on three samples of
50 seeds per head each.

The control data were collected from plants of the genotype RHA-857 which was grown
in field together with the mutant plants.

C/ Biochemical analysis
To determined the oil content of air-dry seeds from the materials included in the study,

Nuclear-magnetic resonance (Newport Instruments Ltd., 1972) was used.

D/ The Phytopathological evaluation of the control genotype RHA-857 and seeds
from the obtained mutant line 106 RM was performed with regard to the phomopsis
(Phomopsis helianthi, Munt.-Cvet. et al.) and phoma (Phoma macdonaldii, Boerema/Phoma
oleracea var. helianthi-tuberosi Sacc) at the infection fields of DAI, General Toshevo.

The evaluation was carried out according to standard methodologies during the pe-
riod 2004-2007. According Peres and Regnault, 1986 the natural infection was estimated
at the end of September. The plant residues (stems) showing symptoms of grey and black
spots were collected from the field. At stage 5-6th leaf of sunflower 3-4 stems per m2 were
scattered between the rows. Each week the plants were irrigated from the beginning of
buttoning till mass flowering. The number of sprinklings was determined by the meteoro-
logical conditions and varied from 2 to 3 per week. The reaction of the hybrids was regis-
tered at full flowering  according to the following scale for phomopsis : 0 - no symptoms; 1
- small single spot around the leaf petiole; 2 - spots up to 5 cm long; 3 - spots covering two
or more internodules; 4 - stem breaking at the place of damage.

To estimated phoma ware use four level scale: 0 - no symptoms; 1 - necrotic spot
around the leaf petiole; 2 - several merge necrotic spots; 3 - all stem is cover with necrotic
spots or stem breaking at the place of damage.
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F/ Statistical analysis
The developed new mutant line were analyzed statistically with regard to the agro-

nomic traits such as oil content in seed, 1000 seed weight, plant height, leaf width, leaf
length, number of leaves, leaf petiole length, head diameter, number of branches, length
of branches, diameter of branch head, stem diameter, seed length, seed thickness and
seed width.

The following statistical analysis was performed: à) variance analysis using the follow-
ing model: Yßjk=μ+áß+âj+(áâ) ßj+åßjk (Everett, B.S., 1984 ). Analysis of the experimental
data was done by the statistical package BIOSTAST 6.0.

RESULTS AND DISCUSSION

Evaluation according to quantitative traits in
mutant line 106 RM

Mutant line 106 RM (Figure 1) originating from the
American fertility restorer line RHA-857 (Figure 1) were
selected due to their statistically significant and economi-
cally important morphological and biochemical changes
and resistance to the Phomopsis helianthi and Phoma
macdonaldii.

Differences with the highest level of statistical sig-
nificance were established in the genetic potential of the
indices oil content in seed, 1000 seed weight, plant height,
number of leaves, leaf petiole length, head diameter, num-
ber of branches, length of branches, stem diameter, seed
length and seed width (Table 1).

Factor B (environmental conditions) had a effect on
a large part of the characters such as: oil content in seed,
1000 seed weight, plant height, leaf width, leaf length,
number of leaves, leaf petiole length, head diameter, stem
diameter, number of branches, length of branches and
diameter of branch head. It was found out that the char-

Table 1. Dispersion analysis of the studied indices. Harvest years 2006-2008 

Indices      A     B     A x B     E 
Plant height       1926.67*     7665.00*     781.67***     21.48 
Head diameter      33.75***     9.65***     1.55**     0.31 
Leaf length      3.75     100.35***     13.65*     4.07 
Leaf width      1.67     189.82***     40.82***     3.81 
Stem diameter      163.35**     349.55***     225.95***     2.61 

Number of brunches      79.35***     232.52***     41.15**     6.03 
Length of branches      166.67**     623.22***     87.32***     8.68 
Number of leaves      26.67**     9.22**     30.72***     2.52 
Diameter of branch head      0.27     3.15*     3.32**     0.63 
Leaf petiole length     273.07***     41.32***      34.62***     0.81 
1000 seed weight     2184.07*     185.62**     63.01     24.19 
Oil content in seed     522.15***     80.00***     92.60***     2.10 
Seed length 
Seed width 
Seed thickness 
df 

   14.02***   
   14.02***   
   0.02   
      1 

  0.02 
  0.02  
  0.02   
   2 

    0.02 
    0.02  
    0.02 
   2 

    0.02 
    0.05 
    0.02  
    54 

A-ãåíîòèï, Â-îêîëíà ñðåäà, ñòàòèñòè÷åñêà äîêàçàíîñò ïðè -* p=0.05, **  p=0.01  and *** p=0.001
A – genotype, B – environments, statistical significance at - * p=0.05 , **  p=0.01  and *** - p=0.001 

Ôèãóðà 1. Êîíòðîëåí ãåíîòèï
RHA-857 R (ëÿâî) è ìóòàíòíà

ëèíèÿ 106 RM(äÿñíî)
Figure 1. Control genotype RHA-

857 R (left) and mutant line 106 RM
(right)
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acters seed width, seed length and  seed thickness were stable and not affected by the
changes in the climatic conditions.

The interaction of the two factors (A and B) was significant for the indices oil content in
seed, plant height, leaf width, leaf length, number of leaves, leaf petiole length, head diam-
eter, stem diameter, number of branches, length of branches and diameter of branch head
(Table 1).

Statistical significance of the investigated factors, as well as genotype x environment
(G x E) interaction, was established for the characters oil content in seed, plant height,
number of leaves, leaf petiole length, head diameter, stem diameter, number of branches
and length of branches (Table 1).

Plant height is one of the morphological in-
dices most often investigated in cultural sun-
flower, it is consider a quantitatively inherited
character. Breeding to improve stem strength is
a major objective of the  researchers of sun-
flower. In our study the significant change in line
106 RM (Figure 2) was towards decrease of the
mean index value of plant height with 11.3 cm
according to the control RHA-857 (Table 2).

Stem breakage due to adverse growing con-
ditions can reduce yields significant in some
years. Reducing plant height may lead to in-
crease in yields by increasing standability of
sunflower.

Decrease in plant height has been reported
in somaclonal lines (Encheva et al., 1993, 2002,

Òàбëèцà 2. Мîðôîëîãè÷íè è áèîõèìè÷íè õàðàêòåðèñòèêè  
íà ìóòàíòíà ëèíèÿ 106 RM, ñúçäàäåíà ÷ðåç èíäóöèðàí ìóòàãåíåç. 
Ãîäèíè íà èçñëåäâàíå 2006-2008, ñðåäíè äàííè 

Table 2. Morphological and biochemical characteristics of mutant lines 106 RM, 
developed by induced mutagenesis. Harvest years 2006-2008, average data. 

Пîкàçàтåëè 
Indices 

Êîнтðîëнà ëèнèя 
RHA-857 

Control line 
RHA-857 

Ëèнèя 106 RM 
óëтðà çâóк 

Line 106 RM 
ultrasound 

LSD 

Plant  height (cm) 109.67 98.33-c Gd 5% = 2.14 
Number of  leaves (no) 28.10 29.43+b Gd 5% = 0.78 
Leaf  width (cm) 16.07 16.40 Gd 5% = 0.73 
Leaf  length (cm) 16.90 16.40 Gd 5% = 0.90 
Petiole  length (cm) 12.27 8.00-c Gd 5% = 3.99 
Stem  diameter (mm) 18.90 15.60-c Gd 5% = 0.77 
Head diameter (cm) 10.80 9.30-c Gd 5% = 0.27 
Number of branches (no) 11.53 9.23-c Gd 5% = 1.18 
Length of  branches (cm) 16.50 13.17-c Gd 5% = 1.42 
Diameter of branched  
head (cm) 5.17 5.03 Gd 5% = 0.39 

Seed width (mm) 9.97 9.00-c Gd 5% = 0.07 
Seed  length (mm)  3.97 3.00-c Gd 5% = 0.11 
Seed thickness (mm) 2.00  2.00 Gd 5% = 0.12 
Oil content in seed (%) 40.00 45.90+c Gd 5% = 0.79 
1000 seed weight (g) 44.10 32.03-c Gd 5% = 2.59 

a, b,  c = äîêàçàíè ðàçëè÷èÿ ïðè íèâà 0.05, 0.01 and 0.001, ñúîòâåòíî 
a,b and c = significant differences at levels 0.05, 0.01 and 0.001, respectively 

Ôèãóðà 2. Ëèñò íà ìóòàíòíà
ëèíèÿ 106 RM (ëÿâî)

è êîíòðîëà RHA-857 R (äÿñíî)
Figure 2. Leaf of mutant line 106

RM(left) and control RHA-857 R (right)
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2003) and in using the direct organogenesis method in combination with gamma irradia-
tion (Encheva et al., 1993, 2002). Novak et al. (1988) reported plant height reduction after
treatment of immature zygotic embryos of maize with 5 Gy.

Decrease in plant height of sunflower plants has also been observed by Hristov, 1996,
after treatment of air dry seeds with gamma rays.

In this study reduced plant height with similar number of leaves showed that the inter-
nodes length was reduced in mutant line. According Miller & Hammond, 1991 the additive
component of genetic effects controlling reduced height with similar number of leaves in
sunflower ranged from 48 to 71 %, while the dominant component ranged from 3 to 16 %.

Instead decreasing of plant height the mutant line was characterized with decreasing
of stem diameter with 3.3 mm. (Table 2).

The number of branches, length of branches and leave petiole length (Figure 2) were
characterized with decreasing of mean in comparison to the check line RHA-857 with 1.86
cm., 3.33 cm., and 4.27 respectively (Table 2). The differences at the three indices were at
the highest degree of significance.

Differences were observed in relation to the indices seed width and seed length. The
reduction at the new line was with 0,97 è 0,97 mm, respectively. Instead those two traits,
the seeds of mutant lines 106 RM were differ with their black color, while at the control,
seeds were black with green stripes in both marginal and lateral (Figure 3).

Oil content in seed is the most important
agronomic index of sunflower. A significant in-
crease of 5.9 % was observed at the mutant
line 106 RM. One of the aims of our study was
to develop variable R lines from sunflower with
higher oil content through induced mutagen-
esis. The increased oil content of the mu-
tant restorer line produced is a valuable change
with significant practical importance for the sun-
flower breeding programme. The data pre-
sented at this study confirmed the conclusions
made previously that ultrasound in R lines
(Encheva at al., 2003) and in B lines (Encheva
at al., 2004) leads to genetically increasing of
oil content in seed.

In our study the plant height, 1000-seed
weight and oil content in seed were the most

unstable, based on all investigated characters.
The changes indexes (11 from 15) were observed in line 106 RM i.e. 73.3 % of the

total number of characters.
Based on all 15 agronomic traits investigated, it can be determined that the reduction

in the mean value (9 from 15) in comparison to the control RHA-857 R was observed for
1000 seed weight, plant height, leaf petiole length, head diameter, number of branches,
length of branches, stem diameter, seed length and seed width,  i.e. 60.0 %. of the total
number of characters.

Vice verse, positive significant differences were registered manly for number of leaves
and oil content in seed i.e. 13 % of the total number of indices. Stability after induced
mutagenesis of immature zygotic embryos was demonstrated by the characters leaf  width,
leaf  length, diameter of branched head and seed thickness. The line 106 RM was
haracterised with light green color of leaves, while in control genotype the color was dark
green.

The line 106 RM possess a value of the indices “beginning of flowering” and “mass
flowering with four days later than that of the check line.

Phomopsis is the most destructive pathogen of sunflower. In extreme cases, it can

Ôèãóðà 3. Ñåìåíà íà êîíòðîëà
RHA-857 R (ëÿâî)

è ìóòàíòíà ëèíèÿ 106 RM (äÿñíî)
Figure 3. Seeds of control RHA-857 R

(left) and mutant line 106 RM (right)
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compromit sunflower production and cause significant yield losses (Skoric, 1985). After
three years phytopatological evaluation the new line 106 RM showed resistance to Phoma
macdonaldii in comparison to the check line RHA-857 which posses middle resistance.
During this study mutant line showed resistance to phoma,  as a control line.

Combining induced mutagenesis with the embryo culture method, it can be assumed
that the new variability obtained is due only to the effect of the mutagen. This assumption
is confirmed by the fact that the embryo culture method alone does not generate variation
due to the lack of mutagen factors in the nutrition medium and the short period of in vitro
cultivation of the immature zygotic embryos.

The available literature on sunflower does not provide data on treatment of immature
zygotic embryos with ultrasound. In this respect the approach is especially valuable due to
the fact that immature sunflower zygotic embryos are treated at an early stage of develop-
ment, i.e. this is functional tissue (Encheva at al., 2008a, b). It was established that the
possibilities of experimental mutagenesis in using embryos at an early stage of their devel-
opment are greater, as compared to air dry seeds (Atanassov, A., 1988).

Although induced mutagenesis is a random and unpredictable process, it is an invalu-
able fact that the occurred morphological and biochemical mutations were of stable inher-
itance in the progenies of the fertility restorer line 106 RM.

Our results confirmed the conclusion of Skirvin, 1978, that mutagenesis, physical or
chemical, is favorable for induction of mutations in tissue cultures.

CONCLUSION

Following the main problems of sunflower breeding at DAI, morphological, biochemi-
cal and phytopathological variability was developed by induced mutagenesis.

 Embryo culture method was used because does not generate variation. Our assump-
tion is that the new variability obtained is due only to the effect of the mutagen i.e. ultra-
sound. In other hand embryo culture method allowed considerable shortening of the breeding
process.

Based on all 15 agronomic characters investigated, it can be determined that the
reduction in the mean value (9 from 15) in comparison to the control RHA-857 R was
observed for 1000 seed weight, plant height, leaf petiole length, head diameter, number of
branches, length of branches, stem diameter, seed length and seed width,  i.e. 60.0 %. of
the total number of traits.

Vice verse, positive significant differences was registered manly for number of leaves
and oil content in seed i.e. 13 % of the total number of characters.

Stability after induced mutagenesis of immature zygotic embryos was demonstrated
by the characters leaf  width, leaf  length, diameter of branched head and seed thickness.

The line 106 RM was haracterised with different color of leaves and seeds in compari-
son to the check line RHA-857.

The observed morphological changes were alterations in the ratio between the most
important traits, but the synthesis of unusual characteristics were not observed.

We  succeed  to create mutant sunflower restorer line with increased oil content in
seed, reduced plant height, resistance to Phoma macdonaldii and Phomopsis helianthi.
This is very important and desire combination. Induced mutagenesis in sunflower imma-
ture embryos is suitable to use in breeding program for production of new breeding mate-
rial.

Further evaluation is needed to achieve a more complete description of the new line,
produced in terms of fertility restoration and general combining ability.
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