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Features of growth and development of alfalfa-cereal grass
stands depending on the species composition and fertiliser

Abstract. The results of studies on the influence of the species composition of herbage, the level
of fertiliser, and growth stimulator Fumar on the density and botanical composition of plants are
presented. The experimental part of the study was performed in the scientific laboratories of the
Department of feed production, land reclamation and meteorology in the production division of the
National University of Life and Environmental Sciences of Ukraine "Agronomic Research Station".
The territory of the station is located in the Right-Bank Forest-Steppe and is part of the Bilotserkivsky
agro-soil district. Experimental plots were laid on chernozems of typical low-humus large-dusty
light loamy mechanical composition, which are characterised by a high content of nutrients. The
climate of the region is characterised by unstable humidity and moderate temperature conditions.
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Features of growth and development of alfalfa-cereal grass...

The average annual air temperature is 6-8°C. The annual amount of precipitation reaches 562 mm,
during the growing season - 354-394 mm (63-70% of the annual norm), which falls unevenly
throughout the year. Based on the conducted studies, it was identified that sown herbage is formed
with a density of 686-1250 shoots per 1 m2 and a height of 58-148 cm. Alfalfa-cereal and cereal
stands are denser than alfalfa ones. For the period from 1to 3 years of use of herbage, the density
of alfalfa shoots decreases, while that of orchard grass and smooth brome increases, and more
intensively with the introduction of N . During the first three years of use, grass stands are formed
with the dominance of sown components with a share of alfalfa in single-species sowing of 85-98%,
in alfalfa - cereal mixtures - 30-58%. For the period from the 15t to the 3" year of use of alfalfa-cereal
stands, the share of alfalfa decreases by 11-24%, and more intensively with the introduction of N60.
In addition, between the two cereal components, there is a change of co-dominant - from meadow
fescue to eastern fescue, eastern fescue to orchard grass, perennial ryegrass to smooth brome,
like in the cereal stand, eastern fescue to smooth brome. In the 3rd year of use, ryegrass thins out,

reducing the involvement rate to 5-14%

Keywords: alfalfa, cereal stand, shoot density, botanical composition, fertiliser

RELEVANCE

Improving the efficiency of using natural forage
land plays an important role in creating a strong
feed base for animal husbandry. The latter are a
source of cheap grass feed (hay, haylage, green
feed, artificially dried grass feed), which are well
balanced in protein, minerals, and vitamins, and
also act as a factor in improving the ecological
situation in agricultural landscapes, protecting
soils from erosion and water sources from silta-
tion and pollution.

In Ukraine, the area of such land is approx-
imately 7.8 million hectares, in the Right-Bank
Forest-Steppe - 1 million hectares. However,
their feed-producing and environmental ca-
pabilities are not yet fully used. Productivity in
modern conditions of insufficient resource pro-
vision of agriculture remains too low (does not
exceed 1.0-1.2 t/ha of feed units), which is several
times less than the potential capabilities (Bo-
hovin & Kurhak, 2007; Veklenko, 2003; Yarmoly-
uk, 2001).

ANALYSIS OF RECENT RESEARCH
AND PUBLICATIONS

It is necessary to improve nitrogen nutrition
to increase the productivity of sown perennial
grass stands because their need for nitrogen is
the greatest. The average nitrogen dose per 1 ha
of improved hayfields and pastures in Ukraine
does not exceed 15-20 kg/ha along with its acute
deficit balance. The removal of this element with
the harvest is several times higher than the re-
turn. The need of meadow lands in Ukraine for
nitrogen can be half covered by the effective use
of the potential of perennial legumes through
the enrichment of meadow stands with legume
components (Bohovin, 2009; Davydyuk, 2000;
Ohiyenko, 2008). Due to the insufficient supply
of forage crops with mineral nitrogen, which is
at the first minimum in most soil types, consid-
erable attention should be paid to the creation
of legume- cereal stands with an increased pro-
portion of legume components in them (Kurhak
§ Luk'yanets’, 2004; Satsik, 2000).
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Among the sown grass stands, the leg-
ume-cereal ones fully comply with the princi-
ples of organic production, are one of the most
promising areas of organic meadow farming, in
which legume components ensure high produc-
tivity of land and feed quality without the intro-
duction of mineral nitrogen. In the conditions of
the Forest-Steppe, the best results in terms of
productivity and feed quality in the composition
oflegume-cereal grass mixtures are provided by
the use of alfalfa as a legume component. Its in-
troduction into the composition of legume-cere-
al coenoses without the introduction of mineral
nitrogen increases the productivity of meadow
lands by 1.5-2.5, and protein collection - by 2-3
times compared to grass stands (Demydas’ et al.,
2019, Slyusar, 2002).

One of the main conditions for creating
highly productive sown herbage is the correct
selection of cereal components, considering
their cenotic characteristics, and environmen-
tal and agrotechnical factors. It is necessary
to consider the relationships and interspecific
functional relationships between plants in phy-
tocenoses, starting from the moment of seed
germination, so that cereals are characterised by
low cenotic activity or aggressiveness. In grass
mixtures, first of all, those types and varieties
of herbs that are more productive and resistant

in these soil and climatic conditions are used
for sowing them in their pure form (Voloshyn &
Sukaylo, 2014; Kurhak § Luk'yanets’, 2002).

The purpose of the study consists in estab-
lishing the regularities of the development of
high productivity of sown perennial grass stands
with alfalfa sowing for the use of various cere-
al components, mineral fertilisers and growth
stimulator Fumar on chernozems of typical
low-humus Forest-Steppe of the right bank.

MATERIALS AND METHODS

The research was conducted in scientific lab-
oratories of the Department of fodder produc-
tion, land reclamation, and meteorology in the
production division of the National University
of Life and Environmental Sciences of Ukraine
“Agronomic research station” during 2014-2016.
The soil of the experimental field is the typical
low-humus chernozem, with a large-dusty me-
dium loamy granulometric composition. The
humus content in the arable layer (according to
Tyurin) is 4.34%, the pH of the salt extract is 6.8,
the absorption capacity - 307 mg-Eq/kg of soil,
alkaline hydrolysed nitrogen (according to Ko-
rnfield) - 101 mg/kg of soil, mobile phosphorus
and exchange potassium (according to Chyrik-
ov) - 113 and 91 mg/kg of soil, respectively. The
scheme of the experiment is shown in Table 1.

Table 1. Experiment scheme

No. Factor A — herbage (types of grasses and seeding rate, kg/ha)

1 Alfalfa, 16

2 Alfalfa seed, 12 + eastern fescue, 10 + meadow fescue, 8
3 Alfalfa seed, 10 + eastern fescue, 10 + orchard grass, 8
4 alfalfa, 10 + Smooth brome, 14 + perennial ryegrass, 10
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Table 1, Continued

No. Factor B — fertilisers (nutrients and their doses)
5 Alfalfa seed, 10 + stemless bonfire, 14 + eastern fescue, 8
6 Smooth brome, 14 + eastern fescue, 8 (cereal stand), control
1 Without fertilisers (control)
2 P60 K90
3 N60P60K90
4 N60P60K90 + growth stimulator Fumar

The area of the sown plot is 30 m?, the
accounting plot - 25 m?, the repetition rate of
the experiment is fourfold. The technology of
growing perennial grasses, with the exception
of the factors under study, was the generally ac-
cepted one for the Right-Bank Forest-Steppe of
Ukraine. The following types of perennial grass-
es zoned with highly productive varieties were
used in the experiment, namely alfalfa (Med-
icago Sativa L.), variety Regina; smooth brome
(Bromus inermis Leyss), variety Mars; perennial
ryegrass (Lolium perenne L.), variety Kyivska 101;
eastern fescue (Festuca arundinacea Schreb.),
variety Danka; meadow fescue (Festuca praten-
sis Huds), variety Dibrova; orchard grass (Dacty-
lis glomerata L.) variety Natalka.

RESULTS AND DISCUSSION
It is known that the density of any grass stands,
including alfalfa-cereals, serves as an important
indicator because shoots are an important organ
where the leaf surface is formed, which is crucial in
the development of the crop (Solyanyk et al., 2000).

According to the data obtained from the
study of the density of the herbage, on average
for 2014-2016, the total number of shoots in al-
falfa, alfalfa-cereal, and cereal herbage ranged
between 686-1250 pcs./m?(Table 2). Alfalfa-ce-
real and cereal stands were characterised by a
higher density of 372-541 shoots per 1 m? more
in comparison with single-species sowing of
alfalfa. By the total number of shoots per 1 m?
according to the average data, there was no
big difference between the fertiliser options
for alfalfa-cereal and cereal stands.However,
these stands were somewhat thicker against
the background of the introduction of N P, K.,
+ biostimulator of growth Fumar, that is 41-66
more shoots than without fertilisation.Alfal-
fa-cereal stands with orchard grass and peren-
nial ryegrass were also thicker. With the addi-
tional input to the P, K, of nitrogen in dose N,
there was a tendency to reduce the density of
alfalfa grass stands and alfalfa-cereal mixtures
by 29-84 shoots per 1 m? and an increase - on
the cereal stand.

8 Plant and Soil Science (12)2


http://www.wikiwand.com/uk/Schreb.

Burko et al.

Table 2. Density of shoots of alfalfa, alfalfa-cereal, and cereal stands
on different fertiliser backgrounds, pcs./ m? (average for 2014-2016)

Including
Fertiliser Total, pcs./ m? cereals
alfalfa by components mixed grasses
= - total
Alfalfa
Without fertilisers 756 696 - - - 60
PoKeo 770 715 - - - 55
NeoPeoKso 686 611 - - - 75
NgoPeoKoot Fumar 709 642 - - - 67
Alfalfa + eastern fescue + meadow fescue
Without fertilisers 1128 508 303 263 566 54
PoKeo 1160 517 300 293 593 50
NeoPeoKso 1089 457 316 316 632 45
NgoPeoKeo™ Fumar 1169 489 300 337 637 43
Alfalfa + eastern fescue + orchard grass
Without fertilisers 1194 547 330 263 593 54
PoKeo 1236 558 338 290 628 50
NeoPeoKeo 1202 497 300 360 660 45
NgoPoKeo™ Fumar 1250 523 290 394 684 43
alfalfa + stemless plum + perennial ryegrass
Without fertilisers 1159 531 300 274 574 54
PoKeo 1199 540 350 259 609 50
NeoPeoKoo 1168 478 355 290 645 45
NoPoKeo™ Fumar 1202 501 358 300 658 43
alfalfa + plumless + eastern fescue
Without fertilisers 1246 516 326 350 676 54
PoKso 1191 530 311 340 611 50
NeoPeoKso 1154 467 341 301 642 45
NoPoKgo™ Fumar 1192 497 353 299 652 43
Smooth brome + eastern fescue (cereal stand)
Without fertilisers 1118 - 998 553 1051 67
PoKoo 1145 - 500 585 1085 60
NeoPeoKso 1178 - 600 521 1121 57
N P Ko+ Fumar 1184 - 616 515 1131 53
HIP 26 28 24 20 15

05
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When analysing the density of legume-ce-
real herbage by components, it was identified
that Alfalfa formed the most shoots, the num-
ber of which ranged between 457-696 shoots
per 1 m? The number of shoots in cereal com-
ponents was lower - each in the range of 263
to 353 shoots per 1 m? Therewith, the total
number of shoots of two cereal components,
which ranged between 574-658 shoots per 1 m?,
was approximately on the same level with the
shoots of alfalfa.

Notably, both on single-species alfalfa sow-
ing and in alfalfa-cereal stands for applying ni-
trogen fertilisers at a dose of N ,compared to the
background of P_ K, the number of shoots of
the legume component substantially decreased,
which confirms the results of other researchers.
In this case, in a single-species alfalfa crop, their
number decreased by 104 shoots per 1 m? on al-
falfa-cereals — by 60-63 shoots per 1 m2

However, in the case of using the growth
biostimulator Fumar on the background of
NP K, reducing the number of alfalfa shoots
fromapplying N was abouthalfas much. There-
with with the intoduction of N_P_ K_, compared

60~ 60”907

toP, K,
of grass mixtures of cereals is increased by 31-
39 units. This was mostly due to an increase in
the shoots of perennial ryegrass, smooth brome,

the total number of shoots sown as part

and, especially, orchard grass, the number of
which in the mixture alfalfa + eastern fescue +
orchard grass increased by 70 shoots per 1 m?.

An important factor in the development
of yield and feed value of grass stands is its
botanical composition, which is also deter-
mined by soil and climatic conditions, the age
of the grass stand, usage regimes and fertilisers.
With an increase in the proportion of the leg-
ume component in herbage, their productivity
increases due to biological nitrogen fixation.
Cereal components under conditions of joint
cultivation with legumes contain more protein
than in single-species crops (Olifirovych, 2008;
Prykhod’ko § Kharytonchyk, 2010).

According to the data obtained from the
study of the botanical composition of the herb-
age, on average for 2014-2016, alfalfa dominated
the single-species sowing of alfalfa with a share
of 88-94% (Table 3). The rest was mixed grasses
with a share of 5-12%.

Table 3. Botanical composition of alfalfa, alfalfa-cereal, and cereal stands
on different fertiliser backgrounds, % (average for 2014-2016)

Cereals by components Mixed grasses
T A0 Fertiliser Alfalfa
621.9]:631.55/.86:633.15 15t ond total
Alfalfa Without fertilisers %4 - - - 6
PoKep 95 - - - 5
NeoPooKo 88 - - - 12
NgoPeoKgot FUMar 92 - - - 8
Alfalfa + eastern fescue + | Without fertilisers 43 28 23 51 6
meadow fescue
PoKyp 43 27 25 52 5
NgoPooKo 40 25 25 50 10
N, Py,Kyo+ Fumar 41 24 26 51 8
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Table 3, Continued

Cereals by components Mixed grasses
[330.131.5: -
Fertiliser Alfalfa
621.9]:631.55/.86:633.15 1 ond total

Alfalfa + eastern fescue + | Without fertilisers 49 27 21 48 3
orchard grass

PeoKeo 50 26 22 48 2

NgoPeoKoo 44 22 26 48 8

N,,PgoKeot Fumar 48 21 27 48 5

alfalfa + smooth brome + | Without fertilisers 48 28 20 48 4

perennial ryegrass

PoKeo 49 29 19 48 3

NgoPeoKoo 43 27 21 48 9

N,oPeoKeot Fumar 46 26 22 48 6

alfalfa + plumless + Without fertilisers 48 22 25 47 5
eastern fescue

P60K9O 48 23 25 48 4

NeoPeoKso 42 27 22 49 9

N,oPeoKeot Fumar 44 28 21 49 7

Smooth brome + Without fertilisers - 43 47 90 10
eastern fescue

(cereal stand) PeoKoo - 44 49 93 7

NoPooKso - 50 44 94 6

N, P,Koo+ Fumar - 52 43 95 5

HIP 2 2 2 2

In alfalfa-cereal stands, the share of alfalfa
was lower and ranged between 41-50%. Among
alfalfa-cereal stands, the smallest amount of
it was observed in a mixture of alfalfa + east-
ern fescue + meadow fescue. The total share of
cereals in alfalfa-cereal stands ranged between
47-52%, which was on par with the share of al-
falfa. The total share of cereals in alfalfa-cereal
mixtures was slightly higher in the same mix-
ture (alfalfa + eastern fescue + meadow fes-
cue), where the share of alfalfa was the largest.

In alfalfa-cereal stands, the share of alfalfa was
lower and ranged between 41-50%. Among alfal-
fa-cereal stands, the smallest amount of it was
observed in a mixture of alfalfa + eastern fescue
+ meadow fescue. The total share of cereals in
alfalfa-cereal stands ranged between 47-52%,
which was on par with the share of alfalfa. The
total share of cereals in alfalfa-cereal mixtures
was slightly higher in the same mixture (alfalfa
+ eastern fescue + meadow fescue), where the
share of alfalfa was the largest.

Plant and Soil Science (12)2 11
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When analysing legume-cereal stands by
components, it was identified that alfalfa was
the dominant, the amount of which, as already
noted, ranged between 41-50%. In second place
in terms of the number of sown crops were
cereal components, the share of each of which
ranged from 19 to 29%.

Therewith, both on single-species al-
falfa sowing and in alfalfa-cereal stands
with the introduction of N, , compared to
the background of P_ K, the amount of leg-
ume component substantially decreased,
which confirms the results of other research-
ers. Therewith, in single-species sowing,
the amount of alfalfa decreased by 7%, and
in alfalfa-cereal stands - by 3-6%. Howev-
er, in the case of using the growth biostimu-
lator Fumar on the background of N_P K,
the reduction of the share of alfalfa from the
introduction of N_, was about 2% less. Thus,
the biostimulator of growth Fumar, although
tendentiously, still reduces to a certain extent
the negative impact of fertiliser nitrogen on
the stability of alfalfa in legume-cereal stands.
Therewith, with the introduction of N P, K,
a tendency to increase the total number of ce-
reals in some variants was observed compared
to P K., The amount of mixed grasses in alfal-
fa-cereal mixtures ranged between 2-10% and
there was a pattern that with the introduction
of K. N, itwasthelargest.

607790 ~ "60’

CONCLUSIONS

Studies established that in the technology
of growing legumes and grasses, important
elements on which the density and botanical
composition of plants depend are a successful
combination of their species composition, op-
timisation of fertiliser backgrounds, and stim-
ulation with the growth biostimulator Fumar.
Sown herbage is formed with a density of
686-1250 shoots per 1 m? and a height of 58-
148 cm. Alfalfa-cereal and cereal stands are
denser than alfalfa ones. For the period from
1 to 3 years of use of herbage, the density of
alfalfa shoots decreases, while that of orchard
grass and smooth brome increases, and more
intensively with the introduction of N,
During the first three years of use, grass
stands are formed with the dominance of sown
components with a share of alfalfa in sin-
gle-species sowing of 85-98%, in alfalfa - cereal
mixtures — 30-58%. For the period from 1 to 3
years of use of alfalfa-cereal stands, the share
of alfalfa decreases by 11-24%, and more sub-
stantially with the introduction of N, . In addi-
tion, between the two cereal components, there
isachange of co-dominant - from meadow fes-
cue to eastern fescue, eastern fescue to orchard
grass, perennial ryegrass to smooth brome, like
in the cereal stand, eastern fescue to smooth
brome. In the 3rd year of use, ryegrass thins out,
reducing the involvement rate to 5-14%.
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J1.M. bypko

KaHAamaaT CinbCbKOrocnoaapcbkix Hayk, CTaplinii BUKAaaau
HauioHanbHWI yHiBEpCUTET BiopecypciB i NPUPOAOKOPUCTYBAHHSA YKpaiHu
03041, syn. lrepois O6opoH#n, 15, m. Kunis, YkpaiHa

|.B. CBucTyHOBA

KaHanAaT CiibCbKOroCnoAapCbKMX HayK, AOLEHT
HauioHanbHWI yHiBepcUTET BiopecypciB i NPUPOAOKOPUCTYBAHHA YKpaiHM
03041, Byn. lrepois ObopoH#u, 15, m. Kunis, YkpaiHa

C.MN. NonTopeubKui

LOKTOp CinbCbKOrocnoaapcbKMx Hayk, Npodecop
YMaHCbKWIM HaLLiOHaNbHWIA YHIBEPCUTET CaliBHULTBA
20300, ByAn. IHCTUTYTCbKa, 1, M. YMaHb, YKkpaiHa

T.1. MpopoueHKo

KaHAmAaT CinbCbKOrocnoaapCcbKnx HaykK
HauioHanbHMI yHiBEpCUTET BiopecypciB i NPUPOAOKOPUCTYBAHHSA YKpaiHK
03041, Byn. lrepois ObopoH#u, 15, m. Kunis, YkpaiHa

OCO6MMBOCTI POCTY i PO3BUTKY JIIOLLEPHO-3/TaKOBUX TPaBOCTOIB
3aNe)XHo BiA BUAOBOIro CK/laay Ta YAOGpPeHHS

AHoTauifa. HaBeneHO pesynbTaTd [OOCHIIKEHb 3 BHBYEHHS BIUINBY BUJIOBOIO CKJIALY
TPaBOCTOIO, PiBHA yAO6pEHHA Ta CTUMYJIATOpa pocTy ®dyMap Ha T'yCTOTY Ta 60TaHIUHUN CKIAL,
pocnuH. ERCIlepMMeHTaIbHa YacTHHa pobOoTH BUKOHAHA B HAYKOBUX Jlaboparopisx Kadempu
KOPMOBUPOGHUIITBA, MeJliopallil Ta MeTeoposoril y BUpo6HUYOMYy mifgpo3zini HarioHaapHOro
yHiBepcuTeTy 6iopecypciB i IIpuUpomOKOpUCTyBaHHA VKpaiHM "ArpoHoMiuHa JociifHa
cTaHuig". TepuTopis cTaHILii po3ramoBaHa B [IpaBobepeskHoMy JlicocTeny i BXOIUTH O CKIaLy
BisoLlepKiBCBKOrO arporpyHTOBOrO paroHy. JociigHi [OindHKY 3aKiaZieHi Ha dYopHo3eMax
TUIIOBUX MAJIOTYMYCHUX KPYIIHOIIMJIYBATO-JIETKOCYIIMHKOBUX MEXaHIUHOTO CKJaAy, AAKi
XapaKTepU3YIOTbCA BUCOKKUM BMICTOM IIOKMBHUX pedyoBUH. KjliMaT perioHy xapaKTepU3yeThCA
HeCTIMKUM 3BOJIOKEHHM Ta [IOMipHUM TeMIIepaTypHUM PeXMMOM. CepeHbOPiUHA TeMIlepaTypa
TOBIiTpPA CTAaHOBUTH 6-8°C. PiuHA KiNBKIiCTh omafiB mocarae 562 MM, 3a BereTallilHUU Iepion, -
354-394 MM (63-70% piuHOI HOpMHU), AKi BUIAAAI0Th HEPIBHOMIPHO MPOTATOM POKY. Ha 0CHOBI
IIPOBeIeHUX AOCHiAKeHb BCTAaHOBJIEHO, IO NOCITHUN TPaBOCTiM GOPMYEThCSA 3 T'YCTOTOIO 686-
1250 maroHiB Ha 1 M2 i BucoTowo 58-148 cM. JII0IlepHO-3/1aK0Bi Ta 3J7IaKOBi TPaBOCTOI € 6ibuI
TYCTUMU, HDK JTIIOLLepHOBI. 3a nepiof Bif 1 70 3 pOKiB BUKOPUCTAaHHS TPaBOCTOO I'yCTOTA IIaroHiB
JIIOLIEPHU 3MEHINYETHCSA, a [TaroHiB CTOKOJIOCY JIYYHOTO Ta JIAABEHINIO JIYYHOTO - 361/IbIIyeThCs,
IpUYOMY 6iBII iHTEHCUBHO ITpY BHeceHHi N60. [IpOTAroM mepiyux TpboX POKiB BUKOPUCTAHHS
dopMyI0TbC TPaBOCTOI 3 [OMIHYBaHHSAM CifHHX KOMIIOHEHTIB 3 YaCTKOIO JIIOLIEPHHU B
OOHOBUAOBUX IOCiBax 85-98%, B JIIOLIEpHO-37IaKOBUX TpaBocyMimKax - 30-58%. 3a mepiof 3
1-ro 1o 3-1 piK BUKOPUCTAHHA JIIOLIEPHO-3/IaKOBUX TPaBOCTOIB YaCTKa JIIOLIepHU 3MeHIIyeThCA
Ha 11-24%, mpu4oMy 6inblI iHTEHCUBHO TIpu BHeceHHi N60. KpiM Toro, MibX ABOMA 3/1aKOBUMU
KOMITOHEHTaMU Bii6yBaeTbCs 3MiHa CITiBIOMIHAHTIB - Bif, KOCTPULIi JIyYHOI 0 KOCTPULI CXigHO1,
BiJl KOCTpHIIi CXiZHOI 10 TPACTULIi CafloBo1, Bif padirpacy 6araTopiuHoro 0 CTOKOJIOCY JIYYHOTO, K
i B 371aKOBOMY TPaBOCTOI, BiJi KOCTPUIIi CXiTHOI 10 CTOKOJIOCY JiygHOro. Ha 3-11 pik BUKOPUCTaHHSA
paurpac 3pifpKyeThcs, 3MeHIIYIOUX YacTKy y4acTi o 5-14%

KnouoBi cnoBsa: jiioliepHa, 3JTaKOBUH TPaBOCTIM, TYCTOTa MTaroHiB, 60TaHIUHUM CKIaZl, JO6PUBO
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