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[pencraBiensl pe3yabTaThl OHOIOTHYECKON OIIEHKH COPTOOOpa3IoB KocTpela 0e30C¢Toro B pas-
HBIX arpOKJIMMAaTHYECKUX 30HaX SIkyTnn. B riccienoBannsx ncnonb30BaHbl 143 KOMIEKIIMOHHBIX CO-
pTooOpasia KocTperna 6e30CToro u3 reHerndyeckor koiwieknuu BUP, apyrux HayqHO-MCCIeI0BaTeb-
CKUX YUPEKICHUH, a TAKIKE MECTHBIE TUKOpAcTyIre o0pasibl. M3yuaembie copTooOpasiibl 00IaiatoT
BBICOKOU 3MMOCTOMKOCTBIO, CEJICKIIMOHHBIC HOMEpa B OOJIbIIeH cTeneHu. JlaHa olleHKa 3acyX0yCTou-
YHBOCTH COPTOOOPA3IIOB, BHIPAIIMBAEMBIX B TPEX 30HaX SKyTHH. YCTaHOBJIEHA TECHAasl B3aUMOCBSI3b
MIPU3HAKOB 3MMOCTOMKOCTH U 3aCyXOYCTOWYIHBOCTH (BOHOYIACPIKUBAIOIICH CITOCOOHOCTH) Y KOCTpe-
ma 6e3zoctoro. Koaddurment xoppemsiiun B cpentem coctaBmit 0,74. JlaHa orieHKa HHTCHCHBHOCTH
TPaHCIHpPAIUN Y COPTOOOPA3IOB KOCTpena 0e30CToro. AHANNU3 JHEBHOW AMHAMHKH TPAaHCIIHPAIIUU
BBISIBIJI, YTO B HAYAJILHOU (paze pa3BUTHS TeHEPATHUBHBIX MOOETOB (BBIXOA B TPYOKY) MHHHUMAIIbHAS
WHTCHCUBHOCTh TPAHCIHPAIIMU MPOUCXO/IWIIA B BEUCPHEE BpPEMsl, MaKCUMallbHAasi — B YTPEHHHUE U
JHCEBHBIC YacChl. B (1)336 KOJIOHICHUA U UBETCHHUA MHTCHCUBHOCTD TPpaHCIIMPALlKU 3aBUCUT OT ITOTI'OIHBIX
YCIIOBHH. YCTAHOBIICHO, YTO BBICOKAs 3MMOCTOMKOCTh KOCTpera 0e30CTOro 00yCIOBIMBACT BHICOKYIO
YpOXKaHOCTH CeHa; HU3KUH MPOIIEHT BOIOYICPKUBAIOIICH CITOCOOHOCTH — 3UMOCTORKOCTD | TIONY-
YeHHEe MaKCUMAIILHOTO YPOXKasi CeHa B YCIIOBUAX KpHOIUTO30HKI SIkyTnu. Koadduiments koppers-
LMY MEX]Ty TTapaMeTpaMHu 3UMOCTONKOCTH, 3aCyXOyCTOMYMBOCTH C YPOXKAHHOCTBIO CEHA TIPU Pa3HOM
TpaBocToe B cpepHeM cocraBuin —0,85...—0,24. CranpapTHblii copt KocTpena 6e3octoro KamasuH-
ckuil 14 ycTOWYMB M BBICOKO aJIaliTUPOBAH K YCIOBUAM SIKyTHH, PEKOMEH/IyeTCsl KaK POAUTENbCKAs
(dopMa B CEJIEKIIMOHHOM TIpoIiecce Mo Koctpely Oezoctomy. [Ipu otbope copToodpasiioB KocTpena
0e3o0cToro ciaemyeT oOpaTUTh BHUMAHHWE HA COPTOOOPA3IBI M3 MECTHOW CEJIEKITNH, a TaKXKe Ha IT0-
YIS SKCTISAUIIMOHHBIX COOPOB 10 SIKyTHH, KOTOPBIE 00IaatoT BHICOKOH YPOXKAIHOCTBIO CEMSIH.
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The results of biological evaluation of awnless bromegrass varieties in different agroclimatic
zones of Yakutia are presented. A total of 143 collection varieties of awnless bromegrass from the
genetic collection of VIR, other research institutions and local wild specimen were used in the re-
search. The varieties studied are highly winter-hardy, the breeding specimen numbers to a greater
extent. The drought tolerance of the varieties grown in the three zones of Yakutia is evaluated. A
close relationship between winter hardiness and drought tolerance (water retention capacity) in awn-
less bromegrass was established. The correlation coefficient averaged 0.74. The intensity of transpi-
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ration in awnless bromegrass cultivars is evaluated. Analysis of the daily dynamics of transpiration
revealed that during the initial development phase of generative shoots (emergence into a tube), the
minimum intensity of transpiration occurred in the evening and the maximum in the morning and
afternoon hours. During the earing and flowering phase, the intensity of transpiration depends on
weather conditions. It has been established that high winter hardiness of awnless bromegrass ac-
counts for high hay yield; low water-holding capacity accounts for winter hardiness and maximum
hay yield in the conditions of Yakutia's cryolithozone. The correlation coefficients between winter
hardiness, drought tolerance parameters and hay yield at different herbage levels averaged —0,85...
—0,24. The standard variety of awnless bromegrass Kamalinsky 14 is stable and highly adapted to
the conditions of Yakutia, and is recommended as a seed parent in the selection process for awnless
bromegrass. When selecting varieties of awnless bromegrass, attention should be paid to varieties
from local breeding, as well as populations of expeditionary collections across Yakutia, which have
high seed yields.
Keywords: awnless bromegrass, winter hardiness, drought resistance, seeds.
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INTRODUCTION used in grass mixtures when creating cultivated

Awnless bromegrass (Bromopsis inermis hayfields and pastures, as well as for sowing

Leyss) is one of the most common perennial
grasses. Due to its biological features, it grows
in various soil and climatic conditions, includ-
ing the Far North [1, 2].

Awnless bromegrass is characterized by
high yield, drought tolerance and winter har-
diness. It is willingly eaten in pastures and as
hay by all kinds of livestock. It grows well after
mowing or straining. Grows early in spring and
yields large quantities of green fodder; thus, it
may be used as an early green supplementation
instead of winter crops. In Yakutia it survives in
grass on fenced plots for 8-9 years. It is widely

in drained bogs and lands subject to water and
wind erosion' [1-9].

Many literature sources indicate the impor-
tance of winter hardiness in the preparation
of plants depending on their belonging to the
type groups (in relation to negative air temper-
atures). The following types of crops are dis-
tinguished: those resistant to low temperatures
of atmospheric air, soil layer and under-snow
temperature [10-16]. Awnless bromegrass has
many forms, which are united into two types
according to biological, ecological, and eco-
nomic characteristics: northern and southern
(see footnote 1) [6, 16].

'Efimova A.Z. Agroecological justification of awnless bromegrass (Bromopsis inermis (Leyss.) Holub) cultivation for seeds

in Yakutia: Ph.D. in Agricultural sciences. Yakutsk, 2004. 24 p.

PacTeHneBonCTBO U CeNEKITHS

CuOHPCKHii BECTHHK CEITbCKOXO3SHCTBEHHOMN Hayku ® 2021 + 516 23



Biological evaluation of awnless bromegrass in different agro-climatic
zones of Yakutia

Alexeeva V.I., Platonova A.Z.

In Yakutia, the main limiting factors are
severe overwintering conditions and drought
conditions during the growing season. The se-
lection of source material adapted to the harsh
conditions of Yakutia should be the basis for
the creation of varieties with a stable yield of
aboveground mass.

The purpose of the study is to evaluate the
biological characteristics of awnless brome-
grass varieties in different agroclimatic zones
of Yakutia.

MATERIAL AND METHODS

Experimental studies were conducted in
three scientific field stations of the M.G. Saf-
ronov Yakut Scientific Research Institute of
Agriculture, which are located in different ag-
roclimatic zones of crop cultivation: Prigoro-
dnaya (Khangalassky ulus), Zarechnaya (Ust-
Aldansky ulus) and Northern (Oymyakonsky
ulus).

In Khangalassky ulus, the research was con-
ducted in 1989-1993 on a floodplain site lo-
cated in the middle course of the Lena River.
The soil is frozen-floodplain, soddy, light gray
sandy loam with neutral and slightly alkaline
reaction of soil medium. Salinity type is sul-
fate-chloride. Humus content in arable layer
is 2.14-2.95%, exchangeable potassium is 3.5-
19.7 mg/100 g, pH is 7.2-7.4.

In the Ust-Aldan ulus, the research was con-
ducted on the thermokarst alas Bedi in 2006-
2008. The alas is flat and belongs to the basin-
valley type. The site is located on alas xero-
morphic solonets, which are widespread in alas
meadows of the studied region. This soil type
occupies 47.4% of the area of the main bottom
of Badi alas, which 1s 672.7 ha [17].

The microrelief of the experimental plot is
flat, with a slight slope from north to south,
from the periphery of the alas to the center. The
humus content at the depth of 0-20 cm is very
high (8.9%) with decreasing down the profile to
1.9%. Provision of nitrate nitrogen is very high -
46-48 mg/kg of soil, phosphorus content is very
low - 58 mg/kg, potassium at 0-20 cm depth
is very high - 305 mg/kg, 20-40 cm is high -
159 mg/kg. Salinity is weak, sulfate-chloride at
0-20 cm horizon and hydrocarbonate at 20-40

cm horizon. According to the observations of
R. Desyatkin [17], permafrost during the grow-
ing season drops to 2.0-2.5 m.

In the Oymyakonsky ulus the research was
conducted in 1998-2001. The site is located
on the floodplain of the Yuchyugei River. The
soil is permafrost north taiga podzolized. The
soil profile is subjected to permafrost cryotur-
bations, gleyed, and has thixotropy on soils of
heavy texture. By mechanical composition, the
soils are light, medium and heavy loamy on an-
cient alluvial deposits, underlain by sand and
pebbles from below. The humus content is 2.11-
2.47%, the reaction of the aqueous solution of
the soil medium is neutral, pH 6.4-7.7. The con-
tent of phosphorus and potassium is high. In the
upper layers (0-20 cm), the phosphorus content
is 29.9-31.78 mg/100 g of soil, exchangeable
potassium is 25.6-26.4 mg/100 g.

Meteorological conditions during the years
of research were characterized by very harsh
winters (temperature dropped to -57 °C in
Khangalassky and Ust-Aldansky uluses and
lower to -62 °C in Oymyakonye) and more fa-
vorable conditions during the growing season.

Hydrothermal coefficient (HTC) in the first
site for 1989-1993 was from 1.2 to 2.7. The dry
period was 1989 (HTC 1.20), 1993 (HTC 1.53),
humid - 1990, 1991 (HTC 2.07 and 1.62, re-
spectively). The year 1992 was humid (GTC
2.7).

At the second site in 2006-2008 the me-
teorological conditions of the growing season
can be divided into dry (2007) and wet (2006,
2008) according to the hydrothermal coeffi-
cient. Weather conditions of vegetation period
2007 were characterized by relatively low air
temperature and deficit of atmospheric precipi-
tation. During the first and second ten-day peri-
ods of July, the weather was dry and hot, while
rains started only from the third ten-day period.
The HTC was 0.55. The sum of active tempera-
tures above 10°C was 1,295°C, and precipita-
tion totaled 71.4 mm during the period.

At the third test site, the HTC was 1.65 in
2000 and 1.23 in 2001.

Field experiments, biometric measurements
and observations were carried out according to
the methodological guidelines of VIR (1985)

24  Siberian Herald of Agricultural Science * 2021 « 51 « 6

Plant growing and breeding



buonornueckas oreHka KocTpena 6e30cToro B pa3inyHbIX
arpOKIMMATHYECKUX 30HaX SIKyTHH

Anexceesa B.U., [TnaroHoBa A.3.

and VNIIK (1985, 1993). Daily transpiration
rate was determined according to N. Gusev's
method "Some methods of plant water regime
research" (1966). Mathematical processing of
the research results was carried out according
to B.A. Dospekhov (1985) using the software
package Sandor (2009) and Microsoft Office
Excel 2007.

143 collection variety samples of awnless
bromegrass from the genetic collection of VIR
and other research institutions, as well as local
wild specimens were used in the studies: 40
variety samples in Khangalass Ulus, 90 variety
samples in Oymyakonsky Ulus, and 13 samples
in Ust-Alansky Ulus. The standard is a zoned
variety Kamalinskiy 14.

RESULTS AND DISCUSSION

When determining the selection features of
awnless bromegrass, important biological traits:
winter hardiness, drought tolerance and water
retention capacity were taken into account. Ac-
cording to the developed farming technique of
this crop in the conditions of Yakutia, sowing
was carried out by wide-row method in the
summer period [2, 12]. Good adaptability of
awnless bromegrass under Yakutian conditions
is observed with such sowing.

In Khangalassky and Oymyakonsky uluses,
experimental plots were used for winter grazing
of horses during the winter period. As a result,
winter-hardy and drought-resistant varieties
were identified.

In Khangalassky ulus, in the standard vari-
ety Kamalinsky 14 winter hardiness in the first
2 years of plant life is generally good, which
becomes excellent with age.

When evaluating awnless bromegrass cul-
tivars for drought tolerance, it was determined
that the water-holding capacity is well mani-
fested in vegetative shoots. Generative shoots
in dry year are less stable than vegetative ones
in water-holding capacity. In this connection,
the specimens were studied during the tillering
phase.

Water loss from the total weight of plants was
recorded in the first year of vegetation of plants
in the variety Kamalinsky 14 at 4.5%, in local
samples - from 2 to 3%. In subsequent years of

herbage use, it was noted that water retention
capacity reached 5% in variety Kamalinsky 14
and up to 4% in local populations, except for
hybrid number G-18. It showed homeostasis ef-
fect and did not change its water-holding capac-
ity from the third to the fourth year of plant life
(at the level of 2%).

Hay yields were 14.4 to 33.3 c/ha for Ka-
malinsky 14 on the bogara depending on HTC
of the year and the first point of research. The
first life year of awnless bromegrass coincided
with a moderately humid year (HTC 0.81). Hay
yield reached 33.3 c/ha. In the second year of
awnless bromegrass life (HTC 1.03) hay yield
was 21.1 c/ha. In the third year of life this in-
dicator was 14.4 c/ha, which is associated with
the age of the herbage and a very dry summer
(HTC 0.59). In the fourth year of life in a more
favorable year (HTC 1.09) the hay yield was
21.98 c/ha.

Thanks to agrotechnological methods, the
variety Kamalinskiy 14 adapted well in the
cryolithozone. Negative correlation was noted
both between yield and winter hardiness (up to
-0.6), and between hay yield and water reten-
tion capacity (-0.8) (see Table 1).

A similar agronomic technique with wide-
row sowing method was used in the second
point of research when studying the VIR col-
lection of awnless bromegrass in the harsh con-
ditions of the cold Pole of Oimyakon.

It was noted that Kamalinskiy 14 adapted
well in the cryolithozone. In this variety, the
negative relationship between yield with winter
hardiness (to -0.5), and between hay yield and
water-holding capacity (-0.5) was confirmed.

Local varieties showed themselves differ-
ently: a positive correlation between winter
hardiness and hay yield and water-holding ca-
pacity and hay yield was noted. Correlation co-
efficients were 0.6-1.0 and 0.6, respectively. In
hybrid samples the negative relationship with
winter hardiness and hay yield is clearly ex-
pressed, indicating homeostasis and inheritance
of the parental form of the Kamalinskiy 14 va-
riety (see Table 2).

Peculiarities of winter hardiness of awnless
bromegrass and drought tolerance expressed
themselves in a certain correlation with forage
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Taodua. 1. Xo35HUCTBEHHO LICHHbIC IPU3HAKH U ONPECICHUE B3aUMOCBSI3H C YPOXKANMHOCTBIO CEHA
Yy COpPTO00Pa3IoB KocTpera 6e30CTOro B yCIOBHIX XaHranacckoro yiyca (rmoceB 1989 r., yuer 1990-

1993 rr.)

Table 1. Economically valuable traits and determination of correlation with hay yield in awnless
bromegrass cultivars in Khangalass ulus conditions (seeding 1989, records 1990-1993)

Winter Drought tolerance
Year of Life hardi HTC (water retention Hay yield, c/ha
ardiness, score .
capacity), %

First (1990) 4,5 0,81 4 33,3
Second (1991) 4,5 1,03 4,5 21,1
Third (1992) 5 0,59 5 14,4
Fourth (1993) 5 1,09 5 21,98
Property correlation coefficient with the

. —-0,66 0,24 0,87 1,00
yield of awnless bromegrass hay

harvesting in the second field point. The cor-
relation coefficient between winter hardiness
and waterholding capacity for Kamalinsky 14
variety was 1,00, for Karavaev's bromegrass
ONe07-1/37 — 0,82, variety G-18 - 0,58, for
bromegrass ONe07-1/51 — 0,58. The average
correlation coefficient for the samples was 0.74.

In Ust-Aldansky ulus the sowing was made
in the autumn term. Observations of transpira-
tion intensity in awnless bromegrass cultivars
were carried out during the second, third and
fourth years of life according to plant develop-
ment phases (emergence of a tube, earing and
flowering).

Over the years of research, the daily transpi-
ration rate of awnless bromegrass cultivars is
expressed by single- and double-peaked curves
shown in the figure.

The analysis of daily dynamics of transpira-
tion revealed that in the initial phase of devel-
opment of generative shoots (emerging into the

tube) the minimum intensity of transpiration
occurred in the evening, the maximum - in the
morning and afternoon hours. In the earing and
flowering phase, the intensity of transpiration
depends on weather conditions. In favorable
conditions of moisture supply in 2007 and 2008,
maximum (11 h) and minimum (13 h) evapora-
tion was recorded during daytime during ear-
ing and flowering phases. During flowering, the
peak of transpiration intensity fell on daytime
(13 h), the minimum value - in the evening (17
h). During unfavorable moisture availability in
2006, the minimum intensity of transpiration
was observed at 9 and 11 h, the maximum - in
the evening time (17 h). The analysis of tran-
spiration intensity by development phases in
awnless bromegrass showed that the maximum
evaporation of moisture from leaves occurs in
the phase of emerging into a tube. By years this
indicator varied from 1149 to 1263 mg/h, con-
siderably less in the earing phase - from 486 to

Ta6a. 2. KoadduumeHT Koppessiuu y MECTHBIX 00pa3IioB KocTpela 0€30CTOro 1 alallTHPOBAHHOTO
copra Kamanuuckuii 14 (OiimsikoHckuit yinye, noce 1998 1., yaer 1999-2001 rr.)

Table 2. Correlation coefficient in local samples and adapted cultivar Kamalinsky 14 (Oymyakonsky

ulus, seeding 1998, records 1999-2001).

Kamalinsky Karavaey Bromegrass Average
Factor relationship 14 bromegrass G-18 ENoO7-1/51 |
ENe07-1/37 e value
Hay winter hardiness and yield -0,5 1,0 -0,4 0,6 0,2
Water-holding capacity and yield of
hay -0,5 0,6 0,7 0,6 0,4
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Average daily transpiration rate of awnless bromegrass cultivars (records 2006-2008), mg/h

704 mg/h, flowering - from 681 to 951 mg/h.
Low transpiration coefficient (486-1231 mg/h)
was registered in plants during unfavorable heat
and moisture deficit vegetation period of 2006.

Among awnless bromegrass cultivars the
lowest intensity of transpiration is character-
ized by varieties Antey and Amethyst. In the
booting phase in the third and fourth years of
life they had the highest value of transpiration
coefficient - 1599 and 1614 mg/h, respectively.

In the third year of life of awnless brome-
grass varieties in the booting phase, high rates
of transpiration were revealed. In standard Ka-
malinsky 14 it was 3718 mg/h. With optimal
signs of winter hardiness and drought toler-
ance, bromegrass plants formed a good seed
yield during this period (see Table 3).

Due to biological features of awnless brome-
grass, it reaches the maximum seed yield in the
third and fourth years of plant life. Reliably
high seed yield is provided by six varieties:
Haptagaisky, Mestny Yakutsky, Ammachaan,
K-02-8, E-118, K-02-6, in which the excess
over the standard varieties varies from 22 to
49% (see Table 3).

CONCLUSIONS

1. The standard variety of awnless brome-
grass Kamalinsky 14 is stable and highly adapt-
ed to the conditions of Yakutia, and is recom-
mended as a parent form in the breeding pro-
cess for awnless bromegrass.

2. Water retention capacity of awnless
bromegrass plants in the tillering phase de-
creases to 5% with age.

3. Correlation coefficients between the pa-
rameters of winter hardiness, drought tolerance
and hay yield with different herbage on average
are at -0,85 ... -0,24.

4. High winter hardiness of awnless brome-
grass determines the high yield of hay; low per-
centage of water-holding capacity - winter har-
diness and getting the maximum yield of hay in
conditions of Yakutia cryolithozone.

5. Close correlations of winter hardiness and
drought tolerance (water retention capacity) in
awnless bromegrass were established. The cor-
relation coefficient averaged 0.74.

6. Analysis of daily dynamics of transpira-
tion revealed that in the initial phase of gen-
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Ta6a. 3. YpoxaifHOCTh CeMsH KOCTpela 0e30CTOT0 Ha TPETheM yJacTke (ycioBus anaca baau), moces

2005 ., T/m?
Table 3. Seed yields of awnless bromegrass in plot 3 (Bedi Alas conditions), seeding 2005, g / m?
Vi Year of Life Average \
ariety % to the standard
second third fourth value
Kamalinsky 14 (standard) 5,3 7,8 15,9 9,7 100
Langepas 4,7 7.5 17,5 9,9 102
Ametist 4,5 8,5 16,6 9,9 102
Antei 6,4 8,9 17,6 11 113
Local Yakut 7,3 8,5 20,1 12 124
Ammachaan 6,8 10,1 21,2 12,7 131
Khaptagai 4.8 8,9 21,6 11,8 122
E-118 6,1 11,8 23,7 13,9 143
K-02-5 4,9 8,7 17,2 10,3 106
K-02-6 7,7 12,2 23,4 14,4 149
K-02-8 6 8,4 23,3 12,6 130
LSD,, 1,7 2,9 3,1 2,1

erative shoots development (booting stage) the
minimum intensity of transpiration occurred in
the evening, the maximum - in the morning and
daytime hours. In the phase of earing and flow-
ering the intensity of transpiration depends on
weather conditions.

7. When selecting varieties of awnless
bromegrass, one should pay attention to variet-
ies from local breeding, as well as to popula-
tions of expeditionary collections in Yakutia.
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