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INFLUENCE OF AGROTECHNOLOGICAL GROWING PRACTICES ON THE FORMATION
OF BIOMETRIC INDICATORS OF KHORASAN WHEAT (TRITICUM TURANICUM)
IN THE CONDITIONS OF THE EASTERN PART OF THE NORTHERN STEPPE OF UKRAINE

0. 0. Viniukov, O. M. Butenko
Donetsk State Agricultural Research Station of NAAS of Ukraine, 1 Zakhysnykiv Ukrainy St., Pokrovsk,
Donetsk region, 85307, Ukraine

Topicality. The popularity of Khorasan wheat among consumers is due to the fact that their grain has
more useful properties than traditional wheat types. The distribution of this wheat is restricted by the lack of
accurate agrotechnological practices that would allow plants to maximise their genetically programmed
productivity. Purpose. To determine the influence of the proposed elements of cultivation technology on the
formation of biometric parameters by Khorasan wheat plants in the eastern part of the Northern Steppe of
Ukraine. Methods. In 2021-2022, research was conducted in the field crop rotation of the Donetsk State
Agricultural Research Station of NAAS, according to the method of B. O. Dospehov. The predecessor was a
sunflower. The Khorasan wheat of Sarmat variety was used for sowing. Research methods were used: field,
laboratory, mathematical and statistical. Results. Application of mineral fertilisers in the cultivation of
Khorasan wheat contributes to the formation of better biometric parameters during the growing season
compared to the control variant. At full maturity stage, the habitus of plants exceeds the control variant
by 22 cm. The number of nodal roots per plant increases by 0.7 pcs and the productive tillering coefficient —
by 0.1. When lower seeding rates are applied (2.0 and 3.0 million seeds/ha), plants form better biometric
parameters regardless of nutritional background. The largest number of productive shoots of the Khorasan
wheat forms in the nutrition background NsP3q. Depending on the seeding rate, the coefficient of productive
tillering varied from 1.4 to 1.2. Conclusions. Increasing or decreasing the seeding rate does not significantly
affect the physiological ability of the crop to form a high plant density. Economically efficient plant density
per unit area can be formed by increasing the seeding rate, which will reduce the number of productive
stems per plant, but the total number of productive stems per 1 m? will increase, as a result, grain yield will
increase.

Key words: Khorasan wheat, seeding rate, nutritional background, tillering coefficient, number
of nodal roots, plant height, productive tillering coefficient, number of stems

Introduction. In recent years, wild and
ancient types of wheat have become increasing-
ly popular among consumers worldwide.

Analysis of information sources of foreign
and domestic research results shows that Triti-
cum turanicum Jakubz. (T. turgidum subsp. tu-
ranicum (Jakubz.) A. Love & D. Love, 2n = 4x =
28, AABB) is a species genetically close to du-
rum wheat, known as Khorasan wheat. It is cul-
tivated in 40 countries and is known worldwide
as Kamut. [1].

Pure sowings of T. turanicum are cultivat-
ed in Iran, Turkey, Syria, Afghanistan, Uzbeki-
stan, Turkmenistan and Kazakhstan. Since this
wheat is a distinct ecotype of irrigated agricul-
ture in hot and arid regions, the species T. tura-
nicum is characterised by high tolerance to heat
and atmospheric drought, but is completely non-
resistant to soil drought [2, 3].
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Many scientists have established that the
yield of this wheat under conditions of heat and
atmospheric drought was only 30 % lower than
under optimal growing conditions. When high
temperatures were combined with atmospheric
and soil drought, the yield depression was al-
most 8 times higher due to a sharp decrease in
productive tillering and head grain content [4-6].

Plant height of Khorasan wheat is 106—
110 cm, reaching 115-125 cm under irrigation.
The plants have low resistance to lodging due to
the weak development of mechanical tissues in
the three lower nodes.

The straw has a thickness of 3.5-4.0 mm,
without anthocyanin; the nodes are thickened,
covered with short hairs. The drooping spike is
elongated, 11-14 cm long. The spike contains
16-20 spikelets and 34-37 grains. The awns are
14-17 cm long, very jagged, coarse, and easily
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fall off, so the spike appears to be awnless be-
fore harvest. The kernels are very long (11—
12 mm), glassy [7-8]. The kernels of this an-
cient wheat are amber in colour and twice larger
the kernels of ordinary wheat. Cooked kernels
acquire a rich creamy and nutty flavour. Khorasan
wheat is rich in fibre, magnesium and selenium,
as well as antioxidants. It is nutritious and can
be used in the same way as other wheat species.

Topicality of the research. Consumers
prefer Khorasan wheat because their grain has
more nutritional properties than traditional spe-
cies. For this reason, scientists at the Donetsk
State Agricultural Research Station have started
breeding work with Khorasan wheat (Triticum
turanicum Jakubz.), and in 2022, two lines of
this crop were submitted to the State Variety
Testing.

Khorasan wheat is a niche crop, the dis-
semination of which is constrained by the lack
of precise agrotechnological cultivation tech-
niques. There are still unresolved issues related
to the selection of technological elements that
would allow plants to maximise their genetical-
ly programmed productivity.

Purpose of the research. To determine the
effect of the proposed elements of cultivation
technology on the formation of biometric pa-
rameters by Khorasan wheat in the eastern part
of the Northern Steppe of Ukraine.

Materials and Methods. In 2021-2022,
the research was carried out in the field crop
rotation of the Donetsk State Agricultural Re-
search Station of NAAS. The soil is ordinary
low-humus, heavy loamy chernozem. The hu-
mus content is 4.9 %, the pH is slightly alkaline,
close to neutral, and the content of total nitrogen
is 0.22, phosphorus — 0.14 %.

The sown area of the plot is 84 m? the
recorded area is 76.9 m% The multifactorial
field experiments were conducted using the
method of sequential plots, in a systematic
method. Experiments were repeated three times.
The predecessor is sunflower. Mineral fertilisers
were applied during sowing according to the
scheme of the experiment.

Sowing was carried out in the early part of
April using a SN-16 seeder in an assembly with
a T-25 tractor. The sowing method was solid
row sowing with 15 cm row spacing and with
the depth of seed placement of 4-5 cm. In order
to improve the conditions for its germination,
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the soil was compacted with 3KKSh-6A star-
wheeled rollers.

Khorasan wheat of Sarmat variety was sown.

Hydrothermal conditions over the years of
research were not significantly different from
the long-term average, but allowed us to deter-
mine the response of Khorasan wheat plants to
all manifestations of weather conditions typical
for the eastern part of the Northern Steppe.

The research was carried out in accord-
ance with the methodology of B.O. Dos-
piekhov [9]. Research methods were as follows:
field, laboratory, mathematical and statistical.

Results. Khorasan wheat is characterised
by relatively high general tillering, but produc-
tive tillering is lower. Therefore, the first step is
to establish the optimal seeding rate for this
crop to form the most efficient stem stand
capable of providing the highest possible level
of plant productivity.

Two nutrition backgrounds were also
studied in the experiment, and the control was
the background without fertilisation.

One of the most critical stages of organo-
genesis for cereals is the tillering stage. At the
beginning of this stage, the future head is initi-
ated, which determines the future productivity.
Therefore, determining the effect of the pro-
posed technological measures on the condition
of plants during this period is interesting from a
scientific point of view. For the analysis of bio-
metric parameters, plants were selected at the
end of the tillering stage (Table 1).

During the first stages of organogenesis,
the nutritional background significantly influ-
enced the habit of Khorasan wheat plants. Un-
der the natural nutrition background, the plant
height was the lowest, which ranged from 15.4
cm to 15.8 cm, depending on the seeding rate.
Under moderate nutrition background (NisP1s),
the habitus of plants increased by an average of
0.9 cm compared to the natural background.
Depending on the seeding rate, the plant height
varied from 16.0 cm to 16.9 cm. The highest
plants were grown under the mineral nutrition
background of Ng3oP3. At increased rates of
mineral fertilisers, the height of Khorasan wheat
plants was from 17.8 cm to 18.4 cm.

Analysis of the effect of seeding rates on
plant habit determined that the increased seeding
rates resulted in an insignificant increase in plant
height. So, on moderate nutrition background
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Table 1. Biometric parameters of Khorasan wheat of Sarmat variety at the end of the tillering stage,

2021-2022
Fertiliser Seeding rate, Hei Depth of tillering | Tillering coef- Number of nodal
eight, cm .
rate min seeds/ha node, cm ficient roots, pcs/plant
2.0 15.4 3.4 2.6 5.4
NP 3.0 154 34 25 5.2
oo 4.0 15.7 35 2.2 5.0
5.0 15.8 3.4 2.2 5.1
2.0 16.0 35 2.6 55
3.0 16.2 3.6 2.7 5.6
N15P15
4.0 16.9 3.6 2.6 54
5.0 16.9 3.6 2.5 55
2.0 17.8 3.6 2.9 6.0
3.0 17.8 3.7 2.9 5.9
N30P30
4.0 18.3 3.6 2.6 6.1
5.0 18.4 3.7 2.6 5.9

(N1sP1s), the difference between 2.0 million
seeds/ha and 5.0 million seeds/ha was 0.9 cm. It
is explained by the fact that plants need to in-
crease their habitus to receive the required
amount of physiologically active radiation when
plant density is thickened.

It was found that seeding rates do not af-
fect the depth of the tillering node. Comparison
of the effect of nutrition backgrounds revealed
that an increased fertiliser rate led to a partial
deepening of the tillering node. So, at applica-
tion of NysPys5 the tillering node deepened by 0.2
cm compared to the natural background, and at
N3oP30 — by 0.3 cm, respectively. This phenom-
enon is explained by the physiological ability of
plants to adapt to more favourable nutritional
conditions, i.e., when forming a more favoura-
ble agrochemical background, plants form a root
system in more favourable conditions for their
further development.

The nutrition background and sowing
rates had a more significant effect on the for-
mation of the number of shoots by plants and, as
a result, the tillering coefficient.

The highest tillering coefficient (2.6) was
observed in the variant without fertiliser at a
seeding rate of 2.0 million seeds/ha. With an
increase in the seeding rate, the tillering coeffi-
cient decreased from 0.1 at 3.0 million seeds/ha
to 0.4 at 4.0 and 5.0 million seeds/ha.

The tillering coefficient increased by 0.2
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in comparison with the control, when mineral
fertilisers NisP15 were applied during sowing.
Comparison of seeding rates revealed that at the
rate of 3.0 million seeds/ha, the Khorasan wheat
plants formed the highest tillering coefficient,
which exceeded the variants with the seeding
rate of 2.0 and 4.0 million seeds/ha by 0.1, and
with the seeding rate of 5.0 million seeds/ha —
by 0.2.

The pre-sowing application of mineral fer-
tilisers at the rate of N3oP3p contributed to the
formation of the highest tillering coefficient
(2.9) in the experiment. When comparing the
effect of seeding rates on this indicator, it was
found that 2.0 and 3.0 million seeds/ha allowed
plants to form a tillering coefficient higher by
0.3 than in the variants with seeding rates of 4.0
and 0.5 million seeds/ha.

The number of nodal roots formed by the
plants of Khorasan wheat differed significantly
at various nutrition backgrounds. This indicator
varied from 5.2 pieces in the variant without
fertilisation to 6.0 pieces in the N3oP3 back-
ground.

Seeding rates also had a different effect on
the number of nodal roots depending on the nu-
trition background. The highest number of nodal
roots was at a seeding rate of 3.0 million
seeds/ha in the control. With a moderate mineral
nutrition background, this indicator was also the
highest at 3.0 million units/ha. For pre-sowing

https://doi.org/10.31867/2523-4544/0267




application of NsoP3, the largest number of
nodal roots was formed by plants at a seeding
rate of 4.0 million seeds/ha.

The analysis of biometric parameters of
plants at the end of the growing season of Kho-

rasan wheat of Sarmat variety allowed deter-
mining the effect of agrotechnological practices
on plants during the stages of organogenesis
(Table 2).

Studies have shown that seeding rates did

Table 2. Biometric parameters of Khorasan wheat plants of Sarmat variety in the full ripeness stage,

2021-2022
Fertiliser | Seeding rate, _ Number of stems, pcs/m? Tillering coefficient
rate min seeds/ha Height, cm
total productive total productive
2.0 86 520 260 2.6 1.3
3.0 86 750 360 2.5 1.2
NoPo
4.0 85 880 480 2.2 1.2
5.0 85 1100 500 2.2 1.0
2.0 88 520 260 2.6 1.3
NPy 3.0 90 810 390 2.7 1.3
4.0 91 1040 480 2.6 1.2
5.0 91 1250 550 2.5 1.1
2.0 108 580 280 2.9 1.4
NuoPas 3.0 108 870 420 2.9 1.4
4.0 108 1040 520 2.6 1.3
5.0 106 1300 600 2.6 1.2

not significantly affect the plant height. Only
the application of mineral fertilisers of N3oP3o
contributed to an increase in the habitus of the
Khorasan wheat plants. So, this indicator in-
creased by 22.0 cm compared to the control, and
to the nutrition background NisP15 — by 18 cm.

Regardless of the nutritional background,
it is observed the trend towards the formation of
a higher coefficient of total tillering at lower
seeding rates. Thus, in the variant without ferti-
lisation at a seeding rates of 2.0 million
seeds/ha, the total tillering coefficient was 2.6,
and at seeding rates of 4.0 and 5.0 million
seeds/ha, this coefficient decreased by 0.4. The
application of mineral fertilisers increased the
coefficient of total tillering compared to the
control.

A similar trend is observed in the for-
mation of the productive tillering coefficient by
plants. Under the natural nutrition background,
the productive tillering coefficient decreased
from 1.3 at a sowing rate of 2.0 million seeds/ha
to 1.0 at a sowing rate of 5.0 million seeds/ha.

The mineral background NjsPi5 improved
the formation of productive shoots by the plants.
The difference in tillering coefficient between
the minimum and maximum seeding rates was

Grain Crops. Vol. 7. No. 1. 2023. P. 114-118

0.2 units. The largest number of productive
shoots of the Khorasan wheat was formed under
N3oP30 nutrition background. Depending on the
seeding rate, the productive tillering coefficient
varied from 1.4 to 1.2.

Studies have shown that increased or de-
creased seeding rates do not significantly affect
the physiological ability of the crop to form a
dense productive stand. Economically effective
dense productive stand per unit area can be
formed by increasing the seeding rate, at which
the number of productive stems per plant will
decrease, but the total number of productive
stems per 1 m? will increase, which will in-
crease the crop yield.

Conclusions. Khorasan wheat is a niche
crop, the dissemination of which is constrained
by the lack of precise agrotechnological cultiva-
tion techniques.

The application of mineral fertilisers in
the cultivation of Khorasan wheat improves bi-
ometric parameters during the growing season
compared to the control. Thus, the habitus of
plants in the full ripeness stage exceeds the control
variant by 22 cm; the number of nodal roots per
plant increases by 0.7 units, and the productive
tillering coefficient — by 0.1.
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At lower seeding rates (2.0 and 3.0 mil-
lion seeds/ha), plants form better biometric pa-
rameters regardless of nutrition background.
However, the plant height increased at the end

of the tillering stage in proportion to the in-
crease in the seeding rate due to the higher
competition of the Khorasan wheat plants with
each other.
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AxTyaibHicTb. [lomynspHicTe cepel CHOXKHUBAYiB MIIEHMI TYpaHCHKOI IOB’si3aHa 3 THM, LIO ii
3epHO Ma€ Oifibllle KOPUCHUX BIACTHBOCTEH HIK TpaJWIiiiHi BUAH. PO3MOBCIO/KEHHS IIUX MIIEHUIb CTPH-
MY€ BiZICYTHICTb YiTKHMX arpOTEXHOJOTIYHHX MPHUHOMIB 11 BUPOIIYBaHHs, SIKi O JTO3BOJIMIIM POCIMHAM MaK-
CHUMaJbHO c(HOpPMYBATH TE€HETHYHO 3aMporpaMoOBaHy MPOAyKTUBHICTE. MeTa. BcTaHOBUTH BIUIMB 3aIpoIio-
HOBAHHX EJIEMEHTIB TEXHOJIOTil BHPOIYBaHHSA Ha (pOpMyBaHHS POCIMHAMH IIICHUIIl TYpPaHCHKOI OiOoMeT-
PUYHUX MOKa3HMKIB B yMmoBax cximHoi uyactuHH lliBHiuHoro Cremy Ykpainu. Martepiaau i mMeroau.
JocnimkeHHs. TPOBOAWINCH 3TiIHO MeTOAMKH NojiboBoi cnpaBu b. O. JlocnexoBa «MeToarka MOJIEBOTO
ombitay. Jocmimkenuss Oynu npoBeneHi y 2021-2022 pp. y noiboBiii ciBo3miHi JoHenpKoi aep:kaBHOT
cinbebKkorocnoaapebkoi qocianoi craniii HAAH. [Tonepenauk — coHsmHUK. J{js1 CiBOM BUKOPHUCTOBYBAJIU
copT mumieHHUI TypaHchkoi Capmar. MeTomu JOCHIKCHHS: IOJIbOBUHM, J1a00paTOpHUil, MaTeMaTHYHO-
craructrnyHuil. Pe3yjabTaTu. BukopructanHs MiHepanbHUX HOOPHUB IPU BUPOIIYBAaHHI MIIEHUII TypaHCHKOI
cnpusie GOPMYBaHHIO POCITMHAMH KpaIIuX 010METPUYHUX TOKA3HHUKIB MPOTATOM BereTallii HOpPiBHSIHO 3 KOH-
TPOIBHUM BapiaHTOM. Tak, rabiTyc pociuH y (a3i MOBHOI CTUTIIOCTI MEPEBUIIYE KOHTPOJIBHUN BapiaHT Ha
22 cM. KinbKicTb By3JI0BUX KOpPEHIB Ha OfHIN pociuHi 30ibmyeTbest Ha 0,7 mT., a KOeilieHT TPOTyKTHB-
Horo KymriHHs — Ha 0,1. 3a BUKOpUCTaHHS MEHITNX HOpPM BUCIBY (2,0 Ta 3,0 MiH. mT./ra) pocinuHu hopmy-
I0Th Kpalli 010MeTpHYHI MTOKAa3HUKU He3aJIeKHO BiJl (DOHIB >KUBJIEHHS. HalOinbITy KUTBKICTh MPOJIYKTUBHHX
MaroHiB POCIMHHM MIIEHUII TypaHChKOi (hopmyBanu 3a ¢ony xkuBieHHS N3oPz. 3anexxHo Big HOpMU BHCIBY
Koe(illieHT MPOAYKTUBHOTO KYIIiHHA BapiroBaB Bix 1,4 n10 1,2. BucHoBku. 30iibieHHsT a00 3MEHIICHHS
HOPMH BHUCIBY iCTOTHO HE BIUIMBA€ Ha (Pi3i0J0TiYHy 31aTHICTH KYJIbTypH (pOopMyBaTH LIITBHUNA TPOSYKTHB-
Hui crebnoctiit. ChopMyBaTn rocnoapchko-eHEeKTUBHIN NIUTLHUA MPOAYKTHBHUN CTEOIOCTIH HA OJJMHUII
TUTOIII MOYKHA IUISTXOM 301JIbIIEHHS HOPMH BHCIBY, 32 SIKOTO KUIBKIiCTh TPOJTYKTHBHUX cTeben Ha pOCIuHI
Oy/ie 3HIKYBATHCh, aje 3arallbHa KiIBKICTh MPOAYKTHBHUX cTeOen Ha | M° MiJBUIIUTHCS, IO JO3BOJIUTH
MiBUIIATH BPOKAWHICTh MOCIBY.

Knwuoei cnosa: nwenuys mypamcobka, HOpMA 6UCigy, (OH dicuenenns, Koe@iyicum Kywinms,
KLTbKICMb 8Y37108UX KOPEHI8, BUCOMA POCIUH, KOepiyicHm npo0yKmueHo20 KyWiHHs, KilbKicms cmeben
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