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" Dlaczego H. chilense? |

Gatunek odporny na cate spektrum patogendw pszenicy, w tym na grzyby
rdzawnikowe, maczniaka prawdziwego zbdz i traw, na Septoria tritici i Tiletia | &

Hordeum chllense przejawia odpornosc na mszyce Duraph/s noxia,
Rhopalosiphum padi i Schizaphis graminum oraz nicienie rodzaju|
I\/Ieloidogyne spp.
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~ Ziarno charakteryzule bardzo duza zmiennos¢ bla’fek zapasowych bielma,
ponadto zawiera ono znacznie wiecej barwnikow karoten0|dowych
(szczegolnie luteiny) niz pszenica durum

- Martin et al., 2000.

#| https://om.ciheam.org/ressources/om/pdf/a40/00600012.pdf




» Hordeum chilense moze stanowi¢ cenne zrédto gendow|
odpornosci na stresory biotyczne i abiotyczne oraz cech
warunkujgcych jakos¢ ziarna w hodowli pszenicy. QQ

» Amfiploidalne Tritordeum moze by¢ rosling pomostowa|

umozliwiajgcg wykorzystanie zréznicowania genetycznego

H. chilense w hodowli pszenicy. Zréznicowanie to w zakresie| .

odpornosci na patogeny uprawnych gatunkéw plemienia |

Triticeae, zastuguje na szczegdlng uwage.




https://www.tritordeum.com/wp-content/uploads/2025/06/Farming-Dossier-
Tritordeum-EN compressed.pdf
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ORIGIN

Tritordeum is an innovative hybrid cereal created by
crossing durum wheat (Triticum durum) and wild
barley ?Hordeum chilense). Developed through
traditional hand-crossing techniques, it contains no
genetic modifications.
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Tritordeum is an innovative hybrid cereal created by
crossing durum wheat (Triticum durum) and wild
barley ?Hordeum chilense). Developed through
traditional hand-crossing techniques, it contains no
genetic modifications.

Tritordeum is an un-reglamented crop species, its seed is un-certified,
multiplied and commercialized exclusively by Vivagran and its
licensees. This novel species is produced in Europe since 2014 and
Australia since 2016.

Tritordeum is an un-reglamented crop species, its seed is un-certified,
mu|1ip|iec| and commercialized exc|usive|y by Vivagran and its
licensees. This novel species is produced in Europe since 2014 and
Australia since 2016.

Aucan is the first protected variety at CPVO (breeders ref.: htc1608) Bulel is the second protected variety at CPVO (breeders ref.: htc2218)

Habit: Semi-straight
Awns: Yes

Habit: Semi-straight
Awns: Yes

Color: Dark green Color: Light green

ons. Disecss ressionoe refaes

Spike: 20 to 24 spikelets Spike: 20 to 24 spikelets
Cycle: Alternative Cycle: Alternative
Soil type: All Soll type: All

Ideal sowing density: 150-180 kg/ha
Ideal sowing window:

Diseases resistance: High

High Low Madium High

Yellow rust: -

Ideal sowing density: 150-180 kg/ha
Ideal sowing window:

Diseases resistance: High

Low Madium High

Yellow rust: Drought resistance:

Drought resistance:

Cold resistance: Brown rust:

G s
G

Salinity resistance:  (HIIT#ET  Mildew:
G e
L

Cold resistance: Brown rust:
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Salinity resistance:  (HIIT#®T  Mildew: -

L »

Anoxia resistance: Septoria:

Anoxia resistance:
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Septoria:

Lodging: Fusarium: » Lodging: Fusarium: 3

Protein content: 13-17 % Color flour: Yellow
Kernel size: 90 % > 2,2 mm Taste: Sweet, Dairy
: — ’ :

Foot-rot: & Foot-rot: % ;i
: " ; 5
Bhytosanitary products: same as winter wheat /barley Phytosanitary products: same as winter wheat/barley e
E |
Hectoliter weight: 72-80 kg/hL Baking: W: 70-140 - P/L: 50,5 AT AR e Fib B0 gy Salingii: T0eD R 205 3
1000 kernels weight: 33-36 gr Malting: DP: 5400 MO0 ke vieiont: 340 gt Widlfing: Ore »409 2
Vitrosity: Medium Color grain: Amber Vitrosity: Medium Coler grain: Amber £
Protein content: 14-18 % Color flour: Yellow 5
£

i pibioguri

Kernel size: 90 % > 2,2 mm Taste: Sweet, Dairy
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https://www.tritordeum.com/grain-portfolio/




Tritordeum is an innovative hybrid cereal created by
crossing durum wheat (Triticum durum) and wild
barley (Hordeum chilense). Developed through
traditional hand-crossing techniques, it contains no
genetic modifications.

Tritordeum is an un-reglamented crop species, its seed is un-certified,
multiplied and commercialized exclusively by Vivagran and its
licensees. This novel species is produced in Europe since 2014 and
Australia since 2016.

Coique is an advanced breeding line (breeders ref.: ht444)

Habit: Semi-straight
Awns: Yes

Color: green/blue
Spike: 22 to 26 spikelets
Cycle: Alternative

Soil type: All

Ideal sowing density: 150-180 kg/ha
Ideal sowing window:

Ak j L <[ !

A s LY . T ey

CHARACTERISTICS Diseases resistance: High
Low Medium High Lew Medium High

Drought resistance: (MY Yellow rust:

. Dueme mssionoe refen

Cold resistance: @ Brown rust: i

Salinity resistance: (D  Mildew: -

Anoxia resistance: (RN Septoria: B 2

Lodging: N Fusarium: #* T WA
Foot-rot: 5] )

Phytosanitary products: same as winter wheat/barey

Hectoliter weight: 74-82 kg/hL Baking: W: 70-140 - P/L: >0,5
1000 kernels weight: 35-40 gr Malting: DP: >500
Vitrosity: Medium Color grain: Amber A
Protein content: 15-18 % Color flour: Yellow 55 a y
Kernel size: 90 % > 2,2 mm Taste: Sweet, Dairy Nk ’& Ly 4
L9 . i) ~ :;“.‘ ! / . ..!1.' ke
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https://www.tritordeum.com/grain-portfolio/
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_Materiat badawczy |

pochodzit z doswiadczenn polowych prowadzonych w ZPD Batcyny k/Ostrody
- prowadzonych w latach 2019-2025

Institute of Sustainable Agriculture (CSIC), Spain
HTC 1324 via

. Ing. Petr Martinek, Kromeriz, Czechia
i Probstdorfer Saatzucht, Austria '
Probstdorfer Saatzucht, Austria ,
Istropol Solary, a.s. Horné Myto, Slovakia
Hodowla Roélin Strzelce sp. z 0.0., Poland

¢ ' - linia wyselekcjonowana w trakcie rozmnozen z linii HTC 2083




'Metody badan |

Komputerowa analiza ksztattu i koloru ziarna <
Spektroskopia NIR (biatko, ttuszcz, skrobia, gestos¢ ziarna) (Inframatic®, Perten)
m e W i_.-;m N\ N .&k MR VA TR TN (e mm\ak :ui
i Chromatografla C|eczowa HPLC MS (ZW|azk| fenolowe | karoten0|dy) g;
SRR N T R e e 2 N N TSR s WSS
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ﬁ Chromatografla cieczowa z tandemowa spektrometrig mas LC- |V|5/|V|5 (kaOtOkSV”V) ﬁ

ngh Resolutlon ICP MS (SF ICP-MS) (makro- i m|kroelementy) ﬂ
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Int. Agrophys., 2021, 35, 343-355
doi: 10.31545/intagr/ 144592

Tritordeum — the content of basic nutrients in grain and the morphological
and anatomical features of kernels**

Elzbieta Suchowilska>, Wioleta Radawiec, and Marian Wiwart> *

Department of Genetics, Plant Breeding and Bioresource Engineering, Faculty of Agriculture and Forestry,
University of Warmia and Mazury in Olsztyn, pl. £.6dzki 3, 10-724 Olsztyn, Poland

Received September 17, 2021, accepted December 6, 2021
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Spikes of the evaluated cereals: a — tritordeum lines HT444, HTC2060 and HTC2083: b — I. durum cultivars (Floradur, 2
Duragold, Tamadur). g
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CE

Original microscopic image of a kernel cross-section with an indication of the measured parameters (a), diagram of the horizon-
tal cross-section of a kernel and the measured shape descriptors (b). A — total cross-sectional area, CD — crease depth, CE — distance

from the bottom of the crease to the kernel edge, Wd — cross-sectional width at the widest point.
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Content of basic nutrients in grain, biometric traits and yield of the analyzed Tritordeum breeding lines and
T. durum cultivars

Content (% DM) of: SKCS
Yielo OKW THK Hard
Protein  Fat Ash  Fiber (cm) (t/ha) ardness
(mm) score

16.92* 2.22* 250* 1.74* 222 79 18.88**  40.61 1.59 63.71* 2.75** 39.40** 2.80** 56.50**

!

' &

2

Trntordeum
( =11)

141 54.87* 5.48** 50.18** 3.11** 84.58**

BRNCS R S ,.,‘,_m Ny e - SRV - kSR RS
. RN S S gl =L R A

\§ ke dlfferences between Tritordeum and T. durum significant at p<0.05 and p<0.01, respectively. SW — spike weight,
SL — spike length, NSS — number of spikelets per spike, NKS — number of kernels per spike, KWS — kernel weight per [
spike, PH — plant height, OKW — one kernel weight, Yield - yield per plot, SKCS- Single Kernel Characterization System
OKW —one kernel weight, THK — thickness. Y




HT 440

HT 129

HT 352

HTC 2060

B3

HT 438 ¢

HT 157

HT 444 |
HTC 2083 |

HTC 2083' |

HTC 1324
Floradur
Duragold

Tamadur

1 1

NP ORN

BB % % % % % %,

Heat map and the results of hierarchical clustering for 11 tritordeum breeding lines, three 7" durum cultivars (Floradur, Duragold
and Tamadur) and grain parameters: Ash, Fb, Protemn and Fat — ash, fibre, protein and fat content of grain, respectively; Yield — yield
(t ha™); KWS — kernel weight per spike; OKW — one kernel weight; THK — kernel thickness, Hard — hardness score; 1...IV — main

clusters.

-




Images of kernel cross-sections in the analysed tritordeum lines: a — HT440, HT129, HTC2060 and HT157; b — HTC2083",

JB3, HTC1324 and HT438.

Images of kernel cross-sections in the analysed cereals: a — tritordeum lines HT444, HTC2083 and HTC2083’; b — T durum
cvs. Floradur, Duragold and Tamadur.
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n W warunkach Europy srodkowej ziarno Trltordeum moze zawiera¢ o ponad 19%
wiecej biatka i 0 43% wiecej btonnika niz pszenica durum. E‘

SRR e

linii wynosit zaledwie potowe potencjatu wspotczesnych odmian T. durum.

;
. = Tritordeum jest obiecujgcym zbozem, mimo ze potencjat plonowania badanych é
Podobne wyzwanla mu5|eI| pokonac hodowcy pszenzyta W Iatach 70 i 80. XX w. i

" Suchowzlska et al 2021b
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' The profile of bioactive compounds in the grain of various x
Tritordeum genotypes

Elzbieta Suchowilska ®, Marian Wiwart ™ , Anna Przybylska-Balcerek b
Kinga Stuper-Szablewska "
& Department of Genetics, Plant Breeding and Bioresource Engineering, Faculty of Agriculture and Forestry, University of Warmia and Mazury in Olsztyn, pl. £édzki 3, 10-

727, Olsztyn, Poland
b Department of Chemistry, Faculty of Forestry and Wood Technology, Poznaii University of Life Sciences, Wojska Polskiego 75, 60-625, Poznai, Poland




Antioxidant activity of grain expressed by ABTS** (umol TROLOX kg), one thousand kernel weight, and concentrations
of bound phenolic acids and vanillin (mg kg!) in the grain of 11 Tritordeum breeding lines and T. durum cultivars.
Nl

ABTS** TKW
PrCA

Tritordeum (n=11)

’m 1896.2" - - 54.24" 1008.9° 23.17" 17.44™ 18.07 16.11 24.03 826.5° 731 0.59

231.0 12.1 0.84 17.30 6.40 858.10 11.04 13.24 13.02 14.88 24.90 468.57 5.40 0.73
4 9 10 9 4 24 14 27 21 31 43 19

T. durum (n=2)
m 1501.5 50.4 1.32 87.90 47.65 656.8 11.58 6.15 20.15 11.71 15.70 191.9 4.64

587.0 7.0 0.18  36.20 9.90 138.30 1.56 1.30 6.50 7.39  9.80 12.64  5.31

28 10 10 29 15 15 10 15 23 45 a4 5 81 71
\ TKW- one thousand kernel weight; phenolic acids: HBA — 4—hydroxybenzoic, CA — caffeic, CGA — chlorogenic, FA — ferulic, GA — gallic, '

*  kk

PCA — p-coumaric, PrCA protocatechuic, SiA — sinapic, SyA — syringic, CiA — t-cinnamic, VA — vanillic; VN — vanillin; *, ™ differences between
Tritordeum and durum wheat are statistically significant at p<0.05 and p<0.01, respectively; RSD- relative standard deviation.




Flavonoid and carotenoid concentrations in the grain of 11 Tritordeum breeding lines and two T. durum (mg kg!) cuItivars
, ,_\

53 N
ds

Total
carotenoi

: Tritordeum (n=11)

17.83" 11.87° 1070 29.52" 64.05 46.61 3545 7.45 12.02" 2.02 247" 5.5 17.09" F
ﬁ 290 830 1027 2140 5820 2580 9.70 11.93 319 171 118 6.70 3.24 ;‘i
‘- 28 & 22 38 19 8 72 9 32 15 34
: T. durum (n=2)
DET 864 742 9.02 1455 3835 5020 13.60 3.25 925 158  1.04 6.04
380 144 010 350 170 19.00 140 090 021 055 0.13 2.22

31 2 24 9 26

BTG el S )

'\

: Ap apigenin, Ka — catechin, Km — kaempferol Lu — luteolin, Na — naringenin, Qu—quercetln Ru — rutin, Vi — vitexin, LUT — lutein,
ZEA zeaxanthin, B-C — B-carotene; RSD- relative standard deviation.

** - differences between Tritordeum and durum wheat are statistically SIgnlflcant at p<0.05 and p<0 01, respectlvely,

Suchowzlska etal 2021 b




PCA results for 11 Tritordeum breeding lines, two T. durum cultivars and 23 metabolites and ABTS**

4 T T T T T T T
‘- Duranegra <

Duralis
<o

HTC 2083’
*

HT 444
QOHTC 1324

HTC2083 @ MiTgss

B3
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Z|arno Tritordeum charakteryzu1e sie bardzo korzystnym profllem metabolitéw
pod wzgledem wartosci odzywczej i potencjalnych korzysci zdrowotnych. Znaczne
roznice w zawartosci analizowanych zwigzkow w ziarnie sugerujg, ze mozna
prowadzi¢ skuteczng selekcje w kierunku uzyskania genotypow o wyzszym |
stezeniu tych metabolitow. é

iy

Za silng dyskryminacje w PCA odpowiadajg przede wszystkim kwasy fenolowe |
i flawonoidy zas moc dyskryminacji karotenoidéw byta najnizsza. Wskazuje to na |
potencjalnie wiekszg skutecznos$¢ selekcji w kierunku zwiekszenia stqzema

kwasow fenolowych | fIawonondow niz stezema karotenondow
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1Is Tritordeum (xTritordeum martinii A. Pujadas, nothosp. nov.) grain a updats
potentially useful source of essential minerals in the human diet?

e

Elzbieta Suchowilska®, Wolfgang Kandler b Marian Wiwart ™, Rudolf Krska "

& Department of Genetics, Plant Breeding and Bioresource Engineering, Faculty of Agriculture and Forestry, University of Warmia and Mazury in Olsztyn, Pl Lodzki 3,
10-724 Olsztyn, Poland

b Institute of Bioanalytics and Agro-Metabolomics, Department of Agrobiotechnology, IFA-Tulln, University of Natural Resources and Life Sciences, Vienna (BOKU),
Konrad-Lorenz-Strasse 20, 3430 Tulln an der Donau, Austria




Srednie stezenia pieciu makroelementéw i 24 mikroelementéw (mg kg!) w ziarnie 11 linii
hodowlanych Tritordeum, dwoéch odmian pszenicy durum (Duragold i Floradur) .

i jeczmienia nagiego (Gawrosz) w dwoch latach badan (2019 i 2020) \:
K P S Mg Ca Fe Zn Mn Na Al Cu Ba Sr B Mo
Tritordeum 5.33-1032 4.55-10° 1.78:10°% 1.41-103® 3.61-102 4.31-10' 3.41-10'2 498 4.22* 2.84 1.55% 8.95:101? 5.91-10?

T

T.durum 4.56:103* 4.36-10° 1.50-10%° 1.33-10%% 3.57-10> 3.69-10' 3.11-10'® 3.16-10'2 7.79¢ 2.03 3.41® 3.44 1.22% 540-10'%* 3.83.10*

H.vulgare 4.21-10%°° 4.51-10° 1.37-10°® 1.20-103 3.96-10%> 4.44-10' 2.07-10'® 1.47-10'¢ 3.40-10* 1.26 2.61° 1.42 1.00° 6.78:10" 4.03-10*

!.
i
SPF;)‘ES 0.026 0.711 0.024 0.023 0.583  0.256 0.017 0.001 0.000 0.236 0.007 0.092 0.033 0.001 0.085 |
Years

(¥)
SxY 0.529 0.065 0.487 0.183 0.060 0.543 0.565 0.054 0.000 0.339 0.169 0.736 0.636  0.860 0.518

0.622 0.928 0.643 0.881 0.142 0.094 0.115 0.001 0.000 0.155 0.031 0.579 0.051 0.437 0.100

p-values for:

Such'owilska et al; 2@23:




c.d. ...

Ni Cd Ag Cr Se Sn \% As Ce Pb Co Li La Gd

Tritordeum 4.8910%> 7.0010° 4.68-102 1.07-102 1.76:10%2 5.62:103 5.44-10° 6.64-10° 3.17-103 2.72110° 1.02:103

T.durum 28310 6.12:102 4.71-10% 132102 9.63-103 7.93-10° 2.46-10% 4.01-10% 238103 2.1710% 2.56-10% 1.6510% 127103 5.30-10*

H.vulgare 9.41-10% 286:102 221-10% 9.03102 1.10-102 7.20-10° 1.80-10% 6.44-10%* 1.4110° 3.6810% 1.01-10% 490103 7.70-10* 3.33-10*

) Sp;esc)les 0005 0054 0716 038 0845 078 0104 0043 0068 0057 0040 0.028 0071 0104
5

WY

3 ?‘3)’5 0006 0323 065 0678 0019 08%6 0061 0001 0073 0426 0002 0000 0107 0122
©

>

sy 0015 0192 081 0619 085 0935 0181 0004

0.099 0.355 0.161 0.438 0.107 0.211




Wynik analizy hierarchicznej dla koncentracji pieciu makro- i 14 mikroelementéw w ziarnie
11 linii Tritordeum, dwdéch odmian pszenicy durum i jednej jeczmienia nagiego.

1 M
p=2
™
7

&
4 | E
i s 4
= HTa40 | HT440
= i |
% HTC2060 HTi20
HT129 i HTC2060
|
“ HIS52 i HTC2083

HTC2083

HT352

Duragold

Duragold

HT157

HT438

HT444

HTC1324

IB3 HTC2083'

HTC1324 HT157

HTC2083" HT444

JB3

Floradur

HT438 Floradur

- Gawrosz

Gawrosz

Gd Ce La Na Co Fe Cr Zn Cu Mn Mo B Se Ag
] f = ) Y | 7

N
S \

| Suchowilska et al. 2023
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= Zlarno Trltordeum moze stanowm cenne zrédto magnezu, cynku, miedzi i boru w | X
diecie cztowieka, szczegolnie w regionach, w ktorych wystepujg niedobory tych E’s
pierwiastkow.

" Ziarno Tritordeum zawiera wiecej tych pierwiastkow niz wspoiczesne
wysokowydajne odmiany pszenlcy durum.

Suchowdska et al. 2023
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Does the use of the Tritordeum, an alternative cereal for breadmaking, can
be one of the mitigation strategies of acrylamide in bread?

Marian Wiwart ?, Anna Szafraiiska ™ ©, Elzbieta Suchowilska *

 Departiment of Genetics, Plant Breeding and Bioresource Engineering, University of Warmia and Mazury in Olsztyn, Pl Lodzki 3, 10-724, Olsztyn, Poland
b Prof. Wactaw Dabrowski Institute of Agricultural and Food Biotechnology — State Research Institute, Department of Grain Processing and Bakery, Rakowiecka 36, 02-
532, Warsaw, Poland




Podstawowe parametry opisujgce jakos¢ technologiczng ziarna badanych linii
Tritordeum oraz odmian referencyjnych pszenicy durum, pszenicy chlebowej
i jeczmienia nagiego

Parameter Tritordeum T. durum T. aestivum H. sativum \
(n=11) (n=2) cv. Bombona cv. Gawrosz |

N
Pr (% db) 14.0 15.6 13.3 10.3"

GL (%) 34.3 38.7 31.9 ND

51 76 90™" ND

FN (s) 279 431" 335" 265

A (% db) 0.60 0.97°" 0.54 0.82°"

S S

Y — vitreousness; Pr — protein content; GL — gluten content; Gl — gluten index; FN — falling number; A —ash

& content; % db — percentage on a dry basis; ¥, *, ©" - difference relative to Tritordeum lines significant at p<0.05,
.. 0.01, and 0.001, respectively.
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Parametry maki uzyskanej w przemiale laboratoryjnym

Parameter Tritordeum T. durum T. aestivum H. sativum
(n=11) (n=2) cv. Bombona cv. Gawrosz

3 >224 0.8 3.6 3.5
_5 150-224 16.4 35.1"" 12.6" 10.3™
© P
§ 132-150 12.8 18.5" 11.3° 6.3 3\’;
£ 95-132 29.3 25.7" 35.1""" 480" |
= <95 40.6 17.0 40.5 31.9 i
FY (%) 64.3 63.5 69.3™" 67.5"
SD (UCD) 20.0 26.17"" 21.4 23.17
Asn (mg/kg) 185 212 188 33"
L* 91.05 88.33"" 90.51" 91.33
a’ -3.01 -3.70" -2.52 -1.39"
b* 12.63 19.36"" 11.59 5.34™
= FY - flouryield; SD — starch damage; Asn — free asparagine content; L*FL, a*FL, b*FL —descriptors of flour color (L* —
lightness, a* —green-red coordinate, b* —blue-yellow coordinate); *, ™, *** - difference relative to Tritordeum lines

significant at p<0.05, 0.01, and 0.001, respectivel

& 5
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N
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Witasciwosci reologiczne ciasta (Mixolab) otrzymanego z ziarna badanych zbéz

Tritordeum T. durum T. aestivum H. sativum '
Parameter
(n=11) (n=2) cv. Bombona cv. Gawrosz NG

- W, (%) 58.4 68.7°"" 57.7 58.3
S T1 (min) 4.2 3.5 6.9 0.9
- [ 515 stability (min) 6.9 9.5" 11.5™ 3.3"
ke § C2 (Nm) 0.38 0.55™ 0.51" 0.39
S| c1c2 (vm) 0.73 0.60"" 0.60"" 0.70°
< o (Nm min) -0.09 -0.11 -0.13™ -0.06™
C3 (Nm) 1.79 1.44™ 1.92™ 1.93™
C4 (Nm) 1.42 1.19 1.70" 1.03™
= C5 (Nm) 2.24 1.88 2.33 1.69"
'c;s C3-C2 (Nm) 1.42 0.89™"" 1.42 1.54™
% C3-C4 (Nm) 0.37 0.25 0.22 0.91*
'g D2 (°C) 514 49.4" 49,5 53.5°
2 D3 (°C) 73.1 69.6" 71.9 74.6
B (Nm min?) 0.59 0.34™ 0.50 0.48
Y (Nm min'l) -0.05 -0.06 -o 04 0. 15***
» Wabs — water absorpt|on T1 — dough development time; C2 C1-C2 - proteln weakenmg, |nd|cator of protein %

weakening; D2, D3 - initial and final temperature of starch gelatinization, respectively; C3, C3-C2 — starch
gelatinization; C4, C3-C4 — amylolytic activity; C5 — starch retrogradation; B - starching speed; y - enzymatic I,

= degradation; *, **, *** _ difference between the value for cultivar (-s) and the mean for Tritordeum lines significant |

9 ot p<0.05, 0.01, and 0.001, respectively.




Witasciwosci chleba otrzymanego z ziarna badanych zbéz

Tritordeum T. durum T. aestivum H. sativum
Parameter (n=11) (n=2) cv. Bombona cv. Gawrosz
BY

138.97 141,95 133.95" 1410+
V100g 286.61 214,70 219.72"" 233¢ {8
H 19.66 9.07"" 12.43" 26.7" i
ACR 15.05 14.71 21.87" 15.8 (ol

Lerums 70.85 74.60" 73.65" 66.1""

AcRUME -1.71 -2.48 -1.66**" -2.02

berums 26.50 27.37 19.53" 35.74"

Legust 51.53 36.31"" 44.68™* 53.0
AcrusT 14.31 13.31* 15.17" 12.91°* A

beausr 30.24 14, 95* 2432 3203

BY — bread y|eId V100g loaf volume per 100 g of bread; H - crumb hardness ACR - !
acrylamide content; L* a*, b* - crumb color «uwveand crust color s (L* — lightness, a*
& green-red coordinate, b* —blue-yellow coordinate) ; *, **, ***- difference relative to

Tntordeum lines S|gn|f|cant at p<0 05 0. 01 and O 001, respectlvely

TS eSS S . 1= = NN @ 1 }! ) | =5
Lo 4 \ N it | sreysay ¥ ! /y | ):'\’ W\
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~ Whioski |

A

Wikl

Ziarno Tritordeum byto podobne do pszenicy chlebowej pod wzgledem
zawartoscia biatka, popiotu i glutenu, przy znacznie nizszym indeksie glutenu.

Wydajnos¢ chleba byta najwyzsza dla maki z pszenicy durum i najnizsza dla maki z [\ﬁ‘
pszenicy chlebowej i jeczmiennej. DlaTritordeum wynosital33-141 %. ;‘*
i

.
’d

e

2
I

Linie hodowlane HT438 i HTC1324 byty bardzo podobne do pszenicy chlebowej f

pod wzgledem wszystkich wtasciwosci reologicznych ciasta, jakosci przemla’rowej *.‘
i wypiekowej - stanowig cenny surowiec do produkcji chleba.

Chociaz Tritordeum charakteryzowato sie podobng srednig zawartoscia asparaginy
jak pszenica zwyczajna (185 vs 188 mg/kg), chleb z niego uzyskany miat znacznie
nlzsza zawartosc akrylamldu (15 vs 21.9 pg/kg).
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Waga ktosa (SW)(g), waga ziarna z ktosa (KWS)(g), liczba ziaren w ktosie (KNS) i waga
jednego ziarniaka (OKW)(mg) w warunkach kontroli (C) i po inokulacji F. culmorum (1)
u badanych zboz (srednie dla dwdch lat badan)

Tritordeum T. durum H. sativum var. nudum Total
Trait n=11 n=2 n=1 n= 14

& SwW [ 67 1. 37 2. 29 1. 32 1. 25 1.15 1. 77 1. 35** %
18% 42% 8% 23% )
093" 160  0.75°  0.97 0.89 1.34  0.90"
28% 53% 8% 33%
3737 3193 3828 23.87°  22.15 21.73 3751 30.05"

= Kws  [EEWE
15% 38% 2% 18%

DA 3414 28.80" 4191 31.37° 439 41.07  35.34 30.04™

\ 5 \""‘. .. \ ':‘ .;. [‘) 5 v .
Suchowilska et al. 2025




Srednie stezenia (ug kg!) dziewieciu gtéwnych trichotecenéw i trzech alternariotoksyn
zidentyfikowanych w ziarnie roslin kontrolnych (C) i po inokulacji F. culmorum (l)
(srednie dla dwoch lat badan)

Tritordeum T. durum H. sativum var. nudum
Toxin (n=11) (n=2)

334 - 212 15 204 1

. 64 851" 64 827 1
% 5 186" 2 415 2
@ 116 1949 75 5139 8
g 18 464" 1 673 1
= 2 2 11 <LOD <LOD
'c;; 12.1 15.7 47.1 3.4 0.7
4.6 5.7 2.0 3.9 3.3

3.1 3.5 8.4 0.7 7.8

558  9902" 421 22 267" 24

5 3 5 3 1

759 481 466 192 244

Alternaria

Suchowilska et al. 2025




Srednie stezenia (ug kg'l) pozostatych trichotecenéw zidentyfikowanych w ziarnie
roslin kontrolnych (C) i po inokulacji F. culmorum (1) (Srednie dla dwdch lat badan)

Tritordeum H. sativum var. nudum
Toxin (n=11) (n=2) =
C I C I C I
' ZEA

6 224" 19 1225 <LOD 2661

B-ZEA 2 12 2 27 2 |
CUL 596 9126™ 307 17742 9 8 551 gy
15HCUL 305 1229™ 165 24 251 3 11643868 VN
SHCUL 170 4 755" 81 10542 5 3 175 S
MON 535 339 1940 977 41 185
y BEA 10 3 19 8 1 <LOD [
g ENA 7 3 15 3 1 <LOD N
= ENA1 76 38 211 56 14 7
§ ENB 327 863 828 1853 301
S ENB1 420 279 1100 535 107 538
2 APIC 14 5 67 15 7 <LOD|
g AFUS 538 10 579" 4216 39239 38 419518
= BIK 6 3 50 17 2 <LOD /"
BUT 130 1129 177 2 395 11 1444
Ch-diol 2 <LOD 59 10 <LOD <LOD
Ch-ol 25 2 467 106 <LOD <LOD
CHRY 37 531" 88 1565 18 683
EQUI 47 22 203 7 3 2

z 3 250 40 207™" 10013 100571 563 30 235**‘ ,




Suma wszystkich zidentyfikowanych miktoksyn (ug kg') w ziarnie roslin kontrolnych (C) i
po inokulacji F. culmorum (1)

2
Tritordeum T. durum Ca :C:)t;‘ldﬂ;l:? s
= = : s‘ﬁ:z
(n=11) (n=2) (n=1) s

C | C | C 1
:

4790 50615 11353 123049 865 3398 :'

AR N e \
|7 /

Suchowilska et al. 2025
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Wynik PCA dla sredniego stezenia 31
0s| _ mykotoksyn w ziarnie wszystkich zboz
badanych w latach 2019-2020.
A - wykres dla 14 linii/odmian
B - wykres dla wktadu zmiennych.
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el

DON

ALT D3G
INF = 3-ADON

TENT 0.08 NIV

FUNG 0.07 NIV3G

0.06
EQUI T-2

CHRY HT-2
Ch-ol MAS
Ch-diol
BUT ZEA %
BIK B-ZEA
AFUS CUL
APIC 15HCUL = : _
AbY Wktad poszczegdlnych
zmiennych (mykotoksyn)
ENB A1 g BEA do pierwszych dwéch PCs

(PC1i PC2).

-~
s
‘g
o
)
S~

mmm PC 1 (inoculation with F. culmorum) wmm PC 2 (non-inoculated control)



~ Whioski |

Inokulaqa F. culmorum spowodowata u Tritordeum znaczny spadek masy i liczby ziaren z =

] kiosa - najsilniej na inokulacje zareagowata pszenica durum, zwtaszcza pod wzgledem
~ masy 2|arna z ktosa

\\u‘ . % w%‘; 1

IR RS S

;o'*”bwr ) DT
’*)\\A M s s St N S0 )/
Inokulacja Trltordeum spowodowa’ra ponad 17- krotny wzrost ca’kaW|tego stezenla
gtéwnych trichotecendw i ponad 12-krotny pozostatych fuzariotoksyn. U pszenicy durum | ©
wzrost tych stezen byt odeW|edn|o b|ISkO 53- krotny | ponad 10 krotny

‘\i\‘;ﬂ y
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. SN > R RE ST X ik
St PCA wykonana dIa wszystklch metabolitow grzybowych umozhwﬂa snlna dyskrymlnaqe
" ziarna kontrolnego i po inokulacji, a wynik umozliwit wyodrebnienie dwéch grup linii ©
Tritordeum o odmiennych profilach mikotoksyn. Pierwsza grupa (piec linii) przejawita '-
| wigksze podobienistwo do jeczmienia nagiego, druga (sze$¢ linii) wykazywata wigksze i
- podobienstwo do pszenicy durum. <




. PODSUMOWANIE |

Ziarno Tritordeum posiada bardzo wysoka wartos¢ odzywczg (biatko,
karotenoidy, zwiazki fenolowe), przewyiszajac po tym wzgledem| ..
\ pszenice durum i pszenlcg zwyc_an
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! Ziarno Tritordeum po inokulacji ktosow F. culmorum zawiera istotnie |
mniejsze iloSci mikotoksyn (gtownie trichotecenow B) niz
wspotczesne intensywne odmiany pszenicy durum
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