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The article presents the results of studies of high-performance varieties and

hybrids of fodder beet (Beta vulgaris crassa), plant growth and development in

terms of western forest-steppe. It is defined leaf surface area, photosynthetic

capacity and net productivity of photosynthesis of fodder beet, dependent on the

varietal characteristics.
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Fodder beet is important for increasing of production of juicy fodder for

animals. For a wide cultivation of root crops and effective use of the biological

potential of the variety and climatic conditions of the western forest-steppe it is

important scientific justification of growing technology elements, selection for

yield and quality varieties, and so on.

In the technology of fodder beet it is taken into account the whole range of

farming practices, which should provide an intense accumulation of organic matter

and the rapid growth of leaf surface [1]. Solar radiation is the best used by fodder

beet plants in mid-summer. Under steppes of western Ukraine it occurs during the

phase of the second pair of true leaves, closing and opening plants in line [6]. The

density of plants is important and essential to plant fodder beet , which should be

optimal because thickness of crops leads to greater density of plants and leaf

weight, according to the misuse of the photosynthetic apparatus and mutual

shading of leaves [1, 4]. This worsens aeration and blowing of thickened crops,



hampered access of CO2 to the leaf mass of plants. Therefore, the above factors

improve the conditions of photosynthesis [5].

It should also be noted that the optimum lighting of fodder beet is a

prerequisite for plant growth and development and the formation of reproductive

organs, because  leaves receive the maximum amount of light energy and provide

them with additional content, thereby increasing the total area of leaf mass [7, 2].

The rate of photosynthesis is reduced in a phase of opening lines of fodder beet

crops [6].

The most important indicator of photosynthetic activity of plants fodder

beet, which ultimately determines the productivity of crops, is the area of the leaf

surface (ALS), photosynthetic capacity (PC), the net efficiency of photosynthesis

(NEP) and its economic efficiency.

Scientists observed that productivity growth processes in fodder beet is

achieved by increasing the assimilation surface, namely by asymilants formed

during photosynthetic activity of leaves is an active formation of roots [7]. Thus

the biosynthesis of proteins and chlorophyll provide supporting effect on the

functional activity of mature leaves, setting the stage for intense photosynthesis

[8]. Conditions of plants developing and conditions of supply form the harvest.

The optimal value of leaf surface must be achieved before the end of vegetative

growth, at the beginning of mass forming of roots. Where the photosynthetic

surface reaches maximum development before this period, as a result of mutual

shading of large leaves turn yellow in the lower tier, they dry up and assimilation

surface decreases, which leads to a significant reduction in yield [2].

Purpose and objectives. To set the duration of phenological phases of plant

growth and development and yield of fodder beet depending on the varietal

characteristics in terms of western forest-steppe.

Materials and methods research. Experimental studies were conducted

during 2010-2013 in the field rotation.

The climatic conditions of the western forest-steppe are characterized by a

sufficient amount of heat, but unstable moisture. Significant increase in



temperature was observed during March-April and April-May. The summer period

is characterized by high and constant temperatures in July - up to 20°C, in August -

22-23°C. Warm period is within 230-265 days, and during the active growing

season (temperature above 10°C) ranges from 155 to 170 days. The sum of active

temperatures is 2300-2750°C, the SCC is 1,3-2,0, annual rainfall ranges from 498-

675 mm in the west - to 790 mm, with an average temperature 7,8°C.

Sowing of fodder beet was conducted on the 15-18 of April by wide-row

method of sowing with the width of 45 cm. Studied varieties: Kyivsky (control),

Galytsky, Dniester, Adra; hybrids: Krakus, Solidar, Katsper. The total land area

was – 45,0 m2, accounting – 25,2 m2.

Research results. Results  of  experimental  studies  suggest  that  leaf  surface

per unit area in the initial phases of plant growth between varieties is not very

different, and its values were within 1,14-1,71 thousand m2 / ha (Table 1).

According to research results, the rate of growth of leaf surface of plants of

different varieties during the growing season defined clearly by varietal

characteristics and phases of growth. The highest rates of leaf surface in phase of

closing lines were obtained from the following varieties of fodder beet as Galytsky

– 68,99 thousand m2 / ha, hybrid Katsper – 62,21 thousand m2 / ha, Kyivsky

(control) – 62,01 thousand m2 / ha, hybrid Solidar – 59,01 thousand m2 / ha and

hybrid Krakus – 56,94 thousand m2 / ha. Varieties Dniester – 53,49 thousand m2 /

ha and Adra – 44,99 thousand m2 / ha had slightly lower indicator of leaf surface.



Table 1

Influence of varieties on the area of leaf surface of plants, fodder beet,

thousand m2/ha (average over 2010-2013)

Variety
Formation of the

second pair of
leaves

Closing of lines Technical ripeness

Kyivsky (control) 1,60 62,01 25,06
Galytsky 1,71 68,99 26,32
Dniester 1,41 53,49 21,37

Adra 1,14 44,99 20,94
Krakus 1,49 56,94 21,06
Solidar 1,49 59,01 22,32
Katsper 1,65 62,21 25,15

The same pattern has been noted by us and the phase of technical ripeness.

Varieties of fodder beet of Kyivsky (control), Galytsky, hybrid Katsper formed

bigger leaf surface area, resulting in a longer growing season. Change of leaf

surface in ontogeny in all variants of the experiment expressed as a direct

correlation.

The development of assimilative surface is also influenced by weather

conditions during the growing season. In 2010 and 2013 the surface area of

assimilation was lower compared to the 2011-12 years. This is due to the fact that

summer was droughty in those years. Moisture was insufficient, rain fell a little.

Thus, in 2011, high rates of leaf surface in phase of closing lines are marked in

varieties Galytsky – 67,09 thousand m2 / ha and Galytsky – 61,17 thousand m2 /

ha, in hybrids Katsper and Solidar – 61,12 thousand m2 / ha and 60,00 thousand m2

/ ha, respectively. The maximum area of leaf surface was formed in all varieties

and hybrids of fodder beet in 2012. In this year high rates of leaf surface in phase

of closing lines were marked in a variety of Galytsky – 74,75, hybrid Katsper –

65,84, Galytsky, Kyivsky – 65,61 and hybrid Solidar – 62,81 thousand m2 / ha.

Low rates of leaf surface area are marked in a variety of Adra – 49,12 thousand m2

/ ha.



To determine the yield of crops and fodder beet performance evaluation, it is

necessary to have indicators that characterize the possible total area of the leaf

surface of plants growing season. Therefore, the unit of measurement of

photosynthetic activity of plants in crops is considered 1 m2 of leaves per day and

expressed m2 × days / ha (PC) [6, 2].

According  to  experimental  results,  it  was  found  that  the  dynamics  of

photosynthetic potential of fodder beet varieties is similar to that which is formed

by leaf surface area (Table. 2).

Table 2

Photosynthetic potential of fodder beet depending on variety, mln. m2 × days /

ha (average for 2010-2013)

Variety

Phases of of growth and development

Formation of the

second pair of

leaves

Closing of lines Technical ripeness

Kyivsky (control) 0,027 1,926 2,999

Galytsky 0,033 2,311 3,321

Dniester 0,027 1,899 2,440

Adra 0,023 1,600 2,401

Krakus 0,026 1,903 2,301

Solidar 0,029 2,419 2,862

Katsper 0,027 2,111 2,900

As the results of studies on the average performance during the years of the

photosynthetic capacity increase from appearing sprouts to the closure of plants in

a row, as of the closing lines to technical ripeness. The maximum values during the

technical ripeness of roots – 3,321 mln.m2 × days / ha was formed in a variety of

Galytsky, varieties of Adra and hybrid Krakus had lower values of photosynthetic

capacity – 2,301 and 2,401 million m2 × days / ha, respectively.



Limit of leaf surface area and photosynthetic capacity have upper and lower

indicators, and transition causes a decrease of net photosynthesis productivity [4].

The results of the study found that the average years of research on the net

maximum photosynthetic productivity (NEP) of plants of fodder beets are 6,90 –

6,77 g / m 2 per day in phase of closing lines (Table. 3).

Table 3

Net photosynthetic productivity of fodder beet varieties, g / m 2 per day

(average for 2010-2013)

Variety Closing of lines Technical ripeness

Kyivsky (control) 6,77 3,86

Galytsky 6,59 3,71

Dniester 6,53 3,54

Adra 5,99 3,59

Krakus 6,42 3,67

Solidar 6,88 3,74

Katsper 6,90 3,83

Net photosynthetic performance as an indicator of the effectiveness of the

assimilation of leaf surface of fodder beet in field experiment is maximum in the

phase of closing lines – 7,24 g / m 2 per day, it is seen in a variety of Kyivsky

(control) in 2011. The lowest net photosynthetic performance is observed in a

variety  of  Adra  -  in  2010  in  the  phase  of  closing  lines  net  productivity  of

photosynthesis was 6,0 g / m 2 per day and in 2012 only 5,61 g / m 2 per day. In the

future, the net performance of the tested varieties and hybrids in the period from

the closing lines to technical ripeness decreased. Kyivsky (control) over four years

of research had 3,86 g / m 2 per day. In Galician grade 3,71 g / m 2 per day.

Hybrids Krakus, Solidar, Katsper had 3,67; 3,74; 3,83 g / m 2 per day, respectively.

Conclusions. It is determined during the performance of the net productivity

of photosynthesis, depending on the varietal characteristics and phases of plant

growth and development of fodder beet.



As a result, the highest level of net photosynthesis productivity was noted in

Kyivsky variety, hybrids Katsper and Solidar that was in a phase of technical

ripeness – 3,86; 3,83 and 3,74 g / m 2 per day, respectively. This was due to the

size of leaf surface area.
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