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Goal. To conduct a comparative analysis of conventional and multi-flower winter rye according to
productive characteristics, fruit formation, and grain yield to determine the potential of the use of multi-flower
rye in selection. Methods. The study was carried out during 2014 — 2017 in NSC «Institute of agriculture
NAAN» on gray forest soils of the Northern part of Forest-Steppe. The object of research —common rye
(Secale vulgare Koern.) and its multi-flower varieties with more flowers in the spikelets of an ear — Secale
triflorum, tetraflorum, pentaflorum and 2 natural multi-flower species — Secale var. compositum Lam. and
Secale var. monstrosum Koern. Results. Comparative structural analysis of multi-flower rye with the usual
2-flowers winter rye. The increase in the number of 3rd and 4th fertile flowers in the spikelets of an ear
positively influenced grain weight in an ear and plant, without reducing significantly the weight of 1000 grains.
Rye that formed 5th flower in a spikelet, had a lower performance as to the ear grain content and
performance, that was significantly inferior to conventional 2-flower and multi-flower (3 and 4) forms of rye.
Conclusions. It is established that in each of many varieties laid a different number of flowers in spikelets
that positively and negatively affect fruit formation and grain productivity of winter rye. Natural multi-flower
varieties of winter rye are valuable sources of multi-flower ability with the highest number of flowers per ear,
but the smallest grain size and lowest indices of grain productivity.
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The source material is the main guarantee for creating modern high-yielding varieties. The high degree of
affinity in the world collection of varieties is a limiting factor for further increasing the productivity of crops.
Accordingly, for hybridization it is necessary to select and use new combinations of crosses, the parents for
which were selected from collection of samples that can guarantee the improvement of a particular trait. In
rye, multiflowering is practically unexplored and there are almost no data on the influence of multiflowering
on the spike productivity and the nature of its inheritance in general.

Environmental conditions significantly affect on the selection of valuable genotypes by grain yield and
quantitative traits in general. Most researchers believe that the use of unique forms in crosses that have more
spikelets, flowers and grains can be one of the ways to increase the productivity of cereals [1-3]. V.S.
Arbuzova and others, in their breeding work with soft wheat, placed great emphasis on the study of
multiflowering [4-6].

However, the degree of manifestation of the sign of multiflowering is under the influence of the
environment [7, 8]. Moreover, the genotype-environment interaction has a significant impact on the
phenotypic manifestation of the multiflowering. Survival of additional flowers (more than two per spikelet)
significantly depends on water balance and lighting, nutrient content in the soil (I-IV stages of organogenesis)
and temperature factors — the sum of active temperatures from tillering to flowering and photosynthetic activity
of leaves and spikes during the growing season [9]. In ordinary varieties of rye in the germinal spikelet of rye
is laid 5-6 flowers, but usually develop two, rarely three, and the rest atrophy [6].

One of the ways to increase the yield of winter rye is to create varieties and lines that can set a full three
or more grains in a spikelet. The main problem of growing multiflorous varieties is the fine-grainedness and
poor threshing of additional flowers, as well as the high instability of the manifestation of the trait of
multiflowering, which is highly dependent on environmental conditions. Our work focuses on the study of
multiflorous specimens of winter rye, which not only form additional flowers, but also set the grain from them.
The new varieties contain three-graining spikelets, and some new breeding numbers - mainly four-graining
spikelets in the spike [10].

The aim of this work is to select and characterize the elements of the spike structure of winter rye samples,
which cover the whole spectrum of rye diversity by the number of flowers in the spikelets and spike and
determine the possibility of using them in breeding to create breeding material with genetically determined



multigraining and high penetrance of this trait. Potentially, four-graining samples may have a sufficiently high
penetrance.

Materials and methods. The research was conducted during 2014-2017 in the northern part of the
Forest-Steppe of Ukraine. As the material was used 20 winter rye samples from breeding and collection
nurseries with different manifestations of the trait of multiflowering, and two natural varieties as a source of
the trait of multiflowering - var. compositum Lam. and var. monstrosum Koern. The control for comparison
was the usual two-flowered variety Pamiat Khudoierka. Structural analysis of plants on the following
indicators: plant height, productive tillering, length of the main spike, number of spikelets in the main spike,
number of flowers in the main spike, number of grains from the main spike, percentage of kernels in the main
spike, grain weight from the main spike and the weight of 1000 kernels. 30 plants were taken from each
sample. The main spike was analyzed, because on other spikes the genetically determined multiflowering
was less phenotypically manifested. Basic statistics methods using programs “Excel” and “Statistica” were
used for data analysis.

Results. According to a number of investigations, in addition to the usual type (two-flowered rye) Secale
vulgare Koern. and multi-flowered natural varieties of winter rye, namely Secale var. compositum Lam. and
Secale var. monstrosum Koern., there are also intermediate multi-flowered forms that differ in the formation
of different numbers of flowers in the spikelets. These are three-flowered (triflorum), four-flowered
(tetraflorum) and five-flowered (pentaflorum) rye, although six-flowered rye is sometimes found [11, 12].
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Fig. 1. Two-flowered (ordinéry) winter rye and multi-flowered varieties of Secale var. co?npositum
Lam. and Secale var. Koern

That is, there are intermediate forms that can be arranged in the scheme in the following sequence: Secale
sereale L .: Secale vulgare Koern. — Secale triflorum P. Beavn. — Secale tetraflorum — Secale pentaflorum
— Secale var. compositum Lam. — Secale var. monstrosum Koern. We selected and analyzed samples that
belong to all known forms. In fig. 1 shows the extreme variants on the basis of "the number of flowers in the
spikelet”, from the two-flowered sample to the variety monstrosum, where the spikelets are much smaller and
placed so tightly that it complicates their calculation. In fig. 2, 3 show the spikelets and spikes of intermediate
variants in comparison with the control. It is seen that in multi-flowered forms not all spikelets have the same
number of flowers. The form is determined by the maximum number of formed flowers in the spikelets.
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Fig. 2. Two-flowered, three-flowered, four-flowered and five-flowered spikes of winter rye
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Fig. 3. Two-flowered, three-flc;wered, fo‘u'r;ﬁbﬁ}ered and five-flowered spikelle‘is of winter rye

In fig. 4 shows a comparative analysis of the forms of rye on some economically valuable features and
elements of the structure of the spike. In fig. 4a and 4c were used to construct a histogram of the trait "number
of flowers in the spike" value x 10,
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Fig. 4. Comparative characteristics of winter rye forms by elements of plant structure and grain
productivity'. The given values differ significantly in forms at p <0.05 (according to Student). *Forms
marked: 1 — Secale vulgare Koern. (2-flowered, St.), 2 — Secale triflorum P. Beavn. (3-flower), 3 —
Secale tetraflorum (4-flower), 4 — Secale pentaflorum (5-flower), 5 — Secale var. compositum Lam., 6
— Secale var. monstosum Koern

As a control trait, the number of flowers per spike was chosen, which varies significantly depending on
the form of the rye. In fig. 4a shows the productive tillering, the length of the main spike and the total number
of spikelets in the main spike. The length of the spike of almost all multi-flowered varieties is 0.2—2.8 cm
longer than the standard, but in the variety var. monstrosum Koern. the length was on 3.2 cm less than the
standard (12.0 cm). The largest number of spikelets per spike was in the five-flowered — 39.5 pcs. and four-
flowered rye — 38.7 pcs. In three-flowered rye, the average number of spikelets per spike was 37.7 pcs.,
which is on 3.1 pcs. more than the standard — two-flowered rye (34.6 pcs.). In the variety of var. monstrosum
Koern. the number of spikelets in the spike due to the too dense form of the spike was not counted.
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In fig. 4b is shown a comparative analysis of plant height, the total number of flowers formed in the main
spike, the total number of grains per main spike and the percentage of grain in the main spike (fertility). It
was found that the highest height have 4-flowered rye — 144.1 cm, and five-flowered — 139.7 cm, which is
14.1 cm and 9.7 respectively higher than ordinary two-flowered rye (130.0 cm), and the lowest height has
plants var. monstrosum Koern. — 109.7 cm. The smallest number of formed flowers per spike has a two-
flowered standard — 70.7 pieces. with the largest fertility — 93.0%. The largest number of flowers per spike
has a multi-flowered variety var. monstrosum Koern. — 298.0 pieces, but with scanty fertility — only 12.7%.
Three-flowered and four-flowered rye are slightly inferior to the fertility of the main spike of the standard -
89.8 and 82.5%, respectively.

Comparison of productivity is shown in fig. 4c. Three-, four- and five-flowered plants have a higher mass
of grain from the main spike (table 3) than standard two-flowered rye (3.21 g) — 3.87, 4.03 and 3.38 g,
respectively. The variety var. compositum Lam. is inferior in terms of grain weight per spike (2.67 g). Grain
weight per plant in three-, four- and five-flowered rye is slightly higher than the standard (10.75 g) — 11.35 g,
13.62 and 11.27 g.

The multi-flowered variety var. monstrosum Koern. has a meager mass of grain per spike and per plant —
0.73 g and 3.44 g, respectively. The highest TKW is in three-flowered rye, on average 41.82 g, which is 1.15
g higher than the standard. The TKW decreases with a further increase in the number of seeds, ie, in four-
flowered — 40.33, g, in five-flowered — 32.43 g, in the variety var. compositum Lam. — 26.85 g and 16.11 g in
the variety var. monstrosum Koern.

Obviously, the form of rye is related to the number of flowers, the number of seeds and other
characteristics. The Tau Kendall correlation coefficient was used to calculate the dependence of plant
structure elements on the variety, which allows correlations to be established between qualitative and
quantitative traits. As a qualitative trait, the form of rye was considered in this case, ie the standard number
of flowers per spikelet for a certain sample, with the appropriate gradations: Secale vulgare Koern. (2-
flowered), Secale triflorum P. Beavn. (3-flower), Secale tetraflorum (4-flower), Secale pentaflorum (5-flower),
Secale var. compositum Lam. and Secale var. monstrosum Koern. 23 quantitative signs with continuous
variability were considered as quantitative (table).

The form of rye has the strongest effect on the total number of formed flowers, the number of third, fourth
flowers and the number of grains from them. Also, the trait affects the overall fertility of the spike, the
coefficient is about -0.6. On the positive side, the grain weight of the first two flowers and the TKW are weakly
dependent on the increase or decrease in the number of flowers in general, so we can not be afraid of a
critical decrease in the values of these traits when using multi-flower samples.

Correlation (according to Kendall) between form of rye and other traits. *Marked correlations are
significant at p <0,05

Coefficient Standard Probability
of correlation deviation level
Kendall 4 p-level
Pairs of variables Tau

Form & Height of the plant, cm 0,28523 1,75830 0,07870
Form & Productive tillering, pcs 0,28523 1,75830 0,07870
Form & Length of spike, cm 0,45122* 2,78153 0,00541
Form & Spikelets per spike, pcs 0,57680* 3,55566 0,00038
Form & Spike density (pc. per 10 cm) 0,29791 1,83644 0,06629
Form & Thickness of the 2nd internode, mm 0,21781 1,34270 0,17937
Form & Length of the upper internode, cm -0,22185 -1,36756 0,17145
Form & Total number of formed flowers, pcs. 0,71625* 4,41528 0,00001
Form & Total number of grains per main spike, pcs. 0,64019* 3,94640 0,00008
Form & Total spike fertility, % -0,58948* -3,63381 0,00028
Form & Total number of 2nd flower, pcs. 0,57680* 3,55566 0,00038
Form & Number of grains per 2nd flower, pcs. 0,41200* 2,53976 0,01109
Form & Total number of 3rd flower, pcs. 0,70731* 4,36014 0,00001
Form & Number of grains per 3rd flower, pcs. 0,72005* 4,43870 0,00001
Form & Number of 4th flower, pcs. 0,71437* 4,40365 0,00001
Form & Number of grains per 4th flower, pcs. 0,65220* 4,02045 0,00006
Form & Weight of grains per 2 flowers, g -0,17938 -1,10575 0,26883
Form & Weight of grains of 3 flowers, g 0,71110* 4,38352 0,00001




Form & Weight of grains of 4 flowers, g 0,65220* 4,02045 0,00006
Form & Weight of grains of 5 flowers, g 0,33492* 2,06458 0,03896
Form & Weight of grain per main spike, g 0,32326* 1,99273 0,04629
Form & Weight of grain per plant, g 0,57680* 3,55566 0,00038
Form & Weight of 1000 kernels, g 0,05705 0,35166 0,72509

Conclusions

It was found that increasing the number of the third and fourth grained flowers in the spikelets has a
positive effect on the weight of grain per spike and per plant, while not significantly reducing the weight of
1000 kernels. Rye, which has an additional fifth flower in the spikelet, has lower rates, both in terms of spike
fertility and grain productivity, which is significantly inferior to three-flowered, four-flowered and ordinary two-
flowered rye. A strong inverse correlation was found between the number of flowers per main spike and the
spike fertility. That is, the greater the number of flowers in the spikelets and the spike in general, the smaller
the number of formed kernels. Natural multi-flowered varieties - var. compositum Lam. and var. monstrosum
Koern., which have the largest number of flowers due to the significant branching of the spikelets in the spike,
have the lowest spike fertility and the lowest grain productivity. Therefore, for breeding to increase the number
of grains in the spikelet, it is advisable to use four-grain samples, but varieties var. compositum Lam. and
var. monstrosum Koern. are better to be used for investigation the genetics of multiflowering.
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