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RESISTANCE OF WINTER RYE SAMPLES TO BROWN LEAF RUST AND STEM RUST

S. P. Vorozhko, Z. O. Mazur, L. P. Necheporenko
Verkhniachka Research and Breeding Station of the Institute of Bioenergy Crops and Sugar Beet NAAS,
1 Shkilna St., Verkhniachka village, Uman district, Cherkasy region, 20022, Ukraine

Topicality. Developing high-productivity varieties with resistance to lodging and diseases, and ad-
verse environmental conditions, improving a number of other indicators is the task of modern plant bree-
ding. Solving the problem of rust resistance of winter rye, as an important grain crop, is quite relevant.
Purpose. Studying the resistance of winter rye varieties, hybrids and lines to brown leaf rust and stem rust in
the conditions of the Right-Bank Forest-Steppe of Ukraine. Materials and Methods. The research was car-
ried out at the Verkhniachka Research and Breeding Station of the Institute of Bioenergy Crops and Sugar
Beet of NAAS during 2020-2023. The material of the study was crops of 58 collection winter rye samples.
We carried out route surveys of crops, determined the spread of diseases in the maximum disease develop-
ment stage using generally accepted methods. Results. According to the degree of resistance to brown leaf
rust, 58 (immune) samples were found as follows: 1 (1.7 %) was very highly resistant, 19 (32.8 %) were
characterised as highly resistant, 21 (36.2 %) as resistant and 17 (29.3 %) as moderately susceptible. Ac-
cording to the degree of resistance (susceptibility) to stem rust, 14 (24.1 %) hybrid combinations were char-
acterised as immune, 24 (41.4 %) as highly resistant, 9 (15.5 %) as resistant, and 11 (19.0 %) as slightly
susceptible. Significantly high yields were recorded in eleven F; hybrids: Khlibna Nyva (7.7 t/ha), Volonter
(7.1 t/ha), Fiol.F; (7.0 t/ha), D/S-7 and 1-99/(X-55/Pallada) (6.9 t/ha), Fiol.lus.F; (8.0 t/ha), line Palazzo
(6.7 t/ha), line Utino (7.1 t/ha), Vetvitske/22 line (6.8 t/ha), 1-95/(B/P)(B/P) (6.9 t/ha), R-5/22 (8.4 t/ha) line.
It was found that the test weight varied insignificantly from 634 g to 711 g, and the 1000 grain weight
ranged from 30.0 g to 44.0 g. Conclusions. A comparative assessment of varieties and hybrids of winter rye
to brown leaf rust and stem rust was carried out. The average yield was 5.9 t/ha in the experiment. The
yields of eleven (18.9 %) experimental hybrids, i.e. the studied crossing combinations, were high and ranged
from 6.7-8.4 t/ha.
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Introduction. Winter rye is the second
most important crop after wheat in our country,
the food value of which is determined by the
high content of proteins (12.8 %) and carbohy-
drates (69.1 %) in the grain. The availability of
complete proteins enriched with essential amino
acids (lysine, arginine), a large amount of easily
digestible carbohydrates, essential vitamins (A,
B1, By, B3, Bs, PP, C), and a high calorie value
(1 kg of rye bread provides 2,481.2 kcal) indi-
cate that rye bread is a highly nutritious food
product.

Rye production has always been character-
ised by unstable yields and gross grain harvests
due to growing conditions. Yield losses caused
by rust diseases are also significant. The intro-
duction of resistant rye varieties into crop pro-
duction is one of the safest way to plant protec-
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tion with the advantages of resource saving,
payback, environmental friendliness and manu-
facturability [1, 2]. In order to minimise yield
losses, it is not only a matter of developing
high-yielding varieties, but also varieties that
are resistant to abiotic stress and pests [3]. One
of the main sources of productivity, adaptability
and resistance to unfavourable growing condi-
tions is the world collection of winter rye.
Therefore, the targeted use and conservation of
plant genetic diversity is extremely important
for the development of new varieties based on
gene pool samples, which ensures increased
yields, stabilisation of crop production, and sa-
tisfaction of the constantly growing food needs
of the population [4-8].

The research was aimed at studying the re-
sistance of winter rye varieties, hybrids and lines
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to brown leaf rust and stem rust in the condi-
tions of the Right-Bank Forest-Steppe of
Ukraine.

Materials and Methods. The research was
carried out at the Verkhniachka Research and
Breeding Station of the Institute of Bioenergy
Crops and Sugar Beet of NAAS of Ukraine. The
results of studies by the Plant Protection De-
partment on the phytosanitary condition of
crops and data of the Khrystynivka meteorolog-
ical station were used to complete the task. The
material was 58 collection varieties of winter
rye. As a standard, we used the zoned variety

Vals of our own selection, which had an average
yield of 5.9 t/ha. The winter rye varieties were
sown after peas in the second or third ten days
of September. The size of the experimental plots
was 10 m?, with a six-fold repetition of an exper-
iment. The cultivation technology was generally
accepted for the region. Route ins-pections of
crops were carried out, with a visual assessment
of the damage to the flag and subflag leaves of
plants. To determine the intensity of plant damage
by the pathogen, we used the Mains-Jackson
scale and an integrated nine-point scale for as-
sessing resistance to brown rust [9, 10].

Modified scale for assessing the winter rye resistance to brown rust
by the infection level and type of plant response

Scale of infection

Score and degree of resistance

0 No infection 9 Very highly resistant
1-5% Weak infection 8 Highly resistant
6-10i11-15% Typical spots 7-6 Resistant
16-25 % Typical spots 5 Moderately susceptible
26-40141-65% Typical spots 4-3 Susceptible
66-90 % Heavy infection 2 Highly susceptible
91-100 % Very heavy infection 1 Very highly susceptible

nType of plant response

9 — Immune

8 — Highly resistant

7 — Resistant

5 — Moderately susceptible

3 — Susceptible

The intensity of the disease development
is determined by weather conditions in the
spring and summer growing season. The springs
of the studied years were moderately warm. The

average daily air temperatures in March was
+2.0 °C in 2021 and 2022, and +5.1 °C in 2023,
which was 2.3 and 5.4 °C higher than the long-
term average (Table 1).

Table 1. Weather conditions in the spring and summer growing season (2021-2023)

Precipitation, mm Air temperature, °C
Month 2020 | 2021- | 2022— 2020— | 2021— | 2022—
2021 2022 | 2023 average | Hop1 2022 | 2023 average
March 34.9 15.2 48.6 26 2.0 2.0 51 0.3
April 58.3 784 151.9 35 74 8.6 8.8 73
May 80.2 252 242 50 14.0 145 154 141
June 1655 38.9 405 66 198 205 196 171
July 44.7 285 101.7 59 23.2 21.0 213 193

In April, the average daily air temperature
was +7.4, +8.6 and +8.8 °C, with precipitation
of 58.3, 78.4 and 151.9 mm, compared to the
long-term average of 35.0 mm. Weather condi-
tions contributed to the gradual growth resump-
norm) and moderate in 2022 and 2023 (50.4 %
and 48.4 %, respectively), while the lack of pre-
cipitation did not affect the growth of the crop's
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tion of winter rye. In May, the temperature was
within the long-term average, the maximum
temperature reached +28.0°C, and the minimum
temperature was not lower than 1.4°C. In terms
of precipitation, 2021 was wet (160.4 % of the
vegetative mass.

In summer, the air temperature was above
the long-term average. June was hot, with ave-
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rage daily temperatures ranging from +19.6 to
+20.5 °C, which is 2.5-3.4 °C above normal,
and precipitation of 165.5, 38.9 and 40.5 mm by
year. Under such weather conditions, the first
symptoms of the disease began to appear, cove-
ring up to 20 % of the area under crop.

July was hot with insufficient precipitation
of 44.7 and 28.5 mm in 2021 and 2022, respec-
tively, but in 2023, there was 101.7 mm, or
172.4 % of the long-term average. The average
temperature was 0.7-3.9 °C above normal. Fre-
quent precipitation in June 2021 and July 2023
caused localised lodging of crops and massive
disease infection of plants of the crop.

Results and Discussion. Monitoring of
winter rye crops in the experimental field during
the years under study showed that the crop was
affected by rust annually.

The causative agent of brown rust is the
dioecious basidiomycete Puccinia dispersa
Erirss et Henn., which has a high reproductive
capacity - the duration of urediniogenesis at 10 °C
is 12 days, and at 20 °C — 5 days. Uredinio-
spores require drip water and a temperature of 0
to 30 °C (optimum 10-20 °C) for germination.
Brown rust reduces the assimilation surface,
winter hardiness and productivity of rye plants.
Yield loss can exceed 20 %.

The first symptoms of the disease appear
on the leaves, sheaths and spikelet scales as
small, numerous orange, brown or reddish pus-
tules (uredinia) with uredospores. They subse-

quently turn into teli with teliospores and ac-
quire a black tint. Uredinia and telia are ran-
domly located on the upper (sometimes lower)
side of the leaf. According to the resistance
(susceptibility) level to brown leaf rust the fol-
lowing varieties were identified among 58 (im-
mune) varieties: 1 (1.7 %) was very highly re-
sistant, 19 (32.8 %) were characterised as highly
resistant, 21 (36.2 %) were resistant and 17
(29.3 %) were moderately susceptible. Accord-
ing to the level of resistance to stem rust, 14
(24.1 %) hybrid combinations were character-
ised as immune, 24 (41.4 %) as highly resistant,
9 (15.5 %) as resistant, and 11 (19.0 %) as mod-
erately susceptible.

The main requirement of crop production
for a variety is high productivity in a wide range
of environmental conditions to confirm the su-
periority of new varieties over old ones.

The high yield of the best hybrids depends
on both genotype and their interaction with envi-
ronmental conditions. Eleven experimental hyb-
rids F; had significantly high yields, such as
Khlibna Nyva, Volonter, D/S-7 and 1-99/(X-55/Pal-
lada), Fiol.F3, Fiol.lus.F3, Palazzo line, Utino
line, Vetvitske/22 line, 1-95/(B/P)(B/P), P-5/22
line, which represent 18.9 % of all studied hy-
brid combinations. The yield ranged from 6.7—
8.4 t/ha (Table 2).

The most important indicator of winter rye
grain quality is test weight, which characterises
the degree of grain filling and ripening. According

Table 2. Yield and infection of the most promising winter rye hybrids in 2020-2023

Hybrid vield. tha Test é?gﬂ Infection of rye plants, points
weight, g/l weight, g | Brown rust Stem rust
Khlibna Nyva 1.7 701 30.0 7 8
Volonter 7.1 663 30.0 8 8
D/S-7 6.9 711 44,0 7 8
1-99/(X-55/Pallada) 6.9 677 34.0 8 8
Fiol.F; 7.0 676 36.0 8 7
Fiol.lus.F; 8.0 678 40.0 8 8
Palazzo line 6.7 678 37.0 8 8
Utino line 7.1 678 35.0 7 8
Vetvitske/22 line 6.8 667 44.0 8 8
1-95/(B/P)(B/P) 6.0 680 430 9 8
P-5/22 8.4 634 38.0 7 8
Vals standard 5.9 670 40.0 8 8

to the State Standard (DSTU 10840:2019 Grain.
Method of determining the test weight), this indi-
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cator should be at least 700 g/l, but among the
presented varieties and lines, only 1 variety ex-
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ceeded this value. In other samples, the test grain
ranged from 634 to 701 g.

The 1000 grain weight is a genetically de-
termined index and therefore, it varies within a
fairly narrow range, regardless of external fac-
tors. There were 2 varieties D/S-7 and I-
95/(B/P)(B/P) and 1 Vetvitske/22 line with high
1000 grain weight exceeding the Vals standard,
with values of 44.0 g, 43.0 g and 44.0 g, respec-
tively. The rest of the samples had values in the
range of 30.0-40.0 g.

Conclusions. It is proved that the devel-
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Bepxuayvka docniono-cenexyiina cmanyia Inemumymy 6ioenepeemuynux Kyaomyp i yykposux oypsxie HAAH Yxkpainu,
eyn. llkinona, 1, cum. Bepxuauxa, Ymancoxuii paiion, Yepracora ooracmo, 20022 Yrpaina

AkTyanbHicTb. CTBOPEHHSI COPTIB 3 BHCOKOI TPOJYKTHUBHICTIO, CTIHKHX JIO TOJIATaHHS 1 XBOPOO,

HECTIPUSITIIMBUX YMOB CEpEJIOBHIIA, MOJIMIIEHHs Py IHIIMX MOKa3HUKIB — 3aBJIaHHSA CYYacHO! CEJIEKIIil.
O3uMe KUTO — BaXKJIMBa 3€pHOBA KYyJIbTYpa, TOMY PO3B’S3aHHs MPOOJIEMH CTIHKOCTI MPOTH ipXi € JOCHUTh
aktyansHEM. MeTa po6oTu. BuBUCHHS CTIMKOCTI COPTIB, TiOPW/IB Ta JiHIN KUTa 03UMOTO MPOTH OYpOi JHCT-
KOBOI Ta cTebn0Boi JiHINHHOT ipki B yMoBax [IpaBobepesknoro Jlicoctemy Ykpainu. Martepianu Ta MmeToaun
aocaimKenb. J{oCimiKeHH IPOBOIMIIMCE HA BepxHSAIBKIN JHOCHiIHO-ceNeKiiHilA cTanmii [HeTuTyTy Oioe-
HEPreTUYHUX KyJabTyp 1 mykpoBux OypskiB HAAH npotsrom 2020-2023 pp. Matepianiom Oynu mociBu 58
KOJICKIIIHHUX COPTO3pa3KiB kKHUTa 03uMOro. [IpoBannim MapuipyTHi 0OCTEKEHHS MTOCiBiB, BU3HAYAIH ypaKe-
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HICTh POCIIHH XBOpoOaMHu y a3y MaKCHMaIILHOT'O PO3BUTKY XBOPOO 3a 3arabHONPUUHATHMH METOUKAMH.
PesyabTaTi. 32 CTyIIEHEM CTIHKOCTI 0 ypaskeHHsI ipykero Oyporo JIMCTKOBOIO 58 (IMyHHHX) COPTO3pa3KiB BH-
sunucs: 1 (1,7 %) — myxe BucokocTiiikuii, 19 (32,8 %) xapakrepusyBanucs K BUCOKOCTiHKi, 21 (36,2 %) —
criviki Ta 17 (29,3 %) — nomipHOCTIpUHHATIUBI. 3a CTYNEHEM CTIHKOCTI (CIIPUHHATIMBOCTI) 0 YpakKeHHS
ipxketo crebnoBoro miHiHOIO 14 (24,1 %) TiOpuaHNX KOMOiHAIid XapakTepuszyBaJvCs SK IMyHHI, 24
(41,4 %) — Bucoxkocriiiki, 9 (15,5 %) — critiki, 11 (19,0 %) — cnabkocupuitHATINBI. [CTOTHO BUCOKUMH ITOKa-
3HMKaMH BPOXKaHOCTI XapaKTepU3yBaJIUCSA OMUHAALATH TiopuaiB Fi: Xmiona Husa (7,7 1/ra), Bononrep
(7,1 1/ra), ®ion.F; (7,0 1/ra), D/S-7 Ta 1-99/(X-55/11annana) (6,9 1/ra), ®@ion.myc.F3 (8,0 1/ra), n. Palasso
(6,7 1/ra), n. Utino (7,1 1/ra), 1. BerBinpke/22 (6,8 T/ra ), 1-95/(b/IT)(b/I1) (6,9 T/ra), n. P-5/22 (8,4 1/Ta).
Busiieno, mo Hatypa 3epHa HEiCTOTHO KoluBanacs B Mexax Binm 634 r mo 711 r, Bara 1000 3epen — Bifg
30,0 r mo 44,0 r. BucnoBku. [IpoBesieHa MOPiBHSIBHA OLIIHKA COPTIB 1 MOPHIIB KUTa 03UMOTO JI0 YPayKEHHS
ipkero Oyporo JIMCTKOBOKO 1 cTeOoBoO JiHIHHOK. CepenHs BpOKaHICTD B JOCIHiAi cTaHoBHIa 5,9 T/ra.
Bpoxaiinicts 11 (18,9 %) ekciepuMeHTaIbHUX TiOPUiB, TOOTO JOCIHIKYBaHUX KOMOIHAIIM CXpElyBaHHs,
Oyna BHCOKa 1 KoMBayacs B Mexax 6,7—8,4 1/ra.
KurouoBi ciioBa: orcumo oszume, ipoca 6ypa, 2iopuou, niHii, cmilikicme, yparxceHHs.
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