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Abstract

To reduce the time of the selection process when creating varieties of red clover (Trifolium pratense L.) with a high seed
yield, it is necessary to use the source material with the features that positively correlate with an increased seed productivity. It
is estimated that in the Northern part of the Central Black Earth Economic region of the Russian Federation the seed
productivity of red clover has a high correlation with the weight of the dried mass, a number of stems, inflorescences, seeds in
the flowers, seed setability, inflorescence dissemination and a short corolla tube. The average correlation coefficient was found
between the seed yield productivity (1000 seeds), the length of the stem and the full visibility of the leaf pattern. A lesser
degree positive correlation was found between seed productivity and a number of beans in the flower, two-seeded beans, a
number of internodes, the length of time from the beginning of the spring regrowth and up to the anrhesis.

The research has revealed the correlations between the seed productivity and economic, biological, and morphological
characteristics of red clover in the Northern part of the Black Earth Economic region of the Russian Federation, and the North
Caucasus region, in particular in the Oryol Oblast and North Ossetia-Alania, where this crop occupies a leading position
among the cultivated perennial herbs. It is used In biological farming at the hayfields and pastures.

It was found that the seed productivity of the red clover as an individual plant is largely determined by the capacity of its
development — there was a high correlation between the seed yield and the dried mass of the plant (r = 0.72). The plants with
the largest number of stems were characterized by the highest seed yield, which was inherent in both diploid and tetraploid
cultivars (r = 0.61-0.79 and r = 0.55-0.83, respectively). The seed productivity of plants depended on the number of productive
flowers on the plant (r = 0.57-0.78 for diploids and r = 0.76-0.89 for tetraploids) and their mass (r = 0.84).

There is a lesser degree correlation between seed productivity and the number of beans in the flower (r = 0.12-0.18 for
diploids and r = 0.04-0.16 for tetraploids). To a much greater extent, seed productivity depended on the number of seeds in the
flowers (r = 0.79-0.81 for diploids and r = 0.63-0.86 for tetraploids). For the yield of tetraploid seeds, not only the total content
of seeds in the flowers is important, but also the number of developed seeds (r = 0.84-0.89), since a significant part of the set
seeds dies at various stages of ontogenesis and is removed during the sorting process.

Seed productivity of red clover was largely determined by seed setability (r = 0.66-0.77 for diploids and r = 0.49-0.76 for
tetraploids) and inflorescence dissemination (r = 0.71-0.80 for diploids and r = 0.70-0.75 for tetraploids).

The seed productivity of red clover was associated with a mass of 1000 seeds. For diploid cultivars, this connection was
mostly weak (r = 0.24-0.32), for tetraploids - average, which is due to larger seeds (r = 0.39-0.45). As for diploid cultivars, the
presence of a weak correlation between seed productivity of the two-seeded beans (r = 0.09-0.18) and the number of stem
internodes (r = 0.14) was found.

The presence of an average correlation of the seed productivity with the full visibility of the leaf pattern (r = 0.30) was also
noted.
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OPEHOTUIINMYECKHUE ITPU3HAKH KJIEBEPA JIYI'OBOI'O (TRIFOLIUM
PRATENSE L.), KOPPEJIUPYIOIIUE C CEMEHHOMU INMPOAYKTUBHOCTbBIO

Hayunas cratbs

AHHOTANUA

JIst cokpateHus BpeMEH! CEJISKIIMOHHOTO MpoIiecca MPU CO3IaHuu copToB KieBepa sryroBoro (Trifolium pratense L.) ¢
BBICOKOW yPOXXaWHOCTBIO CEMSH HEOOXOOMMO HCIIONB30BATH MCXOTHBIN MaTepuall C HANWYHEM IPU3HAKOB, MOJOKHUTEITHHO
KOPPEJUPYIOUIUX C IOBBIIIEHHONH CEMEHHOM NPOAYKTUBHOCTBIO. Y CTAHOBJIEHO, YTO B YCJIOBUSAX CEBEpHOM yacTu LleHTpansHO
- YepHozémHoro peruoHa Poccuiickoit ®enepaunn ceMeHHas MPOLYKTUBHOCTb KJIEBEpA JIyTOBOTO HMEET BBICOKYIO
COTIPSDKEHHOCTh C BECOM CYXOW MAacChl, KOJIMYECTBOM CTEOJIeH, COIBETHH, CEMSH B T'OJOBKAaxX, 3aBS3bIBAEMOCTBIO CEMSH,
00CEMECHEHHOCTBIO COIIBETUH, KOPOTKOW TpyOOukoil BeHumka. CpemHuil KO3(Q@HUIIMEHT KOPPEIAIUN BBISBICH MEKIY
YPOKaHOCTBIO CEMSH W JJIHHOHM CTeOJs, MOJHON BBIPAXKCHHOCTHIO PUCYHKa jwmcTa, Maccod 1000 cemsiH. YcTaHOBJICHA
TOJIOXKUTEIIbHAS KOPPEISIIMOHHAS CBSI3b, XOTS U B CJa0OW CTEMEHH, MEXKIY CEMEHHOW MPOMYKTHBHOCTHIO U KOJHYCCTBOM
06000B B rOJIOBKE, JIBYCEMSIHHOCTBIO 0002, KOJIMYECTBOM MEXKA0Y3JIMH, IPOJOIDKUTEILHOCTBIO NIEPUOJIa OT Havyaja BECEHHEro
OTpacTaHusl 10 Hayaya [[BETEHUsI.

IIpoBeaéHHBIC HAMU KUCCIIEAOBAHUS MO3BOJIIIN BBISIBUTH KOPPEISIIIMOHHBIC CBSI3U MEXKy CEMEHHOU MPOYKTUBHOCTHIO U
XO3STCTBEHHBIMH, OWOJIOTHYECKUMH, MOP(OIIOTHIECKAMH TPHU3HAKaMU KIIEBepa IYTOBOTO B YCIOBUSX CEBEPHOH dYacTH
LentpansHo-UepHo3émHoro pernona Poccuiickoit @enepanuu, nu CeBepo-KaBkazckoM pernone, B 4acTHOCTH B OpJoBCKOM
obmactt u B CeBepHoil OceTnn-AnaHus, TAE 3Ta KyIbTypa 3aHHMaeT JHIUPYIOIIEE MECTO CPEId BO3ICIBIBAEMBIX
MHOTOJICTHHX TPaB. B OMOJIOTHYECKOM 3eMIICIICITUH U TIPH ITOACEBE Ha CEHOKOCAX M MacTOMIIaxX

YCTaHOBIIEHO, YTO CEMEHHAas IPOAYKTHBHOCTH KIEBEpa IYTOBOTO NpPH WHIWBHIYadbHOM CTOSHHH pAacTCHHUN B
3HAUMTENBHON CTENEHU OMpenessieTcss MOIIMHOCThI0 HMX pasBUTHA — HAOMIOJanach BBICOKAas KOPPETSAIMOHHAS CBS3b
YPOXKAMHOCTH CEMSIH ¢ cyxoi maccoil pactenus (r = 0,72). Boicokoil ypokalfHOCTBIO CEMSIH XapaKTepU30BAINCH PACTEHHSI,
UMeroIe Hanboblee KOJIMIecTBO cTeOIei, 4To ObUIO MpHCYyIe KaK AUMIOUAHBIM, TaK M TETPAIUIONIHBIM cOpTooOpasiam (r
=0,61-0,79 u r = 0,55-0,83 cooTBeTcTBeHHO). CeMeHHasi MPOIYKTUBHOCTh PACTEHHI 3aBHUCENa OT KOJUYECTBA MPOTYKTUBHBIX
roJIoBoK Ha pactenuu (r = 0,57-0,78 nns numounos u r = 0,76-0,89 mist retpamnounoB) u ux Maccsl (r = 0,84).

OTMEYeHO HAINYKHe KOPPENSIIMOHHON CBSI3M MEXAY CEMEHHOW MPOIYKTHBHOCTHIO W KOJHMYECTBOM 00OOB B TOJOBKAX,
XO0Ts U B ciaboit crermenu (r = 0,12-0,18 mna gumtonmoB u r = 0,04-0,16 mia Terpamonnos). 3HAYUTETHHO B OOJNBIICH
CTETICHU CEMEHHAs MPOJAYKTHBHOCTH OMPEEISUIach YUCIOM ceMsH B rojioBkax (r = 0,79-0,81 mis mummonnos u r = 0,63-0,86
JUIL TeTParuionaoB). s yposkaHOCTH CEMsIH TETPAIUIOWIOB 3HAUYCHUE HMMEET HE TOJBhKO oOIIee CoAepiKaHHEe CEMSH B
TOJIOBKaX, HO ¥ KOJHMYECTBO BBIMOTHEHHBIX ceMsH (r = 0,84-0,89), Tak Kak y HUX 3HAYHTENBHAS YaCTh 3aBS3aBIIUXCS CEMSH
OTMHUpACT Ha Pa3IUYHBIX JTAllaXx OHTOTEHE3a U yIAISIETCS B BUJC IIYIUION (Qpakiuu BO BpeMs COPTUPOBKHU.

CeMeHHas TPOIYKTHBHOCTh KJI€BEpa JIYTOBOTO B 3HAYUTEIFHOW CTENCHH OIPENEIach 3aBA3BIBAEMOCTBIO CeMsH (r =
0,66-0,77 nns nurmonioB U r = 0,49-0,76 st TETPAIIONI0B) M 00CEMEHEHHOCTRIO corBeTHi (r = 0,71-0,80 s AUIUIIONIOB 1
r=0,70-0,75 myist TETpAIIOUIOB).

CeMeHHasi TIPOMYKTUBHOCTH KJIeBepa JYrOBOIO HMMella COMPsHKEHHOCTH ¢ Maccor 1000 cemsH. s JUTUTOMIHBIX
CcOpTOOOPA3IOB 3Ta CBSI3b SABIAIACH B OCHOBHOM ciaboi (r = 0,24-0,32), misl TeTparuiouioB - CpelHed B CBS3U C OoJjee
kpynHeIMH cemeHaMu (r = 0,39-0,45). /s OUmIoMAHBIX COPTOOOPA3IOB ONPEAETICHO HAWYWe CIa00H KOPPEIAIIHOHHON
CBSI3M CEMEHHOW MPOIYKTHBHOCTH C IByCeMSHHOCTRIO 0600a (r = 0,09-0,18), kommaecTBoM Mexoy3muid credus (r = 0,14).

OTMEUYECHO HAJTMYUE CPEHEH CBA3HM CEMEHHOM MPOJIYKTHBHOCTH C HAJTMYUEM ITOJTHON BBIPAXKCHHOCTBIO PUCYHKA JTUCTA (T =
0,30).

KiroueBble ci1oBa: cenekmms, 0TO0P, PEHOTHITMICCKHE TPU3HAKU, KOPPEISIIIHH, CEMEHHAsI TIPOTYKTHBHOCTb.

1. Introduction

Because of the current ecologically unstable situation, there is an urgent need to restore soil fertility in biological
agriculture and enrich crop rotations with valuable species of legumes, including red clover. Besides that, this crop is a
bioindicator of polluted soils, high-protein animal food and a valuable raw material for the pharmaceutical industry.

To expand the crops of this important plant species, the varieties with high seed productivity are needed.

A number of scientists [1], [2], [3], [4], [5] found out that the formation of seeds in clover plants in most cases correlates
with the phenotypic features: the number of generative stems, inflorescences and the number of flowers. The connection of the
seed formation with pollen fertility [5], [6], seed weight [7], [8], cotyledon size [9], the length of the period of growth, the size
of the root system and glucose content in the root neck [10] was revealed. During the recent years, the crop breeders have been
selecting on the basis of the formation of two-seeded beans [11], [12]. However, the above mentioned method takes quite a lot
time, since its results appear only in 3-4 generations. Moreover, it is unstable over the years depending on weather conditions.
Numerous other researchers do not take into account the pollination factor that affects the number of seeds produced by such
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an entomophilic crop as red clover. It was found that only bees with a long proboscis are able to pollinate this clover.
Therefore, it is necessary to justify the selection of plants with a short corolla tube.

The researches conducted by other authors have shown that the seed productivity of red clover has different correlations
with a number of its economic, biological and morphological characteristics. The values of some indicators for different
authors are significantly different, which is probably due to the characteristics of the studied material, climatic conditions and
the location of the experiments. Our experiments in various soil and climatic conditions allowed us to determine the
phenotypic characteristics that indicate the maximum yield index and the rational ways of selection.

The purpose of the research was to study the conjugacy of seed productivity of the initial and prospective breeding
material of red clover with its economic, biological and morphological characteristics in the conditions of the Northern part of
the Central Black Earth Economic region of the Russian Federation and the North Caucasus region in connection with the
necessity to accelerate the selection process when creating varieties with high seed yield.

2. The methods and principles of the research

The research was conducted in 1991-2017 in the Federal Research Center for Legumes and Cereal Crops in collaboration
with the North Caucasus Research Institute of Mountain and Foothill Agriculture of the Vladikavkaz scientific center of the
Russian Academy of Sciences in 2010-2019. The soil of at the testing site is a dark gray forest soil of medium loam
composition, that is slightly acidic (pH 5.5-5.8) and there is a mountain-meadow soil in the mountainous region of the
Republic of North Ossetia-Alania (altitude 1560 m above sea level). The humus content (using Tyurin's method) is 4.8-5.1 %
and in the mountainous region it is 7-10 %.

During the experiments different varieties of red clover were studied (both domestic and foreign origin), as well as new
varieties created by hybridization and formation of complex hybrid populations based on wild varieties and selected on the
base of promising breeding samples [14], [15], [16].

During the establishment of the breeding nurseries, there were used the plant seeds with individual standing placed
according to the scheme 0.7 m x 0.7 m. The repeatability number is 20-50 plants of each number. In the breeding nurseries, the
growth and the development of the plants were observed. The seed yield index and morphological data were recorded by each
plant's individual analysis. In the selection breeding nursery, the plants with high seed productivity with the number of
internodes more than 7 (as a trait of longevity and high winter resistance) and generative stems more than 5 (as a trait of high
seed productivity) were selected. The selected plants were divided into four variants at the beginning of the anrhesis period.
During the research of the first variant, the plants were studied without taking into account the length of the corolla tube. In the
rest of the variants, the color of flowers was taken into account and the plants with a corolla tube's length of less than 7-8 mm
were rejected. In the laboratory conditions, the plant capacity was estimated by weighing the entire plant. The plant's height
was measured according to the the longest elongated stems and the number of stems, internodes, flowers, seed setability,
dissemination of flowers, two-seeded beans, the total weight of flowers seeds (1000 seeds for each studied variant) was
calculated. After threshing the flowers, the weight of the seeds was also taken into account.

Seed setability was determined by the analysis of 5 flowers of the middle tier of each plant and by the ratio calculation of
all set seeds to the number of beans. The inflorescence dissemination was calculated at the ratio of developed seeds in the same
flowers to the number of beans in them. Two-seeded ones were found at the ratio of the number of beans with two seeds to the
total number of beans in 5 flowers of each plant.

The experimental data were processed by the correlation analysis method [17] using Microsoft Office 2007 software
package.

3. The results of the research

Our research has revealed certain correlations between the seed productivity and economic, biological, and morphological
characteristics of red clover in the Northern part of the Central Black Earth Economic region of the Russian Federation, in the
Oryol Oblast and in the mountains of the North Caucasus in particular, where this crop occupies the first place (35-37 %)
among cultivated perennial herbs in biological agriculture.

It has been estimated that the seed productivity of the red clover as an individual plant is largely determined by the
capacity of its development. There was a high correlation between the productivity of the seeds and the dried mass of the plant
(r = 0.72). The plants with the largest number of stems were characterized by the highest seed yield, which was inherent in
both diploid and tetraploid cultivars (r = 0.61-0.79 and r = 0.55-0.83, respectively). The seed productivity of plants depended
on the number of productive flowers on the plant (r = 0.57-0.78 for diploids and r = 0.76-0.89 for tetraploids) and their mass (r
=0.84). Table 1 shows the data on the correlations with phenotypic features of diploid and tetraploid forms of red clover
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Table 1 — The correlation of seed productivity of red clover with its economic, biological and morphological

characteristics
e Seed productivity correlation coefficient
The name of a characteristic diploids (2%) tetraploids (4%)
The number of stems, pcs / plant r=0,61-0,79 r=0,55-0,83
The number of productive flowers, pcs / plant r=0,57-0,78 r=0,76-0,89
The number of beans in the flower, pcs r=0,12-0,18 r=0,04-0,16
The total number of seeds in the flower, pcs r=0,79-0,81 r=0,63-0,86
The number of developed seeds in the flower, pcs r=0,72-0,76 r=0,84-0,89
Seed setability, % r=0,66-0,77 r=0,49-0,76
Inflorescence dissemination, % r=20,71-0,80 r=0,70-0,75
The weight of 1000 seeds, g r=0,24-0,32 r=0,39-0,45
A two-seeded bean, % r=0,09-0,18

Stem length, cm r=0,46

The number of internodes, pcs r=0,14

The weight of the dried plant mass, g r=0,72

The weight of flowers, g / plant r=0,84

The full visibility of leaf spotting, score r=0,30
The duration of the period from the beginning of spring growth up to _
o > : r=0,09-0,24
the beginning of anrhesis period, days

There is a lesser degree correlation between seed productivity and the number of beans in the flower (r = 0.12-0.18 for
diploids and r = 0.04-0.16 for tetraploids). To a much greater extent, seed productivity depended on the number of seeds in the
flowers (r = 0.79-0.81 for diploids and r = 0.63-0.86 for tetraploids). For the yield of tetraploid seeds, not only the total content
of seeds in the flowers is important, but also the number of developed seeds (r = 0.84-0.89), since a significant part of the set
seeds dies at various stages of ontogenesis and is removed during the sorting process.

The seed productivity of red clover was largely dependant on the seed setability, calculated as the ratio of the sum of
developed and underdeveloped seeds to the number of beans in the flower (r = 0.66-0.77 for diploids and r = 0.49-0.76 for
tetraploids). The seed productivity had an even higher correlation with inflorescence dissemination, defined as the ratio of the
number of developed seeds to the number of the beans in the flower (r = 0.71-0.80 for diploids and r = 0.70-0.75 for
tetraploids).

The seed productivity of red clover was associated with a mass of 1000 seeds. For diploid cultivars, this connection was
mostly weak (r = 0.24-0.32), for tetraploids - average, which is due to larger seeds (r = 0.39-0.45). As for diploid cultivars,
there is a positive correlation between seed productivity of the two-seeded beans (r = 0.09-0.18) and the number of stem
internodes (r = 0.14).

The correlation between the seed productivity with and the full visibility of the leaf pattern (r = 0,30) was average.

It has been estimated that in the Northern part of the Central Black Earth Economic region, particularly in the Oryol
Oblast, there is a positive correlation between seed yield and the duration of the spring growth before anrhesis period (r = 0,09-
0,24), in contrast to the negative correlation coefficient between these characteristics in Moscow Oblast. This confirms the fact
that the Oryol Oblast and the North Caucasus are the most favorable regions for the cultivation of not only early-maturing
varieties of clover, but also medium-and late-maturing varieties, which is confirmed by the obtained seed yield data

The obtained research data on the principle of selecting plants with a shortened corolla tube and a bright flower color
showed the advantage of the method and a positive correlation dependence (table 2)

Table 2 — The correlation dependence between the shortened corolla tube and the number of seeds (inflorescence
dissemination, %)

The .
. , . . . . . The correlation
experiment's Light pink color Bright pink Bright red Dark-red coefficient . —
options
Without corolla
tube selection 43.2 48.8 47.9 43.8 0.56

process-control
The selection of
flowers with a
long corolla tube
9-10 mm
The flowers with
a corolla tube 8- 44 4 50.8 53.2 46.5 0.64
8.5 mm
The flowers with
a corolla tube 7- 68.2 72.4 73.6 68.7 0.76
7.5 mm

35.6 36.2 38.1 40.2 0.58




Journal of Agriculture and Environment 3 (15) 2020

As it follows from table 2 data, the combination of a bright color and a short corolla tube (7-7.5 mm) contributes to the
active pollination by insects of various species and thus the correlation coefficient reaches 0,76, which is significantly higher
than the coefficient with other phenotypic features.

Based on the obtained results, it can be assumed that the selection of a shortened corolla tube and a bright color of the
clover plants contribute to an increase in seed yield. The correlation indicates positive relationships between phenotypic traits
and the selection process based on these indicators and also creates favorable conditions for pollination of the selected plants
according to other external indicators in the whole complex.

4. The conclusion

According to the conditions in the Northern part of the Central Black Earth Economic region of the Russian Federation
and the North Caucasus region, when creating new varieties of red clover with high seed yield, it is necessary to use the source
material characterized by developed plants with high dried mass weight, a large number of stems and many flowers. Other
characteristics include: high seed setability, inflorescence dissemination and a large number of seeds in the flowers, because
the combination of these features leads to a higher seed yield (r = 0,55-0,89). The breeding samples with a short corolla tube
(r=056-0,76) have a high correlation dependence. It is also necessary to pay attention to the length of the stems, the weight of
1000 seeds, and the visibility level of the leaves pattern, which have an average correlation with seed productivity (r = 0.30-
0.45). The authors suggest having a source material characterized by a large number of the beans in the flowers. Also there
should be two-seeded beans and a large number of internodes. Mid-ripeness or late ripeness is also an important characteristic,
since there is a positive correlation with seed productivity, although to a lesser degree (r = 0.09-0.24). The estimated
correlations can be used in the selection process of red clover for increased seed productivity while selecting the source
material and removing the worst breeding variants.

A lesser degree positive correlation was found between the seed yield and the length of vegetation period from the
beginning of the spring growth and up to the red clover's anrhesis. It demonstrates that the conditions of the Oryol Oblast and
the conditions in the mountains of the North Caucasus are favourable for seed cultivating of not only early maturing but also
mid and late varieties of this crop.
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