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Aim. A comparative analysis of several traits of the capacity of the assimilation apparatus of 10 varieties and 2
lines of winter wheat from Ukraine, under conditions of insufficient precipitation and elevated air temperature
during the period, when the reproductive organs formed (GS 30-49), in order to search for phenotypic markers
associated with high productivity. Methods. Field, morphometric, spectrophotometric and statistical methods
were used. Results. The maximum difference in yield between varieties and lines, which grew under condi-
tions of insufficient water supply and high temperatures in April and May of growing season 2017/2018, was
24.7 %. Under these conditions, the highest grain productivity was observed for the new varieties Pochayna,
Hospodarka and Kyivska 17 (8.60-8.73 t/ha) and a high canopy leaves chlorophyll index at late stages of
ontogenesis (0.38-0.48 g chlorophyll/m? at milky-wax ripeness). This was opposed to varieties Smuhlianka,
Poradnytsia and the line UK 392/15 with the lowest yield (7.00-7.25 t/ha) and assimilation surface at this stage
(0.07-0.17 g chlorophyll/m?). At the flowering stage (anthesis) the most productive varieties exceeded the least
productive ones, on average, by 30 % in leaves fresh weight of the canopy, by 24 % in content of total (a+b)
chlorophyll and by 60 % in canopy chlorophyll index. At milky-wax ripeness, the differences between these
varieties increased significantly — up to 136 % in leaf fresh weight of canopy, 57 % in chlorophyll content and
350 % in canopy leaves chlorophyll index. A close positive correlation (r = 0.69-0.77, P < 0.01) between the
canopy photosynthetic apparatus traits at milky-wax ripeness with the yield of varieties and lines of winter
wheat under drought and high temperature stress was found. Conclusions. The results show that the leaves
fresh weight of canopy and canopy leaves chlorophyll index can be used as markers of grain productivity of
winter wheat under drought stress, as well as for the possible development of molecular genetic criteria of

breeding, based on these phenotypic characteristics.
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INTRODUCTION

The strategic value of wheat in food safety of
many countries is related to the fact that this crop
covers over a quarter of the global crop production
volume. Wheat also remains a major source of di-
etary calories and proteins in Eastern Europe and
Russia (28-29 %), and South Asia (20-24 %) and
high-income countries (20 %) [1]. Most modern,
highly productive varieties of winter wheat have a
high genetic potential, which, however, may remain
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unrealized under unfavorable conditions. This con-
siderable difference between potential productivity
and actual yield observed [2, 3] necessitates further
studies of phenotypic variability of plants under field
conditions. The evaluation of phenotypic variability
of varieties is mainly conducted using yield or yield
components, morphological parameters and duration
of phenological stages [4, 5]. Since increasing pho-
tosynthetic capacity and efficiency is considered the
basis for raising yield potential of wheat [6], study-
ing the variability in assimilation surface may con-
tribute to the breeding for increase of wheat produc-
tivity, too. The significant role of the photosynthetic
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apparatus in creating yield determines its relevance
for further study [7].

One of the main abiotic stressors, limiting the yield
of agricultural crops in the whole world, is drought.
Soft winter wheat is sensitive to insufficient mois-
ture. The number of productive stems decreases un-
der drought conditions, the reproductive processes of
forming spike elements, pollen fertility and formation
and filling of kernels are disrupted. Drought facilitates
the decrease in the activity of the photosynthetic ap-
paratus and faster yellowing of leaves due to inhibi-
tion and eventual destruction of chlorophyll synthesis
[8-10]. The main reason of inhibition of photosyn-
thetic processes under drought conditions is limiting
the diffusion of CO, into the carboxylation centers
due to decreased conductance of stomata and meso-
phyll cells [11]. The urgency of creating highly pro-
ductive drought-tolerant/resistant varieties of wheat is
confirmed by the data of meteorological observations,
proving more frequent droughts and elevated air tem-
perature worldwide [12—14].

Most traits of wheat, discussed in the literature as
markers of tolerance to drought and high temperatures,
are related to different traits of the functional state of
the photosynthetic apparatus [6]. Recent scientific data
demonstrate that the preservation of canopy photosyn-
thetic activity after anthesis ensures better conditions
for grain filling [7, 15, 16]. In particular, it was dem-
onstrated that highly productive varieties and lines of
wheat have more long-term functioning of the photo-
synthetic apparatus [17, 18].

Our previous studies have shown that varieties with
a larger canopy assimilation surface at milky-wax ripe-
ness (MWR) stage had a higher yield. A significant cor-
relation between canopy leaves chlorophyll index, esti-
mated by the total amount of green leaves chlorophyll
of plants per m?, at MWR and yield (r = 0,64-0,84,
P <0.05) was observed in years with different meteoro-
logical conditions [19]. In contrast to the conditions of
the previous two-year experiments, during the spring
growing season of wheat in 2018, the amount of pre-
cipitation in April and May was significantly less: re-
spectively, by 3.6-4.2 and 1.1-4.4 times. A significant
increase in air temperature was also observed during
these two months in 2018.

Thus, both elevated air temperature and insufficient
natural water supply allowed analyzing the character-
istics of the assimilation surface and the productivity
of different genotypes of winter wheat under drought
conditions during the period, when the reproductive
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organs of winter wheat formed. The identification of
phenotypic traits, related to high grain productivity of
winter wheat under drought conditions (and the con-
nected elevated air temperature) is one of the stages for
further elaboration of the methods of breeding selec-
tions for tolerance or resistance to this stress factor. The
purpose of this work was to link canopy assimilation
surface capacity traits to grain productivity in order to
evaluate winter wheat genotypes under drought stress
conditions.

MATERIALS AND METHODS

Ten Ukrainian middle-early varieties of winter wheat
(Triticum aestivum L.), viz. Pochayna, Hospodarka,
Krasnopilka, Poradnytsia, Kyivska 17, Dobroslava,
Darynka Kyivska, Perlyna Lisostepu, Smuhlianka
and Shchedrivka Kyivska, and two Ukrainian new
middle-early lines: UK 392/15 and UK 2127/15 were
studied at the winter wheat variety-trial fields of the
experimental farm of the Institute of Plant Physiology
and Genetics, NAS of Ukraine (Hlevakha, Kyiv Re-
gion, 50°16°S, 30°19°E; 197 m above sea level) under
natural moisture conditions. One of two of old varieti-
es — Smuhlianka (released in 2004) — was used as
standard (second old variety used was Perlyna Liso-
stepu, 2001), and others varieties are relatively new
(released 2016-2018).

All experimental plots were in one field with plot
locations as for genetic research (a systematic block
design). The area of an individual plot was 10 m?
(1.5 m x 6.67 m) in three replications. There was 1 m
spacing between plots and each replication was sepa-
rated by 0.5 m space. All winter wheat varieties and
lines was sown in the third decade of September, at a
sowing density of 5.5-6 million seeds per hectare. In
the experimental plots the soil under the canopy was
light gray, light loamy podzol. During the vegetation,
145 kg of nitrogen and 90 kg of phosphorus and potas-
sium each per hectare were introduced. In the fall, fer-
tilization with N, Pand K (N : P: K =16 %) was applied
under pre-sow ploughing. N fertilization (urea, N=
= 34 %) was applied on frozen ground in spring and
at booting (40-42 SG). Herbicides were used in the
fall (4 leaves unfolded, 21-22 SG) and in spring (stem
elongation, SG 35-39), fungicide at stem elongation
(SG 35-39), insecticide at ear emergence (SG 54-56).

The spring-summer vegetation of plants in the grow-
ing season of 2017/2018 was under conditions of el-
evated air temperature, especially in December, April
and May, and in addition, in April and May there was

19



MORGUN et al.

insufficient soil moisture due to a low amount of pre-
cipitation during this period (Table 1).

In April 2018, an insignificant amount of precipi-
tation (from 1 to 6 mm per day) fell only three times
a month. In April, the average monthly air tempera-
ture exceeded the climatic norm by almost 4 °C, and
on some days — by 8-9 °C. In May, it exceeded the
climatic norm by over 3 °C, and in the first decade of
May — on average by 7 °C.

A hydrothermal coefficient, which is calculated as the
ratio of precipitation amount per month, in mm, mul-
tiplied by 10, to the sum of temperatures per month,
in °C, was 0.20 in April and 0.67 in May (Fig. 1). Ac-
cording to Selianinov classification, natural provision
of the soil moisture in the first month corresponds to
a very dry zone (<0.4) and in the second month — dry
zone (0.7-0.4) [21]. Therefore, during the period, when
the reproductive organs of winter wheat formed (GS
30-49), the genotypes of winter wheat in 2018 were un-
der drought stress conditions.

The observations of growing stages on external mor-
phological changes of the already formed organs were

Table 1. Weather conditions of the vegetation period of win-
ter wheat in 2017/2018, with a drought and high temperature
period in April/May [20]

Temperature™* Precipitation
differen-
Month actual, | € TTOM | ocqar, | 70 from
o\ the ’ the
C mm o
norm, norm
Ok
2017
September 16.4 +2.2 43 75
October 8.4 0 81 198
November 3.3 +1.4 46 92
December 1.6 +3.9 133 296
2018

January 2.4 +1.1 40 111
February -3.8 -0.8 40 103
March -1.9 -3.7 82 222
April 13.1 +3.8 8 17
May 18.8 +3.3 39 68
June 20.6 +2.1 111 135
July 21.4 +0.9 87 123

Note: * — the actual data from nearest to the experimental
fields meteorological station; ** — long-term (1881-2017)
daily mean air temperature and monthly precipitation means.
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conducted every 3—4 days, during a period from til-
lering (SG20) to full ripening (SG93) [22]. The fresh
weight of some organs, namely of leaves, spikes and
stems (including leaf sheaths) was determined on 20
(main and lateral) shoots selected in sequence in four
replications. The determination of phytometric and
pigment parameters was carried out in the mean sam-
ples (20 shoots) twice (at anthesis and at MWR), and
yield components (at full ripeness, FR). To determine
the dry weight of the aboveground organs 5 g of the
fresh weight of leaves and 10 g spikes and stems were
selected and tested in three replications. A determina-
tion of the canopy density was carried out 3 times: at
anthesis, at MWR and FR. To determine the canopy
density per m?, the number of shoots on four half-
meter segments in different rows per plot was counted
in four replications. Than an average number of plants
per 0.5 running meter was multiplied in 2 and with the
length of the row. The figure than was multiplied in 10
(the number of rows per plot) and divided in 10m? (the
area of each plot). Since these coefficients are recipro-
cally reduced, only the first procedure can be used to
calculate the number of shoots per m?.

The content of photosynthetic pigments (chlorophylls
a and b and total carotenoids) in green leaves was de-
termined by the non-maceration method via extraction
of pigments from the leaves using dimethyl sulfoxide,
according to Wellburn [23]. The optical density of
solutions was determined using a spectrophotometer
(Specord 200, AnalyticJena, Germany) in a ¢ 1 cm thik
cuvette at 649 and 665 nm absorbance for chlorophylls
a and b respectively and 480 nm for total carotenoids.
The content of leaf pigments was expressed in mg/g
of fresh weight. The number of leaves in an average
sample was 10 leaves in three analytical replicates. The
canopy leaves chlorophyll index, characterizing the to-
tal amount of chlorophyll therein (g of chlorophyll/m?),
was determined as the product of chlorophyll content
and average (from 20 shoots) leaves fresh weight and
number of shoots (main and lateral) per m? of soil [24].
The yield components (weight grains per spike, num-
ber of kernels per spike, thousand-kernel weight and
harvest index) were determined at full grain ripeness in
20 winter wheat plants, selected from each plot, on all
(main and side) shoots. The yield was determined by
the direct harvesting method, again in 3 replications.

All data obtained were subjected to statistical
analysis using statistical software of Microsoft Excel
(2013) according to methods described by Dospe-
khov [25]. The results are expressed as means with
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standard error (m + SEM). Data were processed using
analysis of variance (ANOVA) and the Tukey test at
5 % probability level (P < 0.05). Linear correlation
was determined using the Pearson correlation coeffi-
cient.

RESULTS AND DISCUSSION

The yield of 10 Ukrainian varieties and 2 new lines
of winter wheat, affected by unfavorable conditions
(drought and high temperatures) during the during the
period, when the reproductive organs formed, fluctuat-
ed from 7.00 to 8.73 t/ha, and in 7 out of 12 genotypes
it equaled or exceeded 8 t/ha (Table 2).

The highest yield (8.60-8.73 t/ha) was by the new
varieties Pochayna, Hospodarka and Kyivska 17, while
Smuhlianka, Poradnytsia and line UK 392/15 had a
lower yield (7.25, 7.12 and 7.00 t/ha, respectively).
One of the highly productive varieties, Hospodarka,
was characterized by the highest number of kernels per
spike (38.3 &+ 1.73) and better filling of kernels (1000
grains weight was 52.5 + 0.83 g). The highly produc-
tive variety Kyivska 17, however, had a low grain
productivity per spike with a low number of kernels
per it (1.44 + 0.07 g and 33.4 + 1.28 kernels, respec-
tively) and thousand-kernel weight (42.6 £ 0.93 g),
but it formed the canopy with higher density of plants
(+33 %), than Hospodarka (Fig. 2). Therefore, high
yield of highly productive genotypes was apparently
due to higher filling capacity of plants and due to higher
performance of an individual spike. All three genotypes
with the least yield had no significant differences in the
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Fig. 1. Hydrothermal coefﬁ01ent, mm/°C, during the spring-
summer vegetation period of winter wheat in 2018

density of plant stand and number of kernels from the
spike, but differed in their filling (Table 2).

The density of productive shoots in the canopies of the
studied varieties and lines fluctuated from 547 to 747
shoots/m? at anthesis and from 417 to 570 shoots/m?
at full ripeness (Fig. 2). The number of shoots did
not correlate with yield to any of the studied stages
(low correlation coefficients, data is not presented).
The highest (570 + 18 shoots/m?) and lowest (417 +
+ 24) density of the canopy at full ripeness were ob-
served in the group of the most productive varieties,
respectively Kyivska 17 and Horodnytsia (Fig. 2). It
should be noted that during the period from anthesis
to full ripeness, the density of productive stems in the

Table 2. The yield and yield components of winter wheat varieties and lines, Kyiv Region, Hlevakha, 2018. Values are means
and standard error of the mean, (m = SEM). (Number of plots for yield determination N = 3, number of replicates for yield

components z = 20 plants)

Variety Yield, t/ha Weight, g of Number of l.<er- Harvest index
grains per spike 1000 grain nels per spike

Pochayna 8.73+0.12a 1.64 £0.08a 47.7+127a 34.2 + 1.40a 0.52+0.01a
Kyivska 17 8.60 = 0.08a 1.44 £0.07b 42.6 £0.93b 33.4+1.28a 0.55+0.01b
Hospodarka 8.60 = 0.26a 2.03 +0.10c 52.5+0.83¢ 38.3+1.73b 0.53+0.01a
UK 2127/15 8.27 +0.10ab 1.45£0.07b 37.1 £0.06d 38.3 +1.46b 0.54+£0.01ab
Shchedrivka Kyivska 8.20+0.12b 1.53 +0.08b 47.8 +0.88a 31.5+1.42a 0.50 £ 0.02a
Darynka Kyivska 8.08 = 0.06b 1.63 +0.09a 48.9 +0.58a 33.0+1.52a 0.51+0.01a
Dobroslava 7.95+0.15b 1.49 + 0.06b 46.7 + 0.66a 31.8+1.12a 0.52+0.01a
Krasnopilka 7.85+0.22bc 1.48 + 0.08b 46.8 +0.92a 312+ 1.42a 0.54+0.01ab
Perlyna Lisostepu 7.38+£0.07d 1.55+0.07b 44.9 + 1.30e 353+ 1.75b 0.50+0.01a
Smuhlianka 7.25+0.16d 1.63 +0.09a 49.9 + 0.86f 32.1+1.64a 0.51+0.01a
Poradnytsia 7.12 4 0.09d 1.55+0.08b 44.6 + 0.90g 34.1+1.48a 0.54+0.01ab
UK 392/15 7.00 + 0.06de 1.42£0.07b 40.9 £ 0.88h 343+1.59a 0.52+0.01a

Note: the values indicated with the same Latin letters, are not statistically significant (P < 0.05).
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Fig. 2. The dynamics of changes in the density of shoots, shoots per m?, of winter wheat varieties and lines at anthesis, at
milky-wax ripeness (MWR) and full ripeness (FR) of the kernel in the growing season of 2017/2018. Here and in Fig. 3 the
varieties and lines are indicated as follows: I — Pochayna, I — Kyivska 17, III — Hospodarka, IV — UK 2127/15, V — Shche-
drivka Kyivska, VI — Darynka Kyivska, VII — Dobroslava, VIII — Krasnopilka, IX — Perlyna Lisostepu, X — Smuhlianka,
XI — Poradnytsia, XII — UK 392/15; the values indicated with the same Latin letters and numbers, are not statistically signifi-
cant (P < 0.05): lowercase and letters uppercase, resp., at anthesis and at MWR, numbers — at FR

canopy decreased by 16-30 %, reflecting rather con-
siderable excessiveness of productive bushiness. The
degree of reduction of productive stems at these phases
had a low correlation with the yield, too (r =—0.30).

The highest difference in yield (24.7 %) between
studied varieties and lines, under conditions of high
temperature and drought may be explained by the dif-
ferences in their potential productivity, as well as dif-
ferences resistance to unfavorable factors. Photosyn-
thesis is one of the processes of the plant organism that
is most sensitive to drought. Water deficiency causes
considerable damage to the photosynthetic appara-
tus and thus decreases carbon assimilation [26-28].
Moreover, under drought conditions, the demand for
assimilates, which are necessary for the functioning
of protective mechanisms and additional respiration
costs, increases. In particular, when photoassimilates
are significantly reduced, nonstructural carbohydrates
are consumed for cellular survival, including respira-
tory metabolism and osmotic adjustment [29]. There
is also an increased need for additional synthesis of
some metabolites, for example, sugars, organic ac-
ids, low-molecular-weight osmolytes for the protec-
tion of plants from stress [29-31]. Taking the above
mentioned into consideration, we have analyzed the
changes in traits, characterizing the canopy assimila-
tion surface of winter wheat genotypes under drought
conditions during the period GS 30—49.

The area of the canopy, capable of CO, assimilation,
may be characterized by fresh weight of green leaves

22

from a unit area of canopy. It is determined by leaves
weight per shoot and the number of shoots per m? The
leaf fresh weight of the studied winter wheat geno-
types per m? at anthesis, varied from 457 to 845 g/m?
(Fig. 3, a). For the most productive varieties and lines
this value exceeded that of the least productive variet-
ies and lines by 30 % on average. At milky-wax ripe-
ness, leaf fresh weight of the more productive geno-
types fluctuated from 119 to 219 g/m?, whereas of less
productive ones — from 55 to 100 g/m? (by 136 %).
Thus, the differences between genotypes for this index
were most expressed at last stage.

The total (a+b) chlorophyll content in the leaves of
the investigated varieties and lines of winter wheat
at anthesis fluctuated in the range of 3 mg/g of fresh
weight, except for three genotypes (Fig. 3, b). It was
lower (2.51-2.88 mg/g of fresh weight) for varieties
Darynka Kyivska, Dobroslava, Poradnytsia, and UK
392/15. At milky-wax ripeness the total chlorophyll
content for three highly productive varieties and
lines (2.28 = 0.01, 2.20 + 0.06 and 2.62 + 0.04 mg/g
of fresh weight, respectively) exceeded the values of
the least productive ones (1.72 £ 0.06, 1.21 + 0.04 and
1.58 + 0.17 mg/g of fresh weight, respectively) by
57 %. It proves that the differences between genotypes
by chlorophyll content were also more expressed in
late stages of ontogenesis. Total leaf carotenoids con-
tent for most varieties and lines of winter wheat at an-
thesis was 0.50 mg/g of fresh weight, minimum value
for variety Poradnytsia (0.44 mg/g £+ 0.02), maximum
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Fig. 3. The traits of canopy assimilation surface capacity of

winter wheat genotypes at anthesis (1) and milky-wax ripeness

of grain (2): a — fresh weight (FW) of green leaves of winter wheat plants per m?, g/m?, b — total (a+b) chlorophylls content
in green leaves, mg/g fresh weight, ¢ — chlorophyll index (total amount of chlorophyll) of green leaves of winter wheat plants
per m?, g chlorophyll/m?. Growing season 2017/2018. The values indicated with the same Latin letters, are not statistically
significant (P < 0.05): lowercase letters — at anthesis, uppercase — at MWR

one for Hospodarka (0.61 mg/g + 0.01), at milky-wax
ripeness the total carotenoids content varied from 0.27
to 0.57 mg/g. The content of this group of photosyn-
thetic pigments is significantly less than that of chloro-
phyll (1620 % at first stage and 22-31 % at second).
Since no specific patterns of carotenoids influence with
productivity were revealed, the data on this content
were not presented here.

The highest chlorophyll index of canopy leaves (the
total amount of chlorophyll in the leaves of wheat
plants per m? of soil) at anthesis was 2.4-2.5 g chlo-
rophyll/ m?, the least — about 1.5 (Fig. 3, ¢). The dif-
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ference between the most contrasting genotypes
Kyivska 17 and UK 2127/15 (0.48-0.54 g of chloro-
phyll/m?) and Dobroslava, Perlyna Lisostepu, Smuhl-
ianka, Poradnytsia, and UK 392/15 (0.02-0.17 g of
chlorophyll/m?) at milky-wax ripeness increased con-
siderably: 3.5 times on average.

The statistical analysis of the traits, characterizing
canopy assimilation surface, demonstrated that the
variability of leaves fresh weight and their chlorophyll
traits at anthesis was average: 7-19 % (Table 3). The
variability of all investigated traits at milky-wax ripe-
ness increased: variation coefficients fluctuated from
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Fig. 4. The dependence of winter wheat yield on the fresh
weight of green leaves of winter wheat plants per m?, g/
m?, (a), chlorophyll content, mg/g of fresh weight, (b),
chlorophyll index of its canopy, g of chlorophyll/m?, (¢) at
anthesis (1) and milky-wax ripeness (2). Growing season
2017/2018

Table 3. The coefficients of variation ( %), of canopy assimi-
lation surface traits of winter wheat genotypes at anthesis
and milky-wax ripeness of grain

Growth stages
Traits of canopy assimilation milky-wax
surface . .
anthesis | ripeness of
grain
Total chlorophyll content 7 27
of green leaves
Fresh weight of green leaves 18 51
of winter wheat plants per m?
Chlorophyll index of green 19 62
leaves of winter wheat plants
per m?
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27 to 62 %. Thus, at this stage their variability became
significant [25].

To establish whether the difference in productiv-
ity of varieties and lines of wheat was related to the
variability of the investigated traits of photosynthetic
apparatus, the closeness of their correlation with the
grain productivity was analyzed (Fig. 4). Significant
correlation between total chlorophyll content and
yield (R? = 0.06 and 0.35) not was found (Fig. 4, b).
The fresh weight of green leaves of winter wheat
plants per m? (Fig. 4, a) at anthesis and milky-wax
ripeness were strongly correlated to yield (respective-
ly, R?=0.47 and 0.50). The coefficients of determina-
tion between total chlorophyll amount and a canopy
grain productivity at both stages were even higher:
R?*=0.59 and 0.55 (Fig. 4, ¢).

The correlations analysis demonstrated that chloro-
phyll index of winter wheat leaves positive related to
the number of kernels per m?, too (Table 4).

Thus, we found that the varieties and lines of wheat
with a high chlorophyll index (higher than 2 g of chlo-
rophyll/m? at anthesis and 0.4 at milky-wax ripeness)
had a higher yield (Fig. 3, ¢, Table 2). The relation be-
tween the (sub)optimal or increased functioning of the
assimilation apparatus and the realization of genetic
yield potential of wheat was also noted by other re-
searchers [32—34]. The highest yield of genotypes with
a high chlorophyll index at anthesis may be related
to the capability of accumulating photoassimilates in
stems [35, 36]. On one hand, this accumulation of the
«excess» of assimilates in stems may promote the in-
creasing of rate of photosynthesis at anthesis, when the
demand for them from the spike is still not high [7].
On the other hand, at late stages of ontogenesis, non-
structural carbohydrates that accumulated at anthesis in
the stem, may be the additional source of assimilates
for grain filling [37, 38].

Higher yield of varieties with a higher chlorophyll
index at milky-wax ripeness may be related to longer
maintenance of active functioning of the canopy photo-
synthetic apparatus (i.e. delaying senescence), at later
stages of the vegetation period. The fact that the delay
in the senescence of leaves promotes elevated yield is
demonstrated by the finding that transgenic tobacco
plants perform better/longer, with a higher capacity
of synthesizing cytokinins, and inhibition of the ex-
pression of specific senescence genes at the same time
[39]. It was established that mutants lines of durum
wheat with delayed leaf senescence, selected from
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Table 4. Correlation coefficients between winter wheat yield/number of kernels per m? and the traits of assimilation surface
at anthesis and milky-wax ripeness (MWR) of grain of 10 varieties and 2 lines in growing season 2017/2018

Correlation coefficient with standard
deviation (SD)
Traits of canopy assimilation surface Stage
with vield with number
y of kernels per m?
Fresh weight of green leaves of winter wheat plants per Anthesis 0.69 ** +0.18 # -
m? MWR 0.71 **+£0.17 -
Total chlorophyll content of green leaves Anthesis - -
MWR - _
Chlorophyll index of green leaves of winter wheat Anthesis 0.77 ** £ 0.15 0.62 * +£0.25
plants per m? MWR 0.74 **+£0.16 0.64 * £0.24

Note. Insignificant correlation; * and **— significant correlation, respectively, at P <0.05 and at 0.01. # : standard deviation.

seed mutagenized with ethylmethane sulphonate, had
higher seed weights and grain yields per plant than the
parental line, too [40]. Moreover it was also found that
wheat variety Chuannongl?7 carrying the wheat-rye
1BL/1RS translocated chromosome, which prolonged
duration of active functioning of leaves, with higher
rate of photosynthesis (12.5-12.6 umol CO,/m’s), had
a higher total grain weight per plant (12.4-13.0 g per
plant), than control genotype Mianyangll without
the rye chromosome (5.7-5.8 pmol CO,/m’s and 8.2—
8.9 g per plant, respectively) [41]. Significant (at the
P <0.01) correlation coefficients between rate of pho-
tosynthesis, as well as flag leaf area duration from an-
thesis to maturation and total grain weight per plant,
confirms the positive effect of prolongation of the pe-
riod of leaf functioning on the grain productivity. It
was also found, that decrease in formation of photo
assimilates in the period of grain filling or a change
in source-sink balance led to decrease in yield. So, it
was shown that an artificial shading of plants during
period GS 55-61 reduced grain dry matter yield with
93 g/m?, and during period GS 71-87 with 281 g/m?
[32]. Increase of source-sink ratios, when spikes were
hand trimmed with 35-36 %, reduced grain yield
with 2340 % at two different locations [35]. A con-
siderable delay in flag leaf senescence, however, did
not affect yield and kernel weight of transgenic lines
of wheat with reduced expression of transcription fac-
tor homologs NAM-B1. In this case the authors [42]
related it to the fact that in transgenic lines grain pro-
ductivity was limited to the capability of grain to ac-
cumulate starch, and additional photo assimilates re-
mained in stems, whereas in control plants they were
re-mobilized for grain filling.
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CONCLUSIONS

In our experiments, reported in this article it was
established that the variability of traits of canopy as-
similation surface in modern Ukrainian varieties and
lines of winter wheat increased considerably in late
stages of grain filling as compared to anthesis. A close
positive correlation between the canopy assimilation
surface capacity traits (leaf fresh weight of plants per
unit area of canopy and the canopy leaves chlorophyll
index) at milky-wax ripeness of 12 winter wheat
genotypes was found under conditions of insufficient
precipitation and elevated air temperature during the
period, when the reproductive organs formed. A sig-
nificant correlation between canopy leaves chloro-
phyll index at this stage and yield in years with other
meteorological conditions was also established by
us in a previous study [19]. Consequently, the data
obtained in the present study further support the hy-
pothesis that the maintenance of canopy photosyn-
thetic activity at milky-wax ripeness is associated
with an increased yield of winter wheat grown under
different environmental conditions, including drought
stress. The leaves fresh weight of canopy and canopy
leaves chlorophyll index at milky-wax ripeness can be
used as markers of grain productivity of winter wheat
under drought stress, as well as for the possible de-
velopment of molecular genetic criteria of breeding,
based on these phenotypic characteristics.

The publication contains the results of studies, con-
ducted in the framework of the project, financed by
the Cabinet of Ministers: «Supporting the develop-
ment of priority trends of scientific studies» (KPKVK
6541230).
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Merta. [lopiBHAIBHUIT aHANI3 MapaMeTpiB aCUMUISIIHHOTO
armapary CcopTiB 1 JiHIH 03MMOI TIIEHWI 32 yYMOB IIij-
BHUIIEHOI TeMIIepaTypH IOBITPsl Ta HeCTadi OmajiB y Iie-
pioz 3aKJIaIKW PENpONYKTUBHUX OPraHiB JUIS TOIIYKY 03-
Hak, IOB’S3aHMX 3 BUCOKOIO TPOAYKTHBHICTIO. MeTtoam.
[TonboBuii, MOpdoMeTpHYHHH, CIIEKTPO(GOTOMETPHYECKHH,
craructuyHi. Pe3yapTarn. MakcuMaibHI BIIMIHHOCTI IO
BPOXKAMHOCTI MK COpTamH, IO POCIIM 3a YMOB HeJloCTar-
HBOTO BOJ103a0€3MIEUEHHS B NIEPiojl 3aKJIa/IKU PEIPOLYKTHB-
HUX OpraHiB, CTaHOBWIM Maibke 25 %. Haitbinpmoro mpo-
JYKTHBHICTIO 32 TAKHX YMOB XapaKTepPHU3yBaJIHCs HOBI COPTH
[Nouaitna, locmomapka i KwuiBceka 17, mo cdopmysanu
BHCOKHI ypokait 8,6—8,7 T/ra Ta MarOTh BUCOKI TTOKa3HUKU
PO3BHTKY aCUMIJSIIIHHOT MOBEPXHI B PO3PaXyHKy Ha OJH-
HUIIO TUIOIi MociBy. BeTanoBieHo, 1o, B cepeHbOMY, B
(a3y UBITIHHS HAHOULIBII BpOXAWHI COPTH HEPEBHIILYBAIH
HaliMeHm ypoxaiiHi Ha 30 % 1o Maci JMCTKIB pOCIHH 3
OZIMHMIII TUTOII NOCIBY, Ha 24 % 1o BMicTy xsopodiny i Ha
60 % 3a BenmMuMHOIO XJIOpO(DLILHOTO iHAEKCY. Y a3y Mo-
JIOYHO-BOCKOBOT CTHUINIOCTI BIJMIHHOCTI MIX COpPTaMHu ic-
TOTHO 3poctanmd — 10 136 % 1o Maci JIMCTKIB POCIUH 3
oaMHMII Twiomi mociBy, 57 % 3a BMICTOM XJopodiny i
350 % 3a BeNMMYMHOIO XJIOPOGUILHOTO 1HJIEKCY TOCiBy. Bu-
SIBJICHO TICHY ITO3UTHBHY KOPEJISIIIO TTOKAa3HUKIB IOTYX-
HOCTI PO3BUTKY (DOTOCHHTETHYHOTO amapary IocCiBy B pe-
MIPOYKTHBHUI NEpiof 3 YpOXKaWHICTIO COPTIB 1 JIiHIH 03H-
Moi nmenunti. BucHoBku. OTpuMaHi pe3yiasraTd CBiqyarh,
110 Maca JINCTKIB POCIIMH 3 OJMHUIII TUIOMI 1 XJIOPO(ITbHAN
iHIeKC mociBa y a3y MOJOYHO-BOCKOBOI CTHUIIIOCTI MO-
XKyTb OyTH BHKOPHCTaHI B SIKOCTI MapKepiB 3epHOBOI Ipo-
JYKTHBHOCTI 03MMOI IIIIEHUIII, a TaKOX JUIsi PO3POOKH MO-
JIEKYJSIPHO-TeHETHYHNX KPHUTEPIiB CeNeKii 1 OLiHKN TeHO-
THITIB 03UMOI] TIIEHUIl HA BUCOKY IPOJXYKTHBHICTB.

KnrwuoBi caoBa: Triticum aestivum L., acuminsiiiiina
MTOBEPXHS TOCIBY, XJIOPODUIBHUHN 1HICKC, yPOXKaHL.

B3aumocBsA3b MeXKIY MOKA3aTEAIMH MOIIHOCTH
Pa3BUTHS aCCHMUHISIIIOHHO MOBEPXHOCTH
U 3ePHOBO¥ MPOAYKTHBHOCTHIO T€HOTHIIOB
03UMO¥i MIIEHHUIbI B YCJIOBUSAX 3aCyXH
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Henb. CpaBHUTETHHBIN aHAN3 TTAPAMETPOB ACCHMUIIAIIH-
OHHOT'O amnmnapara COpTOB M JIMHUWA O3MMOM MUIEHULBI MIPH
JCWCTBUN HEONAroNpUsATHBIX YCIOBHH B MEPHOJ 3aKIIaKH
PETIPOyKTUBHBIX OPTaHOB UIsl TOWCKA MPU3HAKOB, CBSI3aH-
HBIX C BBICOKOW MNPOAYKTHBHOCThIO. Metoabl. IloneBoi,
MOpP(hOMETPHIECKHUH, CIIEKTPOPOTOMETPUIESCKHN, CTAaTHUC-
tdeckue. Pe3yabraTbl. MakCHMabHBIE Pa3JIMIus 110 YPO-
XKAWHOCTH MEXIy COpPTaMH, KOTOPBIE POCIH B YCIOBHSX
HEJIOCTAaTOYHOTO BOAOCHAOXKEHHS B TIEPHOA 3aKJIaJKd pe-
MIPOAYKTHBHBIX OPraHoB, cOCTaBIsIM modtn 25 %. Hanm-
OonbIe TPOTYKTUBHOCTBIO B TAKWX YCIOBHSX XapakTe-
puzoBanuch HoBble copra [louaiina, I'ocnogapka n Kues-
ckas 17, chopMupoBaBIre BBICOKUI ypoxkait 8,6-8,7 T/ra
1 WMEIOIINE BBICOKHE ITOKA3aTENN PA3BUTHSA ACCHMMIIS-
IIMOHHOM ITOBEPXHOCTH B pPacyeTe Ha CIUHMILY IUIOIIAIN
moceBa. YCTaHOBICHO, 4TO, B CpPEAHEM, B (a3y IBETCHUS
Hanbonee ypokalHbIE COpTa NPEBBIIIATN HAaNMEHEE ypo-
xaitapie Ha 30 % Mo Macce JMCThEB PACTCHUH C CAMHUIIBI
IUIOMIAN ToceBa, Ha 24 % 1o comep KaHUI0 XJIOpOQHILIa
n Ha 60 % 1o BeMMUYMHE XJIOPOPHUIUIBHOTO HHJIECKca. B
(ha3y MOJOYHO-BOCKOBOI CIIENOCTH PA3IHUMS MEXIY COp-
TaMH CYIIECTBEHHO Bo3pactamd — g0 136 % mo macce
JUCTHEB PACTEHUH C €AMHUIIBI TUIOIMAAN TmoceBa, 57 % 1o
cozmepxanuio xynopopmwuia u 350 % mo BenMUMHE XJIO-
podunmepHOTO WHAEKca moceBa. OOHapykeHa TecHas IIo-
JIOKUTETbHAS KOPPEISIIUS MOKa3aTesieil MOITHOCTH pa3BH-
THST (DOTOCHHTETHYECKOTO ammapara IOCeBa B PEMPOIYK-
TUBHBIA NEPUOA C YPOKAMHOCTBIO COPTOB M JIMHUW O3U-
Mo# mnuieHuubl. BoiBoabl. [lomydueHHbIE pe3ynbTaTbl CBU-
JIETEJILCTBYIOT, YTO Macca JIMCThEB PACTCHUI C EIUHUIIBI
IUIOMIAN W XJIOPOPHIUTEHBIA WHIEKC ToceBa B (azy Mo-
JIOYHO-BOCKOBOH CHENIOCTH MOTYT OBITH HCIIOIBb30BAHBI B
Ka4eCTBE MAapKEepOB 3E€pHOBOW NPOLYKTUBHOCTH O3MMOM
MIICHAIBI, a TaKKe U pa3paboTKH MOJIEKYISIPHO-TEHE-
THYECKUX KPUTEPHEB CEIEKINHU 1 OL[CHKN TCHOTUIIOB 03H-
MOH TIIIEHUIIBI Ha BEICOKYIO MTPOTYKTHBHOCTb.

KaroueBnle ciaoBa: Triticum aestivum L., acCHMUIALIM-
OHHasl TOBEPXHOCTh TII0CEBA, XJOPOPHIUILHBIH HHJEKC,
ypoxai.
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