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Introduction 
Sweet sorghum [Sorghum bicolor (L.) Moench] 

is the fifth most widespread cereal in the world. 
It is suitable for growing in various agro-cli-
matic conditions, including those with resource-
saving technologies, and is resistant to adverse 
environmental conditions. Sweet sorghum is 
capable of producing significant volumes of bio-
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Purpose. To reveal the features of agrobiological parameters formation of sweet sorghum various varieties and hybrids in 
the conditions of the Right-Bank Forest-Steppe of Ukraine. Methods. During 2018–2020 twenty-one varieties and hybrids of 
sweet sorghum of various ecological and geographical origins (Ukraine, Russia, USA, France, Germany, Hungary, Brazil) were 
studied in the field. Parameters like plant height and indices of their individual productivity (grain weight per panicle, 1000 
grain weight, etc.), yield of dry biomass and grain, content of sugar in juice and protein in grain, as well as estimated sugar 
and protein yield in a crop. The counts were carried out in the phase of physiological ripeness of the culture. Results. In the 
group of Ukrainian varieties and hybrids, the plants were from 272 to 306 cm high, in the foreign group – from 274 to 412 cm. 
Varieties ‘Red Amber’, ‘Sioux’, ‘Affas CJ 899’, ‘Freed’ and ‘Early Orange’ are of high value for breeding practice, their plants were 
the tallest – from 388 to 412 cm. The panicle length of sweet sorghum cultivars of Ukrainian breeding ranged from 16.0 to 
17.3 cm, foreign – from 11.0 to 19.4 cm. Grain weight from one panicle varied from 32.8 to 41.6 g and from 29.2 to 43.5 g, 
respectively. In a wide range, depending on the varietal characteristics, the indicator of the number of grains per panicle also 
varied from 1338 to 1708 pcs. The mass of 1000 grains of sweet sorghum ranged from 28.0 to 31.0 g in varieties and hybrids of 
Ukrainian breeding, in foreign ones – from 19.3 to 31.0 g. The yield of dry vegetative mass of cultivars of Ukrainian breeding 
was at the level of 8.24–9.11 t/ha. The highest rates were shown in hybrid ‘Mamont’ and ‘Huliver’ variety – 9.05 and 9.11 t/ha, 
respectively. For cultivars and hybrids of foreign breeding, this indicator varied from 7.00 to 12.17 t/ha. Significantly higher 
biomass in comparison with the standard variety (‘Sylosne 42’) was produced by ‘Vorai Sumac’, ‘Sorgo Cucre’, ‘Sioux’, ‘Freed’, 
‘Red Amber’, ‘Mohavk’, ‘Affas CJ 899’, ‘Early Orange’ – 9.03–12.17 t/ha. The sugar content in sweet sorghum juice varied from 
15.2 to 17.2%. The estimated sugar yield in Ukrainian cultivars was at the level of 0.82–0.89 t/ha, in foreign ones – from 0.72 
to 1.18 t/ha. In all studied varieties it was the highest in ‘Sorgo Cucre’, ‘Sioux’, ‘Freed’, ‘Red Amber’, ‘Mohavk’, ‘Affas CJ 899’, 
‘Early Orange’ – 0.94–1.18 t/ha. Conclusions. The productivity of sweet sorghum varies greatly depending on the origin of 
the variety and hybrid. In the conditions of the Right-Bank Forest-Steppe, in order to obtain a high sugar yield, it is advisable 
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mass with a high sugar content in stems, and is 
a valuable raw material for biofuel production [1]. 
In addition, it provides grain production, which 
compares favorably with sugar cane, sugar beet, 
corn and wheat. The culture has a good after-
math, which additionally increases its produc-
tivity and agronomic stability [2, 3]. Grains 
remain viable for up to 10 years [4].

Sweet sorghum is genetically very diverse 
and has significant differences in agrotechnical 
parameters in comparison with other crops [5]. 
To ensure its maximum productivity, appropri-
ate management of agro-technological compo-
nents is necessary, for example, fertilization 
and soil processing systems, timing and methods 
of sowing, etc. [6]; its effectiveness largely de-
pends on the characteristics of cultivated varie-
ties or hybrids [7, 8].

One of the decisive stages in the cultivation 
of sweet sorghum for commercial purposes, in 
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particular to maintain the uninterrupted pro-
duction of bioethanol, is the establishment of 
the timing of the harvest [9]. Therefore, the 
dynamics of sugar accumulation in stems of 
the crop and production of biomass in general, 
which also depend on the characteristics of the 
grown cultivars, should be considered. 

Biomass production of sweet sorghum may 
vary depending on the variety, harvest time, 
plant height, soil moisture, soil cultivation me-
t hod and types of fertilizers [10–12]. In parti-
cular, the yield of vegetative mass of sweet sor-
ghum, depending on the variety and harves-
ting period, can vary from 14.8 to 35.2 t/ha 
[13]. It should be noted that in the structure of 
vege tative mass, the proportion of stems is ap-
pro ximately 60.0% (according to other data, 
from 63.4 to 76.7% [14]), and the rest is leaves.

Plant biomass and sugar content in it gradu-
ally increase during the maturation of sweet 
sorghum. According to O. Olugbemi et al. [12], 
high levels of total soluble dry matter (14.9%), 
sugar content in juice (22.9%), sugar concentra-
tion in juice (527.5 mg/g-1), the content of dry 
biomass (60.0%) and its total output (19.0 t/ha) 
were noted in the phase of physiological ripe-
ness of the culture [12].

Reliable influence of varietal characteristics 
on the formation of sweet sorghum biomass is 
also confirmed by the studies by E. Daniel et 
al. [15]. In particular, the weight of one stem 
in the variety ‘Theis’ was 1096 g, while in the 
variety ‘Dale’ it was 896 g. In particular, the 
weight of one stem in ‘Theis’ variety was 1096 g, 
while in ‘Dale’ variety it was 896 g. The calcu-
lated bioethanol yield when growing ‘Theis’ 
was at the level of 7619 l/ha-1, and signifi-
cantly less in ‘Dale’ – 5077 l /ha-1. Based on the 
obtained data, the researchers emphasize the 
importance of choosing the right variety to 
ensure high productivity of this crop.

An accompanying part of the sweet sorghum 
crop – grain is a valuable source of carbohyd-
rates, protein and bioactive compounds [16]. Its 
biochemical composition also largely depends on 
the characteristics of cultivated varieties [17]. 
In particular, according to Y. M. Êardeşş et al. 
[13], sorghum grain contained more than 9.7% 
protein (according to the results of assessment 
of 80 breeding samples), digestible protein (94 
samples) – more than 56.3%, oil (75 samples) – 
more than 3.9%, starch (two samples) – more 
than 77.1%, amylose (10 samples) – 25.3%; the 
coefficient of starch stability (32 samples) was 
more than 3.9%. The content of phytic acid, 
depending on the breeding sample of sorghum, 
was at the level of 0.02–0.09%, and condensed 
tannins – 5.4–6.5%.

So today, sweet sorghum is a valuable grain 
crop and a promising alternative raw material 
for biofuel production, since it can be grown 
using resource-saving technologies; it responds 
to stress more efficiently than traditional 
crops, and has a great potential for biomass 
production. But the productivity of this cul-
ture reliably and significantly changes depen-
ding on the varietal characteristics of the se-
lected cultivars. 

Obviously, different varieties and hybrids 
have unequal resistance to bio- and abiotic fac-
tors, and therefore realize their productive po-
tential in different ways under specific gro-
wing conditions. Taking this into account, to-
day it is relevant to study the charac teristics of 
growth, development and formation of sweet 
sorghum productivity of cultivars of various 
ecological and geographical origin when grown 
in different soil and climatic condi tions of 
Ukraine.

The purpose of the research is to reveal the 
peculiarities of the formation of agrobiological 
parameters of various sweet sorghum cultivars 
and hybrids in the conditions of the Right-
Bank Forest-Steppe of Ukraine.

Materials and methods 
The studies were carried out during 2018–

2020 in the conditions of the educational, scien-
tific and industrial complex of Uman National 
University of Horticulture and Experimental 
field of the Institute of Bioenergy Crops and 
Sugar Beet of the National Academy of Agra ri an 
Sciences of Ukraine (IBCSB) (Ksaverivka 2, 
Bila Tserkva district, Kyiv region).

The soil of the experimental field is pod-
zolized heavy loam chernozem on loess. The 
humus content in the arable layer is 3.8%, the 
nitrogen content of easily hydrolyzed com-
pounds is low, mobile phosphorus and potas-
sium compounds are high, ðÍ

KCl
 is 5.7. The 

soils of the experimental field of the IBCSB 
are coarse-dusty-medium loamy in texture. 
The content of the organic part of the soil va-
ries from 2.1 to 4.0%, the depth of humus ho ri-
zons is 100–120 cm.

Twenty one cultivars of sweet sorghum of va-
rious ecological and geographical origin we re 
investigated: Ukrainian varieties ‘Sylosne 42’, 
‘Favoryt’, ‘Troistyi’, ‘Dovista’, ‘Huliver’ and 
hybrids ‘Ananas’, ‘Medovyi’, ‘Mamont’; foreign 
varieties ‘Chayka’, ‘Debyut’, ‘Haliya’ (Russia), 
‘Vo rai Sumac’ (Hungary), ‘Vaconia Orange’ (Bra-
zil), ‘Sorgo Cucre’ (France) and hybrids ‘Ald 
Sorghum’ (Germany), ‘Mohavk’, ‘Red Amber’, 
‘Sioux’, ‘Affas CJ 899’, ‘Freed and ‘Early Oran-
ge’ (USA).
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The total area of the experimental site was 
210 m2, and the accounting area was 172 m2. 
The experiment was conducted three times. 
The harvest was collected by hand. The protein 
content in the grain was determined by infra-
red spectroscopy according to GOST 4117:2007, 
the weight of 1000 grains was determined by 
weighing 500 seeds in accordance with GOST 
520:2015, juice sugar content was studied with 
the use of a sugar polarimeter SU-4.

The package of standard programs (SIC 
“Agrostat”, MS Office Excel) was used for sta-
tistical processing of research results and de-
termination of the reliability of the obtained 
experimental data. The tightness of the rela-
tionship between the studied indicators was as-
sessed using the correlation coefficient: 1 – full 
connection, 0.9–0.99 – very high, 0.7–0.9 – high, 
0.5–0.7 – significant, 0.3–0.5 – modera te, 0.1–
0.3 – weak connection [18].

Research results 
Agrobiological parameters of plants of sweet 

sorghum studied varieties and hybrids dif-
fered significantly (Table 1). In particular, in 
the group of domestic cultivars, the plant 
height indicator varied from 272 to 306 cm, in 
the group of foreign cultivars – from 274 to 
412 cm. Hybrids of foreign origin ‘Red Amber’, 
‘Sioux’, ‘Affas CJ 899’, ‘Freed’ and ‘Early Oran-
ge’ can be noted as the most valuable for bree-
ding practice, their plants were the highest – 

from 388 to 412 cm. None of the domestic va-
rieties and hybrids reached these values.

The panicle length of sweet sorghum culti-
vars of Ukrainian breeding ranged from 16.0 
to 17.3 cm, foreign – from 11.0 to 19.4 cm. The 
grain weight per panicle varied from 32.8 to 
41.6 g and from 29.2 up to 43.5 g, respectively. 
In a wide range, depending on the varietal 
characteristics, the indicator of the number of 
grains per panicle varied – 1338–1708 pcs. The 
mass of 1000 grains of sweet sorghum ranged 
from 28.0 to 31.0 g in domestic varieties and 
hybrids, in foreign ones – from 19.3 to 31.0 g.

The productivity of sweet sorghum also varied 
significantly depending on the variety and hy-
brid (Table 2). In particular, the yield of dry 
matter (stems + leaves) of Ukrainian cultivars 
was at the level of 8.24–9.11 t/ha. The highest 
one was observed in hybrid ‘Mamont’ and ‘Huli-
ver’ variety – 9.05 and 9.11 t/ha, respectively.

For cultivars of foreign breeding, this indi-
cator varied from 7.00 to 12.17 t/ha. A signi-
ficantly higher biomass yield compared to the 
standard cultivar (‘Sylosne 42’) was produced 
by the cultivars ‘Vorai Sumac’ and ‘Sorgo Cuc-
re’, as well as hybrids ‘Sioux’, ‘Freed’, ‘Red 
Amber’, ‘Mohavk’, ‘Affas CJ 899’, ‘Early Oran-
ge’ – 9.03–12.17 t/ha. 

Sugar content in sweet sorghum juice varied 
from 15.2 to 17.2%. The conditional sugar yield 
in varieties and hybrids of Ukrainian breeding 
was at the level of 0.82–0.89 t/ha. This indica-

Table 1
Agrobiological parameters of different varieties and hybrids of sweet sorghum

(average for 2018–2020)

Variety, hybrid Plant height, cm Panicle length, cm Grain weight 
per panicle, g

Number of grains 
per panicle, pcs.

Weight of 
1000 grains, g

‘Sylosne 42’ (St) 272 16.0 34.3 1437 30.6
‘Dovista’ 189 17.3 32.8 1464 30.0
‘Favoryt’ 232 17.0 37.4 1414 29.0
‘Ananas’ F

1
268 16.8 39.8 1412 26.3

‘Medovyi’ F
1

273 16.2 37.6 1481 31.0
‘Huliver’ 274 16.5 41.8 1424 28.4
‘Troistyi’ 306 16.8 40.0 1489 29.4
‘Mamont’ F

1
306 17.0 41.6 1482 28.0

‘Chayka’ 274 11.3 29.2 1185 26.3
‘Debyut’ 288 11.8 30.4 1264 19.3
‘Haliya’ 308 11.0 30.2 1108 24.3
‘Vorai Sumac’ 313 12.6 34.6 1440 24.8
‘Ald Sorghum’ F

1
325 17.5 32.0 1338 21.0

‘Vaconia Orange’ 355 17.3 33.0 1492 26.5
‘Mohavk’ F

1
368 18.3 39.4 1604 30.0

‘Sorgo Cucre’ 368 18.1 39.2 1521 27.1
‘Red Amber’ F

1
388 19.4 36.8 1708 30.9

‘Sioux’ F
1

394 17.8 38.2 1502 29.8
‘Affas CJ 899’ F

1
398 18.0 43.5 1612 31.0

‘Freed’ F
1

406 18.5 39.6 1445 29.6
‘Early Orange’ F

1
412 18.7 42.4 1603 29.4

LSD
0.05

14–16 0.7–0.8 1.9–2.1 72–75 1.5–1.6
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tor varied significantly among cultivars of fo-
reign origin – from 0.72 to 1.18 t/ha. It was the 
highest in the variety ‘Sorgo Cucre’ and hybrids 
‘Sioux’, ‘Freed’, ‘Red Amber’, ‘Mohavk’, ‘Affas 
CJ 899’, ‘Early Orange’ – 0.94–1.18 t/ha. 

The grain yield of sweet sorghum in varie-
ties and hybrids of Ukrainian breeding varied 
from 3.79 to 5.80 t/ha. The highest grain yield 
was obtained when growing the ‘Troistyi’ va-
riety. For cultivars of foreign breeding, this 
indicator was from 3.00 to 8.15 t/ha. The hi-
ghest grain yield was obtained when growing 
hybrids ‘Freed’, ‘Red Amber’, ‘Affas CJ 899’ 
and ‘Early Orange’ – 8.00–8.15 t/ha.

Grain protein content in varieties and hybrids 
of Ukrainian breeding was 7.3–10.2%, the con-
ditional yield of protein with a crop was 0.33–
0.51 t/ha, and in hybrids of foreign breeding – 
5.5–11.3% and 0.17–0.92 t/ha, respectively.

In general, high productivity indicators 
among all studied cultivars – grain yield at the 
level of 8.00–8.15 t/ha with a protein content 
of 9.8–11.3% and its conditional yield of 0.80–
0.92 t/ha were determined in hybrids ‘Freed’, 
‘Affas CJ 899’ and ‘Early Orange’. These indi-
cators were also high for ‘Ananas’, ‘Medovyi’ 
and ‘Mamont’ hybrids.

A very high negative correlation was estab-
lished between the yield of dry matter and su-
gar content (–0.91), it was high (0.80) with grain 
yield, moderate – with protein content in grain 

(0.49), and high with plant height (0.72). The 
correlation between grain yield and protein con-
tent was significant – 0.55. It is obvious that 
plant height can be used to predict the amount 
of vegetative mass production and grain yield at 
different stages of the breeding process.

Conclusions 
The productivity of sweet sorghum varies sig-

nificantly depending on the origin of the variety 
and hybrid. In the conditions of the Right-Bank 
Forest-Steppe, in order to obtain a high yield of 
sugar, it is advisable to grow varieties ‘Sylos-
ne 42’, ‘Favoryt’, ‘Troistyi’, ‘Dovista’, ‘Huliver’ 
and hybrids ‘Ananas’, ‘Medovyi’, ‘Mamont’.

Varieties ‘Vaconia Orange’, ‘Vorai Sumac’, 
‘Sorgo Cucre’ and hybrids ‘Ald Sorghum’, 
‘Sioux’, ‘Freed’, ‘Red Amber’, ‘Mohavk’, ‘Affas 
CJ 899’, ‘Early Orange’ provide high yield of 
vegetative mass.

Hybrids ‘Freed’, ‘Affas CJ 899’, ‘Early Oran ge’ 
produce large biomass volume (11.08–12.17 t/ha), 
high grain yield (8.00–8.15 t/ha) and high con-
tent of protein in it (9.8–11.3%).
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Ìåòà. Óñòàíîâèòè îñîáëèâîñò³ ôîðìóâàííÿ àãðîá³îëî-
ã³÷íèõ ïàðàìåòð³â ð³çíèõ ñîðò³â ³ ã³áðèä³â ñîðãî öóêðîâî-
ãî â óìîâàõ Ïðàâîáåðåæíîãî Ë³ñîñòåïó Óêðà¿íè. Ìåòîäè. 
Óïðîäîâæ 2018–2020 ðð. ó ïîëüîâèõ óìîâàõ äîñë³äæóâàëè 
21 ñîðò ³ ã³áðèä ñîðãî öóêðîâîãî ð³çíîãî åêîëîãî-ãåîãðà-
ô³÷íîãî ïîõîäæåííÿ (Óêðà¿íà, Ðîñ³ÿ, ÑØÀ, Ôðàíö³ÿ, Í³ìå÷-
÷èíà, Óãîðùèíà, Áðàçèë³ÿ). Îö³íþâàëè òàê³ ïàðàìåòðè, ÿê 
âèñîòà ðîñëèí ³ ïîêàçíèêè ¿õ ³íäèâ³äóàëüíî¿ ïðîäóêòèâ-
íîñò³ (ìàñà çåðíà ç îäí³º¿ âîëîò³, ìàñà 1000 çåðåí òîùî), 
óðîæàéí³ñòü ñóõî¿ á³îìàñè é çåðíà, óì³ñò öóêð³â ó ñîêó 
òà á³ëêà â çåðí³, à òàêîæ óìîâíèé âèõ³ä öóêðó é á³ëêà ç 
óðîæàºì. Îáë³êè ïðîâîäèëè ó ôàç³ ô³ç³îëîã³÷íî¿ ñòèãëîñò³ 
êóëüòóðè. Ðåçóëüòàòè. Ó ãðóï³ óêðà¿íñüêèõ ñîðò³â ³ ã³áðè-
ä³â ðîñëèíè áóëè çàââèøêè â³ä 272 äî 306 ñì, ó ãðóï³ çà-
êîðäîííèõ – â³ä 274 äî 412 ñì. Âèñîêó ö³íí³ñòü äëÿ ñå-
ëåêö³éíî¿ ïðàêòèêè ìàþòü ñîðòè ‘Red Amber’, ‘Sioux’, ‘Affas 
CJ 899’, ‘Freed’ òà ‘Early Orange’, ðîñëèíè ÿêèõ áóëè íàéâè-
ùèìè – â³ä 388 äî 412 ñì. Äîâæèíà âîëîò³ ñîðãî öóêðî-
âîãî êóëüòèâàð³â óêðà¿íñüêî¿ ñåëåêö³¿ ñòàíîâèëà â³ä 16,0 
äî 17,3 ñì, çàêîðäîííî¿ – â³ä 11,0 äî 19,4 ñì. Ìàñà çåðíà 
ç îäí³º¿ âîëîò³ çì³íþâàëàñü â³ä 32,8 äî 41,6 ã ³ â³ä 29,2 äî 
43,5 ã â³äïîâ³äíî. Ó âåëèêîìó ä³àïàçîí³ çàëåæíî â³ä ñîð-
òîâèõ îñîáëèâîñòåé âàð³þâàâ ³ ïîêàçíèê ê³ëüêîñò³ çåðåí 
ç îäí³º¿ âîëîò³ – 1338–1708 øò. Ìàñà 1000 çåðåí ñîðãî 
öóêðîâîãî ñòàíîâèëà â³ä 28,0 äî 31,0 ã ó ñîðò³â ³ ã³áðèä³â 
óêðà¿íñüêî¿ ñåëåêö³¿, ó çàêîðäîííèõ – â³ä 19,3 äî 31,0 ã. 
Óðîæàéí³ñòü ñóõî¿ âåãåòàòèâíî¿ ìàñè êóëüòèâàð³â óêðà¿í-

ñüêî¿ ñåëåêö³¿ áóëà íà ð³âí³ 8,24–9,11 ò/ãà. Íàéâèù³ ïî-
êàçíèêè ôîðìóâàëè ã³áðèä ‘Ìàìîíò’ ³ ñîðò ‘Ãóë³âåð’ – 9,05 ³ 
9,11 ò/ãà â³äïîâ³äíî. Ó ñîðò³â ³ ã³áðèä³â çàêîðäîííî¿ ñåëåêö³¿ 
öåé ïîêàçíèê çì³íþâàâñÿ â³ä 7,00 äî 12,17 ò/ãà. ²ñòîòíî 
âèùó á³îìàñó ïîð³âíÿíî ³ç ñîðòîì-ñòàíäàðòîì (‘Ñèëîñíå 42’) 
ôîð ìóâàëè ‘Vorai Sumac’, ‘Sorgo cucre’, ‘Sioux’, ‘Freed’, ‘Red 
Amber’, ‘Mohavk’, ‘Affas CJ 899’, ‘Early Orange’ – 9,03–12,17 ò/ãà. 
Óì³ñò öóêð³â ó ñîêó ñîðãî öóêðîâîãî çì³íþâàâñÿ â³ä 15,2 äî 
17,2%. Óìîâíèé âèõ³ä öóêðó â êóëüòèâàð³â óêðà¿íñüêî¿ ñå-
ëåêö³¿ áóâ íà ð³âí³ 0,82–0,89 ò/ãà, ó çàêîðäîííèõ – â³ä 0,72 
äî 1,18 ò/ãà. Íàéâèùèì ñåðåä óñ³õ äîñë³äæóâàíèõ ñîðò³â 
³ ã³áðèä³â êóëüòóðè â³í áóâ ó ‘Sorgo Cucre’, ‘Sioux’, ‘Freed’,  
‘Red Amber’, ‘Mohavk’, ‘Affas CJ 899’, ‘Early Orange’ – 0,94–
1,18 ò/ãà. Âèñíîâêè. Ïðîäóêòèâí³ñòü ñîðãî öóêðîâîãî çíà÷-
íîþ ì³ðîþ çì³íþºòüñÿ çàëåæíî â³ä ïîõîäæåííÿ ñîðòó òà 
ã³áðèäà. Â óìîâàõ Ïðàâîáåðåæíîãî Ë³ñîñòåïó ç ìåòîþ 
îòðèìàííÿ âèñîêîãî âèõîäó öóêðó äîö³ëüíî âèðîùóâàòè 
ñîðòè ‘Ñèëîñíå 42’, ‘Ôàâîðèò’, ‘Òðî¿ñòèé’, ‘Äîâ³ñòà’, ‘Ãóë³-
âåð’ ³ ã³áðèäè ‘Àíàíàñ’, ‘Ìåäîâèé’, ‘Ìàìîíò’. Ñîðòè ‘Vaconia 
Orange’, ‘Vorai Sumac’, ‘Sorgo Cucre’ ³ ã³áðèäè ‘Ald Sorghum’, 
‘Sioux’, ‘Freed’, ‘Red Amber’, ‘Mohavk’, ‘Affas CJ 899’, ‘Early 
Orange’ çàáåçïå÷óþòü âèñîêó âðîæàéí³ñòü âåãåòàòèâíî¿ 
ìàñè. Ã³áðèäè ‘Freed’, ‘Affas CJ 899’ ³ ‘Early Orange’ ôîðìóþòü 
âåëèêó âåãåòàòèâíó ìàñó (11,08–12,17 ò/ãà), óðîæàéí³ñòü 
çåðíà (8,00–8,15 ò/ãà) òà âèñîêèé óì³ñò á³ëêà (9,8–11,3%).
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