








Puc. 1. PiBens Boau y p. TetepiB (Bua 3 MocTy y napky im. [arapina ta Huk4e 3a
teuiero, M. XKuromup): munens 2009 p. — doto 3miBa ta aunens 2015 p. — dpoTo
crpaBa

SIBumia OOMUIIHHS Ta MEPECUXaHHS BOJOHM 3YMOBIIEHI B IEpIIy Yepry
AHOMAJTFHUMH KIIMaTHYHUMHU (PaKTOpPaMH, IO BILTHBAIH NpoTsrom 2015 poky
Ha CTaH BOJHOTO OaceliHy Bcix TepuTopiilt Ykpainu.

3a3HaueHi aHOMaJil MalOTh CBITOBHI MacmTad, CIOCTEPIraroThCs BIKE
JAaBHO 1 TOBCIOAHO: TIPOSBAaMH TJIOOANBHUX 3MiH KIIMary € 30UTbIIeHHS
KUTBKOCTI Ta IHTCHCUBHOCTI SKCTPEMaJbHUX IOTOTHHX SBUII. 3a ocTaHHi 10
POKIB cepenHbOpiuHa Temmeparypa y cBiTi migHsutacs Ha 0,8 °C, xoua
normyctume TigBumeHas — Ha 2 °C. Ilpm migBumenni Ha 4 °C MOXYTb
OUiKyBaTHCS BeNWKi KaTacTpodu (Crieku, 37MHBH, OypeBii, cHiromamm), sKi
MIPU3BEIYTh 10 KaTacTpO(pIUHUX HACITI/KIB.

IIpuunH Takoi curyamii mekinbka. Ile MOXyTh OyTH 1 TIPUPOIHI IIUKIIH,
AKi HaKJIAJalOThCS HA aHTPOIIOTCHHY IISUTBHICTB, 1 JFOACHKA MiSUIBHICTB, SKa
CIIpHsi€ MiABUIICHHIO MapHUKOBoro edekry. Tak, mporsrom ocrtanuix 20-30
POKIB HayKOBLI YCbOTO CBITYy HPHIUISIOTH OCOOJHBY YBary AOCIIDKEHHSIM
3MiH BOJHHX pECypCiB pidOK, sKi TOB’S3aHI 3 TEOpi€l0 3MiHM KIiMaTy
BHACITIZIOK i IBUIICHHS B aTMOc(epi KOHIICHTpAIil BYTICKHUCIOTO rasy.

HaykoBmi He mimgaroTh CyMHiBaM Te, IO TJ00aJbHI 3MIHHM KIiMaTy
BiIOYBAIOTHCS Yepe3 AisUTbHICTh JIIOAMHH. Kiro4oBuM pakTopoM 3 modaTky XX
CTONITTS, BHACHIOK BCECBITHBOI IHAycCTpiami3amii, BUYEHI BBaXKAIOTh
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301IbIIEHHS 00CATIB BUKH/IB MapHUKOBHUX Ta3iB. Ilepmr 3a Bce uepe3 cTpimMke
3pOCTaHHS CHANIOBAaHHA BHKOIHOTO MajwBa (BYTiuUIL, HadTH, ra3zy) — HaHmo-
NIMPEHIIIOro Ha ChOTOJHI Y CBITI CITOCOOY BHPOOHHUIITBA €HEprii, aTMochepa
3a0pYIHIOETHCS MAPHUKOBUMH 'a3aMH, 1 CTa€ HEMPOHHKHOIO JUIS TEILIOBOTO
BUIIPOMIHIOBaHHS TIOBepXHi 3emuri i xMmap (iH(ppadepBoHa pajialis), He
BUIyCKa€ TEIUIO, a YacTKOBO MOTJMHAE HOTO 1 BiIOWBAaEe IMepeBakHy HOTO
KiIbKicTh  Hazax 1o 3emuni. OIHOYACHO MIOPOKY 3pOCTa€  KIBKICTh
IPOJYyKOBAaHOTO Ha 3eMJli Temia (BHACTIJOK 3POCTAldol EHEeproeMHOCTI
BAPOOHMYOI 1 MOOYTOBOI IisSUTBHOCTI JIFONWHHU), a Pa3oM 3 HHAM 3pPOCTae
«IIOTY>KHICTE)» TPOLIAPKY MTAPHUKOBHX Ta3iB B aTMocdepi, KU HE Ja€ HBOMY
TEIUTy BUIBHO 3aIIUIIATH 3EMIII0 — 3aMKHYTE KOJO 3 JBOX MPOLECIB, IO
MOCTIHO MiPKUBIIOIOTE OAWH omHOTO. Ilocyxm i OOMINIHHA pPIYOK — JHIIE
OJTVH 3 HAWTTOMITHIIIINX BHUABIB I[LOT0 HEOE3IIEYHOTO TIPOIIECY.

AnHoMabHI IOroAHi Ta KJIIMaTUYHI SBHUIIA, 110 BUKIMKAHI CUCTEMHUMU
3MiHaMH y 010T€OIeHO31, MOB’s3aHl 3 JiSUIbHICTIO JIOAMHU Ta TEXHOTEHHUM
BIUIMBOM CTPIMKO 3pOCTarouoi muBiTizamii. Takox CBiii HEraTUBHUI BILTUB
CIIPaBISTIOTh OCYHICHHS OONIT i HECaHKIIOHOBaHI, OE3KOHTPOJBHI BHPYOKH
JIiciB, 0COOIMBO B MICIISIX BOZ03a00piB, e GOPMYIOTHCS OaraTto MpUTOK PidOK,
Ha/JIMipHa PO30paHICTh 3eMili B OaceifHax pivoK, ITHOPYBAHHS 3aKOHY IIOIO
BOJOOXOPOHHOT 30HH. [IJis OLIBIIOCTI PiYOK, OCOOJMBO MaJIUX, MPHOCPEIKHI
3aXHMCHI CMyrd HE BIIBEJCHi, HE BHHECCHI Ha MicieBicth. HamuBu Ta
NPOMHUCIIOBE BUIIMaHHSI IICKYy 3 pycel TakoX IMPHU3BOJUTH 10 HE3BOPOTHUX
3MiH Y IPAPOTHHX TiAPABIIYHUX MPOIECaX y PycliaX PitdoK.

PiukoBHii CTIK € Ba)IIUBIM MPHUPOIHUM PECYPCOM LTI €KOHOMIYHOTO Ta
COLIAJIFHOTO PO3BUTKY KpaiH CBiTy. B yMoBax rino0anbHHMX Ta perioHaJbHUX
3MiH KJIiMaTy, IO CIIOCTEpiraloTeCsi TpoTsAroM octaHHix 20-30 pokis,
0COOJIMBO Ba)KJIMBO MAaTH VSBJICHHS Mpo ixHIM Oe3mocepeqHiii BIUIMB Ha
BOIHHUIA PEXKUM PIYOK, OCKIIBKM BOJHI OO'€KTH € NPOIYKTOM KIIMaty Ta
naagmadry. Ile ctocyeTsesd, B mepury 4epry YKpaiHu, sika HaJIeKUTh JI0 KpaiH
3 HEIOCTaTHIM BOZ03a0e3CUCHHSAM.

BpaxoByroun BaXJIMBICTh BOJHHUX PECYPCIB AJIsi CKOHOMIKH 1 HACEICHHS,
TifponorigyHa Iocyxa HaJali MOXK€ MaTH HaA3BHYaiHI Ta JOBrOTPHBAIL
HACTIIKK JUIA CEKTOPiB €KOHOMIKH, 110 Oe3MocepeHbO 3aIekaTh BiJl BOAHOTO
(akTopa. 30KpeMa, MOKE YCKJIQJHIOBATHCS BOI03a0ip MOBEPXHEBUX BOJ LIS
BUPOOHMYUX 1 COWiaNbHUX TOTPed dYepe3 3MEHIICHHS JOCTYIMHUX BOIHUX
pecypciB; IisIbHICTh EHEPreTUYHOTO 1 BOJOTOCIOAAPCHKOTO KOMILIEKCY;
00’€KTiB KOMYHaJbHOTO 1 PHOHOTO TOCIOAApCTB; TOTipPIIyBaTHMETHCS
CKOJIOTIYHA CHUTYyallis Ha BOIHUX 00’€KTax. 3MIiHH KIiMaTy Oe3MOCepeaHBO
BIUIMBAIOTh Ha KiJBKICHI Ta SIKICHI XapaKTEPUCTHKH PIYKOBOTO CTOKY, IO, B
CBOIO Hepry, morpedye aganTariiHuX 3aXoMdiB JUIS BCiX Taldy3eld eKOHOMIKH,
HACEJICHHS Ta €KOCHCTEM.
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THE IMPACT OF CLIMATE CHANGE ON SUNFLOWER
PRODUCTION IN UKRAINE

Sunflower (Helianthus annuus L.) is among the three major oilseed crops
worldwide (along with, soybean and rapeseed) and one of the two most
produced oil crops in the European Union, together with rapeseed (United
States Department of Agriculture — USDA, 2017). A recent USDA report in
2017 indicate that, Ukraine currently (2015—2016) ranks first in sunflower
production universally with a 29.3 % share of overall global sunflower output
of 40.57 million metric tons (USDA, 2017). Correspondingly, Russia and the
European Union are positioned second and third, with a share of 22.6 % and
18.9 %, before Argentina and China that produced 6.7 % each.

Sunflower is a crop characteristic of the steppe and forest-steppe zone of
Ukraine. The success of its cultivation is chiefly influenced by the changing
environmental conditions, thus, weather and climate. Observations by the
metrological network of Ukraine confirmed that regional climate change,
particularly temperature rise, has already affected some meteorological
characteristics. The average annual air temperature has increased, the terms of
formation and period of snow cover have changed, the heat supply of the
farming season steadily increased, and the number and intensity of unfavorable
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weather phenomena (drought, heavy rain, etc.) has increased (Melnyk et al.,
2015).

For instance, in the Forest-steppe of Ukraine, we took into consideration
the key meteorological parameters for the period from 2000 to 2017 (Table 1).

Table 1
Temperature, total precipitation (rainfall) and hydrothermal coefficients
(HTC) in the Forest-steppe of Ukraine (April-August) from 20002017

Total Total Moisture for
Year temperature, °C | precipitation, mm HTC the year
2000 2534.0 265.5 1.05 normal
2001 2615.9 290.4 1.11 normal
2002 2689.9 279.0 1.04 normal
2003 2673.5 228.7 0.86 dry
2004 2290.6 334.6 1.46 wet
2005 2716.3 181.4 0.67 dry
2006 2502.0 324.9 1.30 wet
2007 2666.7 202.8 0.76 dry
2008 2717.9 304.5 1.20 normal
2009 2568.4 310.0 1.21 normal
2010 3132.8 171.4 0.55 dry
2011 2722.0 228.7 0.84 dry
2012 3045.0 209.8 0.69 dry
2013 2868.2 207.8 0.72 dry
2014 2832.9 244.0 0.86 dry
2015 2705.7 279.9 1.03 normal
2016 2804.8 445.8 1.59 wet
2017 2510.2 148.9 0.59 dry
Average
2000-2017 2699.8 258.8 0.96 dry
Average 2425.0 294.0 1.21 normal
perennial
Deviation of 2748 352 -0.25
the parameters

Hydrothermal coefficient (HTC) (G. T. Selyaninov) was determined by
the formula: HTC=Z&/ET ¥ 10 where YK is the amount of rainfall (mm), for a
period with an average daily air temperature above 10 °C; YT is the sum of
temperatures (°C), for the period with average daily air temperature above
10 °C. Thus, based on results of the analysis of meteorological conditions for
18 years, we established that for the period of the growing (farming) season
(April-August), there was an average of 258.8 mm of rainfall, with fluctuations
from 148.9 to 445.8 mm. In this zone, the average temperature during this
period amounted to 2699.8°C with fluctuations ranging from 2290.6 °C to
3132.8 °C. Increase in the heat generated for the growing season was 274.8 °C
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and decrease in the amount of precipitation was by 35.2 mm. Centered on HTC
which for the last 18 years decreased from 1.21 to 0.96, it is proven that
conditions of this region match the dry conditions of the Steppe zone of
Ukraine. Temperature and moisture varied for investigated years.

From the data given (Table 1), dry conditions (HTC to 1.0) were half
(50.0 %) of the investigated periods (2003, 2005, 2007, 2010, 2011, 2012,
2013, 2014, 2017); normal moisture (HTC 1.0-1.3) — 2000, 2001, 2002, 2008,
2009, 2015 (33.3 %) and wet conditions (HTC above 1.3) were just 16.7 % in
2004, 2006 and 2016. The impact of moisture conditions on yield is evidently
shown (Figure 1).

—e—HTC

S0 2001 —@=—Yield, t/ha

2017

2002

2015 2003

2004

2005

2012 ‘2006

2011 H[= - 2007

2010 — —— 2008
2009
Figure 1. Dynamics of average yield of sunflower and HTC under
the conditions of the Forest-steppe of Ukraine (for the period of 2000-2017)

It should be noted that, there was positive dynamics in the increase in
average yields of sunflower seeds in the forest-steppe of Ukraine in recent
years from 0.61 t/ha to 2.70 t/ha. We established that yields varied depending
on the conditions of the year. For the 18 years, the highest average seed yields
were attained in dry (1.88 t/ha) and normal moisture years (1.44 t/ha), while the
lowest were in years with excessive moisture (1.37 t/ha). These suggest that,
under conditions of low temperatures and excessive moisture, the growing
season of the crops is prolonged since harvesting occurs later in October,
resulting in great damage to crops by diseases.

Conclusion. Based on results of the analysis, trends in the
meteorological parameters caused the enlargement of areas under sunflower
cultivation in Ukraine, which supported the increase in overall national
production of sunflower. Having all the opportunities (natural, climatic,
logistical and human), Ukraine will still increase its presence in the global
sunflower market.
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FATTY ACIDS AND ETHYLENE AS MARKERS OF PLANT
RESISTANCE TO BIOTIC AND ABIOTIC STRESSES AND THEIR
IMPLEMENTATION IN THE PLANT BREEDING PROGRAM

Introduction

Fusarium head blight (FHB), caused by Fusarium graminearum
Schwabe (telomorph: Gibberella zeae Schw., Petch), is a fungal significant
disease with devastating economic consequences in Ukraine (Chaban and
Dzham, 2002). There is no complete species-specific resistance to FHB in
ukrainian commercially grown cultivars of wheat. In addition varying
atmospheric conditions play a crucial role in the infection process. The risk of
FHB infection is high in Western and North Ukraine when warm and humid
weather coincides with wheat anthesis and early grain filling (Chaban and
Dzham, 2002; Kryuchkova et al., 2002). In such extreme conditions chemical
and agronomic control measures are not feasible. Naturally these problems can
be overcome by introduction resistance to FHB wheat varieties in agronomic
practice. However, wheat breeding for FHB resistance by habitual selection is
time-consuming and expensive. The available methods, for example, mapping
of quantitative trait loci, in vitro selection techniques using detached leaf assays
are useful tools for pre-screening FHB resistance. However, one significant
obstacle to select FHB-resistant wheat is that only adult plants can be evaluated
for resistance. Although the assays described above are useful in studying many
aspects relating to FHB resistance, additional assays would be desirable.
Hence, the search of new effective tools that contribute to researchers to select
plants with desired treats at the early stages of breeding programs is an actual
task. Fatty acids play an important role in the functioning of membranous
structures. Also they can serve as powerful class of antioxidants. Among the
chemical defenses the syntheses of ethylene also play important roles in plant
defense responses to pathogens. Based on these data we studied the ethylene
formation and fatty acid composition of diverse varieties of winter wheat
plants.

Materials and methods

Winter wheat. Experiments were conducted with winter wheat
(Triticum aestivum L.) genotypes Albatross odesky and Columbia (tolerant to
FHB) (Kryuchkova etal, 2006), Bilotserkivska semi-dwarf, and
Myronovskaya 808 (susceptible to FHB) (Kryuchkova et al., 2006, Voloschuk
et al., 1999). Winter wheat seeds were germinated under sterile conditions at
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relative humidity averaged 60—70 % in a dark chamber at 23 °C. After 4 days
of growing in the dark chamber the plants were grown at relative humidity
averaged 60—70 % in the growth chamber at 23 °C under a 14 h light, 10 h dark
fluorescent lighting regime. The average photon flux from artificial lighting in
the growth chamber was 140 pmol/m*/s (5000 lux). For ethylene evolution
study we used the fully developed first leaf of young winter wheat plants.
Ethylene was measured by gas chromatograph (Selmihrome, Ukraine) as
describe earlier (Kurchii and Kurchii, 2000). Fatty acid composition was
determined in the etiolated coleoptiles by gas chromatography (Liljenberg and
Kates, 1985).

Maize. Experiments were conducted with maize (Zea mays L.)
genotypes Line 24 (non-resistant to drought) and Line 25 (resistant to drought).
Maize seeds were germinated under sterile conditions at relative humidity
averaged 60—70 % under darkness in a growth chamber at 23 °C. Substances
from etiolated coleoptiles and central roots of maize seedlings were extracted
with acetonitrile and analyzed by HPLC chromatograph. The qualitative and
quantitative analysis of etherified fatty acids was carried out with a gas
chromatograph equipped with a flame-ionization detector. (Kurchii and
Kurchii, 2000).

1. Ethylene and fatty acids as markers of wheat resistance to stresses

Different varieties of winter wheat possess in reasonable levels of growth
regulating substances that provide their growth, productivity and resistance to
biotic and abiotic stresses. Nevertheless, the role of natural plant growth
regulators in the growth and development of each variety is not elucidated.
New methods to be used in the selection and variety certification are presented
in this report. We have found that winter wheat leaves of different (resistance to
fungi and lodging) varieties produce different amount of ethylene (Table 1).

Table 1
Synthesis of ethylene by green leaves of 2-week-old winter wheat plants

Varieties Date of ethylene detection
22.02.05 14.03.05 28.03.05 13.06.05

Height of Ethylene Height of Ethylene | Height of Ethylene Height of Ethylene

plants, cm nL/g FW plants, cm nL/g FW | plants, cm nL/g FW plants, cm nL/g FW
Columbia 14,240,15 150+7 12,4+0,22 | 220£11 13,4+£0,41 | 180£8 14,3+0,14 130+6
Smuglianka 15,140,15 160+11 14,0+£0,33 | 200+£22 | 14,1+0,32 | 200£19
Yatran 60 17,240,28 85+8 14,4£0,38 | 200x16 | 14,8+0,64 | 60+6 16,4+0,31 84+6
Kyivska 8 14,3+0,16 100+6 14,1+£0,23 | 80+5 14,74£0,29 | 5043 15,4+0,42 | 54+4
Mironivska 808 - - 18,5+0,74 | 455 18,3+£0,68 | 45£3 17,9£0,72 | 3843
Mironivska 61 22,340,19 16+4 17,6+0,83 | 40+4 19,2+0,72 | 36+6 20,2+0,55 39+4
Podolianka 20,2+0,22 13£5 14,8£0,69 | 354 16,5+0,69 | 40£5 16,3+0,54 15£3
Bilotserkdvska | 551016 | 1542 14,8+0,44 | 40+4 14,4£031 | 3543 16,5£0,31 | 2343
semidwarf
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Another method that characterizes any plant is fatty acid composition of
coleoptiles (Table 2).
Experiments were performed when 1% leaves werel—-5 mm higher than

coleoptiles.
Table 2
Fatty acids content in the winter wheat coleoptiles
Heighl. of Fatty acids content, g/g FW
Varietics °°l°;‘::l°5’ C16:0 C18:0 ci8:1 cig2 | cis3 | €200 | c22:0 | coao | To
content
Columbia 40,1512 | 178+8 | 7,380,227 | 164+0,7 | 2139 | 96+4 | 2.4 | 3,0 0,5 516,6
Smuglianka 452421 | 181211 | 7,6£0,33 | 16,712 | 217=14 | 86£9 |22 | 3,0 0,7 514,2
f‘"‘y’“‘ 45,1422 | 174£7 | 6,9+0,26 | 15,8+0,6 | 209+8 | 89+5 | 2,1 3,0 0,5 500,5
lSOStEle
Mironivska 808 | 48,0+2,0 | 163£12 | 7,740,35 | 16,812 | 197+13 | 818 |29 | 3,0 0,5 4719
Mironivska 65 | 57,3423 | 1627 | 7,240,38 | 16,0£0,9 | 17749 | 847 |23 | 2.4 04 4513
Podolianka 582424 | 142%6 | 8,6£039 | 14,5%0,7 | 16047 | 74+4 | 0,5 | 1,0 0,5 401,1
Mironivska 61 | 553422 | 1194 | 5,650,26 | 9,40,5 | 143%5 | 7044 | 10 | 1,6 0,5 350,1
Bilowserkivska | 5 6100 | 895 | 765022 | 6,9+0,5 | 12324 | 58+4 | 03 |05 03 285,6
semidwarf

We believe that presented here data may be used in the selection of new
varieties with required traits and as variety markers of plants.

2. Fatty acids of maize etiolated coleoptile tissues as markers of plant
resistance to stresses

Maize is one of the Ukrainian ‘two primary’ cereal crops. Unfortunately,
there is no complete species-specific resistance to drought in Ukrainian
commercially grown maize varieties. Naturally this problem can be overcame
by introduction resistance to drought varieties in agronomic practice. However,
maize breeding for drought resistance by habitual selection is time-consuming
and expensive. In this report we propose two new methods for preliminary
evaluation of maize varieties to drought resistance: (1) the first method is based
on the determination of fatty acid composition, and (2) the second method is
based on the chromatography of acetonitrile extracts from the tissues of maize
etiolated coleoptiles.

Table 3 shows the data on evaluation of fatty acid content within the
maize coleoptile tissues. As you can see resistance variety line 25 contained
essentially more quantity of fatty acids in comparison to non-resistance variety

line 24.

767




Table 3
Fatty acid content within the maize coleoptile tissues at 168 h of growth

Fatty acids content, ug/g FW
Varieties

Cl16:0 C18:0 C18:1 C18:2 Cl18:3 C20:0 Total content

Line24 | 56,7434 | 1,6£0,04 | 9,0404 | 66,8+2,8 | 6,302 | 9,1=04 149,548,4
Line25 | 94,5443 | 2,6£0,08 | 16,6807 | 17437,2 | 28314 | 13,140,7 | 329,4%16,8

For example, summarizing quantity of fatty acids extracted from Line 25
was 329,4 ug/g FW and 149,5 ug/g FW from Line 24.

The extracted substances from etiolated coleoptiles are presented in
Figure 1. There are essential differences in the contamination of unknown
acetonitrile soluble substances from etiolated central roots and coleoptiles of
Line 24 (1) and Line 25 (2).

2

2 Fig 1. HPLC chromatogram of the substances
from tissues of maize etiolated central roots
(1, 3) and coleoptiles (2, 4) at 168 h of growth:
1-2 — Line 24, 3—4 — Line 25.

In conclusion we believe that these methods can be used in the breeding
program of maize.
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OPTIMIZATION OF BREEDING OF PREDATORY CHRYSOPIDAE
IS THE WAY TO RATIONAL NATURE MANAGEMENT
AND CONSERVATION OF BIOLOGICAL RESOURCES

The need for mass cultivation of Chrysopidae is relevant for the agro-
industrial complex with the commencement of the development of
environmentally safe integrated plant protection products. There is an increase
in demand for environmentally friendly products, the production of which is
associated with the use of effective entomophages. Priority is given to the
artificial biotechnology system, which is the basis of the production, sale and
use of predator populations of Chrysopidaec (M.S. Moroz, 2017). Of the 2000
species described Chrysopidae in Europe, there are 70 species (M.S. Engel,
D.A. Grimaldi, 2007; A. Khramov, 2016). In agrocenoses of organic farming, a
significant number of species from the family Chrysopidae, which are potential
biological control agents (M. Porcel et al. 2013). Of particular interest there are
species of the genus Chrysopa, which are harvested by predation, destroy
aphids, leaflets, worms, mites and other small insects. Therefore, an appropriate
assessment of entomophages according to the criteria for the effectiveness of
limiting the harmfulness of phytophages in agrocenoses is relevant
(M.L. Pappas, G.D. Broufas, D.S. Koveos, 2011). At the same time it should be
noted that the effectiveness of entomophages depends on qualitative and
quantitative indices of plant resources, population density of prey, biological
potential of predators (M. Jacometti, N. Jorgensen, S. Wratten, 2010).
According to researchers (M. Canard, A. Letardi, D. Thierry, 2007), the
economically beneficial production and use of predatory Chrysopidae requires
an in-depth study of taxonomy, biology and ecology of beneficial insects,
which will reduce the cost of cultivation, marketing and lead to commercial
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increase in the arsenal of effective entomophages. Significant progress in the
practice of biological control has been achieved in recent years (M. Jonsson,
S.D. Wratten, D.A. Landis, G.M. Gurr, 2008). The arsenal of effective
entomophages is increasing, their function is enhanced in the integrated
management of pests (M.S. Moroz, 2010). With the use of modern insecticides,
the current site belongs to studies that demonstrate the potential of using
predatory Chrysopidae to control the number of harmful phytophages
(Mulligan, EA, Ferry, N., Jouanin, L., Romeis, J., Gatehouse, AMR 2010;
Pathan, AK, Sayyed , AH, Aslam, M., Liu, TX, Razzaq, M., Gillani, WA 2010;
Bueno, AF, Freitas, S. 2004).

Biological protection in a complex with proven insecticides is aimed at
optimizing the effectiveness of natural entomophages and practical biological
control measures. There is a need for the creation and use of specially derived
entomophagous cultures that have stable values of quality indices and tolerance
to environmental factors under agroeconomic conditions (M.S. Moroz, 2015).
It has been experimentally established that it is advisable to select the useful
insects on a thorough study of the spatial, ethological and genetic structure of
the initial population. The state of the culture of useful insects and their
resistance to subsistence conditions is an important criterion for its quality
(M.S. Moroz, 2017).

The effectiveness of Chrysopidae propagation in an artificial
biotechnology system was investigated during the seven generations, taking
into account the biological characteristics of the ontogenesis of Chrysopa
carnea Steph., Chrysopa septempunctata McLachlan, Chrysopa perla L. and
Chrysopa sinica Tj.

Optimizing the cultivation of predatory Chrysopidae one observes
improved development, increased performance of the imago, increasing the
effectiveness of their use as biological agents to limit the harmfulness of
aboriginal phytophages.

As an example of the study, it can be argued that the production of a
quality biological product based on Chrysopidac requires appropriate
knowledge of the management of the technological process. The strategy of
creating and using for this purpose Chrysopidae cultures, specifically adapted
to changing agrocentose conditions, is undoubted. Artificially created
Chrysopidae cultures should have stable values of quality indicators and
tolerance to adverse environmental factors.

The production of quality biological products based on Chrysopidae is
possible due to the improvement of the methods of control of the technological
process.

Optimizing the cultivation of predatory Chrysopidae one observes
improved development, increased performance of the imago, increased
efficiency of the use of entomophages as biological agents for limiting the
harmfulness of aboriginal phytophages.
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The proposed technological parameters for optimizing the diet for
predatory Chrysopidae are consistent with the criteria of effectiveness, a
strategy for the conservation of biodiversity, and meet the priorities for
conservation, restoration and improvement of natural ecosystems.

UDC 619:611

Davydenko K., docent, PhD;
Shcherbak O., docent, PhD
Kharkiv Zooveterinary Academy
kateryna.davydenko74@gmail.com

IDENTIFICATION OF INDIGENOUS AND INTRODUCED
PATHOGENS ON PINE TREES IN UKRAINE

New invasive diseases in forest ecosystems occur at an increasing rate
affecting tree species with a widespread distribution in Europe. It is well-
known that invasive plant pathogens can cause diseases which have major
economic and ecological impacts for trees in many parts of the world (Eschen
et al., 2015, Santini et al. 2013). Biological invasions of nonnative fungi into
European forests continue to go unchecked and unmonitored thoroughly due to
intensifying international trade in live plants resulting in ever-increasing
number of alien forest pathogens in Europe (Eschen et al., 2015, Roques et al.,
2010). Moreover, associated with trees invasive species spread aggressively
and displace or destroy both native and commercially cultivated trees. Invasive
species damage and degrade forestlands and destroy urban street trees.

Invasive forest pathogens and diseases cause significant environmental
and economic damage in many parts of the world (Kenis and Branco 2010).
Moreover, global climate change and increasing of global trade result in
increased numbers of plant pathogen species enormously in recent decades.
Ecosystem damage caused by alien pathogens is severe, long term, widespread,
and difficult to mitigate.

Severe dieback has now been observed in most European countries. This
is an emerging disease caused by an invasive alien fungus Hymenoscyphus
fraxineus originating from Far East Asia. The disease results in massive ash
mortality, and currently threatens the existence of the tree species on a
continental scale (Bengtsson et al. 2013). In addition, Dothistroma needle
blight, fungal disease of conifers, was found in all areas inhabited by pines
(Pinus spp.). This diseases is increasing throughout Europe, attacking trees in
both plantations and natural forests, causing significant economic losses, and
threatening pine ecosystems and biodiversity (Drenkhan et al. 2016). Moreover,
Gibberella circinata (anamorph: Fusarium circinatum) is a highly virulent
pathogen affecting pines, causing damping-off in nurseries and pitch canker in
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forests. Recently the disease was found in Spain (Landeras et al., 2005) and
Portugal (Braganca et al., 2009) and also been reported in France and Italy
(Toos, 2013).

The main aim of our research to study fungal communities associated
with twigs, buds and needles of the pine tree species collected in different
regions of Ukraine and collect data on indigenous and invasive pathogens for
the various regions following concertedly elaborated schemes.

The literature review was carried out using databases Web of Science
and DIAROD website to generate comprehensive understanding of invasive
pathogens phenomenon, and to elaborate state of the art practical guidelines for
sustainable forest management.

Field researches in Ukraine were carried out in 2015-2017 in the forest
stands and shelter belts of Kharkiv, Sumy, Poltava, Kherson and Mykolaiv
regions. These stands were 10 to 80 years old with dominance of Pinus
sylvestris and Pinus nigra. Moreover, we have collected damaged samples on
clonal pine plantations of five pine species as Pinus sylvestris, P. contorta, P.
mugo, P. strobus, P. nigra subsp.palassiana, where strong weakening of pine
trees were observed from 2014. Pine seedlings produced from seeds showed
symptoms of wilting and some of them were killed by the disease, which was
initially identified as damping-off caused by Fusarium spp.

Sanitary condition of trees was assessed in the monitoring plots. Six
categories of sanitary condition were used according to "Sanitary rules in the
forests of Ukraine" (I — healthy; I — weakened; III — strongly weakened; IV —
drying; V — fresh dead; VI — old dead). Also, for each site visually condition of
trees have been evaluated according to scale of possible symptoms for pine
dieback, where 0 — no diseases-symptoms, 1 — minor and indirect symptoms
(necrotic lesions in in 10 % of crown size; 2 — dead shoots and branches with
necrotic lesions formation in 10-50 % of crown size; 3 — death of 50 % of
crown size, wood discoloration, necrotic lesions, dead leaves, shoots, branches,
4 — total crown damage).

Insects and fungi in the sample plots were identified by symptoms
(needle spots, wood discoloration, necrosis) and signs (galleries, fungal fruiting
bodies, spores,). Symptomatic needle and branches (i.e. having necrotic
lesions) were cut and individually packed into plastic bags.

In the laboratory, collected needle and wood samples were used for
fungal culturing on MEA (3 % malt extract agar) as well as for DNA extraction
and direct sequencing to check presence or absence of Fusarium circinatum,
Dothistroma pini and D.septosporum using PCR-based techniques and species—
specific primers.

Main activities were focused on the laboratory work and data analyses.
We used the different PCR-basic techniques from five pine species as
P. sylvestris, P. contorta, P. mugo, P. strobus, P. nigra subsp. palassiana from
a field trial in East Ukraine. In total, 252 seedling of P. sylvestris were
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collected. All seedlings had typical visual symptoms of damping off: needles
turn red, brown or chlorotic and die from the base upwards or the seedling dies.

Conventional PCR and primers specific to Fusarium circinatum have
been used to identify the fungus directly from DNA extracted material from
8 monitoring area where was spread Dothistroma needle blight disease and
areas, where typical symptoms of Dothistroma needle blight disease was found
for a first time. ITS sequencing method of DNA based on the "sequencing by
synthesis" principle was carried out for 252 samples to represent data for fungal
community.

The infected Pinus mugo, P. nigra, P.nigra var. pallasiana and
P. sylvestris trees had symptoms typical to such caused by Dothistroma spp.,
namely browning a half of needle beginning from the tip, which mainly appear
on 1-3 years needles. Fruit bodies, acervuli always appeared on browning
needles parts, sporodochia both on browning and green parts.

For Ukrainian samples D. pini was found on P.nigra pallasiana and on
P.mugo, P.densiflora, P.tunbergii, P.nigra and P.sylvestris (see Table 1).
Moreover, D. septosporum and D. pini was found for P. sylvestris P.mugo,
P.densiflora, P.tunbergii, P.nigra in clonal pine plantation in Kharkiv region
and in the other regions.

Table 1
Data of of absence/presence D. pini and D. septosporum
and other fungal pathogens in Ukraine
Host Location | Forest DNB DNB Other fungal pathogens
symptoms pini
. Diplodia pinea,
P.nlgra Kherson FP + D. pini Catenulostroma
pallasiana .
germanicum
s igra Tsurupinsk | FP + D. pini Diplodia p med,
pallasiana Cyclaneusma minus
.. Diplodia pinea,
P. sylvestris HOla FP + D. pini Catenulostroma
Pristan D. sept .
germanicum
P. nigra Kharkiv UG + D. pini Diplodia pinea,
pallasiana D. sept Brunchorstia pinea
P. nigra Poltava FP . D. pini Diplodia pinea,
pallasiana D. sept Cyclaneusma minus
P. nigra . D. pini . L
+
pallasiana Malin FP D. sept Diplodia pinea
P. nigra . D. pini .
pallasiana Lviv UG + D. sept Lophodermium sp.
s gra Lutsk uG + D. sept
pallasiana
P. nigra . D. pini Diplodia pinea,
pallasiana Sumi UG * D. sept Lophodermium sp.
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Host Location | Forest DNB DNB Other fungal pathogens
symptoms | pini
. D. pini Diplodia pinea,
P. sylvestris Krasnograd | FP + D. sept Cyclaneusma minus
. S D. pini
SIS +
P. sylvestris Manevichi FP D. sept
. . D. pini . S
P. sylvestris Zmiiv FP + D. sept Diplodia pinea
. .. D. pini . S
P. densiflora Zmiiv uG + D. sept Diplodia pinea
.. D. pini
P. mugo Zmiiv + D. sept
P. strobus Zmiiv + D. pini Diplodia pimed,
D. sept Brunchorstia pinea
.. . D. pini
P. tunbergii Zmiiv + D. sept

More than 400 trees were surveyed during 2015-2017 in different
localities of Ukraine. Therefore, the disease incidence was usually associated
with red band blight caused by Dothistroma septosporum or D. pini and
reached up to 50 % in south and central part of Ukraine where all pine stands
grow in extremely dry condition. Infected needles had typical symptoms of
Dothistroma needle blight and reached up to 40-50 %.

Catenulostroma germanicum originally was isolated from stone in
Germany but in Ukraine this species was found exclusively as opportunistic
pathogen on pine needles still attached to trees (Markovskaja et al., 2015).
Symptoms on needles is very similar to those caused by Lecanosticta, when
and also to not typical caused by Dothistroma needle blight. Infected exactly by
Catenulostroma germanicum needles usually also demonstrated needle death
and browning beginning from the tip and later on this brown parts appear
immersed splitting acervuli and black sporodochia. In some cases the same
trees and needles could be infected by Catenulostroma germanicum,
Dothistroma spp. and in addition these species could be accompanied also by
endophytes and other pathogens.

Date - needle sampling and survey; Forest - FP- man-introduced forest
plantation; UG-Urban greenery ; Symptoms -symptoms presence (+/-); Needle
- age of needles with symptoms; DNB: confirmation of DNB by PCR
(D. septosporum, D. pini;)

During examination the needle samples on one needle of P. nigra subs.
pallasiana on the tip was detected C. germanicum together with D.pinea, on the
same needle in the middle part D. septosporum and in the base of the same
needle D.pinea in mix with D. septosporum. In the stressed by cormorant
colony P. sylvestris forest C. germanicum was found on the same needles
accompanying by Cycloneusma minus, Diplodia pinea, Lophodermium
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pinastri, Lophodermium seditiosum, Pestalotiopsis funerea and Truncatella
hartigii.
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CLIMATE CHANGE EDUCATION IN THE USA:
LESSONS FOR UKRAINE

Considering the profound economic and social impacts of the climate
change, the climate change education is important not only for the
climatologists but also for the broad audience. To address the lack of
knowledge in this field, the Georgia State University (Atlanta, GA, USA) with
the support of US National Aeronautics and Space Administration (NASA)
have developed the Climate Literacy Labs to support the Introduction to
Weather and Climate class. The course provides a basic understanding of the
climatology and causes of climate change for more than 1500 students each
year.

The class is available for undergraduate and graduate students regardless
of their major. Many of the students who take the labs have very limited
knowledge of science. For such students, complicated geography concepts
should be presented in a simple, understandable way, with many visual

The Climate Literacy Labs are based on a guided/structured, inquiry-
based learning model. To learn about the complex phenomena, instructor

the applicable scientific data from a variety of sources, develop hypotheses and
consider alternative explanations to answer the questions. Practical tasks that
use valid real-time and historical data (for example, current CO2 concentrations
at the day of class, carbon emissions data for the previous 50 years), as well as
the process of building and using models, provide students with the opportunity
to try the role of researchers. As a result, the deeper understanding of the
influence of greenhouse gases on the Earth's climate allows students to form a
personal opinion on the human-induced climate change.
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Ukrainian universities should use the international experience to build an
efficient climate change educational programs. Georgia State University
Climate Literacy Labs development team led by the Dr. Jeremy E. Diem have
already created climate change teaching tools that are proved to be effective.

information  presented at the Climate Literacy Labs website
(http://sites.gsu.edu/geogl112/) is being continuously updated according to the
new climate publications and student-learning innovations. Although the
development of the Climate Literacy class for Ukrainian universities based on
the US experience would require certain adaptation, it will help Ukrainian
students to obtain the climate change related knowledge that is nowadays
essential in different fields — from forestry to agriculture.
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