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Drought tolerance of 24 Ukrainian spring wheat (Triticum aestivum L., T. durum
Desf., T. turgidum subsp. dicoccum) genotypes was estimated by determining water
deficit (WD), relative water content (RWC), excised leaves water loss weight (EL WLW),
excised leaves water loss per area (EL WLA) in flag leaves of plants grown in a field
conditions during Y2018 vegetative season, that was characterized by low precipitation
and high temperatures. Field experimental plots were located near Dmytriv village, Lviv
region (50°13'26.6”"N 24°36'50.5"E) on the Chernozem on eluvium of carbonate rock
soil. Wheat was sown in a randomized complete block design in four replications of
30 m2plot area. The purpose of this study was to verify more reliably a physiological
traits used for screening of the performance under the restricted water supply and to
correlate the varietal tolerance with the final grain yield. Water status parameters were
determined on the Zadoks 4.3 growth stage. Water deficit caused a reduction in the leaf
RWC for all studied varieties. Differences in the drought response between T. aestivum
and T. durum varieties were confirmed. The WD of flag leaves ranged from 18.0 to
37.8 % for bread and from 19.4 to 33.3 % for durum wheat varieties. The lowest WD (less
or equal 20 %) has been recorded for bread varieties Kolektyvna 3, Elehiia myronivs’ka
and durum varieties — Diana, Chado. High WD noted for the Simkoda myronivs’ka and
MIP Raiduzhna. The low EL WLW and therefore higher drought tolerance was noticed
for durum wheat varieties, namely for Spadschyna, Diana. Bread wheat varieties Sim-
koda myronivs’ka, Panianka, and durum wheat Zhizel’, Tera, MIP Raiduzhna and emmer
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Holikovs’ka varieties lost less water per leaf area (EL WLA). Past 3 biplot correlation
analysis confirmed MIP Raiduzhna drought tolerance, and allowed to choose Zhizel’
(durum), Holikovs’ka (emmer) and Simkoda myronivs’ka (bread) as varieties with a high
yield performance and drought tolerance. Bread varieties Bozhena and Dubravka, du-
rum Spadschyna, Diana varieties were susceptible to drought in spite of relatively high
leaf RWC. Thus, excised leaves water loss — EL WLW and EL WLA indices characte-
rizing water-retaining ability of leaf tissues could be recommended as additional indica-
tors of water stress tolerance. RWC as drought tolerance parameter is more applicable
for durum varieties, whereas EL WLA 2—6 h for the bread varieties.

Keywords: drought, Ukrainian spring wheat, relative water content, water deficit,
excised leaves water loss, EL WLW, EL WLA

INTRODUCTION

Wheat is a worldwide important crop and one of the main calories sources in hu-
man diet (19 %) and for feeding of poultry and livestock (40 %) [34]. It is very important
for the Ukrainian agriculture sector [21; 3]. Despite the traditionally large sawing areas
of the winter wheat, recently in Europe, and especially in Ukraine, we observe an
increase of a spring wheat importance [38; 19]. A tetraploid emmer wheat became more
popular which has a high grain quality used in dietary nutrition and possess a morpho-
physiological traits conferring drought resistance [29; 24; 20].

Facing climate changes [26; 27; 28; 31], springs in Europe became more often ac-
companied with drought, air storms, uneven precipitation and temperatures; summers —
by severe drought that caused unfavorable growth conditions for many crops [25; 32; 37].
According to the CORDEX data temperatures in Ukraine to 2070 will increase for 1.65—
2.98 °C, with changes in precipitation character. Thus, the decrease of overall wheat
production by 6-11 % is predicted. In these conditions, an important challenge to cope
with possible shortage of food supply for growing human population is to improve wheat
drought tolerance [4; 26; 37]. In that case, an important issue is improvement of the
drought tolerance assessment by the express field and physiological laboratory methods.

The main goal of our study was to verify more reliably a physiological traits used for
screening the performance on a twenty four wheat genotypes from the State Register of
Plant Varieties Suitable for Dissemination in Ukraine [36] under the restricted water sup-
ply in field conditions, and to correlate the tolerance of these varieties with the final grain
yield. Relative water content (RWC), water deficit (WD), excised leaves water loss
weight (EL WLW), excised leaves water loss per area (EL WLA) of flag leaves and final
yield of plants subjected the drought stress in field conditions were determined.

MATERIALS AND METHODS

Plant material. 24 spring wheat genotypes (V.M. Remeslo Myronivka Institute of
Wheat of NAAS, The Plant Production Institute V.Ya.Yuryev of NAAS, Nosivka Station
of Selection and Research breeding) were grown in field experiment during the Y2018
crop season.

The studied genotypes were grouped into 3 categories: 15 varieties of hexaploid
bread wheat (Triticum aestivum L.); 8 varieties of durum wheat (Triticum turgidum sub-
sp. durum Desf.);1 variety of tetraploid emmer wheat (Triticum turgidum subsp. dicoc-
cum) (Table 1).
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Table 1. Taxonomic classification of spring wheat varieties used in the study
Tabnuys 1. TakcoHoMiYHa knacudikauis copTiB APOi NeHULi, BAKOPUCTAHUX Y AOCTTiAXKEHHI

Genotype Taxonomic classification

Kolektyvna 3, Oksamyt myronivs’kyi, Panianka,
Struna myronivs’ka, MIP Svitlana, MIP Zlata, Etiud, Dubravka,
Bozhena, Elehiia myronivs'ka, Simkoda myronivs’ka,
Provintsialka, Heroinia, Kharkivs’ka 30, Uliublena

Triticum aestivum L.

Izol'da, MIP Raiduzhna, Diana, Tera, Spadschyna, Chado, Triticum turgidum
Dynastiia, Zhizel’ subsp. durum Desf.
Holikovs'ka Triticum turgidum

subsp. dicoccum

As standards for drought tolerance Elehiia myronivs’ka (bread) and MIP Raiduzhna
(durum) varieties were used [13; 19].

Experimental details. Field experimental plots were located near Dmytriv village,
Radekhiv district, Lviv region (50°13'26.6"'N 24°36'50.5"'E). The soil type was Cherno-
zem on eluvium of carbonate rock [45], with pH (7.13-7.52), content of organic matter —
74.56 g/kg.

Wheat seeds were sown on April, 2018 in a randomized complete block design
in four replications, plot area 30 m? (5x6 meters), row spacing 0.20 m; seeded at an
average rate of 125 kg ha™' with hand planter. The whole dose of nutrients i.e. nitrogen
120 kg ha™ and P,0O, 10 kg ha™", K,O 29 kg ha”was used at the time of seedbed prepa-
ration.

As indices of plant water stress status, we estimated water deficit (WD), relative
water content (RWC), excised leaf water loss per weight (EL WLW) and per area (EL
WLA) of excised flag leaves, collected from plants at the Z4.3 stage according to Zadoks
decimal growth stages classification [44].

During the first decade of June, 10 flag leaves from each experimental plot were ran-
domly selected and excised in accordance with each variety growth stage. The leaves
were placed in polyethylene zip-bags and immediately transported to the laboratory.

Leaves were weighted several times on an electronic balance (Radwag AS 310.R2,
Ukraine); immediately after sampling we determined leaf fresh weight (FW), after 12 h
in water the leaves were weighed to obtain turgid weight (TW), then the leaf was placed
on a filter paper in laboratory conditions and weighed by 2, 4, 6 and 24 h. Dry weight
(DW) was measured after oven-drying at 105 °C.

The water deficit (WD) was calculated as [16]:
= TW-FW
TW

Relative water content (RWC) was defined according to the formula of Weatherly
[39; 40]:

WD (%) 100.

(FW-DW)

RWC (%) = (TTDVV)

-100.
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Excised leaves water loss weight (EL WLW) index was determined with Arlando
method [11] based on calculation of water loss by excised leaves during fixed time pe-
riods,e.g.—2,4,6, 24 h:

weight after "x"h-100
TW ’
where: weight after "x"h — leaf weight after 2, 4, 6 and 24 h.
Excised leaves water loss area (EL WLA) was calculated as water loss per area

after 2, 4, 6 and 24 h. EL WLA as rate of water loss/cm?, as proposed by Clarke [9] was
calculated from the following formula:

EL WLW, .., (%) =100 —

TW — weight after "x"h
LA ’
where: weight after "x"h — leaf weight after 2, 4, 6 and 24 h, LA — leaf area.

The leaf area was calculated using leaf images with the Adobe Photoshop 7.0
software.

EL WLA, .., (mg/cm?®) =

Grain yield of wheat is determined as (number of heads from 1 m?) x (kernels/grain
per head) x (kernel/grain weight).

Statistical Analysis. Microsoft Excel Program was used for the graphical presen-
tation of data, descriptive statistics and correlation analysis, principal component analy-
sis was performed using freeware data analyzer software Past 3 [46].

RESULTS AND DISCUSSION

Rainfalls and mean temperatures during Y2018 crop season and previous seasons
Y2016, Y2017 are presented in the Table 2. The Y2018 season was characterized by
a relatively dry period from the April to the end-June, followed by a relatively humid pe-
riod lasting from 25th of June to mid-July. April-May rainfall was 75.3 mm, compared with
the long-term average of 130 mm. The average air temperature in April 11, 2018, when
seeds were sown was fixed at 13.5°C, and the lack of precipitation during this month
(24 mm) caused a serious water deficit condition. Similar conditions were observed in
May during vegetative growth — water deficit and high temperatures. A “2018 European
drought and heat wave” as a period of unusually hot weather during the spring and sum-
mer was reported [47].

Table 2. Weather conditions in Radekhiv district (Lviv region) during April-June, 2016—
2018

Tabnuus 2.KnimaTtn4Hi ymoBu y PagexiBcbkoMy paioHi (JlbBiBcbka obnacTtb) y KBiTHi—
4yepBHi 2016—-2018 pp.

Climatic Month

parameters vears April May June
2018 24.0 51.3 153.4

Rainfall, mm 2017 48.7 80.5 314
2016 65.1 68.8 115.6

2018 13.5 17.0 18.3

Temperature, °C 2017 8.1 13.7 18.1
2016 10.1 14.3 18.6
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Water deficit characteristics and leaf relative water content of flag leaves.
There were genotypic differences in initial leaf water content at all samplings and in
change in leaf water content after 24 h. Under natural drought conditions, the WD of flag
leaves ranged from 18.0 to 37.8 % for bread and from 19.4 to 33.3 % for durum varieties
(Fig. 1). The lowest WD (less or equal 20 %) have been recorded for bread wheat vari-
eties Kolektyvna 3, Elehiia myronivs’ka and durum varieties — Diana, Chado. High WD
was noted for the Simkoda myronivs’ka and MIP Raiduzhna — 37.8 % and 33.3 %, re-
spectively.

RWC of Elehiia myronivs’ka leaves as the standard drought tolerant variety [13]
assessed on the level of 72 % (Fig. 1), higher than 75 % RWC revealed for two bread
wheat varieties — Etiud, Kolektyvna 3; and one durum — Chado variety. The lowest
RWC, less than 53 %, recorded for the sensitive Simkoda myronivs’ka (bread) and MIP
Raiduzhna (durum) varieties. The tetraploid emmer Holikovs’ka had also a compara-
tively high RWC (70 %).

70

Fig. 1. The flag leaf water deficit (WD) and relative water content (RWC) of bread (A) and durum (B) spring
wheat varieties on Z4.3 stage in the field experiment, Dmytriv location (50°13'26.6"'N 24°36'50.5"E)
Y2018 crop season

Pwuc. 1. BogHun gediuut (WD) Ta BigHocHWM BmicT Boam (RWC) y nucTkax copTie nweHnui m’sikoi (A) i TBep-
poi (B) sipoi Ha eTani Z4.3 y nonboBUX ymoBax, BereTauiiini cesoH 2018 p., c. AmuTtpis (50°13'26,6"N
24°36'50,5""E)

In general, there were non-significant differences between studied hexa- and tetra-
ploid wheat genotypes. According to literature data, the typical RWC at about wilting
point for the majority crop species is close 60 % to 70 % [23]. Assuming that RWC 40 %
is noted for a severely desiccated and dying leaves all varieties were subjected the
drought stress under the Y2018 studied climatic conditions.

Excised leaves water loss. EL WL as indices of a excised flag leaves water reten-
tion capability was calculated separately per dry weight (Fig. 2, A-B) and per leaf area
(Fig. 2, C-D). The highest rates of water loss were noted on the 2nd h of desiccation.
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Fig. 2. Excised leaves water loss weight (EL WLW) of bread (A) and durum (B) wheat, excised leaves water
loss area (EL WLA) of bread (C) and durum (D) wheat on 0-2, 0—4, 0—6 and 0-24 h for flag leaf of
spring wheat varieties on Z4.3 stage in the field experiment, Dmytriv location (50°13'26.6"”"N
24°36'50.5"E) Y2018 crop season

Puc. 2. BogoyTpumMHa 3gaTHicTb y nepepaxyHky Ha macy (ELWLW) i nnowy (EL WLA) npanopueBux nucTkis
(Z4.3) coprtiB nweHuui M'sikoi (A, C) Ta TBeppoi (B, D) aipoi Ha 0-2, 0—4, 0-6 Ta 0-24 roa B ymoBax
MonboBOro ekcriepumeHTy, ¢. AmuTtpis (50°13'26,6”"N 24°36'50,5"'E), BereTauiiHnin ceaoH 2018 p.
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The lowest EL WLW have been shown for such durum wheat as Spadschyna 14.7 %,
and Diana — 16.7 % with a high WD. For bread wheat, low EL WLW water losses have
been noted for Dubravka — 17.0 % and Provintsialka — 18.4 %. While the high EL WLW
were obtained for Struna myronivs’ka bread wheat 31.7 %, Chado durum wheat 27.3 %
and Holikovs’ka emmer wheat 29.6 %.

The studied varieties tended to lose most moisture during the second and third 2-h
periods. The low EL WLW has been obtained for the bread wheat Dubravka, Heroinia,
Provintsialka — 28—42 % if compare with the maximum EL WLW noticed for MIP Svitlana,
Struna myronivs’ka, Etiud 43-52 %. For durum varieties the lowest EL WLW was noted
for Spadschyna, Diana — 27-36 %, whereas the biggest water losses have been estab-
lished for the Zhizel', Chado, Izol'da varieties — 37—46 % on 4—6 h of experiment. For the
emmer variety Holikovs’ka on 4 h and 6 h time points, the highest EL WLW, a 48.7 % and
58.7 %, respectively were observed. On 24th h of desiccation EL WLW achieved its maxi-
mum 72—79 %, and there were not significant differences between the studied genotypes.

The EL WLA indices were different from EL WLW. Bread wheat Simkoda myro-
nivs’ka, Provintsialka, Panianka, and durum wheat Zhizel’, Tera, emmer Holikovs’ka lost
less water per leaf area unit, and maximum water losses were recorded for bread Etiud,
Dubravka and durum Chado, Spadschyna varieties. The greatest water loss during
2—6 h was noticed for bread wheat Oksamyt myronivs’kyi, Kolektyvna 3 and Etiud, for
durum — Chado and Spadschyna.

The results of principal component analysis (PCA) are shown on Fig. 3. The Com-
ponent 1 contributed to 43,7%, of the total variation, the Component 2 — to 28.4 %.

The acute angles between the PC vectors of the EL WLW 2-6 h, and EL WLA
2—6 h, RWC indices showed that these parameters are associated. Grain yield slightly
positively correlated with Component 2 (0.17), and negatively (-0.13), with Component 1.
This means that grain yield slightly depended on other factors. The PC graphs revealed
that grain yield negatively associated with EL WLA 2—6 h. Considering the length of vec-
tors, the most important indices were EL WLW 2-6 h, and EL WLA 2-6 h, whereas the
same indices on 24 h of desiccation and initial RWC were less informative in the analy-
sis. Emmer Holikovs’ka has a distinct position on the graph with high water retaining
ability and yield characteristics. Biplot shows that varieties Zhizel’, MIP Raiduzhna, Sim-
koda myronivs’ka are in a vicinity of indicators of drought tolerance and yield perfor-
mance. Bread varieties Kolektyvna 3, Etiud are in the vicinity of indicators of sensitivity;
varieties Bozhena and Dubravka — close to the vectors of sensitivity and tolerance,
therefore according to the proposed model of biplot analysis [1], these genotypes are
susceptible to drought and have normal adaptation to the environment.

Water deficit limits crop productivity, so breading for a minimal yield loss in such
environments becomes an important issue under climate changes, growing our popula-
tion and land-use pressure [13; 19; 42]. Lack of the moisture during the wheat tillering
stage causes an increase of infertile spikes, and as a result, a significant yield loss in
wheat are observed [12; 32; 43].

There is a relationship between crops drought resistance and high amount of rela-
tive water, water potential [10; 33] and membrane integrity. According to A. Kamoshita
et al. and other reports [17; 2], genotypes that keep a higher RWC are more drought-
resistant, on the other hand RWC depends on the ontogenesis stage [9]. The greater
decrease of RWC under drought relates to a capacity of tolerant varieties to better ab-
sorb water from soil and to prevent transpiration losses [5; 14]. N. Sobhaninan et al.
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reported RWC strongest indirect effect on grain yield under the drought [35]. High RWC
and leaf water potential under drought are reported for the durum tetraploid wheat. The
results obtained in our experiment on the basis of RWC suggest the following water
deficit tolerant varieties: Etiud, Kolektyvna 3 for bread wheat, and Chado, Diana,
Holikovs’ka for durum wheat.

A B
PC1 PC2 PC3 PC4 PC5 PC6 PC7 PCg 4 corelation
RWC 040 -0.40 -0.47 0.71 -0.04 -0.01 0.01 0.001 0.8
WLW 2 h 069 066 -0.04 -004 -028 003 008 -0.007 g
WLW 4 h 068 0.69 -0.13 0.02 0.12 -0.14 -0.01 0.03 04
WLW 6 h 0.76 059 -0.16 0.01 0.16 012 -0.06 -0.02 02
WLA2h 0.83 -042 0.28 -0.04 -0.21 -0.01 -0.10 0.02 0 A BB B BN
WLA4 h 0.85 -048 0.17 -0.07 0.09 -0.06 0.03 -0.06
-0.2
WLAG6 h 0.81 -053 0.16 -0.08 0.13 0.06 0.07 0.04 ) o
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Fig. 3. Traced graphics of Biplot drought tolerance indices and yield performance of spring wheat varieties

based on the first two components. A

— loading factor of varietal traits, B — correlation, C — scatter plot.

PC = principal components, PC1 to PC8 of studied wheat traits. RWC — relative water content, LW —
excised leaf water loss per dry weight (EL WLW); WLA — excised leaf water loss per leaf area (EL
WLA) on 2, 4, 6, 24 h of desiccation; GY — grain yield, kg per m2. Varieties as described in the Table 1

Puc. 3. [1BoKOMNOHEHTHMI biplot aHani3 nokasHWKiB MOCYXOCTINKOCTi Ta BPOXaNHOCTi COPTIB MLUEHUL SPOi.
A — mMaTpuusi HaBaHTaxeHb, B — kopensuis, C — giarpama po3kugy. PC = ronosHi komnoHeHTn, PC1-
PC8 — ocHoBHi gocnigxyBaHi napameTpu nwexunui. RWC — BigHocHuI BmicT Bogu, LW — BogoyTpumHa
30aTHICTb Y nepepaxyHKy Ha macy cyxoi peyoBuHu (EL WLW); WLA — BTpat Boau Ha OAMHWLIO
nnowi nuctka (EL WLA) Ha 2, 4, 6, 24 ro, BucyLlyBaHHs; GY — ypoxaii 3epHa, kr Ha M2, CopTu onu-
caHo B Tabn. 1

ISSN 1996-4536 (print) ¢ ISSN 2311-0783 (on-line) e BionoriyHi Ctygii / Studia Biologica e 2019 e Tom 13/Ne2 e C. 41-54



EXCIZED LEAF WATER STATUS AS A MEASURE OF DROUGHT RESISTANCE OF UKRAINIAN SPRING WHEAT 49

The high rate of EL WL negatively correlated with wheat grain yield under the
drought conditions [15; 7]. There are also reports that bread wheat varieties are more
stable to a lack of water in the soil than durum [41]. Due to poor root system and low
water-retaining ability of leaves at the initial period of growth of durum wheat, the bread
wheat has higher heritable water retention capacity trait [7]. On the other hand, there
are a lot of data confirming higher drought tolerance of durum wheat varieties [8]. A bet-
ter growth under water stress in T. durum and T. dicoccum, as compared to hexaploid
genotypes were, associated with their better water retention capacity that may be linked
to ABA content, lower pigment bleaching, higher membrane stability, and nitrate reduc-
tase activity [11]. Therefore, RWC or ELWL are used broadly as a selection tool indica-
ting drought tolerance.

Taking into accounts the obtained data, it could be assumed that EL WLW values
which reflected drought resistance decrease in the following order: Dubravka—Heroinia—
Provintsialka—Panianka—Bozhena for bread wheat and Spadschyna—Diana—Dynastiia—
Tera—MIP Raiduzhna for durum wheat.

EL WL might more closely reflect the balance between water supply to the leaf and
a transpiration rate. This improves the ability of the plant to recover from stress and
consequently the grain yield and its stability. This parameter can be easily determined
and is hence applicable for use in large populations [18].

According to I.V. Boichuk et al. [6], water retaining ability of winter wheat leaves had
a significant variability depending on the phase of plant development and genotype,
showed different water losses during 4 and 8 h. Weighing of leaves 24 h after excision
may be acceptable early, but not late in the season [9]. The above correlation reported
as strong in a bread wheat, and statistically insignificant in durum wheat [22]. In general,
the adaptive capacity were also highlighted for the varieties Struna myronivs’ka and
Elehiia myronivs’ka.

Water deficit of spring wheat flag leaves was mostly determined by the varietal
features. Thus, EL WLA as well RWC, are effective as screening tools for drought tole-
rance in different wheat varieties. According to our data a correlation between water
retaining ability and water deficit indices in spring wheat leaves does not always occur.
According to the literary data especially sensitive to water deficit is a reproductive phase.

Thus, the excised leaves water loss — EL WLW and EL WLA characterizing water-
retaining capability of leaf tissues as additional indicators of water stress tolerance were
difined.

CONCLUSIONS

All wheat varieties were subjected a severe drought stress under the Y2018 studied
climatic conditions. The WD of flag leaves ranged from 18.0 to 37.8 % for bread and
from 19.4 to 33.3 % for durum wheat varieties. The lowest WD were recorded for bread
varieties Kolektyvna 3, Elehiia myronivs’ka and durum varieties — Diana, Chado.

Biplot correlation analysis of drought tolerance indices and yield performance re-
vealed that varieties Zhizel’, MIP Raiduzhna, Simkoda myronivs’ka are in a vicinity of
indicators of drought tolerance and yield performance. Bread varieties Bozhena and
Dubravka are susceptible to drought and have normal adaptation potential to the envi-
ronment. Emmer wheat Holikovs’ka has a distinct high leaf water retaining ability and
yield characteristics.
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Thus, excised leaves water loss — EL WLW and EL WLA indices characterizing
water-retaining ability of leaf tissues could be recommended as additional indicators of
water stress tolerance. RWC as effective express screening tool for drought tolerance
is more applicable for durum wheat varieties, whereas excised flag leaf water loss per
area (EL WLA) 2—4 h, for bread wheat varieties.
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BOOOYTPUMHI BNACTUBOCTI JIMCTKIB AAK MOKA3HUK MOCYXOCTIAKOCTI
YKPAIHCbKMX COPTIB MWWEHULI APOI

O. 0. Makap', O. I. Mauyna', 5. 3. Kasynuy', T. |. BampauwkiHna',
J1. B. ByHb0', B. I. Koznoecskkuii?, O.K. Bamamaniok®, O. I. Tepek', H. []. PomaHoK'

' Jlbsiecbkull HaujoHanbHUl yHisepcumem iMeHi leaHa ®paHka,
syrn. [pywescbkoeo, 4, Jlbeie 79005, YkpaiHa

2 lJHemumym Ekonoeii Kapnam HAH YkpaiHu, syn. KosenbHuubka, 4, Jlbeie 79026, YkpaiHa

3 LlIkona iHmeepamueHUX HayK npo POCUHU,
KopHenbcbkuli YHisepcumem, Imaka, wmam Hbro-Uopk, CLLA

KopecnoHdyrouuli asmop: orysia.makar@Inu.edu.ua

[ocniopkeHo MOCYyXOCTINKICTb 24 reHOTUMIB MLWEHML SIpOi YKpalHCbKOI cenekuii
(Triticum aestivum L., T. durum Desf., T. turgidum subsp. Dicoccum) cnoco6om B13Ha-
YeHHs1 nokasHukiB BogHoro aediunty (WD), BigHocHoro Bmicty Boamn (RWC), BogoyT-
PUMHOI 30aTHOCTI Y nepepaxyHKy Ha macy (EL WLW) i nnowy (EL WLA) npanopuesnx
NNCTKIB POCNMNH B YMOBaX MOMbOBOrO €KCMEPUMEHTY MPOTArOM BeretauiiHoro Ce3oHy
2018 p., KM XapakTepn3yBaBCSA HU3bKMM PIBHEM OMNagiB i BUCOKMMU TEMMNEpATypamMu.
EkcnepumeHTaneHi gingHku 6yny poatawloBaHi nobnuay c. OmutpiB JIbBiBCbKOI 065.
(50°13'26,6”N 24°36'50,5"E) Ha YopHO3eMax Ha erntoBii kapboHaTHUX nopig. MNweHunuo
BMCiBaNM paHgoOMi30BaHMM CMOCOO0M y YOTMPUKPATHIA MOBTOPHOCTI, NnoLwla AinsHOK
30 m2. MeToto po6oTK Byno nepecsigunTUCh Y AOLINBHOCTI BUKOPUCTaHHSA doisionoriy-
HUX MOKa3HWKIB NpanopLeBuX JIUCTKIB ANS BU3HAYEHHHA NOCYXOCTIMKOCTI OKPEMUX COp-
TiB NLEHMLI ApO0i, iXHI0 3anexXHICTb i3 ypoxkaeM. BogHi napameTpu BU3Havanu Ha etani
pocTy Z4.3. dedhiunt BONOrM CNpUYMHMB 3MEHLLUEHHST BIJHOCHOIO BMICTY BOAW B JIUCT-
Kax ycix AOCniaXyBaHMX COpTIB nwieHuui. MigTBepaXeHO BiOMIHHOCTI B peakLii Ha no-
CyXy cepep COpTiB nueHuui M akoi i TBepaoi (7. aestivum i T. durum). lNoka3Hukn Bog-
Horo gedbiunty 6ynu B mexax Big 18,0 go 37,8 % gns coptiB nweHuui M’skoi Ta 19,4—
33,3 % pnsa tBepgoi. HanHwkumii nokasHmk WD (< 20 %) Gyno BusiBNeHoO ans copriB
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M’'akoi nweHuui KonektneHa 3, Eneris MypoHiBcbka i TBepaoi — HiaHa Ta Yago. Bucoi
3HaveHHsa WD Big3HaveHo ansa coptiB Cimkoga mupoHiBcbka Ta MIMN PangyxHa. Huabki
3HadeHHa WLW EL, a omTxe, BuWaA MNOCYXOCTIMKICTb BigMivyeHa ANs COPTIB MLUEHUL
TBepaoi CnagwumHa T1a [iaHa. Coptu M’akoi nweHuui CiMkoga MUpoHiBCbKa, MaHsHKa
Ta TBepai coptu Xisenb, Tepa, MIlN PangyxHa Ta nonda lonikoBcbka BTpaTUN MEHLLE
BOAM Y NepepaxyHKy Ha oguHuuto nnouli nuctka (EL WLA). [1BokoMnoHeHTHUI biplot
aHani3 nigTeepauB BUCOKY NocyxocTivkicTb copTy MIM PangyxHa i gaB 3amory BUOKpe-
MUTM Taki COPTU 3 BUCOKOI YPOXKAMHICTIO Ta MNOCYXOCTIlKICTHO, sik XKisenb (TBepaa), lNo-
nikoBcbka (nonba) i Cimkoga MupoHiBcbka (M'aka). CopTu nwenuui m'skoi boxeHa, [y-
OpaBka Ta TBepgoi CnaawmHa, LiaHa 6ynu cCnpunHATIMBUMM A0 MOCYXM, HE3BAaXaKuun
Ha BigHOCHO BuUcokuin nokasHnk RWC. OT1xe, nokasHuku EL WLW T1a EL WLA, wo xa-
paKTepU3yTb BOOOYTPUMHY 34aTHICTb TKAHWH JIMCTKIB, MOXYTb OyTW pekoMeHOOBaHi
SK [OOaTKOBI MOKa3HUKM CTiKOCTI Ao BogHoro ctpecy. RWC sk napameTp nocyxocTin-
KOCTI OOUiNbHO 3acTocoByBaTU Ans nueHuui Teepaol, Toai sk EL WLA 2—-6 rog — ans
MLEHULi M’SKOT SpOi.

Knrodoei cnoga: nocyxa, YKpaiHCbKi COPTWU MNWeEHULi spoi, BiAHOCHWIA BMICT

BOAW, BOAHUN AediunT, BOAOYTPUMHA 30aTHICTb FNUCTKIB,
EL WLW, EL WLA
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