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SCREENING OF CULTIVARS OF WINTER WHEAT FOR SEARCHING
GENOTYPES WITH THE HEIGHTENED ADAPTIVE POTENTIAL

The purpose. To screen new cultivars of wheat for selection of genotypes with the
heightened adaptive potential in conditions of Steppe of Ukraine. Methods. Field,
laboratory, mathematical-and-statistical. Results. The optimal for growing in
conditions of Steppe of Ukraine and perspective for the further selection new
cultivars of winter wheat are offered. Conclusions. Screening of new cultivars of
wheat (Shpalivka, Taira, Shestyzerna, Staleva, Zolozerna, Ozerna, Tala, Shylovka,
and Mahistral) has allowed selecting genotypes with the heightened adaptive
potential in conditions of Steppe of Ukraine. Cultivars Shpalivka, Shestyzerna and
Staleva are the most perspective for introduction and further selection.
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Important component of big crops of winter wheat is successful selection of
new cultivars which capable to use effectively the potential of fertility of soils,
predecessors, crops terms and to sustain the negative impact of complex of stress
factors which arise in agrocenosis. Influence of hostilities can be either short-term
or prolonged and can have an effect during both several hours (fluctuation of
temperatures and humidity) and several months (deficit of mineral nutrition).
Therefore, the genetic potential of the majority of cultures is realized only for 20%,
as arule [4].

The progressing climate aridization  climate is the main hostility which
determined first priority of studying of its role in the solution of practical
approaches in productivity regulation of main agricultures in different climatic
zones of the world [11, 13, 15, 16].

Drought happen even more often in all soil and climatic zones of Ukraine.

In recent years in our country observed record high temperatures of the
average daily air temperature during spring and summer vegetation of plants. In
2013 temperature was above normal by 0,8° C from heading stage to flowering
stage and by 1,5 °C from milk stage (MR) to milky-wax ripeness stage (MVS). In
general during period from flowering stage to milky-wax ripeness stage distinction
on average daily temperature was 1,2 oC towards increase in comparison with
average values for last years. In 2014 the above-mentioned tendency was become



sharp. Particularly the average air temperature was higher than norm on 5,10C
(flowering stage - milky-wax ripeness stage).

Therefore the great attention in selection work is paid to necessity of complex
association of high level of stability of crops with high adaptive properties of new
high yielder cultivars now.

Adaptation potential predetermines ecological tolerance and resistance of
plants against unfavorable conditions of environment which provides guarantees of
stability in implementation of genetically determined productivity potential. So,
for effective maintaining of agricultural industry it is important to take into account
not only genetic potential of plant productivity, but their resistance and capability
to adapt for certain unfavorable conditions [1, 6, 7].

The aim of investigation was screening of new cultivars of winter wheat for
search of genotypes with the increased adaptation potential.

Materials and methods

New winter wheat cultivars were chosen as objects for investigation
(Shpalivka, Tayra, Shestizerna, Staleva, Zolotozerna, Ozerna, Tala, Shilovka,
Magistral), which were selected of farm "Bor" in Odessa region (originator of
cultivars - Artyushenko P.M.).

Research was conducted in the conditions of field experiment on fields (1 m 2
for each cultivar) in conditions of steppe zone of Ukraine (Dachnoye, Bilyayevsiy
district, Farm "Bor", Odessa region). Agrotechnology of cultivation is standard.
Samples of plant material selected in stem elongation and and flowering stages.
The first developed leaf (stem elongation stage) and flag leaf (flowering stage)
were used for analyses. Selection of plant material for analyses was carried out in
identical stages.

Quantitative determination of chlorophyll content and total carotenoid content
carried out by method [17], malonic diahdehide by method [2], proline by method
[12].

Statistical treatment of results of investigation was carried out with help of
computer program "Microsoft Excel" by Dospekhov [3].

Results and discussion

The contents and ratio of photosynthetic pigments are integral indicators
which characterize state of photosynthetic apparatus and are the integral
component of agromonitoring. Under edaphic-climatic conditions, identical to all
studied cultivars, at the beginning of stem elongation stage the greatest values of
the maintenance of chlorophyll has been established in leaves of winter wheat of
Shpalivka and Staleva cultivars, the smallest was in leaves of Tayra and
Shestizerna cultivars. At the end of this phase the biggest chlorophyll content was
in leaves of Shestizerna and Tayra cultivars, and the smallest was in leaves of
Staleva and Ozerna.



In flowering stage the content of photosynthetic pigments was the highest in
leaves of Ozerna and Staleva cultivars, and the lowest was in leaves of Magistral
and Shilovka cultivars (tab. 1). Fluctuations of chlorophyll content in leaves during
ontogenesis of plants can be appearance of ontogenetic changes and reactions of
individual cultivars to weather conditions.

At the same time, the whole content of carotenoids in leaves of plants of
wheat of all studied cultivars decreased in period from the beginning to the end of
stem elongation stage. In the next flowering stage the content of carotinoids in
leaves of plants of wheat of all cultivars increased a little. The ratio
chlorophyll/carotinoids in stem elongation stage varied between 5,79-6,73, and in
the end of this stage between 7,27-8,99. It was beetwen 4,44-5,89 in flowering
stage (tab. 1). It is necessary to pay attention that it was the highest for Shpalivka
and Staleva cultivars at the beginning stem elongation stage. At the end of this
stage it was highest in leaves of Zolotozerna and Staleva cultivars. And in
flowering stage it was highest in leaves of Shpalivka and Shestizerna cultivars,
that characterizes great ability of plants of above-mentioned cultivars to absorb of
photosynthetic active radiation.

At the same time, high values of this ratio for individual cultivars at the
expense of the low carotenoid content, in our opinion, show their more balanced
light-absorption, and smaller level of singlet oxygen generation under stress
conditions [14] that is positive appearance of adaptation process.

The content of malonic dialdehide is one more classical index which
characterizes oxidation-reduction status of plant organism. This is parameter which
characterizes the level of lipid peroxidation. In our opinion, under identical
conditions of cultivation for different cultivar this parameter together with others
has to characterize their general physiological state. On the basis of it is possible to
estimate of adaptive posibilities of individual cultivars under different conditions
of cultivation.

Inverse relationship between the general content of chlorophyll and MDA in
leaves in flowering stage is also revealed. So, under identical conditions of
cultivation lipid peroxidation was the lowest in leaves of plant varieties of winter
wheat with the high maintenance of chlorophyll. In our opinion, the ratio between
these indicators characterizes potential abilities of many cultivars to detoxification
of reactive oxygen species and ability to regulation of pro-antioxidant balance in
photosynthetic apparatus (fig. 1).

Proline and other amino acids carry out osmoregulation function in leaves.
High contents of free proline are biochemical index, the indicator of reaction of
plants to action of stress factors. Potential distinction between the content of
proline for cultivars can characterize adaptation opportunities of each cultivar
under stress conditions. In our opinion, the high content of proline in leaves of
investigated cultivars characterizes their big sensitivity to changes of humidity
conditions, that has also been shown in works of other authors [5, 10]. The content
of free proline was the highest in leaves of Tayra, Staleva and Ozerna cultivars,
and the lowest in leaves of Shpalivka and Shestizerna cultivars (fig. 2).



The content of proline in leaves is very variable indicator. It's content can
significantly change during plant development and interpretation of the received
results on the basis of its contents requires take into account of many climatic and
soil factors [5].

Important characteristics of physiological condition of plants are parameters
of water relationships and morphometric indexes. The last most often correlate
with parameters of biological effeciency, and water deficit is one of the most
important limiting factors of big crops receiving.

Number of stomas on leaves and ratio of their quantity on the adaxial/abaxial
side of leaf are important parameters of water relationships. The most large number
of stomas on the adaxial side of leaf (per mm2) of winter wheat plants was in
leaves of Tayra and Shestizerna cultivars (tab. 2) and on the abaxial size it was in
leaves of Ozerna and Zolotozerna cultivars. At the same time, the specific quantity
of stomas per flag leaf was another. Their most large number on the adaxial party
of leaf was observed for Shilovka and Ozerna cultivars, and on the abaxial sites for
Ozerna and Shilovka cultivars (tab. 2).

It is known that some works described the correlation between quantity of
stomas on the abaxial/adaxial side of leaf and grain productivity of winter wheat
[9].

High water-retaining capacity of leaves in tillering stage characterized of
Shestizerna and Tayra cultivars and at the end of stem elongation stage Shestizerna
cultivar has taken the 2nd place and Shilovka has taken first place. However in
flowering stage the greatest water-retaining capacity in leaves had Magistral and
Zolotozerna cultivars (tab. 3).

Such morphometric parameters as the stalk height, length of under-earing
merithallus and ears as usual have no direct correlation communication with
biological effeciency of plants. However this parameters are considered in
fenotayping [8]. Plants of Magistal and Shpalivka cultivars had the greatest height
of stalk, and Magistral and Shestizerna cultivars had the greatest length of under-
earing merithallus. Plants of Magistral and Shpalivka cultivars had the greatest
length of ears. And number of cones in ears was the greatest in Magistal and
Shpalivka cultivars (tab. 4).

Proceeding from the provided physiological and biochemical characteristics
of studied cultivars of winter wheat in our opinion Shpalivka and Staleva cultivars
have the highest adaptation potential in conditions of the Steppe of Ukraine and
are the most valuable to further using in selection work.

Conclusions
Screening of new cultivars of wheat (Shpalivka, Tayra, Shestizerna, Staleva,
Zolotozerna, Ozerna, Tala, Shilovka, Magistral) has allowed to allocate genotypes
with increased adaptation potential in conditions of Steppe of Ukraine. Shpalivka,
Shestizerna and Staleva cultivars are the most perspective for division into districts
and further selection.
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Fig. 1. Content of MDA in leaves of wheat plants on start (I) and end (Il)of
stem elongation stage : 1 - Shpalivka, 2 - Tayra, 3 - Shestizerna,
4 -Staleva, 5 - Zolotozerna, 6 - Ozerna, 7 - Tala, 8 - Shilovka, 9 - Magistral
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Fig. 2. Proline content in leaves of winter wheat plants of cultivars: 1 -

Shpalivka, 2 - Tayra, 3 - Shestyzerna, 4 - Staleva, 5 - Zolotozerna, 6 - Ozerna,
7 - Tala, 8 - Shilovka, 9 - Magistral



Table 1. Content of photosynthetic pigments in leaves of winter wheat plants
of steppe ecotype of Odessa selection

Stem elongation stage (start) | Stem elongation stage (end) Flowering stage
Cultivar C(atb) Ccar C(atb)/ | C(atb) Ccar | C(ath)/ C(atb) Ccar C(atb)/
(mg/gdry| (mg/gdry| Ccar |(mg/gdry| (mg/g Ccar (mg/g dry | (mg/gdry Ccar
weight) | weight) weight) dry weight) weight)
weight)
Shpalivka 11,4+0,2(18 £0,0/63+0,1|94+0,01,1+0,0/84+ 03| 85+0,3 | 1,4+0,0 |59+0,1
Tayra 80+01|14 +0,0/56 +0,0/10,0+0,2{1,1+0,0/89+04 | 73£00 | 1,600 |4,7+0,0
Shestizerna | 88+0,0 (16 +00(55 +0,0(109+0,2/1,4+0,0|7,7+00| 92+02 | 1,7+0,0 | 55%0,0
Staleva 11,0+£0,2(19 £0,0/58+0,0{93+0,2(1,0+0,1{9,0+£0,2| 96+£0,1 | 1,9+0,0 |52+0,0
Zolotozerna | 9,1+05 (1,7 +0,1(56+0,1|96+0,1 |1,1+0,0/9,1+03| 78+01 | 1,4+00 |54+0,1
Ozerna 96 +0,3|1,7 £+0,1|58 +0,1|94+0,1 |1,2+0,0/79+0,0| 10,1+0,1 | 20+0,0 | 50+0,0
Tala 95 +06(16 £0,1|58 £0,1{9,7+0,2 [1,3+0,0/73+01| 78+01 | 1,8+0,0 44+ 0,0
Shilovka 105+0,4(16 +0,1/6,7 £0,1(9,4+0,3 [1,2+0,0/ 7,701 | 69+ 01 | 1,5+00 |4,6+0,0
Magistral 9,7 £00(1,7 £0,0(58 *0,0/96+0,1 |1,2+0,1/83%+03| 6,6+ 0,0 | 1,4+0,0 |47%0,0

Table 2. Xeromorphicity of leaves of winter wheat plants in flowering stage

Number of stomata per mm?, Number of stomata per flag
pieces leaf, pieces x10°
Cultivar

Adaxial side of | Abaxial side | Adaxial side | Abaxial side

leaf of leaf of leaf of leaf
Shpalivka 73+22 58 +0,6 132+2]1 105+2,1
Tayra 83+1,3 55+0,4 144 + 3,3 96+1,9
Shestizerna 76 £0,9 58 +0,6 128+ 14 97 +£1,3
Staleva 67+1,5 59+0,8 132 +£2,4 116 £2,0
Zolotozerna 75+1,3 63+ 0,6 140+ 1,3 117+1,8
Ozerna 70 1,2 68 +0,9 168 + 3,2 163+ 25
Tala 74 £1,7 57 £1,0 151+24 116 +£1,9
Shilovka 70+1,4 56 +1,1 176 + 3,1 141+ 23
Magistral 70 £1,3 60+0,9 160 £ 2,3 137+£2,0

Table 3. Water-retaining capacity of leaves of winter wheat plants

Cultivar Stem elongation stage Stem elongation stage Flowering stage
(start) (end)
Rel. inits
Shpalivka 18+1 32+2 23+2
Tayra 201 37+2 28+1
Shestizerna 21 +2 40 +3 23+2
Staleva 19+1 23+1 33+3
Zolotozerna 171 32+2 38+3
Ozerna 19+1 42 +3 21+2




Tala 14+1 43+ 3 34+3
Shilovka 16 £2 53+4 26 + 2
Magistral 16+1 28+ 3 43 +4
Table 4. Morphometric parametrs of winter wheat plants
Stalk height, Length of Length of Number of
cm under-earing ear, cm cones in
Cultivar merithallus, cm leaves,
Cm T
Shpalivka 68,0+ 1,3 31,1+ 0,7 9,4 0,2 19,0+ 0,3
Tayra 62,3+ 0,8 26,0+ 0,6 9,0+ 0,2 18,0 +0,4
Shestizerna 67,7£1,4 31,4 +1,0 9,5+ 0,2 18,5 +0,4
Staleva 65,1+ 1,1 29,3 £0,5 8,9 0,2 18,0+0,2
Zolotozerna 60,7+ 0,8 27,0+0,4 9,1+ 0,2 18,0 0,3
Ozerna 61,2 +1,4 28,5 0,5 10,0 0,2 17,0+ 0,3
Tala 65,0+ 1,4 28,9 £0,9 9,2+ 0,3 18,1+ 0,4
Shilovka 68,4+ 0,9 31,3+1,0 9,6+0,2 18,0 +0,4
Magistral 84,4+1,2 336+1,1 10,1+ 0,2 19,0+0,5




