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REACTION OF WINTER TRITICALE SOMACLONAL LINES 
TO FUSARIUM SPP. AT THE SEEDLING STAGE

ABSTRACT

Re sponse of 136 somaclonal lines ob tained from 15 win ter triticale ge no types (Bo lero, Dagro, Grado, Lasko,
Moniko, Presto, Ugo, GRH 32-1, KS-24, MAH 15668-1, MAH 15833-1/1, T/8, T/9, T/28, T/47), to Fusarium
seed ling blight was eval u ated. Mix ture of five Fusarium spe cies was used for in oc u la tion. Somaclonal lines var ied
widely in their re sis tance to Fusarium spp. scored by col eop tile and root in fec tion, and re duc tion of length of shoot
and roots, and seed ling weight. Most of the somaclonal lines dif fered sig nif i cantly from pa ren tal ge no types in at
least one of the above pa ram e ters. It was found that re sis tant pa ren tal ge no types (e.g. Grado, KS-24) pro duced
mainly more sus cep ti ble somaclonal lines and sus cep ti ble ones (e.g. Ugo, MAH 15833-1/1) gave rise mainly to
more re sis tant lines. How ever, some re sis tant lines orig i nated from resistant genotypes (e.g Presto) were found.
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INTRODUCTION 

Spe cies of the ge nus Fusarium, un der fa vour able con di tions, can cause ep i dem -
ics of fusarioses of ce re als af fect ing dif fer ent parts of ce real plant (Parry et al. 1995, 
Fernandez and Chen 2005). The most dan ger ous is Fusarium head blight; re sult ing
in, to gether with yield re duc tion, con tam i na tion of grain with myco toxins. Seed -
ling re sis tance can be used as a early se lec tion method for head blight re sis tance
(Mesterhazy 1987). Re sis tance breed ing is the most ac cept able way to con trol
Fusarium head blight. In vi tro cul tures of plant cells or or gans, where somaclonal
vari a tion ap pears, may be a source of vari a tion in dis ease re sis tance (Liang and
McHughen 1987, Semal et al. 1988). This vari a tion can be in duced by pro cess of in 
vi tro cul tur ing it self or in duced in vi tro by se lect ing fac tor (patho gen inoculum,
myco toxins or patho gen cul ture fil trate) (Ahmed et al. 1996, Van den Bulk 1991,
Arseniuk et al. 1998, Góral et al. 1998, Yang et al. 1998). How ever, the ex is tence
of sta ble and ap pli ca ble somaclonal vari a tion is still in ques tion. The aim of the
study was as sess ment of somaclonal vari a tion for re sis tance to Fusarium seed ling
blight in win ter triticale. Re sis tance of somaclonal R2 lines was com pared to the re -
sis tance of pa ren tal ge no types to iden tify types of im proved or de creased re sis -
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tance. Dif fer ences in Fusarium seed ling blight re sis tance were as sessed among
somaclonal lines gen er ated from var i ous pa ren tal ge no types, and among
somaclonal lines from the same pa ren tal ge no type.

MATERIALS AND METHODS 

Re sis tance of win ter triticale somaclonal lines to Fusarium seed ling blight was
tested un der con trolled en vi ron ment con di tions. The plant ma te rial used in the ex -
per i ment in cluded 136 somaclonal R2 lines and 15 pa ren tal ge no types of win ter
triticale (Bo lero, Dagro, Grado, Lasko, Moniko, Presto, Ugo, GRE3 32-1, KS 24,
MAH 15668-1 = MAH 2, MAH 15833-1/1 = MAH 3, T/8, T/9, T/28, T/47).
Somaclonal lines were ob tained in vi tro by the means of so matic embryogenesis
with out se lect ing fac tor (Arseniuk et al. 1998).

The inoculum com prised a mix ture of 10 highly patho genic iso lates of
Fusarium spe cies (F. avenaceum, F. culmorum, F. graminearum,
F. sambucinum, F. sporotrichioides). Two iso lates per spe cies were used. The
iso lates were grown at 20°C un der near ul tra vi o let lamps with photoperiod
12/12 h to stim u late sporulation. Af ter 2 weeks of in cu ba tion plates were
washed out with dis tilled wa ter. Ob tained sus pen sion was fil tered through
gauze to re move mycelial frag ments. Spore den sity of all iso lates was ad justed
to 5×106 spores×ml-1 with a haemocytometer. Equal vol umes of spore sus pen -
sions of were mixed for in oc u la tion. A ster ile dou ble layer fil ter pa per was sub -
merged into the spore sus pen sion and placed in plas tic Petri dishes (Æ   9 cm).
For the con trol com bi na tion fil ter pa per was soaked in dis tilled wa ter.

Ten sur face dis in fected triticale seeds per rep li cate were placed into dishes.
Three rep li ca tions were ap plied. Seeds were in cu bated at 25°C with day length 16h. 
On the fifth day the fol low ing pa ram e ters were scored: col eop tile (CI) and root (RI) 
in fec tion, length of shoot and roots, and seed ling weight. Col eop tile in fec tion was
rated on a scale ac cord ing to Grey and Mathre (1988): 0 - no dis col or ation, 1 - pin -
point le sions, 2 - ex tended lin ear le sions, 4 - dis col or ation of at least 50% and/or
blighted seed ling. CI pa ram e ter was cal cu lated as a per cent age of the high est in fec -
tion (4). RI was a per cent age of ne crotic root area. Rel a tive to con trol com bi na tion
re duc tions of seed ling weight (RW), shoot length (RSL) and roots length (RRL)
were cal cu lated. Re sis tance grade of pa ren tal ge no types was es ti mated on the ba sis
of all five dis ease pa ram e ters.

Re sults were ana lysed with anal y sis of vari ance us ing the gen eral lin ear model
pro ce dures, means were com pared with the least sig nif i cant dif fer ence test. Dis ease 
pa ram e ters were cor re lated with Pearson cor re la tion pro ce dure. 

RESULTS AND DISCUSSION 

An av er age dis ease re ac tion of triticale seed lings was as fol lows: RW = 40.9%,
CI = 29.8%, RI = 55.9%, RSL = 55.6%, RRL = 73.3% for pa ren tal ge no types and
RW = 42.2%, CI = 29.0%, RI = 60.7%, RSL = 55.0%, RRL = 72.6% for somaclonal 
lines. Pa ren tal ge no types dif fered sig nif i cantly in their dis ease re ac tion as mea -
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sured with the above pa ram e ters. Wide range of vari a tion for re sis tance in
somaclonal lines was found for all pa ram e ters used. 
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Fig. 1. Vari a tion in seed ling weight re duc tion in somaclonal R2 lines of win ter triticale in oc u lated with
Fusarium spp. iso lates. Pa ren tal ge no types are ranked ac cord ing to their av er age re sis tance to seed ling blight



The ex am ples of vari a tion for seed ling weight re duc tion and col eop tile and root
in fec tion are shown in Fig.1 and Fig.2. As shown in Ta ble 1 the above pa ram e ters
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Fig. 2. Vari a tion in col eop tile and root in fec tion of somaclonal R2 lines of win ter triticale in oc u lated with
Fusarium spp. iso lates. Pa ren tal ge no types are ranked ac cord ing to their av er age re sis tance to seed ling blight 



were not cor re lated. Only root in fec tion had small ef fect on the re duc tion of seed -
ling weight. High co ef fi cients were found for cor re la tions be tween re duc tion of
roots and shoot length and in fec tions of col eop tile and roots. These data showed
that for the most ge no types Fusarium in fec tion caused de creas ing of seed ling
growth. Also re duc tion of seed ling weight cor re lated sig nif i cantly with re duc tions
of roots and shoot length. How ever, co ef fi cients were lower show ing that for some
ge no types Fusarium in fec tion caused short en ing of shoot and roots with out de -
creas ing of seed ling weight. It was ob served, for ex am ple, for Moniko lines. 

Somaclonal lines orig i nated from dif fer ent pa ren tal ge no types were ana lysed
sep a rately. Sig nif i cant dif fer ences among lines were found for all pa ram e ters ex -
cept: Bo lero-lines for all pa ram e ters; Grado-lines for CI, RLL and RRL;
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Ta ble 1 
Co ef fi cients of cor re la tions of pa ram e ters used to score re sis tance of win ter triticale somaclonal 

lines to Fusarium seed ling blight.

Parameters Coleoptile
infection [%]

Root infection
[%]

Shoot length
reduction [%]

Root length
reduction [%]

Seedling weight reduction [%] 0.14 0.17* 0.51** 0.40**

Coleoptile infection [%] 0.70** 0.65** 0.63**

Root infection [%] 0.64** 0.66**

Shoot length reduction [%] 0.80**

*, ** - sig nif i cant at P = 0.05 and P = 0.01, re spec tively

Ta ble 2
Char ac ter is tics of win ter triticale somaclonal R2 lines gen er ated from cultivars dif fer ing 

in re sis tance to Fusarium seed ling blight.

Parental
cultivar 

Resis-
tance
grade

No. of
lines

Percentage of lines and their disease reaction 

Seedling weight 
reduction 

Coleoptile
infection  Root infection Shoot length

reduction
Root length
reduction 

Sa [%] Ra [%] S [%] R [%] S[%] R [%] S [%] R[%]  S [%] R [%] 

Grado R 9 55.6 0.0 0.0 0.0 33.3 0.0 0.0 0.0 0.0 0.0

KS-24 R 8 25.0 0.0 0.0 12.5 100.0 0.0 50.0 0.0 37.5 0.0

Presto R 15 46.7 0.0 20.0 6.7 0.0 6.7 20.0 0.0 20.0 13.3

Lasko R 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

GRH 32-1 I 17 0.0 29.4 29.4 0.0 17.6 0.0 11.8 11.8 0.0 23.5

Dagro I 8 0.0 25.0 25.0 0.0 25.0 50.0 12.5 50.0 0.0 12.5

Bolero I 3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

T/28 I 5 0.0 40.0 0.0 0.0 100.0 0.0 0.0 0.0 0.0 0.0

Moniko I 8 12.5 25.0 0.0 12.5 0.0 0.0 0.0 25.0 12.5 0.0

MAH 2 I 7 14.3 0.0 0.0 28.6 28.6 0.0 0.0 28.6 14.3 28.6

T/47 S 7 14.3 14.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

T/8 S 11 - - 0.0 100.0 0.0 36.4 0.0 18.2 0.0 72.7

T/9 S 13 0.0 0.0 0.0 7.7 0.0 0.0 0.0 7.7 0.0 15.4

MAH 3 S 7 0.0 28.6 0.0 14.3 14.3 28.6 0.0 28.6 42.9 14.3

Ugo S 17 0.0 35.3 0.0 47.1 11.8 17.6 0.0 64.7 0.0 70.6

Total - 136 12.5 14.7 6.6 19.1 19.1 10.3 7.4 19.1 8.1 23.5

R = re sis tant; I = in ter me di ate; S =- sus cep ti ble; 
a
 - dis ease re ac tion sig nif i cantly dif fer ent from pa ren tal cv. re ac -

tion ac cord ing to LSD test at P = 0.01



Moniko-lines for RI; T/9-lines for RW; T/28-lines for RI and RRL; and T/47-lines
for RRL. 

Most of the triticale ge no types pro duced somaclonal lines with sig nif i cantly im -
proved or de creased re sis tance (Ta ble 2). How ever, re sis tant pa ren tal ge no types
pro duced mainly more sus cep ti ble somaclonal lines and sus cep ti ble ones gave rise
mainly to more re sis tant lines. Per for mance of in ter me di ate pa ren tal ge no types was 
di verse, e.g., GRH 32-1, Moniko. Ahmed et al. (1996) found that the ex tent of the
re sis tance of pa ren tal ge no type of wheat did not cor re late with the num ber of re sis -
tant re gen er ates. The au thors stated that fre quency of in vi tro-de rived re sis tant lines 
de pended on the pa ren tal ge no type. In this ex per i ment we found some re sis tant
lines orig i nated from re sis tant ge no types (Presto 12/3) as well as sus cep ti ble lines
orig i nated from sus cep ti ble ge no types. Góral and Arseniuk (2003) stud ied vari a -
tion of re sis tance of somaclonal lines of win ter triticale to head in fec tion with
Fusarium culmorum. They used lines tested in this pa per and found wide
somaclonal vari a tion of re sis tance to head blight. It was also pos si ble to iden tify
lines with sig nif i cantly and sta ble im proved re sis tance. 

This ex per i ment showed that only a few R2 lines have im proved re sis tance to
three or more dis ease pa ram e ters (Table 3). How ever, dis ease re ac tion of lines ob -
tained from sus cep ti ble pa ren tal ge no types was sim i lar to re ac tion of the most re -
sis tant ge no types. It seems that in vi tro gen er at ing somaclonal lines from re sis tant
ge no types would be more ef fi cient for ob tain ing lines with re sis tance im proved
over avail able in con ven tional ge no types. As re gards Fusarium-re sis tance, myco -
toxins pro duced by these fungi can be used for se lec tion or in duc tion of mu ta tions
in in vi tro cul tures. There are some re ports show ing that in vi tro se lec tion with
deoxynivalenol can be ef fi cient method for iden ti fy ing or gen er at ing ge no types
with im proved Fusarium-re sis tance (Posslet and Altpeter 1994, Ahmed et. al.
1996, Yang et al. 1998, Góral et al. 2000). The au thors ob tained somaclonal lines
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Ta ble 3
Ex am ple of dis ease re ac tion of seed lings of win ter triticale somaclonal R2 lines show ing 

Fusarium re sis tance im proved over pa ren tal cultivars

Parental cultivar Resistance 
grade Line

Seedling weight 
reduction 

[%]

Coleoptile
infection

[%]

Root
infection

[%]

Shoot length 
reduction

[%]

Root length
reduction

[%]

Presto R
25.0 23.3 52.5 32.0 71.0

12/3 27.5 7.5
a

34.7
a

17.0 52.4
a

GRH 32-1 I
54.5 7.7 55.0 44.3 75.4

4/5 9.9
a

25.8 58.7 3.3
a

51.3
a

Dagro I

43.0 15.0 57.7 57.8 72.6

1/1 31.1
a

10.8 34.0
a

43.6
a

64.7

2/2 36.1 10.0 41.3
a

28.4
a

40.5
a

MAH 3 S

53.0 27.5 77.0 71.2 75.2

1/2 20.0
a

20.8 34.0
a

28.2
a

40.9
a

4/1 42.5 16.3 59.5
a

52.1
a

68.9
a

a
 - sig nif i cantly more re sis tant than pa ren tal cultivar ac cord ing to LSD test at p = 0.01



of wheat with im proved re sis tance to Fusarium head blight and snow mold [caused
by Microdochium (=Fusarium) nivale].

How ever, op po site re sults were also pub lished. Hessemann and Maier (1998) did 
not find sig nif i cant somaclonal vari abil ity in ma ture triticale plants. Such a vari -
abil ity was ob served only in cal lus. Au thors did not ob served any ef fect of cal lus
se lec tion with deoxynivalenol on the re sis tance of re gen er ated plant un der field
con di tions. 

The re sults showed that in crease or de crease of re sis tance in ge no types ob tained
through so matic embryogenesis de pends to large ex tent on ge no type used.
Benslimane et al. (1988) and Chowdhury et al. (1994) stated that pres ence of so -
matic vari abil ity de pends on explantate source, re gen er a tion method (so matic
embryogenesis or organogenesis) and source of re gen er ates (cal lus, proto plasts,
cell sus pen sion). Vari abil ity ob served in re gen er ates can be also the ef fect of vari -
abil ity of pa ren tal ge no types (Brettell et al. 1986). In this ex per i ment, how ever, re -
la tion be tween re sis tance of pa ren tal ge no type and range of re sis tance vari abil ity in 
re gen er ates was not ob served. Thus sig nif i cant im prov ing of re sis tance in re gen er -
ates re quires large ex tent of somaclonal vari abil ity in par tic u lar pa ren tal ge no type.
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