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EVALUATION OF SAINFOIN (ONOBRYCHIS) IN THE SOURCE MATERIAL NURSERY ACCORDING
TO NEW SELECTION CRITERIA AT THE INITIAL STAGES OF ORGANOGENESIS

S. L. Havrysh, O. O.Viniukov, O. B. Bondareva
Donetsk State Agricultural Experimental Station of NAAS of Ukraine, 1 Zakhisnykiv Ukrainy St., Pokrovsk,
Donetsk region, 85307, Ukraine

Topicality. The implementation of new selection criteria will solve the problem of forming the
sainfoin resistance to extreme hydrothermal conditions and insufficient moisture. Sainfoin adult plants have a
high level of drought resistance, unlike its seedlings, which are sensitive to the air and soil moisture deficit.
Therefore, the ability of seedlings to adapt to unfavourable moisture conditions has a positive effect on the
further plant development and the formation of their productivity elements. Purpose. To evaluate the
principles of new selection criteria for sainfoin biotypes in the breeding process at the initial stages of
organogenesis. Materials and methods. The laying of the nursery of the initial material was carried out
using new elements of the technology of growing sainfoin, namely summer sowing. Seeds of samples
obtained by positive selection from breeding, seed crops, collections of other scientific institutions and local
wild populations of sainfoin were sown. The new criteria for selecting sainfoin biotypes are based on an
assessment of the intensity of root system development and the calculation of the coefficient of negative
drought effect. General scientific research methods are as follows: field, laboratory, measuring-weight,
calculation-comparative, mathematical statistics. Results. In the source material nursery of the first year of
life, 113 families (45.7 % of the total) formed a root system with a volume of more than 6.5 cm?® within 2.5
months after sowing. Only 77 families (31.2 % of the total number) had a coefficient of negative drought
effect of 0.46 or less, i.e., they are suitable for breeding the highly productive populations in arid climatic
conditions. Sowing seeds of families selected according to the new criteria ensured that number of families
with a strong root system (more than 6.5 cm?) increased from 42.2 % to 57.2 % in the next generation,
increased plant survivability during the first year of life from 63.2 % to 87.2-95.0 %, in winter — from
83.3 % to 90.4-94.8 %, and resistance to fungal diseases from 81 % to 90-95 %. In the nursery of the source
material, the share of families with the highest number of shoots per plant (> 27 pcs) and plant height (> 20
cm) was 27.4 % and 26.6 %, respectively, and was equal to the number of families with a root volume of
more than 7.5 cm® — 27.4 %. Conclusions. According to the results of determining the root volume of
sainfoin plants and calculating the coefficient of negative drought effect, the most productive breeding
samples can be selected in the first years of life when using summer sowing with freshly harvested seeds.
Selection of breeding material based on new criteria made it possible to identify families with high adaptive
potential at the initial stages of plant development in arid conditions.

Key words: breeding, sainfoin, root volume of plant, coefficient of negative drought effect, plant health

Introduction. Sainfoin is the most
promising crop for efficient field fodder

extreme air and soil temperatures, pathogens
and pests is important to preserve and improve

production in conditions of insufficient moisture
and low soil fertility. This legume fodder crop is
the least energy-consuming and most resistant to
adverse weather conditions that provides
complete feed for farm animals. However, there
is a challenge to increase the seed and feed
productivity of sainfoin due to the low seed
multiplication rate [1].

Plant breeding aimed at increasing yield
and product quality, resistance to droughts,
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the economically valuable traits of this crop.

As is known, at high drought tolerance of
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of NAAS developed a method to accelerate the
breeding process in the Transcaucasian sainfoin
(Onobrychis transcaucasica Gross.) varieties
adapted to the conditions of the south-eastern
region of Ukraine based on the reduction of the
seed reproduction period as a result of the
application of the developed elements of the
technology of summer sowing with freshly
harvested seeds [4, 5]. The introduction of this
method into the breeding process of the Expe-
rimental Station has shown its high efficiency.
However, the generally accepted selection
criteria are not sufficient to solve the breeding
problems of developing sainfoin resistance to
extreme hydrothermal conditions at the summer
sowing.

It is established that intensive develop-
ment of the root system at the initial stages of
sainfoin organogenesis in arid climatic conditi-
ons, especially at summer sowing dates, is
crucial to prevent seedling death and ensure a
satisfactory condition of crops in autumn of the
first year of life. Accelerating the growth of the
root system is one of the ways to create varieties
that have the right properties. This can be
achieved as a result of breeding work aimed on
selecting sainfoin biotypes with increased root
volume. However, methods for determining the
volume of the sainfoin root system [6-8] deve-
loped currently do not meet the requirements of
simplicity, low cost, manufacturability conside-
ring a large number of samples and exact results.

The Donetsk State Agricultural Research
Station of NAAS has developed an effective
method of growing the root system of plants
using bottomless split containers [9], but
accounting for a large number of samples requi-
res significant labour, material and financial costs.

In 2020, the Donetsk State Agricultural
Research Station of NAAS developed a method
for growing the root system of sainfoin breeding
material in cylindrical containers of 1 m length,
made of low-resistance plastic pipes [10]. Such
containers are lightweight, technologically ad-
vanced, user-friendly and inexpensive in manu-
facture. For selection purposes, it was sufficient
to make only a comparative assessment of the
development intensity of the root system in
different populations. The high manufacturabi-
lity, simplicity and significant savings in labour
and financial resources were crucial for the
decision to use this method in the breeding
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process.

As a way of increasing the drought resis-
tance of sainfoin varieties is the development of
source material based on the selection of
biotypes with consideration of the coefficient of
negative drought effect (Cnpg). Selection
method according to this criterion is based on a
comparative assessment of the manifestation of
the main economically valuable traits when
each sample is sown in conditions that differ
significantly in terms of moisture supply.

The level of reduction in the manifestation
of such traits (in percentage terms) under sum-
mer sowing in dry conditions compared to op-
timal conditions is established to fulfil the cur-
rent task. The coefficient of the negative
drought effect is determined by the formula:

X
Croe = ; X100 %,

where: Cnpg — coefficient of negative drought
effect; x — degree of trait manifestation under
optimal growing conditions (sowing date — 15
April); y — degree of trait manifestation in
drought conditions (sowing date — 10 August).

It was determined that the lower coef-
ficient of negative drought effect means that the
absolute value of a population trait decreases
less under drought, and the drought tolerance is
higher.

Coefficient of negative drought effect was
determined according to field germination,
seedling survivability and plant condition in the
first year of life, winter hardiness, seed yield
and green mass.

The purpose of the research is to evaluate
the principles of new criteria for selecting
sainfoin biotypes in the breeding process at the
initial stages of organogenesis.

Obijectives of the study are to select new
forms of sainfoin plants according to econo-
mically valuable traits in the nursery, to study
their adaptive potential according to new
selection criteria.

Materials and Methods. In 2016-2020,
the research was carried out at the Donetsk State
Agricultural Research Station of NAAS. The
source material nursery (SMN) was laid out us-
ing new elements of sainfoin cultivation tech-
nology (summer sowing) aimed to reduce seed
reproduction and accelerate the breeding pro-
cess. The SMN sowed seeds of samples obtai-
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ned by positive selection from breeding and
seed crops, collections of other scientific institu-
tions and local wild populations. The material
under study (breeding samples and plant forms)
was arranged in groups according to individual
traits.

Sowing was carried out with a selection
seeder SKS-6-10 with a central seeding mecha-
nism with a row spacing of 90 cm at a seed rate
of 400 thousand germinating seeds per 1 ha.
Area of sown plots was 45 m”. The standard
Rezonans variety was placed through 20 num-
bers. The seed yield was determined by thre-
shing the plants from each plot after full seed
maturity.

In the course of the research, general sci-
entific research methods were used: field, labor-
atory, weighing and measuring, calculation and
comparison; mathematical statistics methods. In
addition, some special methods were used: dia-
lectical, hypothesis, synthesis, observation, eco-
nomic and mathematical.

All breeding work and primary seed pro-
duction of new varieties were carried out in ac-
cordance with generally accepted methods [11-14].

Results. In 2016, two nurseries of source

material were studied to determine the patterns
of inheritance of sainfoin resistance to arid
environmental conditions by their general state
at the end of the growing season in the first year
of life and the development intensity of the root
system in the juvenile period of plants and to
select the best families according to these traits.
These nurseries were laid out according to the
identical scheme, but in conditions with
different moisture supply. Optimal conditions
were at sowing date of April 14, 2016, and
moisture deficit conditions were at sowing date
of August 10, 2016. These sowing dates were
used to identify families with a low coefficient
of negative drought effect, whose indicators of
the main economically valuable traits slightly
deteriorated under drought conditions.

In the first year of life, the coefficient of
the negative drought effect was determined by
the general plant health at the end of the autumn
growing season. The research results showed
that high air and soil temperatures at the initial
stages of plant development when using
summer sowing led to deterioration in general
plant health compared to crops that were sown
under optimal conditions in spring (Table 1).

Table 1. Characteristics for the source materials of sainfoin according
to the general conditions of families in 2016

Score, Sowing date — April 14, 2016 Sowing date — August 10, 2016

points Number of families, pcs % Number of families, pcs %
5 58 26.6 51 20.6
4 95 43.6 80 324
3 59 27.1 96 38.9
2 6 2.7 17 6.9
1 — 0 3 1.2

Total 218 100 247 100

Share of families with 5 and 4 points
decreased by 17.2 %. This indicator is relevant
in the breeding process as it indicates the
adaptive potential of sainfoin plants to adverse
environmental conditions. This indicator descry-
bes the family’s response to adverse factors, and
we can use it to select families by comparing the
average coefficient of negative drought effect of
the entire nursery. Selection of families with the
coefficient of negative drought effect lower than
the average coefficient for the nursery allows to
obtain new populations with higher adaptive
potential in the following generations compared
to the original population where the selection
was carried out.

Grain Crops. Vol. 6. No. 2. 2022. P. 55-61

Plant resistance to unfavourable abiotic
factors depends on the development intensity of
the root system at the initial stages of organo-
genesis. With the purpose to determine the best
families for this trait and the ability to preserve
its manifestation in arid conditions, sowing was
carried out in plastic containers, 10 seeds from
each family per container in optimal hydro-
thermal conditions on April 14, 2016, and in
arid conditions on August 10, 2016. The volume
of the root system was determined by the
method of D. A. Sabinin and 1. I. Kolosov on 46
days after sowing.

The results of these records and calcula-
tion of the coefficient of negative drought ef-
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fect on the root system development showed
that out of 113 families (45.7 % of the total
number in the nursery) with a root volume of
more than 6.5 cm’, only 77 families (31.2 %)
had a coefficient of negative drought effect not
exceeding 0.46 (Table 2). They were suitable for
development of highly productive populations

in arid climatic conditions. Other 36 families
(14.5 %) formed a developed root system, but
had insufficient adaptive potential, resulting in a
significant inhibition of plant development by
adverse abiotic factors (Table 2). These families
were subject to culling at the time of selection.
This selection method significantly increa-

Table 2. Negative drought effect on root volume of sainfoin in the source material nursery

Number of families Number of families Total of families
Root volume, cm? with Cype < 0.46 with Cype > 0.46
pcs % pcs % pcs %
>6.5 77 31.2 36 145 113 45,7
<6.5 14 5.7 120 48.6 134 54.3
Total 91 36.9 156 63.1 247 100

sed the efficiency of the breeding process, but it
required to establish the patterns of inheritance
of adaptive properties in subsequent generations.

In the spring of 2018, we conducted an
experiment to determine the development
intensity of the root system in the best families
in terms of adaptive potential, 77 families were
selected in 2017 from the source material
nursery, which was established in 2016. In a
previous experiment in plastic containers, these

families were characterised by the maximum
root volume (>6.5 cm?®) with a coefficient of
negative drought effect not exceeding 0.46.

We found that sowing with seeds of
families selected on the basis of intensive
development of root systems ensures an
increase in the proportion of families with a
powerful root system from 42.2 % to 68.8 % in
the next generation (Table 3).

According to the results of this experi-

Table 3. Inheritance of the ability of intensive development of the root system in the next generation

Original population, Next generation,
sowing date — April 14, 2016 sowing date — August 10, 2016
Root volume, cm? -
number of families, number of
% 1 %
pcs families, pcs
> 6.5 92 42.2 53 68.8
<6.5 126 57.8 24 31.2
Total 218 100 77 100

ment, it was found that the development
intensity of the root system at the initial stages
of organogenesis is an effective selection crite-
rion when applying the method of accelerating
the breeding process in summer sowing with
freshly harvested seeds. Such selection is an
effective way to increase the sainfoin seed and
fodder productivity.

In 2017, observations and selections we-re
carried out in the source material nursery for
218 families, which was laid out on 14 April
2015.

The winter hardiness score was 5 points
for 37 families, 4 points for 56 families; the
spring regrowth intensity score was 5 and 4 for
46 and 62 families, respectively; the leafiness
score — for 39 and 53 ones; the fertility score —
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for 45 and 61 ones; the productivity score — for
44 and 55 ones; the disease resistance score —
for 38 and 49 families (Table 4).

In 2017, the families selected according to
these criteria were additionally culled consi-
dering the development intensity of the root
system in the initial stages of organogenesis,
which were determined in 2015 in the first year
of life.

Similar work was carried out at SMN,
which was laid out in 2016. The nursery inclu-
ded 247 families. For winter hardiness, 52 fami-
lies received a score of 5 points, 74 families — 4
points, for spring regrowth intensity — 65 and 81
families received 5 and 4 points, respectively,
for leafiness — 56 and 70, for fertility — 61 and
75, for productivity — 59 and 72, for disease re-
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Table 4. Characteristics of source material in the SMN of the third year of life

S Number of families by selection criteria, pcs
core, . .
points Condl.t ton .Of r.egrov&'/th leafiness fertility productivity resistance to
overwintering intensity diseases
5 37 46 39 45 44 38
4 56 62 53 61 55 49
3 96 59 70 68 64 75
2 17 29 27 21 26 28
1 12 22 29 23 29 28
Total 218 218 218 218 218 218

sistance — 53 and 60 families (Table 5).
The new SMN, laid out on 11 August 2017,

consisted of 124 families. This year, the main
task was to determine the development intensity

Table 5. Characteristics of source material in SMN of the second year of life

S Number of families by selection criteria, pcs
core, » . .
points Condl.t 1on f regrowth intensity | leafiness fertility productivit resistance to
overwintering y diseases
5 52 65 56 61 59 53
4 74 81 70 75 72 60
3 93 50 61 55 66 62
2 19 34 32 37 26 47
1 9 17 23 19 24 25
Total 247 247 247 247 247 247

of the root system of the families at the initial
stages of organogenesis and their ability to
survive under high temperatures and moisture
deficit.

To determine the development intensity of
the root system, we have been growing plants in

polypropylene cylindrical containers. As a result
of the research, 34 families with a root volume
of more than 7.5 cm?® and 37 families with a
volume of 6.5-7.5 cm?® were identified, which is
274 % and 29.8 % of the total number of
families in the nursery, respectively (Table 6).

Table 6. Root volume in the SMN of first year of life

Root volume, cm? Number of families, pcs %
>7.5 34 27.4
6.5-7.5 37 29.8
<6.5 53 42.8

Total 124 100

The number of families in the SMN in-
creased from 42.2 % of the total in 2016 to
57.2 % in 2017 due to the systematic selection
of source material — from a plant with a root
system volume of more than 6.5 cm?. Therefore,
it was decided to select families with an average
root system volume of more than 7.5 cm?® for
further work.

The observations revealed close correla-
tions between the development of the root
system and the plant health at the end of the
growing season in autumn (Table 7).
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The proportion of families with the maximum
number of shoots per plant (> 27 pcs) and plant
height (> 20 cm) was 27.4 % and 26.6 %,
respectively, and was compared to the number
of families (27.4 %) with a root volume of more
than 7.5 cm?. Analysing the records and
observations of the first year of life, 29 families
were selected for further research.

Thus, determining the root system volume
of sainfoin plants and calculating the coefficient
of negative drought effect allows to select the
most productive breeding samples already in the
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Table 7. Condition of plants before cessation of growth season in autumn at SMN of first year of life

Indicator Number of families, pcs %
Number of shoots per a plant, pcs
> 27 34 27.4
20-27 37 29.8
<20 53 42.7
Total 124 100
Plant height, cm
> 20 33 26.6
15-20 35 28.2
<15 56 45.2
Total 124 100

first years of life when using summer sowing
with freshly harvested seeds.

Conclusions. The high air and soil
temperature observed at the initial stages of
sainfoin organogenesis in the summer sowings
in the nursery of the source material in 2016
reduced the proportion of families with general
condition scores of 5 and 4 points by 17.2 % at
the end of the first year of life. This indicator
allows us to determine the response of the
family to unfavourable abiotic environmental
factors and therefore it can be used as a
selection criterion for comparison with the
average coefficient of the negative drought
effect of the entire nursery.

In 2016, in the nursery of the first year of
life, it was found that 113 families, which repre-
sent 45.7 % of the total number in the nursery,
formed a root system with a volume of more
than 6.5 cm? 2.5 months after sowing. However,
only 77 families (31.2 % of the total number)
were characterised by the coefficient of negative
drought effect at no more than 0.46, i.e. they
were suitable for developing highly productive
populations in arid climatic conditions. Other 36
families (14.5 %) formed a developed root
system; however, they had insufficient adaptive
potential, which resulted in a signify-cant inhi-
bition of plant development under the influence
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AKTyaJbHicTb. BrpoBalykeHHS HOBHUX KpHTepii BiIOOpY BHUPIIIMTH MPOOJIEMH CeNeKIii oo
(dbopMyBaHHSI CTIHKOCTI POCIMH ecHapleTy J0 eKCTpeMaJbHUX TiPOTEPMIYHMX YMOB Ta HEIOCTaTHHOTO
3BOJIOKCHHS. Bu3HayeHHsI mpoodseMu. [Tpu BUCOKIH MOCYXOCTIHKOCTI JOPOCIUX POCIUH €CHapIETy HOoro
CXOIU € YYTIMBHMH JO JiehilIUTy BOJOTH B TOBITPiI Ta IPYHTI, TOMY 3/IaTHICTh CXOJIB aJanTyBaTHCh IO
HECTIPUSTIMBHUX YMOB 3BOJIOKEHHSI IIO3UTHBHO BILJIMBAE Ha MOJANBIINN PO3BUTOK POCIUH Ta (hOpMYBaHHS iX
nponyKTuBHOCTI. MeTa. OUiHUTH NPUHIUITN HOBUX KPUTEPiiB 1000py OI0THIIIB ecrapleTy B CENeKIIHHOMY
MpoIieci Ha IOYATKOBHX e€Tarax opranorenesy. Marepiaam i meroau. [Ipu 3aknanii po3cajHUKy BHXiJIHOTO
Marepiaiy MpOoBOJWIACH JITHS ciBOa ecnapuery. BuciBamm HaciHHS 3pa3KiB, siki Oylu OTpHMaHI METOJOM
MO3UTHBHOTO JI000PY 3 CEJIEKIIHHUX, HACIHHEBUX IIOCIBIB, KOJCKI[M IHIIUX HAyKOBUX YCTaHOB Ta 3
MICLIEBUX JUKOPOCIUX MOMyJsiiid ecnapuery. HoBi kputepii no006opy OloTumiB ecnapiery 0a3yrOTbcs Ha
OIIIHI IHTEHCUBHOCTI PO3BUTKY KOPEHEBOI CHCTEMHU Ta PO3paxyHKy Koe]illi€eHTy HeraTHBHOI il MOCyXH.
Metoau OCTIKEHb: TOJILOBHM, TaOOpaTOpHUM, BUMIipIOBAIEHO-BArOBHi, PO3paxyHKOBO-TIOPIBHSIbHUMH,
MaTeMaTHYHOI cTaTUCTUKU. Pe3yabTatu. B poscajiHuKy BUXIJHOTO Marepianxy MEepHioro poky >kutrs 113
cimeir (45,7 % 3aranbHOi KiJTBKOCTi) copMyBaim depe3 2,5 Micslls Micis CiBOM KOpEHEBYy CUCTEMY 3
00’eMoM Oinbrre 6,5 cm®. Tinbku 77 cimeld (31,2 % 3aranbHOT KiIJIBKOCTI) XapakTepusyBaiucs KoedimieHToM
HETaTHBHOI Jii ocyxu Ha piBHI He Bumle 0,46, TOOTO OyIU MpHUIATHI /Ui CTBOPSHHST BUCOKOTIPOTYKTHBHUX
MOMYJIANIA B TOCYNUIMBMX KIiMatudHUX ymoBax. CiB0a HaciHHSM ciMmed, siki BifiOpaHi 3a HOBHMHU
KputepisiMi, 3a0e3leunsia B HACTYITHOMY TOKOJIHHI 30UIBIIEHHS MUTOMOI Bark CiMed 3 MOTY)XKHOIO
KOpeHeBOwW cucteMoro (Oibire 6,5 cm®) 3 42,2 % no 57,2 %, MABMINEHHS BMKMBAHHS POCIHH MPOTSIOM
BereTallii B epImii pik xutts 3 63,2 % 10 87,2-95,0 %, B 3uMoBHii riepion — 3 83,3 % 10 90,4-94,8 %, cridikicTh 10
TIOIMMPEHHsT TPUOKOBHX 3axBoproBanb 3 81 % ymo 90-95 %. [Mutoma Bara cimeil B pO3CaJHHKY BHXIJIHOTO
Marepiaiy, o Majli MaKCHMaJIbHi TIOKa3HUKH KUTBKOCTI IAaroHIB Ha OJHIHM pocnuHi (> 27 mT.) 1 BHCOTH
(> 20 cm), cxnanana 27,4 % Tta 26,6 % 1 Oyna Ha piBHI KUIBKOCTI CiMEH 110 MaJid 00’ €M KOPEHEBOI CHCTEMH
oinpine 7,5 cm® — 27,4 %. BucnoBku. BusHaueHHs 00’ eMy KOPEHEBOI CHCTEMHE POCITHH €CHapIIETy Ta PO3PaXyHOK
KOe(QiIlEHTy HEraTHMBHOI il MOCYXH J03BOJIAE MPOBOAUTH A00Ip HAHOUIBII MPOXYKTUBHHX CEICKIIIHHMX
3pa3KiB BKE B MEPIi POKH KHUTTS IPH 3aCTOCYBaHHI JITHOI CIBOM CBIX0310paHUM HACIHHIM. 3aCTOCYBAHHS
J000pY CENEKITIMHOTO MaTepiary 3a HOBUMH KPHUTEPiSIMHU JO3BOJMIO BU3HAYATH CIM’T 3 BUCOKHM aTalTHBHUM
MOTEHI11aJI0M Ha NOYaTKOBHUX €TarlaxX PO3BUTKY POCIIMH B IIOCYIIUTMBUX YMOBAX.

Knrouosi cnosa: cenexyis, ecnapyem, 00’em KopeHesoi cucmemu pociun, Koepiyicnm ne2amusHoi Oil
nocyxu, CmaH pociun
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