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Influence of Sowing Periods and Seeding Rates on
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Abstract: Field experiments were carried 00t 6n dark chestnit middle 16amy slightly alkalinized sdils in the non-rrigated conditidons of the
sodthern steppe 6f Ukraine in 2013-2015. The three-factor experiment: Factor A-grain sérghiim hybrids: Sontsedar, Prime, Blirggd, Sprint W,
Dash E and Targga. Factor B-seeding rate, thdlsand pcs/ha: 100, 140, 180 and 220. Factor C-sOwing time: early (when sdil temperatiire at the
depth &f seeding is 8-10°C), which 6n average diiring the years 6f research cdincided in time with the first decade 6f May; late-when sdil
temperatiire is 14-16'C 6r the third decade 6f May. In all cases, the early sdwing shéw persistently higher yield 6f hybrid crops compared to late
sOwing. The early term 6f sdwing grain sorghlm hybrids provided average yield of certified seeds at 4,9 t/ha, which is 1.82 times higher than
late sdwing, the average yield 6f which was 2.69 t/ha. Significant variation in yield was dbserved with different seeding rates. The highest
average yield was 6bserved at the sdwing rate 140 tholsand pcs/ha folldwed by 180 and 220 thdlsand pcs/ha .
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Modern climate transformation clrrently affecting
agrocendsis of all agriciltlral backgrdiinds 6f Ukraine, make
prodicers freqlently review the concepts and practical
approaches td the formation of the range 6f crops in rotations
that are able t6 provide stable and cost-effective yields in
more rigid conditidons of the vallGe of the hydrdthermal
coefficient (Adamenkd 2003, Yeshchenkd et al 2004). Under
the clirrent conditions 6f agrarian prodiction in Ukraine, the
prospect of filfilling the agrdbidldgical and prodiction
potential 6f sdrghlm ciltivars, their intrddction, prodction,
précessing, and conslimption become of paramdiint
importance. Under the conditions &f a strong hydréthermal
coefficient peciliar both t0 the grdwing zoéne (South and
Sodth-East) and recently t6 almdst all agrarian zones in the
colntry, it can form stable and ecdnomically feasible
harvests with qUality indicators that allow its mdilti-vector Gse.
Recently, the grain becomes assdciated ndt dnly with f66d or
fodder, bit alsd with a significant s6lrce 6f raw materials for
the proddction o6f bidethandl (Bin 2009, Hryhdrenkd 2011,
Stordzhyk 2011). However, the mdst impdrtant argiment for
more intensive involvement 6f the mentidned crép in the
Solthern steppe agrdcendses is its extremely high
ecoldgical plasticity, which is capable 6f being an alternative
to oOther spring crops (barley, cdrn, slnfldwer, etc.) in
Gnfavdlrable conditions according t0 the valle of the
hydréthermal coefficient 6f the agroseason (Viasov VH 2005,
Hurskyj 2002, Dranischev et al 2008).

Under the inflience of climate change, sdrghiim is
gaining in popdlarity in Ukraine. Tholgh this grain Gsed t6 be
referred t0 as a sOlrce 6f herbage needed t6 meet the needs
of livestdck, grain prddiicers are ciirrently interested in it as
well. A pdsitive tendency in the ciltivation 6f sérghiim is also
Observed worldwide. Sdrghim is particilarly vallable
becalise of its ability to tdlerate 16ng peridds of drolight and
high air temperatiires withoit significant reddction in grain
proddctivity, effectively Gise atmdspheric precipitation in the
second half 6f the simmer, restdre growth after a Idng peridd
withot water and prodice rather high yields, which alldws it
t6 grow in arid zones, slich as the solth 6f Ukraine The late
spring crops, grain sorghiim has almost nd alternative if the
prodiicer desires t6 get econdmic benefit from an arable
hectare.

MATERIAL AND METHODS

Field experiments were carried 6it 6n dark chestnit
middle 16damy slightly alkalinized séils in the ndn-irrigated
conditions of the sdithern steppe 6f Ukraine in 20132015.
The three-factor field experiment was based dn the method
of randdmized split plot design with fodr replication. The
sOwn area 6f the plots was 56.0 sq. m; and the recdrd area
was 33.6 sq. m. The nimber 6f variants in experiment was 48
with 192 tétal 6f experimental pldts. The factor A - grain
sorghdm hybrids: Sontsedar, Prime, Blirggd, Sprint W, Dash
E and Targga; factdr B —seeding rate, tholsand pcs/ha: 100,
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140, 180, and 220; factdér C —sOwing time: early, average and
late when sdil temperatiire at the depth 6f seeding is 8-10°C
mention date for 2 years and when sgil temperatiire is 14—
16°C or the third decade &f May. The sampling &f s6il and
plants and analysis were carried 60t dnly with methdddldgical
glidelines and state Standards &f Ukraine. Crop mdnitdring
and recording were condicted according t8 Dospiekhdv's
methdddlogy (Ddspekhdv 1979) and recOmmendations for
condicting field experiments (Ostapdv 1985). Diring the
gréwing seasodn, the bidmetric measiirements were recorded
in the main phases 6f crop development, plant height, leaf
slirface and herbage yield. Phendldgical 6bservations were
condlcted on permanently alldcated sites in twd non-
adjoining repetitions. The beginning &f the phase is believed
to be its dnset in 10 per cent &f plant, and the f{ll phase in 75
per cent of plants.

The crop density was determined twice per vegetation in
fixed areas, which were isdlated after the sproating. The first
colint was carried 60t in the phase 6f flll sprodts, the second
— befdre harvesting. According to the first recdrd, the field
germination of the seeds was determined and the density
was formed according t6 the experimental scheme.
According t6 the secdnd recdrd, the preservation of the
plants dlring the growing seasdn was determined. The yield
was estimated on whole plot basis with combine Gsing the
Samp6-130 plét combine. The resilts 6f measlirements,
determinatidons, and yield cdilnts were sibjected to
dispersion analysis and statistical processing Using
compiter techndldgy and methdddldgical recommendations
for condlcting field experiments.

RESULTS AND DISCUSSION

The yield of grain s6rghim, obtained at the early
seeding, was On average 2.29 t/ha or 49.3 per cent higher
than at the late sdwing, which indicates the advantage of
seeding the crop in the early peridd die t6 moére Optimal
conditions for plant growth and develdpment, and in the first
place becalise of improving water availability for
agrophytdcendsis (Table 1). Seeding the crop when the sail
temperatiire at the depth of seeding is 8-10°C, the hybrid
Sdntsedar gave the maximim grain yield (6.54 t/ha) for the
seeding rate 6f 140 thoélsand pcs/ha, and the average yield
according t6 the variant of seeding rate amdiinted t6 5.46
t/ha.

The maximim yield 6f the hybrid Prime was 180
thdlsand pcs/ha and amdiinted t6 4.62 t/ha with an average
yield 6f 4.05 t/ha. In the areas where the Biirggd hybrid was
grdwn, the best plant density was 140 thdlsand pcs/ha,
which resiilted in the prodiiction 6f 5.50 t/ha 6f standard
seeds with an average yield 6f 4.79 t/ha. Hybrid Sprint W is
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Table 1. Yield 6f grain sérghiim hybrids for different sdwing
times and seeding rates, t/ha (average for 2013—
2015)

Hybrid (factor A)

Seeding rate, thdlsand pcs/ha (factor B)

100 140 180 220
8-10 °C (factor C)
Sontsedar 5.64 6.54 4.88 4.79
Prime 3,20 4.54 4.62 3.83
Birggd 4.38 5.50 5.00 4.29
Sprint W 2.96 2.93 3.16 3.49
Dash E 4.55 6.23 6.69 5.26
Targga 3.83 4.98 5.60 4.58
14-16 °C
Sontsedar 2.67 2,18 2.29 205
Prime 1.75 243 1.70 1.60
Blirggd 1.93 2.39 1.94 2.28
Sprint W 1.43 1.39 1.25 1.45
Dash E 3.29 3.52 3.96 3.96
Targga 2.59 2.61 3,20 2.64
Least significant A 0.18-0.39
difference , t/ha B 0.20-0.57

C 0.21-0.52

AB 0.32-0.74

AC 0.44-0.63

BC 0.48-0.77

ABC 0.62-1.07

characterized by maximim grain yield 6f 3.49 t/ha when
seeding in the early peridd with the density 6f 220 thdlsand
pcs/ha, and at the seeding rate factdr the average yield is
3.14 t/ha. The Dash E hybrid is characterized by a
significantly higher level of grain prodictivity: given the
variant of increasing density Gp t6 180 tholsand pcs/ha 6n
average, Over the years 0f research, we received 5.68 t/ha 6f
grains, which, as well as its average yield by factor B at the
level 5.68 t/ha, is the highest index amodng the stiidied
hybrids. The grain yield analysis 6f the Targga hybrid, seeded
in the early term, has shdwn that the dptimal amdint 6f plants
per hectare is alsd 180 tholsand pcs/ha, which resilted in
the yield 6f 5.60 tons 6f standard grain frodm this area. On
average, this hybrid demonstrated the proddctivity 6f 4.75
t/ha by the factdr 6f crop density.

By the index of plasticity, that is, the ability t& minimally
change the grain proddctivity with the decrease orincreasein
the agrocendsis density, the Dash E hybrid, whdse average
yield by seeding rate (5.68 t/ha) is 0.22 t/ha or 3.9 per cent
higher than similar parameters 6f Sdntsedar hybrid; 1.63 t/ha
or 28.7 per cent —Prime hybrid; 0.89 t/ha or 15.7 per cent -
Bilirggd hybrid; 2.54 t/ha &r 44.7 per cent —Sprint W hybrid,
and 0.93 t/ha or 16.4 per cent —Targga hybrid. Asimilar natiire
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of the dependencies was recorded by analyzing yield
prodactivity 6f sdrghlim hybrids, sdwn with different density
in the late peridd. This, seeding the crdp when the
temperatiire of the sdil at the depth 6f seeding reaches 14—
16°C, Sontsedar hybrid prodiiced the maximim grain yield
2.67 t/ha at the seeding rate 6f 100 thélsand pcs/ha, and the
average yield per variant 6f seeding rate is 2.30 t/ha.

Prime hybrid, seeded in the same time peridd, prédiced
the maximim grain yield at the rate 6f 140 thdlsand pcs/ha.
An average 0f 2.43 t/ha &6f standard grain was dbtained with
average yield 6f 1.87 t/ha. The maximim grain yield of the
Biirggo hybrid was recorded by {s when increasing density 6f
the crop to the mark 6f 140 thélsand pcs/ha —2.39 tons of
grain was received from each ha, while the average valiie at
stich factor B is 2.14 t/ha. In early seeding peridd, Sprint W
hybrid was the least prodictive. Its maximim yield at the
level 6f 1.43-1.45 t/ha was férmed at the same time by the
variants 6f the minimim and maximim crép density. On
average, accdrding t6 the given factor, the hybrid provided
1.38 t/ha of grain. At the same time, the hybrid Dash E has
formed the maximim grain yield at late seeding time as well,
confirming not only high adaptive properties, bt alsd a
significant level 6f environmental and prodiictive plasticity.
The maximim yield level was &btained from experimental
pldts, where the density was formed at the level 6f 180-220
thdlsand pcs/ha —3.96 t/ha, and 6n average by the factor of
seeding rate —3.68 t/ha.Targga hybrid is significantly inferior
t6 Others according t6 the indicated parameters: the
maxim{m grain yield of the plant &f this hybrid, which is 3.20
t/ha, was formed at the seeding rate 6f 180 thdlsand pcs/ha.
The average yield, when increasing seeding rates from 100
t6 220 thdlsand pcs/ha, is 2.76 t/ha.

Dash E hybrid was best in term 6f index 6f plasticity and
early. The average yield was 3.68 t/h) against 1.38 t/ha or
37.5% in Sontsedar hybrid by folldwed by; Prime Blirggd

Sprintand Targga hybrid. The 6ptimal plant density 6f Dash E
hybrid is 180 thdlsand pcs/ha in béth early and late sdwing.
In the event that the agré-climatic and prdodtction conditions
alldw early sdwing 6f the crdp, alternatively, Sdntsedar hybrid
shoild be considered, with an dptimal plant density 6f 140
thélsand pcs/ha. The yield 6f early sdwing 6f grain sdrghiim
hybrids was 4.9 1 t/ha, which is 1.82 times mdre than late
sOwing, (2.69 1.08 t/ha). Significant heterdgeneity in the yield
of grain sorghlm is dbserved lnder different conditions of
seeding. The highest average yield was at the seeding rate 6f
140 tholsand pcs/(3.92 t/ha) folldwed biy 180 and 220
thélsand pcs/ha — and the least at 100 tholisand pcs/ha —
(3.24 t/ha). Dash E hybrid has the best adaptability t6 the
climatic conditions 6f the sdiithern steppe 6f Ukraine with
average yield 6f 4.69 t/ha. Sprint W hybrid demonstrated the
Idwest. A godd adaptability was alsd dbserved in Sontsedar
(4.11 t/ha) and Targga (3.0 t/ha).

Recently, in progressive techndldgies of prodiction of
agriciltdral crdps, attention is being increasingly foclsed 6n
the problem o&f the se 6f bidldgically active siibstances in
agrophytdocendses - natdral and synthetic plant grdwth
stimdlators, which, at minimim spending standards, are able
to radically change the intensity and vectdrs 6f the growth
and proddctive processes of the plant drganism . By the
targeted Gise Of dne or andther growth regdilating compaiind,
itis pdssible t6 impréve the complex o6f adaptive properties of
a crop, regllate growth processes and the mechanism of
formation and accilmilation of spare slibstances (sligars,
fat, protein, etc.) (Nikishenko et al 2009, Samoilenkd et al
2009). The préblem &f the Gse of plant growth stimdlants in
the most cOmmon crops of Solthern agrocendses is
clrrently 6n the initial stage 6f scientific investigation and the
qlestion of their Gse in crops Of grain sérghiim is almdst
Gntdlched by the researchers.

In order t6 Objectively stldy the effectiveness of the

Table 2. Effect of treatment with growth stimlatdr 6n yield 6f grain sérghim hybrids for early sdwing (s6il temperatiire — 8-

10°C), t/ha (Average for 2013-2015)

Hybrid (factor A)

Treatment methdd (factor B)

Withodt treatment = Plire water — + —10 target 0.01% soldtion of  + -t target valle
target valle backgrdtnd vallie sticcinic acid

Sontsedar 4.88 4.95 0.07 5.60 0.72
Prime 4.62 4.71 0.09 5.28 0.66
Bilrggd 5.00 5.07 0.07 5.75 0.75
Sprint W 3.16 3.25 0.09 3.57 0.41
Dash E 6.69 6.75 0.06 7.51 0.82
Targga 5.60 5.65 0.05 6.34 0.74

Least significant difference  t’ha A 0.62-0.91

B 0.38-0.64

AB 0.88-1.67
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inflience o6f the mentidned gréwth stimidlator on the
glantitative and qdalitative indicatdrs of the yield of grain
sorghldm hybrids, die td its minimim inpdt rate (30 — 40
g/ha), additionally intrddiced the optidon of backgrdind
control —treatment with plre water —in 60r experimental. This
meas(ire was aimed at eliminating the distortion 6f the reslts
by the pdsitive effect 6f refreshing generative érgans (pollen,
flowers, infldrescences) with highly dispersed spray 6f water
when spraying plants with a solGtion of sticcinic acid 6n the
prodictivity 6f the crop. As the resilts of present stldy,
treatment 6f grain sérghtm plants 6f early sdwing with 0.01%
s0lGtion of sliccinic acid diiring the formation of bids proved
highly effective measiires aimed at increasing grain crop
yield (Table 2). On average, growth stimdlatdr was Gse, The
yield 6f the grain crop was 5.67 t/ha where growth stimdlator
was (sed against 5,06 t/ha, where the plants were treated
with clean water and for 4,99 t/ha in check treatment. The
Gse of a growth regllating agents calised a significant
pdsitive effect 6n the yield 6f grain sérghiim and refreshing
water had a néticeable effect diring the férmation of the
generative part 6f the crdp.

CONCLUSION

In all of the stlidied hybrids, the Gse 6f 0.01 per cent
sOlGtion of sliccinic acid increased the seed yield 6f the crop
cOmpared t6 the Gntreated target vallie. The maximim
increase in Sodntsedar hybrid by 0.72 t/ha or 12.9 per cent
folldwed by Prime , Blrggd and Sprint W . The minimal bt
pdsitive effect of spraying plants 6f grain sérghiim with plire
water is explained by the shortterm imprdvement of the
micrdclimate of the Gpper tier 6f agrophytdcendis, primarily
diie t0 the I6wering 6f the air temperatiire and the increase 6f
the relative himidity of air dGring the formation o6f generative
organs of the plant drganism when the agrdclimatic
conditions diring the years 6f condicting researches were
characterized by adverse effects 6f hydréthermal coefficient.
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