by 1.6, juiciness — by 1.2, sweetness — by 1.1, acidity — higher by 0.9 and overall rating is higher
by 0.9 points (compared with unprocessed fruits).

Keywords: Golden Delicious, cultivating place, rootstock, harvest date, 1-
Methylcyclopropene, storage, organoleptic evaluation.
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The results of three-year researches on the improvement of the technology
elements of cultivating varieties of sorghum and soriz in the Western Forest-Steppe
at the expense of optimization of timing and method of sowing. It is established
that the formation of leaf apparatus area of sorghum and soriz depends on the
biological characteristics of the variety and the elements of cultivation
technologies. The largest area of the photosynthesis surface of the crops was
recorded in the panicle earing phase after sowing sorghum and soriz at the
average daily temperature of the soil +12...+14 °C, wide-row planting with a
spacing between lines of 45-37.6 and 39.1 cm thousand m?ha, respectively, of
Vinets and Genicheske 209 sorghum varieties and 31.3 thousand m?/ha in Perlyna
soriz variety.

Keywords: variety, sorghum, soriz, sowing method, leaf-area duration, leaf-
area index.

Introduction. One of the factors limiting the cultivation of sorghum in the
Forest-Steppe in western Ukraine is the lack of data and recommendations
regarding the optimal combination of terms and methods of this crop. First of all,
this is due to the complexity of the interaction between plants in the middle of
cenosis, soil and weather conditions that may occur in the period for which such
selection is made. Therefore, considerable attention should be paid to the
differentiated approach to determining optimal terms and methods of sowing
depending on the needs of plants in specific soil and climatic conditions.

Since till now, there are not many studies on the effectiveness of determining
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terms and methods for sorghum and soriz in Western Ukraine, the study of these
Issues is relevant.

Actual scientific researches and issue analysis. Despite the large number of
scientific publications, the study of the impact of timing and methods on the
formation of leaf area is quite controversial. The maximum leaf area of sorghum
crops in the experiments of A.S. Kazakov [1] amounted to 40 thousand m?ha in
late ripening hybrids. Mid ripening hybrids have for the most the leaf area of 20—
34 m?/ha which ensures maximum and stable grain yields.

The investigations of Y.F. Olekseenko and V.P. Tokhtarov have established
[2] that the smallest leaf area was after sowing in the early periods (4301 m?®/ha); it
was slightly larger (5596 and 5309 m“/ha) after sowing in the third and fourth
terms, respectively, and it was the largest (5753 m?ha) after sowing at the
temperature of soil +12...+15 °C.

It is also established [3] that the largest leaf area per plant was recorded after
sowing in the middle period (1236.9 cm?). At the same time, both early and late
sowing caused a decrease in the leaf area.

Similar data are reported by other scientists [4]. Research has found that the
largest leaf area of soriz was recorded at its sowing in the middle terms (May 5); it
was 21.3-27.7 m*/ha in the panicle earing phase depending on genetic features of
strains.

According to the results of studies carried out under the conditions of unstable
moisture of Right Bank Forest-Steppe [5], the leaf surface of soriz significantly
depended on the time of sowing. Thus, in the tillering phase when sowing soriz in
the second decade of April the leaf area was 5.4 m’/ha and in the next sowing
period in 10 days it increased by 1.1 m?/ha. When sowing in the first decade of
May the leaf area has increased by 1.2-1.6 thousand m/ha. However, when
sowing in the third decade of May and the first decade of June, the leaf surface
decreased in comparison with the earlier sowing terms, but not due to weather
conditions, but due to smaller density formed during such periods of sowing. In the
stalk-shooting stage, the leaf area has increased significantly but there were
indicated trends between the studied variants.

Other researchers point out [6] that the leaf area of sorghum was the largest
when sowing on May 15 and amounted to an average of 15.5 thousand m?®/ha.
Earlier or later sowing terms resulted in a decrease of this indicator in accordance
with 12.5-14.6 and 15.3 thousand m*ha. With the increase of drought in the
second half of the growing season, the area of the lower leaves decreases in
sorghum plants and under the conditions of severe drought, the area of all leaves
decreases.

As for the method of sowing sorghum and soriz which influences the feeding
area of one plant and the distance between them in a row, they also affect the
formation of the leaf apparatus by crops. Thus, studies have shown [7, 8] that the
leaf area of sorghum plants depended both on the method of sowing and on the
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biological characteristics of the variety. In particular, the leaf length of Skorospile
65 and Khazine varieties was larger sowing in broad drills and the leaf length of
Skorospile 98 and Khazine 33 varieties was larger sowing in narrow drills. It
turned out to be the same for both methods of plant placement per unit area for in
Zernogradsky 54 and Zernogradsky 53 varieties.

Research by many scientists found that increasing the plant density in a row
causes an increase in the leaf area [9]. However, other scientists report [10, 11],
overcrowding in a row leads to a decrease in the leaf area of sorghum plants.

The purpose of the study is to create optimal agrotechnical conditions for a
complete production process of grain sorghum and soriz plants in Western Forest-
Steppe due to the optimization of sowing time and method.

Research methods. Field studies to study the effect of sowing time on the
growth, development and production of grain sorghum and soriz were conducted in
2014-2016 under the conditions of the Western Forest-Steppe at the experimental
field of Podilsky State Agricultural and Technical University.

The schematic course of the research is as follows: a variety (A Factor) —
Vinets (grain sorghum), Genicheske 209 (grain sorghum) and Perlyna (soriz); the
sowing time (B Factor) — the first term (average daily temperature of the soil at the
depth of 10 cm +10...+12 °C), the second term (+12...+14 °C, check variant) and
the third term (+14...+16 °C); the sowing method (C Factor) — usual row (row
width of 15 cm) and wide row (row width of 30 cm, 45 and 70 cm) methods of
sowing.

The predecessor of grain sorghum and soriz was winter wheat. After the
precursor was harvested, stubble ploughing by disk plough-harrows was at the
depth of 6-8 cm. After 3 weeks, plowing was carried out at the depth of 30 cm.

Early in the spring, moisture was closed with heavy harrows and cultivation
(the first was to the depth of 10-12 cm, the second one was to 8-10 cm and the
third one was to 3-5cm). The fertilizer system consisted of the introduction of
phosphoric and potash fertilizers (PgoKso) under the plowing and nitrogen Ngg
fertilizers under the first cultivation. Seeds were wiped with Maxim XL 035 FS
with the consumption rate of 1 I/ton to protect against diseases in the initial phases
of plant growth. The seeding rate was 220 thousand similar seeds per hectare. The
depth of seeding was 4-5 cm.

The registration area was 100 m” The number of replications was four. The
variants were placed by split plot method.

Records, analyzes and observations were conducted in accordance with
generally accepted methods [12, 13].

The soil of the experimental field, where the research was conducted, is
podzolized heavy-loamy which is moisturized by atmospheric precipitation.
Groundwater is chemically fresh and lies at a depth of 6-10 m. The arable layer
contains 10.8 mg/100 g of light hydrolyzed nitrogen (according to Cornfield),
mobile phosphorus (according to Chirikov) — 15.2 mg/100 g, exchangeable
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potassium (according to Chirikov) 18.1 mg/100 g, pH (salt) 6.7; the hydrolytic
acidity is 1.6 mg/100 g of soil, the base saturation degree is 93.7 %, the humus
content (according to Tiurin) is 4.74 %.

The experimental field is located in the Southern Forest-Steppe part of the
Khmelnitsky region and under the conditions of water supply refers to the southern
wet agro-climatic region of the region. According to Khmelnytsky Regional Center
of Hydrometeorology, during the research, hydrothermal conditions were unstable
and significantly different from the average multi-year indicators. This contributed
to an objective assessment of the influence of the factors on the progress of growth
processes, development and formation of productivity of grain sorghum and soriz.

Research results. According to the results of three years of research, it is
found that the leaf area of sorghum and soriz grain depended on the biological
characteristics of the variety, timing and method of their sowing (Fig.).

Thus, the largest area of the photosynthesis active surface among studied
varieties of sorghum and soriz was formed in Genicheske 209 for all phases of
growth and development: tillering phase (6.2-8.3 thousand m%/ha), stalk-shooting
stage (20.9-23.3 thousand m?/ha), panicle earing stage (36.6-39.1 thousand m*/ha)
and full maturity (13.5-15.4 thousand m%/ha), depending on timing and method of
sowing.

The level of this indicator was somewhat lower in Vinets variety: 5.9-8.0
thousand m%ha in the tillering phase; 18.4-21.1 thousand m®ha in the stalk-
shooting stage; 34.8-37.6 thousand m’/ha in the panicle earing stage; 12.9-15.0
thousand m?/ha in the full maturity, depending on the investigated growing
methods.

Significantly the smallest area of the photosynthetic active surface was
characterized by Perlyna soriz variety: 5.2—-7.1 thousand m%ha in the tillering
phase; 16.5-19.6 thousand m°/ha in the stalk-shooting stage; 27.9-31.3 thousand
m?/ha in the panicle earing stage; 11.1-13.6 thousand m*ha in the full maturity,
depending on timing and method of sowing.

Among the studied terms of sowing sorghum and soriz, the most optimal for
the formation of the leaf area was the second in which sorghum was sown at an
average daily temperature of the soil +12...+14 °C, regardless of the method of
sowing. Thus, for this timing the leaf area was 6.2-8.3 thousand m%ha in the
tillering phase; 18.0-23.3 thousand m*/ha in the stalk-shooting stage; 30.2-39.1
thousand m%ha in the panicle earing stage; 12.3-15.4 thousand m*ha in the full
maturity, depending on the method of sowing and the biological characteristics of
the variety. Somewhat lower figures were recorded in the variant in which sowing
was carried out later at the average daily temperature of the soil +14...+16 °C:
5.7-7.9 thousand m?/ha in the tillering phase; 17.4-22.7 thousand m?/ha in the
stalk-shooting stage; 29.2-38.7 thousand m?/ha in the panicle earing stage; 11.6—
14.8 thousand m?/ha in the full maturity, depending on the variety and method of
sowing.
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Fig. The leaf area of sorghum and soriz grain depending on timing and
method of sowing, 2014-2016.

Notes. LSD()5(A) = 08, LSD 05(B) — 12, LSD 05(C) — 07,

LSD 05(ABC) — 2.1.

Development phase: 1 — tillering phase; 2 — stalk-shooting stage;

3 — panicle earing stage; 4 — full maturity.
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However, significantly smaller area of the leaf surface of sorghum was when
sowing in early terms at the average daily temperature of the soil +10...+12 °C:
5.2—7.0 thousand m*/ha in the tillering phase; 6.5-22.3 thousand m?/ha in the stalk-
shooting stage; 27.9-38.4 thousand m?/ha in the panicle earing stage; 11.1-14.8
thousand m?/ha in the full maturity.

Regarding the method of sowing, it is best shown with a width of rows of 45
cm, where the largest value of the leaf area is 6.4-8.3 thousand m%ha in the
tillering phase; 18.1-23.3 thousand m“/ha in the stalk-shooting stage; 29.8-39.1
thousand m%ha in the panicle earing stage; 12.1-15.4 thousand m*ha in the full
maturity. All other ways of sowing sorghum are inferior to the above-mentioned
variant by indicators of the leaf area.

The largest area of the leaf surface of sorghum and soriz of all the studied
variants was marked in Genicheske 209 variety when sowing with a spacing of 45
cm with an average daily temperature of +12...+14 °C: 8.3 thousand m*/ha in the
tillering phase; 23.3 thousand m?ha in the stalk-shooting stage; 39.1 thousand
m?/ha in the panicle earing stage; 15.4 thousand m*ha in the full maturity.

The sorghum sowing in the early terms leads to a decrease in the seed
similarity, resulting in thinning sprouts. Reducing the number of plants per unit
area causes a decrease in the area of the leaf surface of the entire crop. In addition,
thinned sprouts contribute to tillering and results in over expenditure of nutrients
which also reduces the leaf area per unit sowing. Late sowing is accompanied by a
lack of moisture in the soil which also negatively affects the seed similarity and the
growth and development of plants in general.

As for the way of sowing sorghum, as it was already noticed earlier, the
highest area of photosynthesis surface was when sowing with a width of rows of
45 cm. Reducing width of the rows to 30 and 15 cm causes an increase in the
distance between plants in a row. At the same time, there is a growth of the
tillering coefficient. The consequence is an increase in the number of shoots per
hectare but they are poorly developed. A similar situation can be observed with a
width of rows of 70 cm, when the thickening of plants in a row.

The reason for reducing the leaf area in thickened crops is the increased
competition of plants in the cenosis for moisture and nutrients [14]. A significant
number of plants per unit area with a large total leaf area rapidly reduce the
nutrient reserves and moisture in the soil and as a result, their growth and
development are slowed down.

In all variants of the experiment, there is the growth of the photosynthesis
area of crops in the tillering, stalk-shooting stages and reaching the maximum in
the panicle earing phase. In the future (until the phase of full ripeness) there is a
decrease in the leaf area due to the gradual disappearance of the plant leaves.

One of the important indicators characterizing the state of crops is the leaf index
which characterizes the situation concerning crop use of land area [15]. Our researches
found that this index depended on both biological characteristics of the variety, timing
and method of sowing and the phases of development of plants (Table).
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The lowest value of the leaf index was noted in the tillering phase: 0.59-0.80
of Vinets variety; 0.62-0.83 of Genicheske 209; 0.52-0.71 in Perlyna variety,
depending on timing and method of sowing.

In the next phenological phase there was a significant increase in the value of
the leaf index to 1.84-2.11 of Vinets variety; 2.09-2.33 of Genicheske 209 and
1.65-1.96 of Perlyna variety.

The largest value of the leaf index and hence the most complete crop use of
the land area was recorded in the panicle earing stage: 3.48-3.76 of Vinets variety;
3.66-3.91 of Genicheske 209 variety and 2.79-3.13 of Perlyna variety. In the
phase of full ripeness, the value of the leaf index decreased to 1.29-1.50 of Vinets
variety; 1.35-1.54 of Genicheske 209 variety and 1.11-1.36 of Perlyna variety.

Among the studied sowing time, the largest leaf index was recorded for
sorghum and soriz sowing at the average daily temperature of the soil
+12...+14 °C (second sowing period): 0.62—0.83 in the tillering phase; 1.80-2.33
in the stalk-shooting stage; 3.02—3.91 in the panicle earing stage and 1.24-1.54 in
the full maturity, depending on the variety and the method of sowing. Transfer of
sowing at an earlier or later date has led to a significant reduction in the level of
this indicator.

Regarding the way of sowing, the best variant from the point of crop use of
land area where sorghum was sown with a width of rows of 45 cm. The leaf index
at the same time was 0.64-0.83 in the tillering phase; 1.81-2.33 in the stalk-
shooting stage; 2.98-3.91 in the panicle earing stage and 1.22-1.54 in the full
maturity, depending on the time of sowing and biological characteristics of the
variety. All other ways of sowing significantly were inferior to this variant of
broad sowing.

Conclusions. Formation of the leaf area of sorghum and soriz depends on
biological characteristics of the variety and the elements of cultivation technology.
The largest area of the photosynthetic surface of crops was recorded in the panicle
earing stage when sorghum and soriz sowing at the average daily temperature of
the soil +12...14 °C, in a wide row way with a spacing of between 45 cm (37.6 and
39.1 thousand m?/ha) in Vinets and Genicheske 209 varieties and 31.3 thousand
m?/ha of Perlyna variety.
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Annomayus

Honmopeuxui C. IL., Ilonmopeukaa H. M., Ayenxo A. A., Bypovica B. M.
Dopmuposanun Gomocunmemuueckoi HOGEPXHOCMU COP20 3€PHOBO20 U cCopu3a 6
3a6UCUMOCmU OM CPOKA U CnOcoda nocesa

Hccneoosanusamu  omeuecmeeHHbIX U 3APYOENCHBbIX  YYEHbIX  OOKA3AHO,  4MO
gomocunmemuueckas — NPOOYKMUBHOCMb — PACMEHUU  3A6UCUM  OM  ACCUMUIAYUOHHOU
NOBEPXHOCU, UHMEHCUBHOCMU (HOMOCUHmMe3d, CYMOYHO20 NPUPOCMA 8e2emamueHoOl MAccyl,
KO3ghhuyuenma ucnonvb308anus COIHEYHOU 3Hepauu u momy nooobroe. Ilosmomy, uem 6onvute
na0Wadb JUCMOBOU NOBEPXHOCMU, MeM Oblcmpee NpoXooum HAKONIEeHUe OpeaHUu4ecKo2o
gewecmea pAacmeHUusIMy CenbCKOXO3AUCMBEHHbIX KVAbMYP, UMO NPUGOOUmM K YEEeTUUEHUIO
YposrcatiHocmu ¢ eOuHUYbl naowaou ux nocesa. Hecmomps na b6onvuioe Konuuecmeo HayuHvix
nyonuxayuti, nO U3YYEHUIO BONPOCA GIUAHUAL CPOKO8 U CNnocobos nocesa copeo HaA
Gopmuposanue UCMOBOU NOBEPXHOCMU NOCEB0S8, CeUyac OHO A6Iaemcsi O00CMAMOYHO
ouckyccuonnvim.  Iloomomy, uenvlo  ucciedosanuil  Obl0  co30anue  ONMUMALLHBIX
azpomexHu4eckux ycio8uti O0is NOIHOYEHHO020 NPOOYKYUOHHO20 Npoyecca pPAcmeHull copeo
3epH06020 U copusa 6 Jlecocmenu 3anaouoll 3a cuem ONMUMU3AYUU CPOKA U CNOCoba nocesa.
Memoouxka uccnedosanuit. Hccrneoosanusi nposoounucy 6 meuenue 2014-2016 20006 6
yenosusx  onvlmHo20  noaa  1lo0onbcko2o  20Cy0apcmeenHo2o  azpapHO-mexHUYecKo2o
VHUBepcumema, HAaxo0awe20css 8 HJCHOU udacmu XmenbHuykou obracmu, Komopas no
MeniooOecneyuéHHoCmovl U CMeneHu YVeIddiCHEeHHOCMU 6 MmedeHue 6e2emayuoHH020 nepuood
OMHOCUMCSL K T0M#CHOMY MENN080M  acpoKaumamudeckomy pecuony. Cxema onvima
npeononazana ciedyrowyio spadayuu gpaxkmopos: copm (ghakmop A) — Beney (copeo 3eprosoe),
T'enuuecke 209 (copeo 3eprosoe) u Kemuyocuna (copus) cpok cesa (chakmop B) — nepeuvlii cpok
(cpeonecymounas memnepamypa nougvl Ha enyourne 10 cm +10-12 °C), emopoii cpox (+12—
14 °C, xommponv) u mpemuii cpox (+14-16 °C); cnocob cesa (paxmop C) — o00OvlumHbIl
CMpoynbLl (Wupuna medxcoypaoutl 15 cm) u wupoxopsaouviil (wupuna mexcoypaouu 30 cm, 45 u
70 cm). Ilhowaowv yuemmuwix yuacmxoe 100 M IloemopHnocms onvima uemvlpexKpamuas.
Bapuanmul pazmewanuce memooom pacujenyieHHvlX y4acmkog. Yuemol, ananuzvl u HAOI00eHUs.
NPOBOOUNU COSNACHO OOWENPUHAMBIX MEMOOUK. 3a Pe3y1bmamamu mpexiemuux uccieo08anuil
VCMAHOBIeHO, YmMo PopmMuposanue niouaou Iucmogo2o annapama cop2o 3epHO8020 U COpu3a
3a6ucum om OUONIOSUYECKUX OCOOEeHHOCmell copma U 1eMeHmo8 MexHONI02UU BbIPAUUBAHUSL.
Haubonvwas niowaos gomocunmemuueckoll no8epxHOCmu nocegos 3auxcuposana 8 ¢azy
8bI0pacHIBAHUs MemeloK NpU Nnocese Cop20 3ePHOB020 U COpu3d Npu HACHMYNIEeHUU
cpeonecymounou memnepamypsvl nougvl +12-14 °C, wupokopsoHvim cnocob6om ¢ wWupurou
medxncoypaoui 45 ecw — 37,6 u 39,1 muic. wm¥/2a coomeememeento Y COpmo8 cop20 3epHO8020
Beney u I'enuuecke 209 u 31,3 moic. m%/2a 6 copusa copma Kemuysrcuna.

Knrouegvie cnosa: copm, copzo 3epHogoe, copus, cpoK cesd, Cnocod ceea, niouaodsb
JIUCMOBOLL NOBEPXHOCMU, TUCMOBOL UHOEKC.

Annotation

Poltoretsky S. P., Poltoretska N.M., Yatsenko A. A., Burdyga V. M.
Formation of photosynthesis surface of sorghum and soriz depending on the term and method
of sowing

Studies of domestic and foreign scientists have shown that the photosynthesis productivity
of plants depends on the assimilation surface, photosynthesis intensity, daily increase in the
vegetative mass, the coefficient of solar energy use and others. Therefore, the larger the area of
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the leaf surface, the faster the accumulation of organic matter by the plants of agricultural crops
is. It leads to an increase in the yield from a unit area of their sowing. Despite the large number
of scientific publications, the study of the impact of timing and methods on the formation of leaf
area is quite controversial. Therefore, the aim of the research was to create optimal
agrotechnical conditions for a full-fledged production process of sorghum and soriz plants in the
Western Forest Steppe by optimizing the time and method of sowing. Research methods. The
research was conducted in 20142016 under the conditions of the experimental field of Podolsk
State Agrarian and Technical University, located in the southern part of Khmelnytsky region.
For heat and moisture content during the growing season, it refers to the southern thermal
agroclimatic region. The experimental design assumed the following gradation factors: variety
(factor A) — Vinets (sorghum), Genicheske 209 (sorghum) and Perlyna (soriz); sowing time
(factor B) — the first period (the average daily soil temperature at a depth of 10 cm
+10...+12 °C), the second term (+12...+14 °C, check variant) and the third term
(+14...+16 °C), method of sowing (factor C) — the usual line (the width of rows between rows is
15 cm) and the wide-row (the spacing is 30 cm, 45 and 70 cm). The registration area is 100 m?.
There are four experimental repetitions. Variants were by the method of split areas. Records,
analyzes and observations were conducted according to generally accepted methods. By the
results of three years of research, it is established that the formation of the leaf area of sorghum
and soriz depends on biological characteristics of the variety and elements of the cultivation
technology. The largest area of photosynthesis surface of crops was in the panicle earing stage
when sowing sorghum and soriz at the average daily soil temperature +12...+14 °C, in a wide-
row method with a row spacing of 45 cm, 37.6 and 39.1 thousand m?/ha, respectively, in Vinets
and Genicheske 209 sorghum varieties and 1.3 thousand m*/ha in Perlyna soriz variety.
Keywords: variety, sorghum, soriz, sowing method, leaf-area duration, leaf-area index.
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AJAIITUBHA 3JJATHICTDH COPTIB CAJIATY HUKOPHOI'O
BITJIY® B YMOBAX IPABOBEPEKHOI'O JIICOCTENY YKPAITHU

O. L. Yasiuu4, 00kmop cibCbK020cn00apcbKux HaAyK
JI. 1. BoeBoaa, acnipaum
YMaHCbKMH HALIOHAJILHUN YHIBEPCUTET CAJAiBHULTBA

Haeeoeno pezynomamu eusuenus adanmuenoi 3odamuocmi copmis [lezap,
Boesooa, Konyc ma Jleonapoo Ha picm, po36umok i YpOXCAUHICMb Calamy
yuxopuozo eimnyg. Josedeno, wo 6 ymosax Ilpasobepesicnozo Jlicocmeny
Yikpainu na uopnozemi oniozoneHoMy 3a YpOUCAUHICMIO KOpPeHennioodié cepeo
oocnioxcyeanux copmie Kpawum 60ye copm Boegeoda i Jleonapoo, oOinvuia
VPOUCAUHICMb KAYAHYUKIB NICS BUOHKU OYIA Y COPMY CANAMY YUKOPHO20 BIMIY
Boesooa.

Kniwwuosi cnosa: caram yuxopuuil, 8imaygh, caram, adanmueHicms, copm,
VPOUCAUHICMb, AKICMb.
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