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PE3IOME

OcHOBHaTa ues1 Ha To3n goknag e
onpefensHe egekTMBHOCTTA Ha arpoxu-
MWUYECKUTE MEPKN B YMNpaB/IEHNETO Ha
XpaHeHeTo Ha pacTeHusATa Kato dpakTtop
3a nogob6psiBaHe Ha YCTOMYMBOCTTA Ha
3emMefiefickKATe Ky/ITypU KbM  KAMMaTuny-
HUTE NPOMeHU. KnumaTnuyHmuTe NpoMeHn un
KnumaTuyHaTta  NPOMEHSIMBOCT  npep-
cTaB/iABaT rofIiM pUCK 3a CesicKoCTomnaH-
ckaTa npoaykuus. PasrnefaHu ca pas-
NINYHN  MEexaHu3MU 3a YyrpasfieHne Ha
XpaHuTesiHUTe BeLlecTBa 3a pacTeHus,
HacoyeHW KbM HamansBaHe Ha YA3BU-
MOCTTa Ha cuctemara "noysa-pacteHue"
KbM EKCTPEMHU MEeTeopOsIOrMYHU YCNo-
BWS MO BpeMe Ha BeretauyoHHUSA Nepuos.
Ha 6a3ata Ha [Ab/roCpoYHM ONuUTU €

SUMMARY

The main purpose of this paper is
determining the effectiveness of
agrochemical measures in plant nutrition
management as a factor of improvement
resilience of agricultural crops to climate
change. Climate change and climate
variability pose great risks to agricultural
production.

Different mechanisms of plant nutrient
management which aimed reducing the
vulnerability of the "soil-plant" system to
the extreme weather conditions during the
growing season are discussed.

The high efficiency of the targeted



nokasaHa BuCOKa e(qEKTUBHOCT Ha uene-
HaCOYeHOTO YnpaB/iIEHWE Ha XpPaHEeHeTo
Ha pacTeHusaTa upe3 BbBeXAaHe Ha
CNoXHa cucTema 3a TopeHe. M3cnepga-
HUATa f[OoKasBaT, 4e W3No/3BaHEeTO Ha
nogxpaHeawte npenapatm € MHOro
ehekTMBEH 1 IbBKaB MeTOoA, KOWTO no-
[ob6psiBa aganTupaHeTo Ha 3emepersicka-
Ta NpoAyKuMsi KbM €KCTPEMHU MeTeopo-
NOTVYHM YCMOBUS U crnomara 3a paumo-
Ha/IHOTO U3MN0f3BaHe Ha Bogarta npes
BereTauuMoHHus nepuod. M36opbT Ha
ONTUMa/THN TOPOBE N MEeToANTE 3a TAXHO-
TO npunaraHe, Kakto U KOMGuHauusTa c
ApyrM  ajanTMBHM  Mepks MoraT fga
noAo6pAT 3HAYMTENHO YCTOMUMBOCTTA Ha
pekonTuTe B YCNOBUSATA Ha EKCTPEMHWU
METEOPOsIOTMYHN SBIEHNS.

KnouoBn aymu: ynpasfiieHue Ha
XpaHUTENIHUTE BELWECTBa, KIMMaTWUYHU
NMPOMEHKN, EKCTPEMHU METEOPONIOTNYHN
yc/ioBus, Top, N10A0POAHOCT Ha noyeara,
eheKTUBHOCT Ha M3M0/1I3BaHETO Ha BOAA

YBO/,

Ce/icKoTO CTONAaHCTBO € M3NnpaBeHo
npen cCepnmo3HOTO npenu3BuKaTesicCTBoO Aa
OoCuUrypu foctaTb4yHO XpaHa Ha HapacTsa-
LWOTO HacejieHMe B CBeTa, KOeTo ce
OYyakBa fa HapacHe [0 AeBeT muanapna
[o 2050 r. JonbaHUTENHAaTa 3annaxa 3a
CEJICKOTO CTONaHCTBO OT U3MEHEHNETO Ha
Knumata nof popmarta Ha Henpepgcka-
3yemMn HaBOAHEHMusA, Ccywn u [Apyru
€KCTPEMHU  METEOPOJIOrMYHM  CLOUTMSA
npasn 3agavara fa ocurypu AoctaTrbyHo
XpaHa 3a rnobasiHOTO HacesneHve oule
no-npegussukatenHa (Clements, et al.,
2011). B noBeyeTo c/iydanm eKCTPEMHOTO
BpemMe ce OoTpa3fBa ApamaTuUyHO Ha cen-
CKOTO cTOMaHcTBO. MNoHAKora 3arybute Ha
[obvB nopaau Heb6naronpuATHU MeTeoporsio-
r’MYHW ycnosus morat ga gocturHat 45-50
%, a Npu KOMBUHaLUMA OT HAKOJIKO Hebnaro-
NPUATHN CbOUTUA (KbCHa cnaHa, 3aryba Ha
CHeXHa MnokpuBka, cywa) - 70% wan nose-
ye. He e n3HeHajBallo, Ye NOBEYETO CTpa-
HW ce UHTepecyBaT OT TEXHOMOMMKM 3a agan-
TMpaHe Ha 3emMefie-/IMeTo KbM KIUMaTUYHK-
Te NPOMEHU N YKpaiiHa He e U3K/TIYeHue.

management of plants nutrient by
introducing a complex system of
fertilization was shown on the example of
long-time experiments. Research has
proven that nutrition management is very
effective and flexible method, which
enhances an adaptation of agriculture
production to extreme weather events and
promotes the rational use of water during
the growing season.

Selecting of optimal fertilizers and
methods of their application, as well as
combination with other adaptive measures
might significantly improve stability of
harvests in conditions of extreme weather
events.

Key words: nutrient management,
climate change, extreme weather events,
fertilizer, soil fertility, water use efficiency

INTRODUCTION

The agriculture faces a daunting
challenge of providing adequate food to a
growing world population, which is
projected to increase to nine billion by
2050. The additional threat to agriculture
from climate change in the form of
unpredictable floods, droughts and other
extreme weather events makes the task
of providing enough food for the global
population even more challenging
(Clements et al., 2011).

In most cases, extreme weather affects
agriculture dramatically. Sometimes yield
losses from adverse weather conditions
can reach  45-50%, and under
combination of several adverse events
(late frost, the loss of snow cover,
drought) - 70% or more.

It is not surprising that most countries are
interested in technologies for adapting
agriculture to climate change, and Ukraine
iS no exception.



B pasnuuHn gbpxasBu CbllecTByBa
LWUMPOK CNeKTbp OT afanTVBHW  MepKM,
BapupalLy OT TEXHONIOTMYHU Bb3MOXHOCTU
BbB (hepmaTa A0 nogobpeHn ynpaBneHCKU
NpaKkTuky B 3emefesniMeto U MoSNTUYECKU
WHCTPYMEeHTM (Hanp. lNnaHoBe 3a feicTsue
3a afjantupaHe). HAakon oT Te3n Mepku 3a
u3peneHu no-aony.

MoaxoaAawo reHeTMYHO nofobpsasaHe
Ha pacTuTenHute kyntypu. NogobpssaHeTo
Ha edpeKkTMBHOCTTa Ha W3Mo/s3BaHe Ha
BOZaTa YecTo ce onpefens kaTo BaxHa Len
3a reHeTMyHa mMoauMdIMKaUMA Ha KynTypute
(Chapin, 1991; Brown, 1993). TlNogobeH
noaxon Moxe fa ce npuioxu npu nsbopa
Ha COpTOBE Cropes TeXHUTE HYXAU OT Xpa-
HUTenHW Bewlectsa. M3nonssalikm meTtoaa
3a TbkaHHa AuarHocTuka, Cooper et al.
(2014) ycraHoBsAiBaT, 4e peakuuATa Ha
pas/iMyHN TEeHOTUNN Ha pacTeHusiTa KbM
JocTaBKka Ha a3oT-(pocthop oTroBaps 3a Ao
10-20% npomeHNMBOCT Ha gobuBea.

ArpofiecoBbACTBOTO Karto HauuH 3a
HaMasiiBaHe Ha KIMMaTU4YHWUTE PUCKOBE 3a
pa3BUTMETO Ha cenckuTe paiioHn. OrpaguTe
OT pacTeHuss W ropuTe BCe MOBeYe ce
npvemar Kato 3afb/IKUTENIEH efleMEHT Ha
YCTONYMBOTO M3M0M3BaHe Ha 3emMsTa B MHO-
ropyHKLMOHaNHM naHgwadtn. Tasm msapka
nosuLlaBa cnocobHocTTa Ha hepmepuTe aa
ce aganTvpaT KbM U3MEHEHUEeTO Ha KIuma-
Ta nopaguM MHOXeCTBO NPeavMMCTBa, BKIH0-
YUTESIHO OCUTypsiBaHe Ha XpaHa, AOMbJIHW-
TeNHW fgoxoauM u ycnyrm B obnactra Ha
OKoNHaTa cpepa (Ajayi, 2008; Syampungani,
2010; Lasco, 2011; Schoeneberger, 2012).

MeToam 3a uHAyLmMpaHa ycTonunBocT
W ajanTupaHe Ha pacTeHusTa KbMm abuo-
TMYyeH cTpec. bpacuHocTepougute ca rpy-
nara noMxmapokcu cTepouamn, KouTo pery-
npart LWMPOK CnekTbp OT OU3MONOrNYHM
peakumm Ha pacTteHuaTa. OcBeH AeiHocTTa
UM 3a perynmpaHe Ha pactexa, Te umar u
3HauMTeNHa pona B npeanasBaHeTo Ha
pacTteHusaTa OoT cTpec. bpacuHocTepongute
ca M3Mon3BaHy ycrewHo 3a yBesMyaBaHe
YyCTOMYMBOCTTA Ha pacTeHusATa KbM cylla
(Milovskaya et al., 2001; Kagale et al., 2007;
Vayner et al., 2014). ToBa pfokasBa, 4e
casmumunoBara M SIHTbpHa KucenuHa ca
cnocobHn fga  vHAyuupar  pactuTesnHa
YCTOMYMBOCT KbM abUOTUYHU CTPEcOoBU
(hakTopu, CBbP3aHn C edpekTa Ha Te3un Kuce-

A wide range of adaptive measures
ranging from technological options on-
farm to improved farm managerial
practices and political tools (e.g.
adaptation action plans) exists in different
countries. Some of such measures are
listed below.

Appropriate genetic improvement of
crop plants. Improvement of water use
efficiency is often called as important
target for genetic modification of crops
(Brown, 1993; Chapin, 1991). A similar
approach can be applied to the choice of
varieties according to their demands for
nutrients. Using the method of tissue
diagnosis, Cooper et al. (2014) found that
the response of different genotypes of
plants for nitrogen-phosphorus supply
provides up to 10-20% variability of yield.

Agroforestry as a way to reducing
climate risks for rural development. Plant
hedgerows and agroforestry  are
increasingly recognized as an obligatory
element of sustainable land use in multi-
functional landscapes. This measure
enhances farmers’ ability to adapt to
climate change due to multiple benefits
including food provision, supplementary
income and environmental services
(Lasco, 2011; Ajayi, 2008;
Schoeneberger, 2012 and Syampungani,
2010).

Methods of induced resistance and
adaptation of plants to abiotic stress.
Brassinosteroids are the group of
polyhydroxy steroids, which regulate a
broad spectrum of physiological
responses in plants. In addition to their
growth regulatory activities, they have a
significant role for stress-protection of
plants. Brassinosteroids have been
successfully used to increase plant
resistance to drought (Milovskaya et al.,
2001; Kagale et al., 2007; Vayner et al.
2014). This proved that salicylic and
succinic acids are able to induce plant
resistance to abiotic stressors associated
with the effect of these acids on



JIMHW BBPXY aHTUOKCUAAHTHUTE 3alUMTHU
cuctemn Ha pacteHusita (Kolupaev et al.,
2011; Yastreb et al.,, 2013; Karpets et al.,
2015)

OcBeH TOBa, 3a fa ce cnpasaT ¢
NPOrHO3MpPaHUTE MPOMEHU B KIMMATUYHUTE
yCcnoBusl, 3emefenckiTe cTonaHy morar ga
NPOMEHSIT CBOETO cenTboobpalLeHre, 3a Aa
ce Bb3MoN3BaT MakCMMasiHO OT Ha/myHaTta
BOAa, fla kopurupat fgaTuTe Ha ceuTbaTa
cnopef Temnepartypara v BULOBETe BaieXxu
(Climate Change, 2008; Gbetibouo, 2009;
Living in a changing climate, 2015). Edek-
TUMBHOCTTA Ha BCUYKM rOpecnoMeHaT MeTo-
On e gobpe npoyyeHa u M3no3BaHa B 3eme-
JenckaTa npakTvka. 3a cbXaseHve, Npoyy-
BaHMATa OTHOCHO Te3nW HacokM 3a ajan-
TUpaHe Ha pacTuTenHata MNpoAyKUMUs KbM
€KCTPEeMHW KNMMaTWU4YHW YC/OoBUSA He cneg-
BaT MyNTUAWUCLUMM/IMHAPEH MoAXof4, Tbid
KaTo BCEKM BBMNPOC Ce pasrnexga oTAesHo.

Arpoxummnyeckn metoau 3a oboratsi-
BaHe Ha nousaTta KaTo (hakTop 3a nosuLua-
BaHe YCTOMYMBOCTTA Ha pacTeHusaTa KbM
CTpecoBu ycnosus. MNoBulaBaHETO Ha TEM-
nepatypaTa v KoHueHTpauunte Ha CO, BbB
Bb3Ayxa, NpPOMeHUTe B pasnpeneneHneTo
Ha Ba/jiexuTe B paMKuTe Ha efHa rogvHa
e wumatT 3HauYuTeNIHO BAWSIHUE BbPXY
XpaHEeHeTO Ha pacTeHusiTa W MNOYBEHUTE
npouecu, BLMPEKU Ye TOUYHUSIT XapakTep Ha
Tesun NpoOMeHN e AocTa HecurypeH. Bbxnpeku
BaXHOCTTa OT H6a/laHCMPaHOTO XpaHeHe 3a
YyCTOMYMBOCTTA Ha pacTeHusTa, Tpagu-
LUMOHHUTE MEpPKM 3a CMeKYaBaHe Ha TakuBa
etbekT He oTuMTaT B3AUMOAENCTBUSATA
BOAA - XpaHWTENHU BellecTsa. Hanpumep,
camo 16 ot 138 u3cnepoBaTesiCK/ NpoekTa
Ha EBponelickaTta nnatcopma 3a agantupa-
He Ha KnumaTa ca CBbp3aHu C NnoyBuUTe U
camo efiHa OT TsIX e u3cnefBasia 4YacTUUHO
B3aVMOAENCTBUETO  MexAay noysute wu
pacTteHusTa (LIFE HelpSoil project, 2013).

KaTto ce uma npegsug, ye Bnarata u
TemnepaTtypata Ha Mno4yBaTa Ca OCHOBHM
JeTepMUHaHTV 3a Ha/IMYMeTO Ha XpaHuTen-
H/ BellecTBa W pacTexa Ha KopeHa, e
pasymMHO fa Ce 0u4akBa, Ye XpPaHeHeTo Ha
pacTeHusiTa Lie oTpas3siBa W3MEHEHUsI K-
mMaT. Kakto e pasrniegaHo ot Jungk (2002),
Ha/IMYMETO Ha XpaHWUTe/IHW BellecTBa €
dhyHKUMS Ha cBolicTBaTa Ha no4ysaTa, KakTo
MU Ha pasnosiIOKEHNETO Ha XpaHUTesNHWUTe

antioxidant defense systems of plants
(Kolupaev et al.,, 2011; Yastreb et al.,
2013; Karpets et al, 2015).

In addition, to cope with projected
changes in climate conditions, farmers
can change their crop rotation to make
best use of available water, adjust sowing
dates according to temperature and
rainfall patterns (Climate change, 2008;
Gbetibouo, 2009; Living in a changing
climate, 2015). The effectiveness of all
above-mentioned methods has been well
investigated and used in farming practice.
Unfortunately, investigations regarding
these directions of adaptation of plant
production to extreme weather do not
follow a multidisciplinary approach, as
each issue is considered separately.

Agrochemical methods in nutrient
management as a factor increasing the
resistance of plants to stress conditions.
Increasing the temperature and co’
concentrations in the air, changes in the
distribution of rainfall during a year will be
a significant impact on plant nutrition and
soil processes, although the precise
nature of these changes is quite
uncertain. Despite the importance of
balanced nutrition for plant resistance,
traditional measures mitigation of such
effects do not take into account water-
nutrients interactions. For instance, only
16 from 138 research projects at the
European Climate Adaptation Platform
are related to soils, but only one of them
has examined soil-plant interaction at
least partially (LIFE HelpSoil project,
2013).

Given that soil moisture and
temperature are primary determinants of
nutrient availability and root growth, it is
reasonable to expect that plant nutrition
will be reflective of the changed climate.

As reviewed by Jungk (2002), availability
of nutrients is a function of soil properties
as well as location of nutrients relative to
the root surface.



BellecTBa N0 OTHOLIEHWE Ha KopeHoBaTa
NOBBbPXHOCT. Taka Ye yCcBOSIBAHETO Ha xpa-
HUTENHW BellecTBa OT pacTeHWeTo oTpass-
Ba peauua (Pm3nONOTMYHN SBMIEHUS, KOUTO
onpefensat TPaHCMNOPTMPAHETO Ha XpaHu-
TeNHWU BellecTBa 40 KOPEHUTE U pas/ivyHu
acnektT OT Ha/IMYMETO U PasnoIOXKEHNETO
Ha XUMWYHW W XpaHWUTESIHW BellecTBa B
noysara.

EcbekTute OT cyliata BbpXy pacrtexa
Ha pacTeHuaTa 1 BOAHWTE BPb3KM ca LUMPO-
KO MpoyyeHW npe3 nocnegHuTe roauHu
(Munns, 2002, Valliyodan and Nguyen,
2006, Ashraf and Foolad, 2007, Silva et al.,
2009, Molden et al., 2010, Kano et al., 2011;
Stikic¢ et al., 2015). Bbnpekn ToBa, npoy4Ba-
HMATa 3a edekTUTe BbPXY NpUemMaHeTo Ha
XpaHUTesIHW BeLlecTBa 1 NocneacTeusTa 3a
OU3MONOTMYHUTE  MPOLECH Ca OCKbAHW.
EAovH OT Tesu Bbnpocu e, ye edekTbT oT
cTpeca OOWMKHOBEHO MMa KOMOMHUpaH
Xapaktep (Hanp. CTpecbT NPUYUHEH OT CTY/,
npeanssukea nunca Ha ¢ocdop, CTpechbT
OT CO/l ce cBbp3Ba C JMnNca Ha BoOfAa,
TOM/IMHHUAT CTPeC C uncara Ha Kaivin u
T.H.). 3aronnsiHeTo M HamasnsiBaHeTo Ha
Ba/IEXUTE MNpe3 MPONETHO-IETHUA CEe30H
BNnsie Bbpxy 6anaHca mexgy C, N n P B
noyBuTE M HaIMYMETO HA OCHOBHU MUKPO-
efleMeHTN 3a pacTeHusATa. YCTaHOBEHO e,
4ye TnpONEeTHOTO TOpeHe wuMa Mo-Masko
Bb3/eliCTBME BbPXY NapHUKOBUTE rasoBe
€ no-e@eKTUBHO OT ECEHHO npuiaraHus Top
B YyCNoBusATa Ha KAMMatuyHa npomsiHa
(Matson et al., 1998; Hultgreen and Leduc,
2003). Tesu pakTn nokassar, 4Ye HOBUTE
no3HaHusa U MeToau 3a OLeHKa Ha npome-
HUTE B pexuma Ha TOpeHe B yC/oBusATa Ha
NPOMEHeH KaMMaT W 3acuieHo Bb3geli-
CTBMETO Ha BBLHLIHM CTPecoBu (hakTopu
(kaTo cywa, noBullaBaHe Ha TemnepaTypa-
Tau ap.), morar ga gosefar 4O HOBATOPCKM
pelleHns B yNpaB/fieHUETO Ha KynTypuTe
npw CTPECOBW YC/0BUS.

Mo TO3W Ha4uH, afieKBATHOTO TOPEHe
MOXe efHOBpeMeHHO [Ja nofobpu kadvec-
TBOTO Ha NOYBMTE U YCTONYMBOCTTA CpeLLy
HeraTVBHWTE nocneguunM OT W3MEHEHWETO
Ha kaumata (Brinkman and Sombroek,
1996), 3a fa ce 3anasu cesickocTonaHckaTa
npoussoanTeNnHoCcT. ONTUMasIHOTO M 6anaH-
CYpaHOo M3Mosi3BaHe Ha XpaHUTE/THN BeLllec-
TBa nof copmara Ha MUHepasH1 TOpoBe €

So nutrient acquisition by the plant
reflects an array of physiological
phenomena that govern nutrient transport
to roots and different aspects of chemical
and positional nutrient availability in the
soil.

The effects of drought on plant
growth and water relation have been
widely studied in recent years (Munns,
2002; Valliyodan and Nguyen 2006;
Ashraf and Foolad, 2007; Silva et al.
2009; Molden et al.,, 2010; Kano et al.,
2011; sStikié et al.,, 2015). However,
studies on the effects on nutrient uptake
and the consequences for physiological
processes are scarce. One of these
issues is that the effect of stress usually
has combined character (e.g., cold stress
induces lack of phosphorus, salt stress
relates to lack of water, thermal stress - to
lack of potassium, etc.). Warming and
decreasing of precipitation during the
spring-summer  season affects the
balance between C, N and P in soils and
the availability of essential micronutrients
for plants. It is established, that spring
applications have a lower impact on
greenhouse gases and are more effective
than autumn-applied fertilizer in climate
change condition (Matson et al., 1998;
Hultgreen and Leduc, 2003). This facts
show that new knowledge and methods
for assessing changes of the nutrient
regime in the face of climate change and
increasing the action of external stress
(such as drought, temperature rise, etc.)
might lead to innovative solutions in the

crop  management under  stressful
conditions.

Thus, adequate nutrient
management can simultaneously
improves soil quality and resilience

against negative effects of climate change
(Brinkman and Sombroek, 1996) to
maintain agricultural productivity. Optimal
and balanced use of nutrient inputs from
mineral fertilizers will be a fundamental
importance to adaptation agricultural



OT U3K/UNTENHA BaXXHOCT 3a aganTupaHe-
TO Ha 3emejesickaTa Npoaykums kbm abuo-
TUYeH cTpec (Cylia, BUCOKM TemnepaTypu u
T.H.) (International Food Policy Research
Institute, 1995). CbLleBpeMeHHo, Nogobps-
BaHeTO Ha ed)eKTVBHOCTTa Ha MW3nosi3sa-
HETO Ha XpaHWTe/NIHW BellecTBa W Boja e
Hali-BaXXHUAT U 06e3noKouTesieH BbNPOC
(Thompson, 2012). MNopagn TOBa, edukac-
HOTO M3M0M3BaHe Ha BCUYKM WU3TOUHMLM Ha
XpaHuTenHn BelecTBa Tpsabsa fa 6bae
ynpaBnsieaHo (IPNI, 2012). Toea ynpaBsne-
HMEe Ha XpaHUTesIHW BeLlecTBa BK/IOYBA
KOHUenuun kato 6anaHcupaHo TOpeHe U
crneumduyHo 3a MACTOTO TOpeHe, nogobpe-
HO pasnpejefieHMe 1 BpeMe Ha MNpuioxe-
Hue, 6aBHO N KOHTPO/IMPaHO OCBOOOXaBa-
He u cTabunusmpaHu TopoBe U T.H. (IPNI,
2012; Trenkel, 2010; University of lllinois
Extension, 2004; Bruulsema, 2012). MNMono-
XWUTENHOTO B/IUSIHME Ha TOPOBETE BbPXY
e)eKTMBHOCTTa Ha M3Nof3BaHe Ha Bojarta
€ [0Ka3aHO OT pas3/I4yHN u3cnefoBaTesnu,
uMTMpaHM B A0KIaAUTE Ha MHOIO Mexay-
HapoAHu KoHpbepeHuun (Monteith and
Webb, 1981; van Duivenbooden et al.,
1999, Rao and Ryan, 2004, IAEA, 2005).
AJeKBaTHO HaTOpeHUTe MO4YBWU MOA-
nomarar 6bpP30TO paslnpsaBaHe Ha JIMCTHa-
Ta nnow, n no-6bLP30TO NOKpMBaHE Ha Nou-
BaTa C pacTUTENIHOCT, KaTo MO TO3U HauuH
Ce HamasisiBa M3napeHneTo 1 ce nosuLlasa
eMKacHOCTTa Ha M3Mon3BaHe Ha eBsarno-
TpaHcnupauumoHHata Bopga. [lMopaau ToBa,
BMCOK/TE HMBA Ha XpaHWUTE/NHWUTE BeLlecTBa
B rnoysarta okassar [OMb/IHUTENIHO B/IMAHME
BbpXy e(eKTMBHOCTTAa Ha W3MNon3BaHe Ha
Bogara (Schmidhalter and Studer, 1998),
Taka ye BojaTa M XpaHuUTe/NHWTe BellecTsa
umaT B3avMOAelNCTBME MO OTHOLUEeHWE Ha
pobuea (Prihar et al., 1985, Aggarwal, 2000).
A[eKBaTHOTO TOpPEHe Ha pacTeHuATa MoXe
CblLLO Taka Aa 3acwiv MOHOCMMOCTTa KbM
3acywaBaHe (Lahiri, 1980; Wang et al., 2011).
Hannuneto Ha XxpaHuTenHu Bellec-
TBa Ha NPaBW/IHOTO MSACTO — BEPTUKAIHO U©
XOPU30OHT&UTHO — rapaHTVpa, 4e KOpeHuTe
Ha pacTeHusiTa Morat pga ab6copbupart
[OCTaTb4yHO OT BCAKO XPaHUTEsSIHO BeLlec-
TBO Mpe3 UsAA0TO BpemMe Ha BeretaTvBHUSA
nepuod. Cuctemute 3a pasnpegeneHme Ha
TOp Morat ga ce M3Mnons3Bar cbobpaseHo C
HapacTBaluTe KopeHu. pe3 nocnegHuTe

production to abiotic stress (drought, high
temperatures etc.) (International Food
Policy Research Institute, 1995).

At the same time improving nutrient and
water use efficiency is a most critical and
daunting research issue (Thompson,
2012). Efficient use of all nutrient sources
should therefore be Stewardship (IPNI,
2012).

Nutrient stewardship embraces concepts
such as balanced fertilization and site-
specific nutrient management, improved
placement and timing of applications,

slow- and controlled-release  and
stabilized fertilizers, etc. (IPNI, 2012;
Trenkel, 2010; University of lllinois
Extension, 2004; Bruulsema, 2012).

Positive impact of fertilizers to water use
efficiency has been demonstrated by
various researchers cited in proceedings
of many international conferences
(Monteith  and Webb, 1981; van
Duivenbooden et al.,, 1999; Rao and
Ryan, 2004; IAEA, 2005).

Adequately fertilized soils promote
rapid leaf area expansion and more rapid
green ground cover, thus reducing
evaporation and increasing
evapotranspirational water use efficiency.

Therefore, high nutrient levels in soil exert
additive effects on water use efficiency
(Schmidhalter and Studer, 1998) so water
and nutrients have interaction in respect
of yield (Prihar et al.,, 1985; Aggarwal,
2000).

Adequate fertilizing of plants may also
promotes drought tolerance (Lahiri, 1980;
Wang et al., 2011).

Having nutrients in the right place —
vertically and horizontally — ensures that
plant roots can absorb enough of each
nutrient at all times during the growing
season.

Placement systems can be used to
position fertilizer in relation to the growing
roots. In recent years, precision farming



roAVHU TEeXHO/OrMATa 3a NPeuusHo 3eMese-
ive Hanpasu Bb3MOXHO (PMHOTO HaCTpOii-
BaHe Ha HaTopsiBaHeTo, C Bapupawy [03M
crnopef, NPOMEH/IMBOCTTA Ha no4ysuTe. Tou-
HOTO MSCTO CbLUO Taka 3aBUCKU OT XapakTe-
pUCTMKNTE Ha WM3Mnon3saHus Top. Mo Tasu
npuymHa, 3a ga umar AOCTbMN Mo XpaHuTes-
HWTe BellecTBa, KOpeHuTe Tpsabea fa mmart
KOHTaKT CbC 30HaTa Ha pearvpaHe Ha Topa
OKOJ10 MSICTOTO Ha npunaraHe. Mo-KOHKPETHO,
noctaBaHetTo B wauM 65130 OO0 peguuata
CeMeHa MOXxe Ja YyBenuunm p[octbna Ha
KynTypuTe [0 XpaHuTefNHWTe BelecTBa B
Ha4yasIoTO Ha BereTaTMBHUA nNepuos U Aa
ocurypu "ctapToB" edhekT, KoiiTo nogobpsiea
pactexa B Hadanoto Ha nepuoga (IPNI,
2012; Drechsel et al., 2015). MNpunaraHeTo
Ha TopoBe MO-AbN60KO OT 06MYaliHOTO no-
BuLIaBa edeKTVBHOCTTa Ha M3M0N3BaHeTo
Ha XpaHuWTesrHW BelecTBa, O0COOEHO B
roguHn Ha cywa (Miroshnychenko et al.,
2014).

Bbnpeku ToBa, gocera npakrukara 3a
ynpaBs/fieHVe Ha cpeacTBaTa 3a TOpeHe He e
ajantupaHa KbM paspeluasaHe Ha npobse-
MUTE C YCTOMYMBOCTTA Ha KynTypute B
CTPECOBU YC/IOBUA Ha KIUMaTUYHWU U3Me-
HeHus. ONTUM&a/THOTO CLOTHOLLEHME MeXay
XpaHWTeNnHWTe BellecTBa B cucTtemara 3a
HaTopsiBaHe, pofisitTa Ha OTAeNIHUTEe XpaHu-
TeNHW BellecTBa 3a nogobpsisaHe edpekTvB-
HOCTTa Ha Mu3Mnon3BaHe Ha Bojara W
ONTMMA/SIHOTO BpeMe 3a HaTopsiBaHe, 3a ja
Cce enuMUHMpa HedocTUra Ha XpaHuTesiHU
BellecTBa BCe Olle He ca onpegeneHu.
LleneBoTo ynpasneHve Ha XpaHEHeTo Ha
pacTeHusiTa € eAuMH OT Hal-rbBKaBute U
CbllieBpeMeHHO eeKTMBHM MeToau 3a
ajantupaHe Ha pacTeHusTa kKbM Hebnaro-
NMPUATHU EKCTPEMHU METEOPOJIOTUYHM ABJIEe-
HMa. To cnomara 3a pauvoHasiHata npuem
Ha BOJa W XpaHWTeNHW BellecTBa OT pacTe-
HMATa BbLB BeretatuBHus nepuog. MNopagu
TOBa OCHOBHarta Uefn Ha To3u [oKnag e
onpegensHe Ha eeKTMBHOCTTa Ha arpoxu-
MUYecKATe Mepku B YNpaB/fieHMeTo Ha
TOpeHeTo KaTo hpakTop 3a nofobpsiBaHe Ha
YCTOWUMBOCTTA Ha 3eMefesickKuTe KynTypu
KbM KIMMATUYHUTE U3MEHEHUS.

technology has made possible to fine-tune
nutrient  application, varying doses
according to variability of soils. The right
place also depends upon  the
characteristics of the fertilizer material
being applied. Therefore, for crops to
access these nutrients, roots must contact
the fertilizer reaction zone around the
point of application.

In particular, placement in or near the
seed-row may increase access of crops to
the nutrient early in the growing season
and provide a “starter” effect that
improves early-season growth (IPNI,
2012; Drechsel. et al., 2015). Localization
of fertilizers deeper than usual promotes
enhance efficiency of using nutrients
especially in drying years
(Miroshnychenko, Hladkikh et al. 2014).

However, until today the practice of
plant nutrition management almost not
adapted to solving problems resilience of
crops to stress conditions to climate
change. The optimal ratio of nutritional
elements in the nutrient management
system, the role of the individual nutrient
to improve water use efficiency, the
optimum time for fertilization for eliminate

the deficiency of nutrient still not
determined.
Purposeful management of the plant

nutrition is one of the most flexible and at
the same time effective method of plant
adaptation to adverse extreme weather
events. It is promoting the rational use of
water and nutrient by plant in the growing
season. That is why the main purpose of
this paper is determining the effectiveness
of agrochemical measures in plant
nutrition management as a factor of
improvement resilience of agricultural
crops to climate change.



MATEPVAT N METOAN

EkcnepvmeHTaneH o6ekr

M3BbpLieHn ca npoyysaHua ot OT-
aen "Arpoxumua” HCC "MICCAP" ¢ gbnro-
CPOYHM M BPEMEHHU MOMEBU EKCNIEPUMEH-
Tn. Owe npe3 1969 r. e 3anoyHaT Ab/ro-
CPOYEH CTauMoHapeH eKCNepPUMEHT ¢ Yep-
HO3eM B eKCnepvMeHTanHata CcraHuus
NCCAP Grakivske B pernoHa Ha Xapkos,
M3TouHa YkpaiiHa (Purypa 1), 3a ga ce
uscnensa BNUSHWMETO Ha pasIMYHUTE BU-
[0Be, CbOTHOLLEHNS, CPOKOBE U YC/I0BUA
Ha npunaraHe Ha MWHepasiHM TOpoBe
BbpXy NpOMsHaTa Ha MOYBEHUTE CBOIi-
cTBa, [J0o6MBa Ha pekonTa W ycToWuu-
BOCTT& Ha KynTypute KbM PasnyHu
KNMMaTU4yHU  yCNnoBuA NO BpeMe Ha

BeretatMBHUA CE30H.

obnacrT, VIsTouHa YKpariHa)

our. 1. N3cnegBaHa Teputopusa (MHOroroguvLleH ctaumoHapeH onuTt — XapkoBcKa

MATERIAL AND METHODS

Experimental site

Studies were carried out by the
Agrochemistry Department NSC "ISSAR"
in long term and temporary field
experiments. As far back as 1969, a long-
term stationary experiment was begun on
Chernozem typical at the ISSAR
Grakivske Experimental Station in Kharkiv
region, East Ukraine (Figure 1), to
investigate the influence of different kinds,
rates, terms and conditions of mineral
fertilizer application on the transformation
of soil properties and crop yields,
resilience of crops to different climate
conditions of the growing season.

Fig. 1. The area of research (long-term stationary experiment - Kharkiv region,

East Ukraine)

Mpe3 nepuoga 1969-83 r. 6sxa
HanpaBeHN TPU MNPUIOKEHNSA C BUCOKM
0031 MuHepanHu Topose (200, 400 n 600
kg.ha'l), 3a [a ce cb3gajat yeTupu HUBa
Ha as30T, docdar, kamin un asoT-
hochop-kanmesn arpoxMMmnyHn cpeau (c
ecTec-TBEHO, CpeaHO, MOBULLEHO U BUCO-
KO CcbAbpXaHue). EkcnepumeHTasiHOTO
nose o6xeawawe 360 BapumaHta C

During the period 1969-83 three
high-dose  applications of mineral
fertilizers (200, 400 and 600 kg.ha™) were
made to create four levels of nitrogen,

phosphate, potash and  nitrogen-
phosphorus-potassium agrochemical
backgrounds (natural, medium,

heightened and high). The experimental
field was laid out in 360 variants with



pasnnyHM  403M, BUAOBE TOPOBE U
yecToTa Ha TAXHOTO M3MOo3BaHe.

3a HaweTo u3cneaBaHe nogbpax-
Me BapuaHTM Ha BUCOKOKa/INEBU W
a30THO-hochop-KanIMeBn  arpoOXMMUYHN
cpean. MNpean B3eMaHeTo Ha npo6wu ot
noysata, 6Axa  3aBbplleHM  LWeCT
poTauun Ha 6-NoneBo cenTboo6pbLLEHNE
(dbuin n oBec 3a 3eneH dypax, 3MMHa
nueHuua, 3axapHO LBEKNO, evyeMuK,
uapeBuyeH cunax). MNpobute ot 0-20 cm
CNOW, npeaun W3Mnos3BaHeTO Ha TOPOBe,
nokazaxa pH (KCI) 5.5, cbabpxaHne Ha
xymyc 3,9-4,5%, o6wo N 0,22%, obuo P
0,12% un 06wo K 2,05%.

MpoBefeHn ca BPeMEHHWU MOJEBM
ONMUTU BBPXY MOA30/IUCT TEXDbK TIMHECT
yepHolem (palioH  XapkoB, o06nacT
XapkoB) U cpefgHa [/IMHecTa noysa
(paitioH JlokBuTcku, o6nact [Montasa

(durypa 2)).

different doses, types of fertilizers, and
frequency of their application.

For our investigation, we selected
variants of high potassium and nitrogen-
phosphorus-potassium agrochemical
backgrounds. Prior to soil sampling, six
rotations of 6-field crop rotation (vetch-
and-oats for green forage, winter wheat,
sugar beet, barley, maize silage, winter
wheat) had been completed. Sampling of
the 0-20 cm layer, before application of
fertilizers, showed pH (KCI) 5.5, humus
content 3.9—-4.5 %, total N 0.22 %, total P
0.12 %, and total K 2.05 %.

Temporary field experiments were
carried out on the Chernozem podzolic
heavy loam (Kharkiv district Kharkiv
region) and medium loam (Lokhvitskii
district, Poltava region (Figure 2)).

M3To4YHa YKpaiiHa)

dur. 2. N3cneaBaHa TepuTopus (BPEMEHeH Mosicku onut — Montascka o6nacT,

Fig. 2. The area of research (temporary field experiment - Poltava region, East

Ukraine)

Cxema Ha  ekcnepumeHta U
3eMefefiCkn NpakTMkn B AbATOCPOYEH
cTauvoHapeH onut

Baxa cbbpaHu nouyseHu nNpobu oT
8 arpoxumunyHu cpeam C pasuyHu HuBa
Ha TopeHe (Tabnuua 1) n aHan3npaHu,
3a fJa ce onpegensat  pas/vuyHu
AMHaMU4YHU hopMKU Ha a3oT, dhocdop ”

and
long-term

Experimental design
agricultural  practices in
stationary experiment

Soil samples were collected from 8
agrochemical backgrounds with different
levels of fertilization (Table 1) and were
analyzed to determine various dynamic
forms of nitrogen, phosphorus and



Kannii: MuHepaneH asot (NOz+NH,") (B
ekcTpakt oT 1% K,SO,), C HamyeH
ochop n kanuin (B ekctpakt oT 0.5N
CH;COORH).

potassium: mineral nitrogen (NO3+NH,")
(in extract of 1%
phosphorus and potassium (in extract of
0.5N CH3;COOH).

K,SO,), available

Ta6r||/|u,a 1. Cxema Ha B3eMaHe Ha Nno4BeHunTe I'IpO6I/I M paBHNLWETO Ha TOpPEHE Mo

BapuaHTM Ha MHOrOroAguLHNA
cenTboob6pbLIEHNETO

CTaynoHapeH

onut 3a 6 poTaunn Ha

Table 1. Scheme of soil sampling and levels of fertilization on variants of the six
crop rotations in long-term stationary experiment

OG6LLO KOSIMYECTBO Ha XPaHUTENHNUTE
ArpoxumunueH droH/Agrochemical background €/1eMEeHTM NoCTbNBalLM B noysata ¢
ToposeTe / Total amount of soil-assimilated
nutrients from fertilizers, kg.ha™
N P20s K0
Yrap/Virgin fallow 0 0 0
KoHTpona, HeTopeHa/Control, without fertilizer 0 0 0
O6opcky Top/Manure, 140 t.ha™" [®on/Background] 560 280 700
®oH+P1g00 (3anacsBaHe, ¢ nocneaeicTene ot 1983 r.)
Background+Pgq (into reserve, after-effect since 1983) 560 2080 700
doH+ Koo (3aMmacsaBaHe, ¢ nocnegelictene ot 1983 r.)/
Background+Ksq (into reserve, after-effect since 1983) 560 280 1300
doH+ Kizg0 (3anacsiBaHe, ¢ nocnegencrame ot 1983 r.)/
Background+Kiq0 (into reserve, after-effect since 1983) 560 280 1900
doH+ Kiggo (3aMmacsiBaHe, ¢ nocneseicteve ot 1983 r.)/
Background+Kiggo (into reserve, after-effect since 1983) 560 280 2500
DoH+ N1gooP1s00K1800 (3aNacsBaHe, ¢ nocnegeicraene ot 1983 r1.)
Background+ N;s00P1800K1800 (into reserve, after-effect since 1983) 2360 2080 2500

PE3YJITATU N OBCBXXOAHE

TopoBeTe kaTo (hakTop 3a YCTOii-
Y/BOCT Ha KyNnTypute KbM e€eKCTPEMHMU
METeOopPOIOrMYHN YCN0BUS

Boparta v xpaHuTenHuTe BellecTBa
ca KIK4YoB (pakTop 3a pacrtexa Ha Ky/-
TypuTe un pobusa Ha pekonta. Onpepge-
NIeHOo e, Ye NPOoAYKTUBHOCTTa OT BOAHAaTa
KOHCyMaLua B nepuogM Ha  cywa
HapacTtBa 2-2,4 NbTW NOA B/MSHME Ha
TOpoBeTe, A0KaTO NPU ONTUMAJIEH PEXUM
Ha oBNnaxHaBaHe - camo 1,4-1,6 nbTu
(Zaborin et al., 1998). Kato usano, Topose-
Te [OnpuHacAT 3a YyBe/iMyaBaHe Ha
06WoTOo NoTpebnieHne Ha novseHa Bfara
ypes wu3napsiBaHe nopagu no-rofnemus
o6em Ha kynTypute. ChblUeBpPEMEHHO,
pa3xo4bT Ha BNara Ha eguHuuLa
NPOAYKUNS HaMasnsBa.

OnTMMU3NpaHEeTO Ha XpPaHEHETOo Ha
pacTeHusATa  MoOBMULWIABA  OCMOTUYHOTO
HanaraHe v xuaparauusTa Ha Kkonouaute
B pactuteniHATe KNeTkW, yBesmnyaBa
KOMIMYeCTBOTO CBbp3aHaTa Cc Kosouna Boja
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RESULTS AND DISCUSSION
Fertilizers as a factor resilience
crop to extreme weather events

Water and nutrients are key
determinants of plant growth and crop
productivity. Is determined that
productivity of water consumption in dry
periods increases under the influence of
fertilizers in 2-2,4 times, while for optimal
humidification mode - only 1,4-1,6 times
(Zaborin et al, 1998). In general,
fertilizers contribute to increasing a total
spending of soil moisture through
transpiration due to larger crop.
Simultaneously, moisture spending per
unit production are decreasing.

Optimization of plant nutrition
enhances the osmotic pressure and the
hydration of colloids in plant cells,
increases the amount of colloid-bound
water in leaves, and intensifies the




B JiMcTaTa M ycuiBa acumunaumsaTa Ha
Heobxogumute BewecTBa (Konstantinov,
1978; Folberth et al., 2014). EdektbT OT
yBE/IMYABaHETO Ha YCTOMYMBOCTTA Ha cefl-
CKOCTOMAaHCKNTE KyNnTypu KbM Hebnaronpu-
ATHU METEOPOJsIOrMYHN YC/I0BUS Ce onpeje-
NS N OT CTPYKTYPHUTE NPOMEHMW Ha OpraHoun-
OVTe B KNeTKUTE C BUCOKO CbAbpXaHue Ha
dhocpop. OctarbyHuTe hocchaTn, KOUTo ca
HaTpynaHu B NOYBUTE OT TOPOBE, CE pas3/iu-
yaBaT OT ecTecTBeHUTe (OpPMW Ha TO3
eneMeHT. Te ca Mo-aKTUBHM U AOCTBMHU 3a
pacTeHusiTa, KOeTo MOXe Aa 6bhe oT/IMumn-
TeneH Gener Ha pfobpe o6paboTBaHUTe
nousn (Nosko and Hladkikh, 2012).

Hawwute pesyntartu OT AbrOCpPoY-
HW ONUTK NOKa3BaT, Ye epeKTMBHOCTTa Ha
n3non3BaHe Ha BofaTta e nogobpeHa Ha
yepHO3eM C BUCOKO CbAbpXaHue Ha
octaTbyHM  dochatn  (Tabnuua  2).
M3non3saHeTo Ha Boda 3a enH TOH CyXO
BELLEeCTBO LapeBuLa M 3axapHO LBEK/0
Hamanssa ¢ 20-25% npu no4ysa C BMCOKO
cbAbpxaHue Ha hochop B CpaBHEHME C
noysa C HUCKO CbAabpxaHue. Tasn pasnu-
Ka e CUIHO HamasieHa cfej, HaTopsiBaHe,
HO BCe nak 3HauyuTesnHa.

Ha cBoi1 pef, 4o6MBBLT Ha 3axapHo
LBEKIO 3aBUCM OT CbAbpPXaHMETO Ha
Ha/IMYeH Kasmili B nouysata M MeTeopo-
NOTMYHUTE YC/I0BUSA, OCOBGEHO OT KOn-
4YecTBOTO BasieXm MO Bpeme Ha Bere-
TatuBHUA nepuog (Tabnuua 3). B roguHu
Ha cyla, Korato KOJIMY4eCTBOTO Basiexu
no BpeMe Ha BeretaTtMBHWSA Mepuos He
Hagguwaga 215 MM, J06MBBT Ha 3axapHo
LBEK/IO 3HAYUTENIHO HapacTBa C YyBenu-
YyaBaHe Ha pesepBuTe OT Kauii B noysa-
Ta. be3 TopoBe pekontara Bb3Nu3a Ha
22.3 tha™* npn nouBa ¢ HWUCKO HWMBO Ha
kanuii goctura 4o 26.9 t/ha™ npu nousa ¢
BMCOKO CbAbpXaHue Ha kanuii. C nsnon-
3BaHeTo Ha NigoP1g0 pekonTara Ha 3axap-
HO LBEKN0 HapacTBa CbOTBETHO A0 33.3
tha™ n 35.7 t/ha™. Kanvesute TOpOBE B
bo3n Kgg U Kigg Ha doHa Ha NigoPigg
ocurypsieaT MakcumasnHa [AOoMb/IHUTEeHa
pekonTa Ha noysaTa C HWCKO CbAbpxa-
HMe Ha Kaslnii, KOATO Bb3/IM3a CbOTBETHO
Ha 3,4 ttha' n 2,6 t/ha™. MpunaraHeTo Ha
Ka/imeBu TOpPOBE He ocurypsisa pactex Ha
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assimilation of needed substances
(Konstantinov, 1978; Folberth et al.,
2014). The effect of increasing the

resistance of agricultural crops to adverse
weather conditions is also determined by
structural changes of organoids in cells
under high phosphorus nutrition. Residual
phosphates which have been
accumulated in soils from fertilizers are
different from natural forms of this
element. They are more active and
available for plants what may be the
hallmark of well-cultivated soils (Nosko
and Hladkikh, 2012).

Our results in long-term experiment
indicate that water use efficiency have
been improved on the Chernozem chernic
with  the high content of residual
phosphates (Table 2). The use of water
for one ton of dry matter of corn and sugar
beet reduced by 20-25% on the soil with
high content of phosphorus compared to
the soil with low content. This difference is
greatly reduced after fertilization but still
significant.

In turn, the yield of sugar beet
depends on the content of available
potassium in the soil and weather
conditions, especially rainfall per growing
season (Table 3). In dry years, when
rainfall during the growing season did not
exceed 215 mm, sugar beet harvest had
increased significantly with increasing the
reserve in the soil potassium.

Without fertilizes harvest amounted from
22.3 tha' on the soil with a low
potassium level to 26.9 t.ha™ on the soil
with a high level. Under the application of
N180P180 the harvest of sugar beet
increase to 33.3 tha' and 35.7 tha®,
respectively. Potassium fertilizers in
doses of Kgy and Kygg 0N the background
N1goP1go provided the maximum of extra-
harvest on the soil with low potassium
level that amounted 3.4 t.ha™ and 2.6 t.ha’
! respectively. Application of potassium
fertilizer does not provide crop growth on
soils with high potassium content



pacTteHunAaTa BbpXy noyBn C BUCOKO CbAbP-

XaHue Ha kanmia (Petrichenko et al., 2013).

(Petrichenko et al., 2013).

Tabnuua 2. BnusiHne Ha TOpeHeTO BBbPXY AobmBa M HeobxoaumocTTa OT BOga Ha
KYNTypuUTe Ha TUMNWYEH 4YepHO3eM (B MHOroAWLWIEH ONUT) C pPas/IMYyHM paBHULLA Ha
thochopHO TopeHe
Table 2. Effect of fertilizers on crop yield and water consumption by crops in Chernozem
typical (in long-term experiment) with different levels of phosphorus application

CbAbpxaHve Ha BapunaHTtu [lo6us 3anac Ha nNpoayKTMBHa M3nonssaHe Ha BoAa
HanmyeH Experiment Yield, BNara B NOYBEHWS C/10MA Using water, m*
chocchop variants t.ha 160 cm / Reserve of Upes eBano-| Halkg Halt

The content of productive moisture in soil | TpaHcnu- | OCHOBHa | CyX0
available layer of 160 cm, m*.ha™ pansata | npoAyKumsi | B-BO
phosphorus, = evapo- perlkg | perlt
mg P,0s.kg™ soil BZ?:'?:waga— 5 e:(gg'unsw tran'spira— main of dry
Hus neproa | vs neproa tion products | matter
on the at the end of
beginning of | growing
the growing season
season
Llapesuua 3a cunax / Corn for silage
40-50 (Control, Control 34,0 1050 550 2280 0,67 2,87

without fertilizer) NPK 34,4 1000 460 2330 0,52 2,24

140-160 Control 36,9 1140 510 2410 0,65 2,32

(Background+P1gq0) NPK 41,2 890 460 2200 0,53 2,29
3axapHo ugekso / Sugar Beets

40-50 (Control, Control 21,4 1040 210 3160 1,48 3,88

without fertilizer) NPK 38,9 1250 130 3750 0,96 3,07
140-160 Control 334 980 180 3130 0,94 2,91

(Background+P1g00) INPK 40,9 1300 130 3510 0,89 2,66

3abenexka. KomuecTso Ha BasiexuTe Mo BpeMe Ha BeretauMoHHMs neprog - 1780 m®ha™;
3axapHo LBekno - 2340 m*.ha™/
Note. Rainfall during the growing season corn - 1780 m*.ha™; sugar beet - 2340 m*.ha™

Tabnuua 3. BAusiHMe Ha TOPEHETO BbpXy A06MBa OT 3axapHO LUBEK/O Ha TUMWYEH
YepHo3eM (MHOrorofueH OMNWUT) C pPas3fIMYHO CbAbpXaHWe Ha MnoaBWXeH Kanun B
3aBUCUMOCT OT YC/1I0BUATA Ha YB/IaXXHEHWE Ha noyBaTta
Table 3. Effect of fertilizers on the sugar beet yield on Chernozem typical (in long-term
experiment) with different content of mobile potassium depending on soil moisture

conditions
[lob1B OT 3axapHO LBEK/IO HA Pa3/IMYHN arpoXMMUYHN POHOBE C
Banexw / Rainfall pas3nnyHo ChAbpXaHue Ha noaBuxeH kanuu B nousata / Yields of
mm * sugar beet in different agrochemical background with various mobile
potassium content in the soil, t.ha™
BapuarTm Control
saanpun- | o ron E)\(/g?ig?:tesmt without  [Background+KspBackground+Kizog Bainground
aBrycT ina fertilizer (92-96 mg (96-117 mg (107-139 n?IZ;OK Okg™
for April- oar (85-87 mg | K,0.kg™ soil) K,0.kg™ soil) soil) 2
August | Y K20.kg™ soil)
1 2 1 2 1 2 1 2
517 Control 22,3 - 21,4 - 24,6 26,9 -
215 (340- N1g0P1s0 33,3 - 33,0 - 34,8 - 35,7 -
(167-243) 727 NigoPiso + Keo | 36,7 | 34| 339 09 | 373 2,5 36,0 0,3
Ni1goP1so + Kigo| 35,9 | 2,6 354 2,4 34,9 0,1 36,1 0,4
657 Control 33,4 - 31,6 - 34,5 - 34,2 -
350 (564- N1g0P1s0 40,1 - 42,4 - 43,5 - 44,1 -
(313-389) 711) NigoP1go + Keo | 38,9 - 39,5 -1,9 | 440 0,5 44,8 0,7
NigoPiso + Kiso| 42,2 | 2,1 | 44,0 1,6 | 437 0,2 43,5 -0,6
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3abenexka: * CpefHu AaHHU B TEYEHUE Ha TPU ronHKW, B CkobuTe — KonebaHus Ha fo6buBa;

padha 1 — f06MB Ha 3axapHO UBEK/O0;

pada 2 — BnvsHne Ha kanus Bbpxy goousa npu topeHe NigoPigo
Note: * The average data for three years, in brackets - the fluctuations limits;

Count 1 - yields of sugar beet;

Count 2 - growth the harvest from potassium fertilizers to a variant N1goP1go.

Mpe3 rognHMTE C MNO-BMCOKO KO-
4yecTBO Ha Banexu (cpegHo 350 mm ot
anpwa 4O aBrycT), 3axapHOTO LBEK/I10
pearmpa MHOro no-cfiabo Ha NpoMeHuTe
B KasnmeBus ooH. be3 Top ce 3abensssa
cnabo yBenuuaBaHe Ha pekontara camo
Ha MecTa C MOBULLEH M BUCOK (POH Ha
kanuin. Mpn BapuaHTa NigoPigp A0OMBBT
HapacTBa no-3HaynTenHo (NoyTu nponop-
LMOHA/THO) eJHOBPEMEHHO C yBe/MyaBa-
HETO Ha OCTaTbYyHUTE 3anacu OT Kasvii B
noysarta.

EcekTMBHOCTTa Ha HaTOpsiBAHETO
6e psA3Ko HamasieHa B Mepuoante Ha
Abnra MposieTHoO-NsATHa cywa. B Tesm
nepuoam peakuusita Ha pacTeHuaTa KbM
TopoBeTe MOXe fAa ObAe oTpuuarenHa
nopagu nosueHaTa KOHUeHTpauus Ha
COM B NnoyBeHus pasteop. MNopagun Tasu
npuyvHa KasmesuTe TOpOBe crefBa fa
6baatT npunaraHy npegsapuTesiHo, Tbli
KaTo KOpWUrMpaHeTo Ha HejocTur B
YCMOBMSA Ha CTPEC € W3K/IYUTESTHO
TPYAHO.

Ynotpebata Ha a3oT, nofobpssaly,
CbOTHOLIEHNETO wu3napsiBaHe / eBano-
TpaHcnMpauusi, UMa BaXHO Bb3AelicTue.
N obpaTtHo, edheKTMBHOCTTa OT a30THOTO
HaTopsiBaHe CWU/IHO 3aBWCW OT arpoxu-
MUYHUA (DOH B YCNOBUSATA Ha HUCKO
NnposieTHO oB/axHsABaHe. Hanpumep, B
HayasoTO Ha ce3oHa Ha pacTex npes
2015 r. 3anacute OT NPOM3BOACTBEHA
Bnara B 100 cm mnouyBeH croli 6sxa
OLEHEHN KaTo HeJocTaTbyHW, a B Kpas
Ha BereTaTVBHWS MeEpMog - Kato MHOro
Huckn (Tabnuuya 4). TopeHeTo ¢ amoHVEB
HATpaT Ha uucT (poH crnomorHa 3a
noeuLlaBaHe Ha gobuea camo ¢ 6,4%. 3a
pasnvka OT TOBa, MNpunaraHeTo Ha
BMCOKaA [03a TOpOBE BbpXy [06bLP
arpoxmmMmmyeH d)oH yBenuuu gobusa Ha
pekonTa ¢ 63%.

In years with higher amount rainfall
(in average 350 mm from April to August)
the sugar beet much weaker responsive
to changes of potassium background.
Without fertilizer, a slight increasing of
yield is observed only on heightened and
high background of potassium. In the
variant NigoP1g9 Yield increased more
significantly (almost proportionally)
simultaneously with increasing residual
reserves of potassium in the soil.

Fertilizing efficiency reduced
sharply in periods of long spring-summer
drought. At that time the reaction of
plants to fertilizers may be even negative
for the reason of increasing of salts
concentration in the soil solution. That is
why potassium fertilizers should be
applied in advance as correction of
deficiencies is very difficult in stressful
conditions.

Nitrogen application, improving
transpiration/evapotranspiration ratio,
have important management implications.
And vice versa, the effectiveness of
nitrogen fertilization largely depends on
the agrochemical background in the
conditions of spring low humidification.
For instance, at the beginning of the
growing season in 2015, reserves of
productive moisture in 100 cm soil layer
were assessed as insufficient and at the
end of the growing season - as very low
(Table 4). Thus, fertilizing by ammonium
nitrate on the pure background had
promoted to increasing of yield only by
6.4%. In contrast, the application a high
dose of fertilizers on the good
agrochemical background increased crop
yield by 63%.
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Tabnuua 4. E0eKTMBHOCT Ha NPOAETHOTO NOoAXpaHBaHe Ha 3MMHa MueHuua Ha
pas/iyHN arpoxXmMMnYHN (POHOBE (MHOroroAuweH onuT) Npu HebnaronpuATHU
YCIOBUSA Ha yBI2XKHEHWNE
Table 4. Efficiency spring nitrogen fertilizing of winter wheat in different
agrochemical backgrounds (in long-term experiment) under adverse conditions

moisture software

3anac Ha nNpoAykTuBHa Bfara B | 3anac Ha a3oT B MOYBEH C/0l
BapwuaHTu / Experiment nouseHwus cnoit 100 cm / The 100 cm / The reserves of [l06vB
variants reserves of productive moisture in |mineral nitrogen in 100 cm soil SAMHa
100 cm soil layer, mm layer, kg.ha™
TopeHe ¢ o Kpaii Ha nweHmLa
Hauano Ha Kpati Ha Hauvasno Ha Winter
arpoxXnMUYHN asot BereTaumoH heat
oHoBE additional | BETETAUMOHHNA | BEreTaUMOHHMA | BeretauMoHHna | nepuo wh
agrochemical nitrogen nepvog / the | nepuopg /theend| nepuog /the / the end of y|e|§|1
background fertilizing, begmmng of the| of the growing begmmng of the the growing t.ha
' |growing season season growing season
kg.ha season
Control (without 0 102 23 115 32 2,80
fertilizers) 60 - 14 - 76 2,98
0 94 49 200 49 3,51
Background+P1gq0 ) - 5 : 73 4.60
Background+ 0 116 33 167 34 3,50
N1800P1800K1800
BnvsiHme BBbPXY TOCTABSHETO Ha Influence the placement of

XpaHuUTeNHW BellecTBa B NOYBEHUTE Clloe-
BE BbPXY YCTOWYMBOCTTA Ha pacTeHusTa
KbM EKCTPEMHW METEOPOSIOTUYHN ABMIEHNSA

EOVH OT arpoXMMMYHWUTE HauuHW Aa
Cce yBenMuu YCTOWYMBOCTTa Ha 3emepen-
CKUTe KynTypu KbM cCylla e LeneBoTo
AvdepeHumpaHe Ha XpaH/UTe K BellecTsa
B NOYBEHUTE c/ioeBe. TOPEHEeTo cnomara 3a
06pa3yBaHeTo Ha rbCTa Mpexa OT KOpeHu B
palioHa Ha TAXHOTO pasnonaraHe, No3Boss-
Ballku U3N0M3BaHEeTO AOpY Ha HEenpoayk-
TUBHUW BasieXU 1 yBennyaBaHe Ha cHabas-
BaHEeTO C XpaHuTesnHuWTe BewecTBa. KakTto
nokaseat Trapeznikov et al. (1999), cuiHo
COMIeHNTEe KOPeHU, KOUTO ce hopmmpaT WH-
TEH3MBHO B 06n1acTTa Ha JioKanmM3npaHeTo
Ha TopoBe, Morat fa u3nbAHABAT PYHKLMK-
Te Ha BTOPUYHW KOpPEeHW. To3m pakt e
U3K/IOUUTESTHO BaXXEH B YC/I0BUS Ha CyLla.
Cnopep Fateev (2002) nokanvsauusta Ha
TOpoBeTE € Hal-noaxodsawmaT MeTon 3a
KYNTypu C BNakHecTa KopeHHa cucteMa BbB
BCUYKM BWUAOBE YepHO3eMU. [ bArocpoyHu
npoyysaHusa nokassarT, ye cnep ynorpebara
Ha TopoBe B pep, o6WMTe 3arybute Ha
B/I2XKHOCT Ha noysara npu hopmmpaHe Ha
eauHMLa A06MB Ha 3bPHO Ca HamasleHu C
15% npwu 3umMHaTa nweHuua, npu eyemuka -
¢ 30%, npocoto - ¢ 24% n AobuBbLT Ha
3bPHO e HapacHas ¢ 0,4-0,5 t/ha™.

B cbLLOTO Bpeme NpoCcTPaHCTBEHOTO

nutrients in soil layers on the resilience of
plants to extreme weather events

One of agrochemical ways to
increase crop resistance to drought is the
purposeful differentiation of nutrients in
soil layers. Fertilization promotes to
formation a dense network of roots in the
area of their placement the created

conditions, allowing use even
unproductive precipitation and increase
supply the nutrients. As  shown

Trapeznikov et al. (1999), highly-saline
roots which intensively formed in the area
of fertilizer localization are able to
perform function of secondary roots. This
fact is extremely important in conditions
of soil drought. According to Fateev
(2002), localization of fertilizers is the
most suited method for cultures with
fibrous root system on all tipes of
chernozems. Long-term studies indicate
that after placing fertilizers in row total
losses of soil moisture at creating per unit
yield of winter wheat grain reduced by
15%, barley - by 30%, millet - by 24 %,
and the yield of grain increased by 0,4-
0,5tha™.

At the same time the spatial
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pasnofioxXeHue Ha pefa Ha TOp B ropHus
CNoil Ha MoyBaTa He MOXe Aa 6bAe eavH-
CTBEHO peleHve. [pekaneHo naAUTKOTO
pasnofioxeHve Ha Topa BOAM A0 NNTKO
pasnonaraHe Ha KopeHoBaTa cMcTemMa, Koe-
TO uUMa OTpuuaTtesnHuM nocneguun B CyXu
yCnoBuWsl, 0CO6EeHO Npe3 MbpBaTta NonoBNHa
Ha BereTaTtMBHuUs nepuopg. Abn60K0TO Noc-
TaBsiHe Ha Topa CbL0 UMa npesumcTsa U
HefocTaTbUW. TOBa e A06pe WIKCTpUpaHo
OT pe3yntatuTe OT u3Cfe[BaHuATa Ha
cpaBHUTE/IHATa e(eKTUBHOCT Ha amoHue-
BUS HATPAT M TeuyHuss 6e3BOJEeH aMOHSK Ha
noA30ncT YepHoszeM (Tabnmuya 5).

Haii-ronsmata pekonta cnep npuna-
raHeTo Ha 6e3BOAEH aMOHSIK Gelue fobuTa
npes3 2012-2013 r. (c 86-97 mm awbxg npes
nepuoga anpun-oHu), nopagy eqPeKTUBHO-
TO U3MN0M3BaHe Ha a3oTHW TOPOBE OT 30Ha
Ha nokanuM3aums ¢ AbndoynHa 18 cm. Tosa
CTUMynMpa CWUMHO pasnpocTpaHeHue (pas-
K/IOHsIBAHE) Ha KOpPEHUTE W Ha CBOW pepg,
yBENMUM  YCBOSIBAHETO Ha  TOpoBeTe.
KopeHuTe "ynaBaT" Hali-6bp30 Topa, KONTo
ce Hamupa B pefoBeTe Ha [Abn604MHa,
KOSITO € TpU MbTW NO-Hafony oT Abnbouu-
HaTa Ha nocTtaBsHe Ha cemeHaTta. ToBa ce
CNyyBa, THil KaTo Bnarata ce 3aAbpxa no-
ObAro B TO3W CMOW, OTKOSIKOTO B MOBBP-
XHOCTHUS coli Ha noyeata. 3a pas/nuka ot
TOBa, KoraTo noyBeHaTa Bfara € MHOro
6naronpuaTHa, npunaraHeTo asoT  Ha
ObN6oko HamansBa eqeKTMBHOCTTa Ha
TOpeHeTo.

location of the fertilizer row in the top
layer of soil cannot be a single solution.
Too shallow location of fertilizer leads to
shallow placing of root system that have
negative consequences in the case of dry
conditions, especially in the first half of
growing season. In turn, the deep
location of fertilizer also has advantages
and disadvantages. This is well illustrated
by the research results of comparative

effectiveness ammonium nitrate and
liquid anhydrous ammonia on the
Chernozem podzolic (Table 5).

The largest harvest from

application of anhydrous ammonia was
obtained in 2012-2013 (with 86-97 mm of
rain in April-June) due to the effective
using of nitrogen fertilizers from
localization zone on the depth of 18 cm. It
stimulated strong proliferation (branching)
of roots and, consequently, increased
their absorption of fertilizers. Roots
"intercepts" most fast the fertilizer, which
located in rows on the depth that is in
three times lower than the depth of the
seed placement. This is happened
because moisture persists longer on this
layer than in the surface layer of soil. In
contrast to this, when soil moisture is a

very favorable, deeply nitrogen
application reduced the efficiency of
fertilization.

Tabnuua 5. Jo6uB Ha KynTypute OT cemTboob0opoTa Npu TOpPeHe C pas/INyHU
a30THM TopoBe Npu Ao3a Nig CPegHOCYT/IMHUCT NOA30/IMCT YEPHO3EM

Table 5. The yield of crop in rotation link during the use of different forms of
nitrogen fertilizers in a dose of N100 on the Chernozem podzolic medium loam

[l061B Ha KyNnTypuTe OT cenT6006pbLLEHneTO / Crops yield in rotation link, t.ha™
. MweHnunua / Winter wheat CnbHuorneg / Sunflower
A30THM TOpOBE Liapesuua/ Maize (2012) (2013) (2014)
Kinds of nitrogen MpupbeT MpupbeT MpupbCT
fertilizers [Jo6vs cnpsamo [o6vs cnpsamo No6us CnpaAMo
Crop yield | KoHTponarta Crop yield KOHTponarta Crop yield KOHTposnaTta
Growth yield Growth yield Growth yield
Be3BoAeH aMOHSIK
/Anhydrous 4,9-8,4 not defined 53 0,9 3,8 0,5
ammonia
IAMOHAYHa
cenuTpa 4,6-5,2 not defined 4,9 0,5 4,6 1,3
Ammonium nitrate
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XunoTe3aTa 3a NPOMEHNBaTa peak- Hypothesis about uneven reaction
uya Ha pacTeHusiTa kbM TopoBeTe npu | of plants to fertilizers under various
pasnnyHn  MeTeoposiorTyHn  ycnosuAa ce | weather conditions is confirmed by
noTebpxJasa OT HaboAeHNATa BbPXY | observations on barley. This is a culture,
edemnka. Tosa € KynTypa, KOATO WMa | which has a short growing season so
KpaTbk BeretatveeH MNepuof, Taka 4e Ce | ggpecially needs to nutrients in first
HY)X/[8€ OT XPaHWUTE/HN BELIECTBA OCOBEHO | giages of growing. An accurate diagnosis

Bﬂ;‘:‘gi?;ia E'p:il"e (F)'?Tm[r):fae»; a:ﬁ:gﬁ:ﬁ of nutrients deficiency for normal growth
A A P and development of barley helps to

BELLECTBA 33 HOPMaJIEH pacTex W passBu- | . . : S
t P P P increase the adaptive capacity of “soil-

TNe Ha edyeMunka cnomara 3a ysesimyaBaHe lant” svstem durin eriods of extreme
Ha ajganTuBHUA Kanauutetr Ha cuctemMarta p y " gp .
weather conditions. In our experiments

"noysa-pacteHue" B nepnoau Ha ekcTpem- h f o ied
HU METEOPO/OrMYHM YCNOBUS. B HawuTe the management of nutrition was carrie

eKcriepUMEHTI ynipaB/ieHneTo Ha xparere- | USing  the  method of  functional
T0 Gelwe NpoBeAeHo ¢ nomolTa Ha Metoga | diagnostics. This method was developed
Ha hyHKUMOHanHaTa auarHocTuka. Tosu | by B. Yagodin based on changes Hill's
meTog e paspaboTeH oT B. fAroguH Bb3 | reaction of chloroplast suspension after
OCHOBa Ha npomeHuTe B peakumsaTa Ha Xun | adding of individual chemical elements.
Ha x/fioponnacTHata cycneHsusi cnef goba- | Thus needs of plant nutrition were
BAHE Ha oThefiHn XxuMunueckn enemeHTy. Mo | detected in the tillering stage and phase
TO3M HauuH 6aAxa OTKpUTM Hyxau ot | of exit in the tube. Whereupon,
XpaHuTenHu BellecTBa 3a pacTeHuaTa B | appropriate fertilizers were applied (Table
rnepnoja Ha nyckase Ha unnsu u hasara | @),

Ha n3nusaHe oT enpyseTkata. Cnep ToBa
6s1Xxa MNPUNOXEHW MOAXOASLM  TOPOBE
(Tabnuua 6).

Ta6bnuua 6. BAnsHMe Ha noaxpaHBaHETO BbPXYy A06MBa OT NPOSETEH eYeMUK
OoTrNexaaH Ha No4YBa NoA30/INCT YEPHO3EM TEXKO CYT/IMHUCT

Table 6. Influence of foliar fertilizing on yields of grain of spring barley on
Chernozem podzolic hard loam

[061B OT eyeMuK NPy Pa3fIMYHN BapuaHTy Ha TOpeHe
Yield of grains barley in different variants of fertilizers

BapwuaHTtu / Variants of experiment application, t.ha™
6e3 TopeHe
without fertilizers NaoPaoKao NeoPeoKeo
2012
Be3 TopeHne / Without fertilization 3,00 3,10 3,30

MoaxpaHBaHe B cTaguii 6paTteHe / Fertilizing

in the tillering stage 2,90 3,10 3,30

MoaxpaHBaHe B cTagun 6paTeHe 1 BbB hasa
nsknacsisaHe / Fertilizing in the tillering stage 2,90 3,00 3,20
and in the phase of exit in the tube

2014
He TopeHun / Without fertilization 2,00 3,45 4,05
MoaxpaHBaHe B cTagun 6paTeHe / Fertilizing 260 355 435

in the tillering stage

MoaxpaHBaHe B cTaaun 6paTeHe U BB hasa
nsknacsisaxe / Fertilizing in the tillering stage 2,80 3,70 4,40
and in the phase of exit in the tube

Bbnpekn ToBa, MHOTO CyXu MeTeo- However, very dry weather
PONOrnYHM ycrosusi Bpeme no Bpeme Ha | conditions during growing season in 2012
BeretatuBHuss nepuog npes 2012 r. | (only 63 mm of rain in April-July) were so
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(camo 63 mm Banexu npes nepuoga
anpun-tonn) 6sxa TosKoBa CTpecupaiym
3a pacTeHusTa, 4Ye NPOSIETHUAT eyvyeMuk
He pearupa Ha JIMCTHO TOPeHe HMTO C No-
BWCOK [06MB, HWTO C Ka4yecTBO Ha
3bPHOTO. 3a pas/ivka oT ToBa, MPU MHOTO
[obpa BnaxHocT npe3 2014 r. (272 mm
AbXA Npe3 nepvoga anpus-taum) pacre-
XbT Ha fo6uBa crief, IMCTHO TOPEHE CbC

C/MOXHW  Makpo- U MUKPOEsSIeMEHT
Bapupa ot 0.35 t/ha™ po 0.80 t/ha™.
N3BOAN

YBenuuaBaHeTo Ha YycToumBOCTTa
Ha MNoYyBO-pacTUTENHaTa CUCTEMa KbM
U3MEHEHMETO Ha kiaumara 3aBucu o
rofisiMa crterneH ot edpeKTMBHOCTTa Ha ajan-
TMpPAHETO Ha CeJsICKOTO CTOMaHCTBO KbM
npomMeHvTe B kiMmaTa. AfanTuBHUTE MEPKU
BK/IIOYBAT MPOMEHM B W3MNON3BAHETO Ha
3emsTa, 3aslecsaBaHe, Cesiekumsa Ha reHoTu-
noBe, poTauus Ha KynTypute 3a Haii-edpek-
TMBHO M3MNOJSI3BaHE HAa HaMyHaTa noyseHa
Bfara. YnpasfieHMeTO Ha XpaHeHeTo Ha
pacTeHusTa obaye CbLO MOXe Aa 6bae oT
nonsa 3a yBefiMyaBaHe Ha YCTOMUYMBOCTTA
Ha noyYBoO-pacTUTeNHaTa cucTemMa 1 cMekya-
BaHe Ha HeratuBHUSA ed)eKT OT U3MEHEHMe-
TO Ha KnMmMara.

BogaTta n HanMuMeTo Ha XpaHUTesTHU
BellecTBa B NO4YBO-pacTuTesniHaTa cucrema
nokaseaT MHOMO B3avMOAENCTBUS U MMmaT
MHOrO6pOMHN MexaHU3MW Ha camoperysiu-
paHe. banaHcupaHata cuctema OT TOPOBe
yBennyasa eq)eKTMBHOCTTa Ha U3non3BaHe
Ha Bojarta W nomara Ha Kyntypute ga no-
CTUrHaT ONTMMasiHa NPOU3BOAUTESTHOCT NpU
orpaHuyeHn YCnoBWA Ha Bnara. Ynpassne-
HMETO Ha XpaHUTesSHN BellecTBa 3a obora-
TABaHe Ha noysaTa € OCHOBHa MsApKa, C
KOATO [OoKa3aHO ce noBullaBa eqiekTuB-
HOCTTa Ha u3nonssaHe Ha Bogarta ¢ 10-25%.

MpoyuBaHusATa Nnokassar, Ye arpoxu-
MUYHUTE MEPKM 3a ynpaBfieHWe Ha XpaHe-
HETO Ha pacTeHusATa ca BadkeH (hakTop 3a
YKperneaHe Ha ajanrtauuara Ha pacTeHuaTa
KbM €KCTPEMHUM METEOpPOJSIOrMYHU YC/I0BUSA
npe3 seretatmBHusA nepuof. Cb3gasBaHeTo
Ha BUCOK (DOH Ha ocTaTbyHU hochaTn 3Ha-
ynTenHoO Nofo6psiBa M3MN0M3BAHETO Ha MoY-
BeHaTa Bfara 3a eekTMBHOCTTa Ha a3oT-
HWTe TopoBe. Ha cBoil pep, edmkacHocTTa

stressful for plants, that spring barley did
not respond to foliar fertilizing neither
growth yield, nor grain quality.

In contrast, under very good moisture in
2014 (272 mm of rain in April-July)
growth vyield from foliar fertilizing by
complex macro- and micronutrients
ranged from 0.35 t.ha™ to 0.80 t.ha™.

CONCLUSIONS

Increasing the resilience of the soil-
plant system to climate change greatly
depends on how effectively agriculture
adapts to climate changes.

Adaptive measures include changes in
land use, afforestation, genotype
selection, crop rotation for most effective
use of available soil moisture.

However, plant nutrition management also
can be beneficial for increasing resilience
soil-plant system and mitigating of climate
change.

Water and nutrient availability of the
soil-plant system show many interactions
and has numerous mechanisms of self-
regulation. Balanced fertilizer system
increases water use efficiency and helps
crops achieve optimal performance under
limited moisture conditions.

Thus, management of soil nutrients is the
focal issue that is shown to increase water
use efficiency by 10-25%.

Research has shown that
agrochemical measures in plant nutrition
management are an important factor in
strengthening of plant adaptation to
extreme weather events during the
growing season. Creating high
background of residual phosphates
significantly improves soil moisture use for
the efficiency of nitrogen fertilizers. In
return, the efficiency of nitrogen-
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Ha asoTHo-thochopHus Top 3aBucu ot | phosphorus fertilizer depends on reserves
3anacuTe Ha ocTaTbyHUA Kannii B nousata, | of the residual potassium in soil, which is
KOETO ce cpelya 0cobeHo B CyxuTe roanHu. | particularly occurs in dry years. Through
Ypes cb3jaBaHETO Ha BUCOK (HOCHOPHO- | creation of a high phosphorus-potassium
kannes (hoH, M3BOp Ha onTuManHn opmm | hackground, choice of optimal forms of
Ha TOpOBE M METOAA Ha TAXHOTO NPWIO- | fertilizers and the method of their
KEHWE, MOXEM SHAUUTENIHO Aa NOA0OPUM | anplication we might significantly improve

CTabWU/HOCTTa B OTINIEXAAHETO Ha 3eme- | o stability of crop growing at different
AENCKN KyNTypu B PasnMUHM XMAPOTEPMAN- | iy othermal conditions.
HU YC/IOBUSI.
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PE3IOME

HacTtosawoTto npoyyBaHe npeacrta-
B pe3yntatum OT CpaBHsABaHe U rpynu-
paHe Ha 33 eKkcnepuMeHTas/THU XMopuam m
2 cTaHAapTa upe3 u3nos3BaHe Ha KbCcTep
aHanu3s no metoga Ha K-cpegHute npu
npeaBapuTesiHO 3aAaeHn 5 knbeTepa.

W3cnepgsaHuTe  reHoTturnoese  ca
OLEeHeHN no nokasatenute: A06MB 3bPHO,
Bnara npu npubupaHe, Performance
index, BeretaLlnoHeH nepuos n
paHaemaH.

B pesyntar Ha HanpaseHuUs aHa-
nn3, cnopef reHetmyHata MM 6aKM30cCT,
Xnopuante ca 06eAMHEeHU B KIbCTepwu
KaKTo crfiegsa: B MbpPBUAT 11, BBLB
BTOpUA - 10, B TPETUA - 4, B UETBLPTUA - 5
W B neTus - 7 reHotuna. MNpencraBeHn ca
KnacTepHUTEe LEHTPOBE Ha (uHanHata
KnbCcTepusaumsa. Taka HanpaseHaTa Kna-
cudmkaumsa Ha uscnefBaHuTe Xxnbpuam
e yBenmunm 06eKTMBHOCTTA Ha oueHKaTa
W YNEecHW CeNeKuMoHHUSA npouec npwu
paboTa ¢ TsX.

KnouoBn  AyMU:  XMMUYECKM
MyTareHe3uc, MyTauMoOHHa  cenekuus,
eKkcrnepuMeHTasiH1  Xubpuam, KnbcTepeH

aHanM3 Ha K-cpefHuTe, arpoHOMMUYEcKU
nokasartesin
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SUMMARY

The results of the comparison and
distribution of the 33 experimental hybrids
and 2 standard inbreds using K-means
clustering algorithm are presented in this
study.

The investigated genotypes were
evaluated based on the following
indicators: grain yield, moisture at harvest,
performance index, period of vegetation
and percentage of grain in ear.

They are divided into 5 sets due to
their genetic proximity, as follows: 11
hybrids in the first set, 10 hybrids in the
second set, 4 hybrids in the third set, 5
hybrids in the fourth set and 7 hybrids in
the fifth set. The cluster centers of the
final clustering are pointed out. The
classification of the studied hybrids will
increase the objectivity of the evaluation
and will enhance the selection process
when working with them.

Key words: chemical mutagenesis,
mutation selection, experimental hybrids,
K-means clustering, agronomic traits
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Mpes3 cegempgeceTTe rogMHU Ha MW-
Hanua Bek B WHCTUTYT no uapesuuata -
KHexa e noctaBeHO HayasloTO Ha mporpa-
Ma, LUensiia nosuaBaHe Ha reHeTUYHOTO
pasHoobpasue B e/IMTHW SIMHUN 1 X1Bpuan
Lapesulia 4pe3 ekcrnepuMeHTasieH myTare-
He3nuc M nocnejBalla MyTauyoHHAa Cenek-
ums. M3nonssaHeTto My fasBa Bb3MOXHOCT
He camo 3a ob6oraTsiBaHe ¥ pasluupsiBaHe
Ha reHeTMYHOTO pasHoobpasune npu Lapesu-
LaTa, HO 1 3a Cb3[aBaHe Ha LUMPOK CMEKTbP
OT MYT@HTHW JIMHUK, NpUTEXasaly KOM-
MEKC OT LEHHW BMOMOrMYHM N CTOMaHCKU
kauecTtBa (Hristov, 1983; Morgun, 1983;
Genov, 1988; Hristov and Hristova, 1995;
Valkova, 2013; lichovska, 2013). AHanu3bT
M TPynpaHeTo MM ca OT U3K/IYUTESTHO
3HayeHve 3a ePEKTMBHOCTTA Ha Ce/EKLMOH-
HWS Npouec 1 Morat Aa 6bAaT ocbluecTBe-
HW NOCPEACTBOM K/TbCTEPEH aHa/n3. Toi e
npefHasHayeH 3a pasnpefensHe Ha MHO-
XeCTBO 0OeKTU efHOBPEMEHHO NO HAKOJIKO
KpUTEpPWs B CPaBHUTENTHO MasIKo Ha 6poii 1
OTHOCUTE/IHO XOMOFEHHWU Tpynu, HapeyeHu
KTbCTEPH.

Llenta Ha HacToOALOTO MpoyyBaHe
€ ypes3 M3rosi3BaHe Ha KITbCTEPEH aHaun3
Ha K-cpepgHute (K-means cluster), 33
ekcnepumeHTasiHM  xnbpuga Lapesuua,
noslyd4eHn No mMetofa Ha XUMUYECKU My-
TareHesuc, fa 6bAaT CpaBHEHW U rpynu-
paHn Mo TAXHOTO reHEeTUYHO CXOACTBO U
OLeHEHWN Bb3 OCHOBA Ha HAKOW arpoHOMU-
Yecku rnokasartesu.

MATEPVAJT N METOOU

MpoyyBaHeTo e npoBefeHO npes3
nepuoga 2004-2013r. B ONUTHOTO MoJse
Ha WHcTuTyT no uapesuuarta KHexa. B
pesynTar Ha XMMUYecKn mytareHesuc, no
MeToAuKa npeasoxeHa ot Morgun (1983)
n mogudmumpaHa ot Hristov n Hristova
(1995); Genov (1988) B M; e nonyyeH
pasHoobpa3eH reHeTMyeH MaTepuan.
Cnep MHOrokpaTtHO camoornpallBaHe u
0oT6Op NO CTONAHCKM LEHHN KadyecTsa B My
N Mg TMOKOMEHNA ca MNOJIYYEHU HOBU
cTabunnsmpadn MyTaHTHU nvHuK. Tpes
2010r. yacTt OT TAX ca TecTupaHn Ha Tpwu
TecTepa: XM 92 471, XM 4418 n XM 4390
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INTRODUCTION

In the seventies of the last century
in the Maize Institute - Knezha is initiated
a program aiming at increasing the
genetic diversity of elite lines and maize
hybrids by experimental mutagenesis and
subsequent mutation selection. Its use
gives not only an opportunity for
enrichment and expanding genetic
diversity of the maize but also for
development of wide range of mutant
lines with valuable biological and
economic  qualities  (Hristov, 1983;
Morgun, 1983; Genov, 1988; Hristov and
Hristova, 1995; Valkova, 2013; lichovska,
2013). The evaluation of their potential is
crucial for the effectiveness of the
selection process. To this purpose a
cluster analysis could be performed. It is
intended for distribution of multiple
objects, simultaneously, by several criteria
in relatively small number of relatively
homogenous groups, called clusters.

The aim of this study was by using
cluster analysis of the average K (K-
means clustering) 33 experimental maize
hybrids, obtained by chemical
mutagenesis, to be compared and
grouped based on their genetic similarity
and to be evaluated based on several
agronomic indicators (traits).

MATERIAL AND METHODS

The study is conducted in the
period between 2004 and 2013 at the
experimental field of Maize Institute —
Knezha. As a result of the chemical
mutagenesis performed in compliance
with the methodology of Morgun (1983),
modified by Hristov and Hristova (1995)
and Genov (1988), at M; diverse genetic
material was obtained. New stabilized
mutant lines were obtained after repeated
self-pollination and selection based on the
valuable economical qualities at M; and
Mg generations. In 2010 some of them
were tested by using three testers: XM 92



no metoga ,TONKPOC“. XmbpugHute uMm
KOMOMHauMM ca u3nuMTaHu [ABYKPaTHO
(2011 » 2012r.) B NnpegBapuTesiHn COpTO-
B/ onutu. [pe3 cnegpawara roguHa
(2013r.), ekcnepMMeHTa/IHATE KPBCTOCKM,
npeBunWINAN CcTaHJapTuTe, ca U3NUTaHn B
[ABa KOHKYPCHM COPTOBM onuTa no MeToga
Ha ,NaTVHCKM MNpaBObIbAHWK® B TpuU
MOBTOPEHUS C pa3mMep Ha pekosTHaTa
napuenka 10 m? (Barov, 1982). Onutute
ca n3BefeHu npu ycrioBrsa 6e3 HanosiBaHe
no Bb3npueTara 3a palioHa arpoTexHuKa.
3a cpaBHeHve ca M3Mnos3BaHu cTaHgap-
TnTte PR35F38 n KH 509 (rpyna no FAO
500-600).

AHanunsupaHute BapvaHTn  ca
OLEHEeHU No nokasartesuTe: A06UB 3bPHO,
Bnara Ha npubupaHe, Pi (nepcopmaHc
WHAEKC), BereTaunoHeH nepuog (MOHWKBaHe-
U3CBU/ISIBaHE) 1 paHgeMaH (% Ha 3bpHo-
TO). 3a CpaBHABaAHETO W rPynMpaHeTo Ha
XnbpmamnTe, Kakto M 3a TSAXHaTa OuUEeHKa
Mo OTHOLWIEHME Ha M3cfefBaHMTe Mokasa-
TENN € MNPUIOKEH KITbCTEPEH aHasn3
(Duran and Odelle, 1977; BbHaes, 2003),
Kato gonbfBall, MeToh B CeeKUUOHHO-
nogo6putentns npouec (lichovska and
Ivanova, 2014). M3non3saHaTa KIbCTepU-
3aUmMoHHa npoueaypa e no metoga K-
means cluster, K0OSITO U3nckBa npegsapu-
TENIHO 3ajaBaHe Oposi Ha KIabCTepuTe
(Hartigan and Wong, 1979; Hartigan,
1985). Kato mspka 3a reHetuyHa 6sM3ocT
€ 13non3BaH kBagpaTta Ha EBkIMAoBOTO
pasctosHue (Ward, 1963). 3a pa ce
nsberHe pasnnuneTo B AUMEHCUWTE Ha
nokasarenute, BXOOHWTE NPOMEH/IMBMK ca
cTaHgapTusnpaHn.  [JOonbAHUTENHO e
HanpaBeH AMCNEepPCMOHEH aHanus, 3a fda
Ce OLEeHN BNINSAHNETO Ha BCEKM Nnokasartesn
BbpXy (hopMMpaHeTo Ha KibCcTepuTe.
O6paboTkata Ha JaHHUTE € M3BbPLUEHA
ype3 M3Mo/sI3BAaHETO Ha cTaTucTMyeckata
nporpama SPSS.

PE3SYNTATU N OBCbXOAHE
B Tabnuuya 1 ca npeacTtaBeHu cpeg-
HUTe CTOWHOCTM 3a A06MB Ha 3bPHO, BNara
Ha 3bPHOTO B MOMEHTa Ha npubupaHe,
BeretaumoHeH nepuog [0 W3CBUIABaHE,
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471, XM 4418 and XM 4390 by top-cross
method. Their hybrid combinations were
tested twice (in 2011 and 2012) in
preliminary variety trials. In the next year
(2013) experimental crosses that exceed-
ed the standard ones were tested in two
competitive variety trials by the method of
the Latin Rectangle at three repetitions
and with a size of the crop area of 10 m?
(Barov, 1982). The experiments were
conducted under the conditions without
irrigation, with accepted for the region
agro technique. For the purposes of the
comparison are used the following
standards: PR35F38 and Knezha 509
(group under FAO 500-600).

The analyzed \variants are
evaluated for the following traits: grain
yield, harvest moisture, Pi (performance
index), vegetative period (period from
germination to silking) and % of the grain.
For the purposes of comparison and
grouping of the hybrids as well as for their
evaluation in terms of the studied traits
clyster analysis was performed (Duran
and Odelle, 1977; Vandev, 2003) as a
complementary method of the process of
selection and improvement (lichovska and
Ivanova, 2014). The wused cluster
procedure is based on the method of K-
means cluster that requires the number of
the clusters to be determined in advance
(Hartigan and Wong, 1979; Hartigan,
1985). Euclidean distance square (Ward,
1963) was used as a measure of genetic
proximity. To avoid the difference in the
dimensions of the traits, the input
variables were standardized. In addition
dispersion analysis (ANOVA) was
reformed in order the impact of each
parameter on the formation of the cluster
to be assessed. The processing of the
data was done using the statistic program
SPSS

RESULTS AND DISCUSSION

In Table 1 are presented the
average values of grain vyield, grain
moisture at harvest, vegetative period
until silking, percentage of grain in ear, as



paHaemaH, KakTo W u3uncreHute Pi KbM
BK/IHOYEHUTE CTaHOAPTU Ha eKCNepuMeH-
TanHuTe XxmMbpuam uapesuua. Pesyntatute
OT KIbCTEpPHUS aHanM3 Ha K-cpeaHuTe,
cnep npefBapuTesIHO HanpaBeHW HSKOJSIKO
CTBbMKN C pasfiMyeH Gpoii KNbCTepu, Nnokas-
BaT, u4e xubpuaute morar pda Obgar
rpynmpaHun B 5 KNbCTepa, KaTto BCEKM OT TAX
B/M3a B KIbCTepa C Hai-65m3ka cpefHa
CTOMHOCT. eHOTMNOBETE BBLB BCEKU K/Tb-
CTEep MmaTt CXOA4HU 3Ha4YeHMs No onpedesnex
Habop OT nokasaTenu, KOeTo M pasnunyasa
OT reHOTMMNOBETE B OCTaHa/IUTE KTbCTEPMW.

well as calculated Pi to the included
standards of experimental maize hybrids. By
performing several preliminary study using
different number of clusters, the results of
the K-means clustering show that the
hybrids can be grouped in five clusters,
providing that each of them enters into the
cluster with the closest average value. The
genotypes in each cluster have similar
meanings in terms of definite set of
indicators which distinguish them from the
genotypes of the other clusters.

Ta6nuua 1. Pe3yntati oT U3NUTBaHE Ha eKCrepyMeHTasTHU Xnbpuan uapesunua npes 2013r.

Table 1. Results of testing of experimental maize hybrids in 2013 year
Bnara Xubpuam [o6us Bnara B M, gHn Pii, % Pi,, % | PaHgemaH,
Variants Hybrids Grain Moisture, Vegetative %% of
yield, % period, the
kg/ha days grain
nbpBu onuTt / first experiment
1 St; PR35F38 9117 12,1 60 100 105 86,0
2 St; Kn 509 8122 11,3 57 95 100 83,0
3 E3134 9537 11,8 59 107 112 83,3
4 E 23134 9021 9,9 55 121 127 85,0
5 E 18134 8932 12,2 56 97 102 83,0
6 E 21134 8875 12,0 56 98 103 84,0
7 E 32134 8806 10,9 56 107 104 85,0
8 E 12134 8736 12,3 56 94 99 83,7
9 E 13134 8679 11,0 57 105 110 84,0
10 E 19134 8604 10,6 55 108 113 83,0
11 E6134 8595 10,5 59 109 114 84,0
12 E4134 8585 11,0 56 104 109 83,0
13 E 10134 8580 115 59 99 104 83,3
14 E 33134 8483 11,3 57 100 104 83,0
15 E8134 8363 12,1 58 92 96 82,0
16 E 15134 8316 10,7 56 113 108 85,0
17 E 14134 8207 11,8 56 92 97 83,7
18 E5134 8187 11,3 57 96 101 83,0
19 E7134 8176 115 56 94 99 84,0
20 E 29134 8107 12,3 55 87 92 82,0
21 E 31134 8075 12,1 55 89 91 83,0
22 E 28134 7823 12,5 56 80 87 83,0
BTOpY oNuT / second experiment
23 St; PR35F38 8983 12,7 59 100 105 86,3
24 Sty Kn 509 7948 11,8 57 96 100 84,0
25 E 24135 9452 115 57 116 122 82,0
26 E 20135 9313 11,7 58 113 118 84,0
27 E 11135 9256 14,0 60 93 98 85,0
28 E 12135 8923 13,3 55 95 100 83,0
29 E7135 8830 115 58 109 114 81,3
30 E 28135 8881 11,3 58 111 117 85,0
31 E5135 8806 13,3 58 94 98 83,0
32 E 22135 8775 11,3 58 110 115 82,0
33 E 3135 8146 11,5 57 100 105 83,0
34 E 15135 8074 13,0 62 88 92 80,0
35 E 21135 7983 12,8 55 88 93 83,0
36 E 16135 7838 13,0 61 85 90 83,0
37 E4135 7804 12,4 57 89 93 85,0
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B Tabnmua 2 e nokasaHo
MPOLIEHTHOTO pasnpenenexve Ha
xmbpuanute B NeTTe KIbCTepa, a Chbllo U
TAXHOTO yyacTue BbB BCEKWN eUH OT THX.
B Tabnuua 3 ca NOCOYEHUN KNbCTEPHUTE
LEeHTpOBE Ha hnHasHaTa KnbcTepusaums
T.e. CTOMHOCTUTE Ha MoKasaTesuTe,
OKOJ10 KOMTO ca 06eAnHEeHU XMbpuauTe B
onpeneneH KbCTep.

Table 2 shows the percentage
distribution of the hybrids in the five
clusters and also their participation at
each of them. In Table 3 are shown the
cluster centers at the final clusterization,
i.e. the value of the parameters around
which are grouped the hybrids in a
specific cluster.

Tabnuua 2. PasnpegeneHve Ha XmopuanTe B Kfactepu
Table 2. Distribution of the hybrids in clusters

Ne Ha BapuvaHTu, nonagalim B kiactepa Xnépuau, Pa3npepnenexne
Knactepa Variations in the cluster 6poii Ha xubpugute,%
No of the Hybrids, Distribution

cluster number of the hybrids,%

1 1,4,5,6,7,23,28,29,30,31,32 11 29,7 %
2 2,15,16,17,18,19,20,21,33,34 10 27,0%
3 3,25,26,27 4 10,8 %
4 22,24,35,36,37 5 13,6 %
5 8,9,10,11,12,13,14 7 18,9 %
O6wo / Total: 37 100 %
Tabnmuya 3. CpegHM CTOMHOCTM Ha MoKasaTeninte OT UHa/THUTE KacTep
LeHTpoBe
Table 3. Average values of the traits of the final cluster centers
Ne MNokasaTtenu Knactepu

Traits Clusters

1 2 3 4 5

1 Jo6us kg/ha /Yield kg/ha 8905 | 8177 9390 7879 8609
2 Bnara, % /Moisture, % 11,9 11,8 12,3 12,5 11,2
3 B N, gHn /V. P, days 57,2 56,9 58,5 57,2 57,0
4 Pi prasras, %0 104 95 107 88 103
5 Pi k500, %0 108 98 113 93 108
6 PaHnemaH,% /% of the grain 84,0 82,9 83,6 83,6 83,4

MpoueHTbT Ha Xxubpuaute, op-
MUpaLLM MbpPBUSA KNbCTEP € HaW-BUCOK -
29,7%. KnbcTepbT BKAOUBA 11 xmbpuaa,
obeanHeHn okono ctaHgapta PR35F38
(Sty, St3) 1 npu aBata noncku onuta. Te
Cce oT/IM4aBaT CbC CPaBHUTE/STHO BUCOK
cpegeH  JobuB,  UMMTO  CTOMHOCTU
Bapupat mexay 9117 kg/ha n 8775 kg/ha
W C Hai-BMCOKN CpegHu CTOMHOCTU 3a
nokasarenure paHgemaH 84,0% n
nepcopmaHc uHaekcn 104% u 108%.
MocnegHUTe oTpassBar Bpb3kata Mmexay
pobwBa n Bnarata u  onpepenat

The percentage of the hybrids
forming first cluster was the highest one -
29,7 %. This cluster includes 11 hybrids,
grouped together with the standard
PR35F38 (St;, St;) at two filed
experiments. They are characterized by a
relatively high average grain yield whose
values varied between 9117 kg/ha and
8775 kg/ha and with the highest average
values of the traits % of the grain 84,0%
and performance index of 104% and
108%. The latter reflect the correlation
between the grain yield and the moisture
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CTOMNAHCKOTO 3HauYeHune Ha xmbpuante ot
Tasw rpyna, oT/imyaBallm ce ¢ No-ByCOKU
[06MBY 1 NO-HMCKA BNara Ha 3bPHOTO.

BbB BTOpPUA KNbLCTEP, CMOpes
cpegHata CTeneH Ha nposiBfeHue Ha
pobuea - 8177 kg/ha, Bnarata - 11,8% un
paHgemaHa - 82,9% nomagar 10
xubépuga, cbctasnsasawm 27% ot obLms
6poii. Te ca obeguHeHn okono KH 509
(St1)

CnegBawaTta KabCTepHa rpyna
o6eanHABa Hai-nepcrnekTUBHUTE YEeTUpU
xubpuga. Te ce oTAMyaBaT C MNO-BUCOKU
pobuBn oT pgBata cTaHgapTa - 9537
kg/ha, 9452 kg/ha, 9313 kg/ha n 9256
kg/ha n no-sucokn nepdopmaHc NHAEKCH
(c usknoyeHne Ha Ne 27) - 107%, 116% un
113%. C komnnekcHata cu 67130CT no
Te3n nokasaTenn xubpuauTe YCneLwHo
MoraTt ga 6bAaTt BK/IHYEHN 3a U3NUTBaHE
B €KOJIOrMYHM COPTOBU OMUTN.

Knbctep 4 cbabpxa yeTtupu
xunépuga, cxogHu ¢ KH 509 (Sty). Te umat
Hal-HUCBHK cpefeH [obuB M Hali-BUCOK
MPOLEHT Bflara Ha 3bpPHOTO Mpu
npuéupaHe, eTo 3aLo0 He npeacTaBnssar
WHTEpeC 3a No-HaTaTblUHAa CenekuMoHHa
paboTa ¢ TsX.

Xnbpnante ¢ nopeaHun Homepa oT
Ne 8 no Ne 14 OoT mbpBUA MOJICKM ONUT
npuHagnexar KkbM KIbCTep 5 u
cbwcTaBnasar 18,9%. Te ce oT/vyasar
CbC CpefHU CTOMHOCTM Ha fobusa - 8609
kg/ha n paHgemaHa - 83,4%, nputexasar
CpaBHUTESTHO KbC BereTauyoHHNSA
nepvog - 57 AHW 1 Hail-HMCKa Bnara npu
npubnpaHe 11,2%. Xapakrepuctukara Ha
Xmépugnute e NnoTBbpAeHa U OT CpaBHU-
TE/IHO BMUCOKWUTE CTOMHOCTU Ha TexHus Pi.
MonyyeHnte  pesyntatm HW  pasaT
OCHOBaHWe BapuaHTuUTe, NpuHaanexalu
KbM Tasu rpyna ga 6baar OTHECEHU KbM
CcpefHopaHHaTa rpyna Ha 3ps/iocT Mo
FAO.

C nomouwita Ha M3Mno/a3BaHusA OT
Hac KTbCTepeH aHanm3 Ha K-cpegHute ca
onpefeneHn rpynute, B KOUTO nonagat
BapuaHTn cnopef TAXHOTO T[EHEeTUYHO
CXOACTBO M OTAANIEYEHOCT, OTyYUTalku
KOMMN/IEKCHOTO BUSIHWE Ha aHanunsupa-

and determine the economic importance
of the hybrids of this group, having the
highest vyield and the lowest grain
moisture.

In the second cluster, based on the
average level of manifestation of the yield
— 8177 kg/ha, moisture — 11,8% and % of
the grain — 82,9%, were located 10
hybrids, representing 27% of the total
number of hybrids. They were grouped
around Knezha 509 (St).

The next cluster group brings
together the most perspective four
hybrids. They are characterized by higher
yield of the two standards - 9537 kg/ha,
9452 kg/ha, 9313 kg/ha and 9256 kg/ha
and higher performance indexes (with the
exception of No 27) — 107%, 116% and
113%. With its complex proximity
according to these traits the hybrids could
be included successfully in the testing of
multi agro ecological trials.

Cluster 4 contains four hybrids
similar to Knezha 509 (St;). They have
the lowest average yield and the highest
percent of grain moisture at harvest.
Therefore, they do not represent any
interest for the further selection work with
them.

Hybrids with serial humbers No 8
to No 14 of the first field experiment
belong to cluster No 5 and represent
18,9% of the total. They have average
values of the yield - 8609 kg/ha and % of
the grain - 83,4%, and have
comparatively short vegetative period —
57 days and lower moisture at harvest —
11,2%. The characteristics of the hybrids
are confirmed also by the comparatively
high values of their Pi. The obtained
results give a ground the variances
belonging to this group to be referred to
the mid-earlier group of maturity under
FAO.

With the support of the cluster
analysis of the K-average used by us are
determined the groups to which belong
the variances depending on their genetic
proximity and distance, considering the
complex impact of the analyzed traits.
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HUTE Npu3HauW. Tasn OueHka HU No3BO-
NnsBa fa ce onpefensat Hal-noaxoaawm-
Te OT TAX 3a CcenekunoHHa paboTta B
pas/IiMyHW Hanpas/eHNs.

VM3BecTHO e, 4e nokasartenuTe,
BK/IIOYEHN B KIbCTepu3auusaTa, ydyactsar
C pas/inyHa TeXecCT Npu pasfesisaHeTO Ha
reHoTunosete B knbcTepu (Petrovska
and Dimova, 2012; Ililchovska and
Ivanova, 2013 u gap.). OT HanpaBeHus
OVICMEPCUOHEH aHa/IM3 ce BMKAa, 4e oT
nscneABaHNTe MNpu3HauyM CTaTUCTUYECKO
3HAYMMO B/IMSIHME BbPXY OPOPMSAHETO Ha
Knactepute nma go6mebT 1 nepdopmaHc
uHgekca (Tabnuua 4).

MpoBeaeHOTO NpoyyBaHe No3Boss-
Ba [la ce HanpaBsAT clefHuTe n3Boau:

This assessment allows us to determine
the most appropriate ones for further
selection work in different directions.

It is known that the traits included
in the clusterization participate with
different weight in the separation of the
genotypes in clusters (Petrovska and
Dimova, 2012; lichovska and Ivanova,
2013, etc.). Performed here dispersion
analysis shows that, from the studied
traits, statistically significant influence on
the formation of the clusters has the yield
and performance indexes (Table 4).

The study conducted allows to be
made the following conclusions:

Tabnuua 4. PesynTtatu oT AUCNEPCUOHEH aHanNn3
Table 4. Results of the ANOVA
Mokasatenu KnacTtepu peLwkun F Sig.
Traits Clusters Errors
SQ df SQ df

Jo6us / Yield, kg/ha 19637,200 | 4 96,204 32 | 204,12 | 0,000
Bnara / Moisture, % 1,512 4 0,672 32 2,25 0,086
BN, gHn/ V. P, days 1,983 4 3,261 32 0,61 0,660
Pi prasess, %0 0,037 4 0,006 32 6,36 0,001
Pi k5090, %0 0,039 4 0,005 32 7,47 0,000
PaHngemaH,% /% of the grain 1,605 4 1,630 32 0,99 0,430

n3BOAN CONCLUSIONS

1. Cb3gaBaHETO Ha TeHeTMYHO pasHo-
obpasve npu uapesBuLata WM HeroeaTa
OLeHKa ca OT U3K/TUYUTENIHO 3HaYeHne 3a
e(peKkTMBHOCTTa Ha CenekuMoHHMA npoLec
npu cb3gasaHe Ha NPoAYKTUBHU hopmMu ¢
HeobX0AMMY KayeCTBEHMN XapakTepuCcTUKN.
2. EKcnepuMeHTa/HUTE Xxubpuaw, nona-
Jawm B NbpBM U TPeTU KNbCTEp, npea-
CTaBNsIBAT MHTEpPEC OT CefleKUMOHHa rnes-
Ha Touka W We 6baaT BK/IKYEHU B €KOsO-
TMYHN COPTOBM OMNWUTU B CPEAHO KbCHaTa
rpyna Ha 3psnoct no FAO (500-600).

3. M'eHoTUNOBETE, hopMUpaLLM KTbCTEP 5
ca C Hal-kbC BereTauuoHeH nepuog wu
Hali-HMCka Bfara Ha 3bPHOTO Npu
npubupaHe. WsnutBaHeto mm B ECO
nossosiiBa Te pAa Obaar BK/IKYEHU B
cpefHO-paHHaTa rpyna Ha 3psnocT no
FAO (400-500).

1. The enrichment of the genetic diversity
in maize and its evaluation are of high
importance for the effectiveness of the
selection process by development of new
inbreds and hybrids with the necessary
qualitative parameters.

2. Experimental hybrids, included in the
first and the third cluster, are of interest
from selection point of view and should be
included in agro - ecological trials of mid-
late maturity group under FAO (500-600).

3. Genotypes belonging to the cluster 5
were with shorter vegetative period and
lower grain moisture content at harvest.
Their testing in agro - ecological variety
trials allows to be included in mid-earlier
group of maturity under FAO (400-500)

28




JWMTEPATYPA /| REFERENCES
1. Barov, V., 1982. Analysis and schemes of the field experiment. NAPS. Sofia (Bg).
2. Duran, B. and P. Odelle, 1977. Cluster analysis, Statistics, Moscow (Ru).

3. Genov, M., 1988. Genetic investigation of diploid and tetraploid maize in
regard to the heterosis and mutant variability. Maize Research Institute, Knezha, Bulgaria.
4, Hartigan, JA and MA Wong, 1979. “A K-means clustering algorithm,” Applied
Statistics, 28, 100-108.

5. Hartigan, J., 1985. “Statistical theory in clustering,” Journal of Classification”,
2, 63-76.

6. Hristov, K., 1983. Genetic foundations of the selection and seed production of
maize. Dissertation, Maize Research Institute, Knezha, Bulgaria (Bg).

7. Hristov, K. and P. Hristova, 1995. Mutation breeding of maize - methods and
achievements. Plant Science, 32(1-2), 40-43, (Bg).

8. llchovska, M., 2013. Evaluation of the combining ability of grain yield of
mutant maize lines. Agricultural science and technology, 3(6), 228-232 (Bg).

9. llichovska, M. and I. Ivanova, 2013. Evaluation of experimental maize hybrids
by using factor analysis. Il Scientific conference with international participation “Theory
and practice of the agriculture”; 22-24.11.2013, Yundula, 370-375 (Bg).

10. llichovska, M. and I. Ivanova, 2014. Usage of cluster analysis for grouping
hybrids and evaluation of experimental mutant maize hybrids. Agricultural science and
technology, 4(1), 14-16 (Bg).

11. Morgun, V., 1983. Experimental mutagenesis and its application in maize
breeding. Publishing Naukova, Kiev (Ukr).
12. Petrovska, N. and D. Dimova, 2012. Analysis and evaluation of inbred maize

lines of different groups of maturity. Agricultural University - Plovdiv, Agricultural
Sciences, 4(11), 125-129 (Bg).

13. Valkova, V., 2013. Breeding evaluation of newly stabilized lines of maize.
Agricultural science and technology, 5(3), 257-260 (Bg).

14, Vandev, D., 2003. Applied statistics 2, SU “St. Kliment Ohridski” Sofia. (Bg).
15. Ward, JH, 1963. Hierarchical Grouping to Optimize an Objective Function.
Journal of the American Statistical Association, 58, 236-244.

29



Journal of Mountain Agriculture on the Balkans, 2017, 20 (4), 30-38
Research Institute of Mountain Stockbreeding and Agriculture, Troyan

ISSN 1311-0489 (Print)
ISSN 2367-8364 (Online)

BrinsiHve Ha xepbuumam BbpxXy NpoayKTUBHOCTTA
Ha caMoonpalleHn MMHUN LapeBuLa

Kpacumup Masnoscku, CoHs FopaHoBcka*, Kata MopaaHosa

VHCTUTYT no uapesnuaTa, 5835 KHexa, Bvnarapus
*E-mail: song_hristova@mail.bg

Influence of herbicides on the productivity
of maize inbred lines

Krasimir Pavlovski, Sonia Goranovska*, Katya Yordanova

Maize Research Institute, 5835 Knezha, Bulgaria

PE3IOME

Mpe3s nepuopga 2012-2014 r. e
NnpoBezEeH NOJICKM ONMUT CbC CamoonpaLleHn
NIMHUW LapeBuLa — poanTENCKA KOMMNOHEHTH
Ha Xmbpuau, BbPXY MOYBEH TUM TUMWUYEH
YepHO3eM MpU  HEMNOJIMBHW  YC/IOBUS.
MpoyyeHa e edumkacHOCTTa, (PUTOTOKCUY-
HOCTTa W BMSAHMETO Ha XepbuuugHaTta
cuctema apgonpum naoc rong (akr. B-BO
312,5 g/l S-metonaxnop + 187,5 g/l Tepby-
TWnasuH) B gosa 4500 mi/ha + MucTpan
ekcTpa (akT. B-BO 60 g/l HMKocyndypoH) B
posa 750 mi/ha + Muk 75 BI" (akT. B-BO 750
g/kg npocyndoypoH) B go3a 15 g/ha Bbpxy
[o6uBa Ha 3bPHO NPV JIHUKX OT paHHaTa,
cpefHopaHHaTa M KbCHa rpyna Ha 3pesnocrT.
Pesyntatute oT onuTa nokassart, 4ye npwu
cpefHopaHHMUTe  JIMHUM  pas3/iukuTe B
[O6GUBMTE HA 3bPHO Mexay TpeTupaHute
napuesikm 1 CTONaHCKUTE KOHTPO/M ca
MaTeMaTuyeckM [okasaHW, [okaTo npu
NIHUWTE OT paHHaTa rpyna He CbLleCcTByBa
TakaBa 3aBMCUMMOCT.

Knrouosu aymu:
xepbvumgHa cuctema, [Aobus
(PUTOTOKCUYHOCT, LapesmLa

NHUK,
3bPHO,

YBO/,

M3nonsBaHeTo Ha XxepbuumuaHu npe-
napaTty npy LapesBuLaTa e CBbp3aHo C pe-
aKuMWTe Ha OTAENHUTE TEHOTUMNOBE KbM
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SUMMARY

In the period 2012-2014 was
conducted filed experiment with maize
inbred lines — parental component of
hybrids on Muck soil type (typical black)
without irrigation. The research is about
efficiency, phytotoxicity and the impact of
herbicide system Gardoprim Plus Gold
(act. in. 312,5¢g/I S-metolachlorine + 187.5
g/l Terbuthylazine) at a dose 4500 ml/ha +
Mistral extra (act. in. 60 g/l Nicosulforon )
at a dose 750 ml/ha + Pik 75 VG (act. in.
750 g/kg Prosulfuron ) at a dose 15 g/ha
onto grain yield productivity in lines of
300-400 and 400-500 FAO groups. The
results of the tests showed in 400-500
FAO lines is difference in grain vyield
between treated plots and business
controls are mathematically proven, while
in the lines of 300-400 FAO group there is
no such link.

Key words: maize, lines, herbicide
system, grain yield, phytotoxicity, maize

INTRODUCTION

The usage of herbicides in maize is
associated with the responses of
individual genotypes to chemically active



XMMUYECKN akTMBHW BellecTBa. B nutepa-
TypaTta ce cbob6laBaTt AaHHW 3a NposiBa Ha
YyBCTBMTE/IHOCT Ha poauTencku dopmu
(MMHUK UapeBUMUA) KbM OTAENHW npenapa-
TW, MPUNIOXEHN BEreTaLMOHHO.

Stefanovic (1980) u3cnegsa BNUS-
HueTo Ha TuTyc 4Bl 1 EpagukaH 6E Bbpxy
BMCOYMHATA M J06MBa Ha camoonpalleHun
JIHUW, KaKTO U (puTOTOKCUYHOCTTA UM. To-
ronsMara 4act OT JIMHUMTE pearupar Ha
xepéuumanTe B Ha4YasI0TO Ha BeretauuaTa,
a cnepf ToBa NpeofonsiBat HeraTMBHOTO UM
B/IMSIHVE.

Grimalovskiy (1995) uscnegsa peak-
uMAaTa Ha camoonpalleHn JiMHUK uapesunua
KbM XepovumaHun npenapatu Ha 6a3a 2,4-1-
amMuHHa con 1 heHokcasuH. MNpu ycnosuaTa
Ha TO3M OnNuT XepouumauTe ca okasasu
HeraTVBHO B/IMSIHWE BBLPXY O3bPHEHOCTTa
Ha HSAKOW OT NMHUKUTE, KaTo NpWU HSKOU
dhopmn HamaneHueTo goctura 20%.

Mono6bHM pesynTatu ca NoTBbPAEHU
U B npoydysaHusTa Ha Borukaev (1994);
Borsht n1 Kuznetsova (2008).

Pogutenckute popmu Ha xubpugute
uapesuua ca 0CO6EHO YYBCTBUTESTHU KbM
3ansieBesiiBaHETO C MHOTOTOAMLLIHU Kope-
HUWHMW nneBesim n  ocobeHo c  Ganyp
(Sorghum halepense L./Pers.). Peguua
aBToOpy u3cneagBaT pasnpocTpaHeHUeTo U
B/IMSIHNETO Ha Ganypa BbpXY KyITypHUTE
pacTeHus B obpaboTBaemu 3emmn (Kaloyanova
et al., 2008; Stoimenova et al., 2008).

YcTaHOBEHO e, Ye Nnpu CbliecTBeHa
4acT OT JIMHWUMTE, U3MON3BAHNUTE MOYBEHN U
BeretauuoHHN xepbuuuaHu npenapatu, He
oKa3BaT HeraTMBHO B/IMAHWE BbBPXY efe-
MEHTUTE Ha npoaykTuBHOCT (Altuhova,
2005; Malakanova et al., 2013).

MonyyeHnTe pe3ynTatu nokassaT, ye
pasimyHute dopmMu  Lapesuua pearvpar
pasfiMyHo Ha Xxepbuumaun, 3aToBa HOBUTE
npenapatu He TpsA6sa ga ce n3nonssar 6e3
npeasapuTesiHo U3nuTBaHe BbPXY CbOTBET-
HWA reHoTun.

LlenTa Ha HacTosLLeTO u3cneasaHe e
[a ce yCcTaHOBM B/IMAHMETO Ha MOYBEHU U
BeretauuoHHN Xepbuuman BbpXy pacTexa,
pasBUTMETO M NPOAYKTMBHOCTTA Ha Camo-
onpaLueHn MHUK LapeBuua.
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substances. In the literature are reports
about sensitivity of some parental forms
(maize lines) to different chemicals
applied in vegetation.

Stefanovic (1980) examines the
impact of Titus 4VG and Eradikan 6E on
the height and yield productivity of inbred
lines and their phytotoxicity. The majority
of the lines are responsive to herbicides at
the beginning of vegetation and then
overcome their negative influence.

Grimalovskiy (1995) investigated
the response of maize inbred lines
herbicidal compositions based on 2,4-D
amine salt and phenoxazine. Under the
conditions of this experiment herbicides
had had a negative impact on some lines,
even in some forms reduction reached
20%.

Similar results were confirmed in
Borukaev (1994); Borsht and Kuznetsova
(2008) research.

Parental forms of corn hybrids are
extremely sensitive to weed invasion on
root perennials like Sorghum halepense
L./Pers. Many authors study influence and
distribution of Sorghum halepense onto
the crops in farming fields (Kaloyanova et
al., 2008; Stoimenova et al., 2008).

It has been found that, a numerous
part of lines have no negative efficiency in
treatment with leaf herbicides (Altuhova,
2005; Malakanova et al., 2013).

The results show that different
forms of maize react differently to
herbicides, so the new chemical products
should not be used without prior testing to
the corresponding genotype.

The purpose of this study was to
determine the influence of soil and leaf
herbicides on growth, development and
productivity of maize inbred lines.



MATEPWNAN N METO4WA

OnuTbT € MpoBedeH B OMNUTHOTO
none Ha VHCTUTYTa MO uapesuua - rp.
KHexxa npe3 nepuvoga 2012-2014 r. Ha
noYBEH TUM TUNUYEH YepHo3eM. 3a 6opba
cpeLy nsesenute ca M3nosi3BaHun noyse-
HUAT XxepbuuuaeH npenapat apgonpum
nntoc rong (akt. B-Bo 3125 g/l S-
meTonaxnop + 187,5 g/l TepbytnnasvH) B
posa 4500 ml/ha n xepbuymgHaTa cmec
oT MucTpan ekcTpa (akt. B-B0 60 ¢/l
HUKOCYNgypoH) B Aosa 750 mi/ha n Muk
75 BT (akT. B-BO 750 g/kg npocyndgypoH)
B Ao3a 15 g/ha.

PekontupaHu ca nnHUM OT cnegHu-
Te rpynu Ha 3pesocT:
1. PaHHu — rpyna 300-400 no ®AO
* AC-94 — maiiunHa chopmMa Ha LapeBuyeH
xnbpug Knexa-307
* N-192 — 6awmHa hopma Ha LapeBuyeH
xnbpug Knexa-307
2. CpegHopaHHn — rpyna 400-500 no
®AO
*  XM-4418 MaiumMHa dopMa Ha
uapsuyeH xubpug KHexa-435
* K 46-52 6awwmHa opma
uapesuyeH xubpug Knexa-435
3. CpegHokbeHY — rpyna 500-600 no AO

Ha

* Kb 113C - OGawuHa dopma Ha
uapeBuyeH xubpung KH-442
* Mo 17RfC - 6GawuHa dopma Ha

uapeBnyHN xnbpmnan: KH-509, KH-595, KH-
613, KH-614, KH-683A n gp.
4. KbcHu — rpyna Hag 600 no $AO

*

C-103MB - 6awuHa dopma Ha
uapesuyeH xmépug KH-611M
* 23/78C - wmaliumHa dopma Ha

uapesuyeH xuopung KH-613
*K 46406C — 6awmHa chopma Ha KH-621
* KC 4661 MaiumHa dopma  Ha
uapeBuyeH xubpung KH-620

OnuTbT e 3anaraH No MeToda Ha
Aobnrute napuenky B 4 nosTopeHus. Bcsaka
NVHWA nNpeacTaBnsBa OTAE/IEH BapuaHT,
npu KOWTO € W3BbPLUEHO TpeTupaHe C
xepbuupam + npuiexaila CcTonaHcka
KOHTpona. JlnHuniTe ca 3acATu C rbCToTa
55000 pactenusi/ha npe3  onTUMasIHUSA
arpotexHuyecks nepuog 3a ceutba Ha
LuapeBuLaTa 3a paiioHa Ha KHexa — BTopaTta
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MATERIAL AND METHODS
The assay was to performed in
experimental fields of Maize Research
Institute located in Knezha, Bulgaria
during the period 2012-2014 a typical
Muck soil type. For weed control was
used soil herbicide Gardoprim Plus Gold
(act. in. 312.5 g/l S-metolachlorine +
187.5 g/l Terbuthlazine) at a dose of
4500 ml/ha. For the vegetation period was
used the mixture of leaf herbicides Mistral
extra (act. in. 60 g/l Nicosulfuron) at a
dose 750 ml/ha and Pik 75VG (act. in.
750 g/kg Prosulfuron) at a dose of 15 g/ha.
Harvested lines are in the following
groups of maturity:
1. A group of 300-400 FAO
* AC-94 — the mother form of corn hybrid
Knezha-307
* N-192 — the father form of corn hybrid
Knezha-307
2. A group of 400-500 FAO
* XM-4418 - the mother form of corn
hybrid Knezha-435
* K-4652 — the father form of corn hybrid
Knezha-435
3. A group of 500 - 600 FAO
*Kb 11zC - father form of corn hybrid
Knezha-442
*Mo 17RfC — father form of corn hybrids
Knezha: Kn-509, Kn-595, Kn-613, Kn-
614, Kn-683A and others.
4. A group of over 600 FAO
*C-103MB - father form of corn hybrid
Knezha-611M
*23-78C — mother form of corn hybrid
Knezha-613
*K 4640B6C - father form of corn hybrid
Knezha-621
*KC 4661 — mother form of corn hybrid
Knezha-620
The experiment has pledged via the
long plots method in 4 reps. Each line
represents a separate variant that has
been herbicide treated + adjacent
economic control. The lines are seeded at
the density of 55 000 plants/ha during the
optimal sowing period for corn in the
region of Knezha (the second ten ten
days of April and during the three year



JeceToHeBKa Ha MeceL, anpun 1 npes Tpute
roAVHU Ha NPoBeXJaHe Ha onuTa.

BHacaHeTo Ha xepbuungHute npena-
patu e M3BbPLIEHO C rpbOHa NpbCKayka.
PaboTHuAT pasteop e 300 I/ha. MouseHUAT
xepéuunua e BHeceH cnep ceuTba, npeam
MOHUKBaHEe Ha Lapesuuara v nnesenute, a
BeretauuoHHUTe — BbB (pas3a 5-Tm fUCT Ha
BCSKa efiHa OT NiMHunTe. Tpu cegmuun cnep
TpeTMpaHeTo C JIMCTHU Xepobuunan e n3Bbp-
LWEeHO efHO MexaHu3upaHOo MexXxaypenoBo
oKonaBaHe W efHO PbYHO BbLTPEPESOBO.
CronaHckata KOHTpo/sia Ha BCAKa efHa oT
pekonTMpaHuTe JIMHUA € noaAbpxaHa
yucTa OT MNJIEBE/IM CaMO C OKOMaBaHe.

OTuyeTeHM ca cnefHUTe nokasarenu:

1. ®UTOTOKCUYHOCT Ha MpoyyBaHUTe
xepbuumamn

3a uenta ca M3BBLPLIEHN BU3yasHU
HabnoaeHWs BbpXy NpoyyYBaHUTE camo-
onpalleHn  NMHUM 1N HeTpeTupaHuTe
pacteHus — Ha 10-tusa, 20-Tua n 40-Tns geH
cnef, TpeTUpaHeTo C IMCTHU Xepbuuunau.

2. [lobus 3bpHO (B kg/ha)

[Jo6vBbT Ha 3bPHO OT  BCSKO
NOBTOPEHME € MU3YUC/IEH, KaTo pesynTaTute
ca npvpaBHeHW KbM CTaHfapTHa Bnara —
14%. TpubupaHeTo Ha UapeBuLatTa e
M3BbpPLIEHO BBLB (pa3a nbaHa 3pesnocT. Ha
nosyyeHnMTe OaHHU e HanpaseHa CcTaTUCTu-
yecka OLEeHKa 3a [JOCTOBEPHOCT Ha Pa3/fIMKUTE.

PE3YJITATU N OBCBXXOAHE
OueHkaTa 3a (QUTOTOKCMYHOCT Ha
xepbuungHaTta cuctema apgonpum nac
rong B pgosa 4500 ml/ha + MucTpan
ekcTpa B go3a 750 ml/ha + MNuk 75 Bl B
fosa 15 g/ha e usBbpieHa OKOMEpPHO No
ckanata Ha EWRS 3a oMTOTOKCMYHOCT.
YcTaHOBEHO e, 4ye cref ynoTpe-
6aTa Ha xepbuungute Ha 10-Tus, 20-Tus
n 40-TMA OeH He ca ycTaHOBEHM NoBpeau
Nno KyNTypHUTE pacTeHus. TeXHUAT xabu-
TYC He ce pasfnnyasBa OT TO3M Ha pacTte-
HUSTa OT CTOMAHCKUTE KOHTPOJIN Ha Mpo-
yYBaHMTE camoonpatleHn JIMHUN.
Jo6MBLT Ha 3bPHO OT paHHUTE
nunHukn, rpyna  300-400 no ®AO, e
npeacraseH Ha Tab6nuua 1. Mpu ycno-
BMATA Ha oNuTa, 4OOUBBLT Ha 3bPHO Cpes-
HO 3a nepuoja Ha npoy4ysaHe, MoslyyeH
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duration of the trial).

Introduction of herbicides is made
with a knapsack sprayer. The flow rate is
300 I/ha. The soil herbicide was introduced
after sowing, before germination of the corn
and weeds, and in vegetation period - in
fifth leaf phase of the lines. Three weeks
after treatment with leaf herbicides
committed one mechanized cultivation in
between the rows and a hand hoeing in the
row. Economic control of each one of
harvested lines was maintained free from
weeds by hoeing only.

The following indicators are reported:

1. Phytotoxicity of the investigated
herbicides.

For the purpose were made visual
observations of the studied inbred lines
and untreated plants — on the 10th, 20th
and 40th day after treatment with leaf
herbicides.

2. Grain yield (kg/ha)

The vyield of grain from each
repetition was calculated and the results
are equivalent to a standard humidity -
14%. Maize was harvested in full maturity
phase. The collected data is statistically
evaluated the accuracy of differences.

RESULTS AND DISCUSSION

The assessment of phytotoxicity of
herbicide system Gardoprim Plus Gold at
a dose of 4500 ml/ha. The + Mistral Extra
at a dose 750 ml/ha + Pik 75VG at a dose
of 15 g/ha is done by sight on the EWRS
scale.

It was found that after the usage of
herbicides of the 10th, 20th and 40th day
have not been established damage to the
crop plants.Their habit is not different from
the plants of economic controls surveyed
inbred lines.

The yield of group 300-400 FAO is
presented in Table 1. In terms of the
experiment the grain yield average for the
period of study obtained by line AC-9434
versions of treatment is 2'892.38 kg/ha



oT nnHnA AC-9434 oT BapuaHTa C TpeTu-

2,29% noBeye cnpsiMo Aob6usa, NonyyeH

OT cTonaHckarta koHTpona (Tabnuua 1).

which is only 2.29% more than the yield
paHe, e 2892,38 kg/ha, koeto e epgga | obtained by the industrial control (Table

1),

Ta6bnuua 1. Jo6uB 3bpHO (kg/ha) OoT camoonpalleHn NUHUK LapeBula, rpyna

300-400 no ®AO — paHHU

Table 1. Grain yield (kg/ha) of inbred lines of maize, a group 300-400 FAO — early

TpeTnpaHo ¢ xepbuunan CronaHcka KoHTpona % CHDSIMO
(Treated with herbicides) (Control industrial) "Tgl'lal-'I)CKaTa JokazaHocT
CamoonpalleHu cpi,gHo cpi,gHo KOH'(I'pOI'Ia pasﬁv?KaTa
NNHUN % A
(Inbred lines) | 2012 | 2013 | 2014 ?aefeﬁggg 2012 | 2013 | 2014 ?aefevl',gg'gcompared to (S'gn'é'fcance
for the for the | . contrql variantion)
period) period) industrial)
1. AC 9434 2763,482858,85[3055,00 2892,38 [2572,71/2695,253214,50| 2827,49 2,29 n.s.
2. N 192 3439,183860,20[4203,50| 3834,26 |3314,25[3774,75/4160,14] 3749,71 2,25 n.s.

JlokasaHoCT Ha pa3nukuTe cpefHo 3a nepuoga 2012-2014 .

Significance of variation average for the period 2012-

3a nimHna AC 9434
For line AC 9434
gDpsy = 253 kg/ha
gDp1s = 425 kg/ha
gDpo.1% = 610 kg/ha

Pesyntatute 3a go6usa 3bpHO OT
nmHuA N-192, TpeTupaHa c npoy4yBaHuTe
B onuta XxepéuuugHu npenapatu ca
€/[JHOMOCOYHM M Noka3saT, ye yBenuye-
HMETO CnpsAMO CToMaHcKara KoHTposa
cpegHo 3a nepuoja e camo 2,25%.
Pa3nvknute B npoueHTV B Job6uBUTE Ha
3BbPHO, MOSy4eHW OT [ABeTe J/IMHUN BbB
BapuaHtTuTe C TpeTupaHe, CpaBHEHU CbC
CTOMaHCKNTE KOHTPOMIN, HE ca [oKasaHu
MaTemMaTnyecku.

BnnaHneTo Ha HauuHa Ha npemax-
BaHe Ha n/jeBesMTe BbpXy Ao6uBa Ha
3BPHO OT CPefHOPaHHUTE NINHUN LlapeBu-
La e npeacraBeHo Ha Tabnuua 2.

[Jo6mBbT Ha 3bpHO (CpefHO 3a
nepvopga) ot ivHua XM 4418, TpeTnpaHa
¢ xepbuumngHn npenapatu, e 4319 kg/ha.
OT cTonaHckata KOHTpO/sa € MoJslydeH
[obue (cpegHo 3a nepuoga) 3761 kg/ha,
KoeTo e ¢ 14,8% no-manko OT BapuaHTa C
TpeTvpaHe. Pasnukara e fJokasaHa npu
HMBO Ha 3Ha4YMMOCT 5%.

2014 year

3a nnHna AC 9434
For line AC 9434
gDpsy, = 302 kg/ha
gDp1g = 455 kg/ha
9gDpo.1%s = 720 kg/ha

are one-way and
average is 2.25%.

from both lines

treatment compared
controls  have
mathematically.

In Table 2

grain yield in mid.early

not

with
been

is presented
influence of removing ways of weeds to

lines.

Grain yield results of line N-192
treated with the same herbicide system
it shows that the
increase to economical control period

Differences in yield rates received
in the versions with
economic

proven

the

Grain yield (average for the period)

of line XM 4418 treated with herbicides is
4'319 kg/ha. From economic control was
obtained (average for the period) 3761
kg/ha, that is 14,8% less than the option
with treatment. The differences is shown
at a significance level of 5%.
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Tabnuua 2. JobéuB 3bpHO (kg/ha) oT camoonpalleHn NUHUKN LapeBula, rpyna

400-500 no ®AO — cpefHOpPaHHU

Table 2. Grain yield (kg/ha) of inbred lines of maize, a group 400-500 FAO

TpeTupaHo ¢ xepbuunam CronaHckKa KoHTpona % CHDAMO
(Treated with herbicides) (Control industrial) "Tgl'laECKaTa JokazaHocT
CamoonpalleHu cpi,gHo cpz,gHo KOH'(I'pOﬂa pasﬁv?KaTa
NNHUN % A
(Inbred lines) | 2012 | 2013 | 2014 [7*PHOAY 2012 | 2013 | 2014 | “HH Elcompared tofS1anificance
for the for the | . contrgl variantion)
period) period) industrial)
1. XM 4418 4431 | 4046 | 4480 | 4319 | 3953 | 3755 | 3576 | 3761 14,8 +
2. K 4652 3754 | 3896 | 4140 | 3930 | 2659 | 2960 | 3061 | 3593 9,4 ++

JlokasaHOCT Ha pa3nukuTe cpefHo 3a nepuoga 2012-2014 .
Significance of variation average for the period 2012-2014 year

3a ivHna XM 4418
For line XM 4418
gDpsy = 563 kg/ha
gDp1s% = 790 kg/ha
gDpo,1% = 1152 kg/ha

[o6VBBT Ha 3bPHO OT NnHUA K-4652
cpenHo 3a nepuoga 2012-2014 r., nonyyeH
OT BapuaHTa c TpeTupaHe, e ¢ 9,4% no-
BMCOK CMpPAMO MOJIlyYeHUss OT cTonmaHckara
KOHTpoOna. PesyntatbT e  pgokasaH
Maremarundecku npu gDp 5%, 1% un 0,1%.

Pe3yntatnte 3a BAUAHWETO Ha
xepouunaHuTe npenapatyv U3nosa3BaHn B
onuta BBPXY JobuBa Ha 3bPHO OT
cpefHOKbCHUTE vHUKM  uapesuua Kb
113C n Mo 17RfC nokassaT, 4ye cpefiHO
3a nepuofa Ha npoyysaHe [0O6UBBLT Ha
3bpHO OT sivHnAa KB 113C, npu ycnosus
Ha TpeTupaHe e ¢ 19,3% noseye cnpaAmMo
cTonaHckata KoHTpona. Pasnukata e
JokasaHa npu gDp=5%.

[Jo6yBBbT Ha 3bpHO OT AMHMA Mo
17RfC (cpefHo 3a nepuoga Ha npoy4ysaHe)
e 291,7 kg/ha, koeto e ¢ 9,4% noseye OT
cTonaHckarta KoHTpona (Tabnuua 3).

3a ninHnsa K 4652

For line K 4652
gDpsy, = 488 kg/ha
gDp1s = 624 kg/ha
9gDpo.1%s = 1011 kg/ha

The average grain yield for the
period 2012-2014 from line K-4652 is
9,4% higher from treated, then economic
control vyield. The result is proven
mathematically in gDp5%, 1% and 0,1%.

The results about influence of
herbicide chemicals used in the
experiment on grain yield show, in mid
late lines KB 11zC and Mo 17RfC
(average for the period) the yield of KB
11zC is with 19,3% more in treated, then
the economic control. The difference is
proven in gDp=5%.

Average for the period the grain
yield from Mo 17RfC line is 291,7 kg/ha,
which is with 9,4% higher from the
economic control (Table 3).

Tabnuuya 3. JoouB 3bpHO (kg/ha) oT camoonpalleHn AMHUKM LapeBuua, rpyna

500-600 no ®AO — cpeHOKbCHU

Table 3. Grain yield (kg/ha) of inbred lines of maize, a group 500-600 FAO

TpeTupaHo ¢ xepbuuman CTonaHcKa KoHTposia % CrIDSIMO
(Treated with herbicides) (Control industrial) CT;I‘IaECKaTa JokasaHocCT
CamoonpatieHu CpigHo Cpi'gHo KOHE'O[/)Oﬂa paSI:—'I/?KaTa
NHUK o A
(Inbred lines) | 2012 | 2013 | 2014 E':\fe":ggg 2012 | 2013 | 2014 ?ffe”riﬁicompared tO(Slgnlélfcance
for the for the | . contrc_JI variantion)
period) period) industrial)
1. Kb 113C 3708 | 4295 | 4090 | 4031 | 2500 | 3826 | 3815 | 3380 19,3 +
2. Mo 17RfC 2501 | 2841 | 3409 | 2917 | 2360 | 2442 | 3197 | 2667 9,4 n.s.
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JlokasaHOCT Ha pa3nukuTe cpefHo 3a nepuoga 2012-2014 .
Significance of variation average for the period 2012-2014 year
3a nuHna Kb 113C 3a nmHna Mo 17RfC

For line Kb 113C
gDpsy = 555 kg/ha
gDpa1y = 784 kg/ha
gDpo.1% = 933 kg/ha

Pesyntatute 3a B/MAHMETO Ha
n3NUTBaHUTe  XepouuuaHu  npenapatu
BbPXy A06MBA HA 3bPHO OT camoonpalleHu
NnHUKM uapesuua, rpyna Hag 600 no ®AO,
ca npegcrtaBeHn Ha Tabnuua 4.

For line Mo 17RfC
gDpsy, = 258 kg/ha
gDp1s = 422 kg/ha
9gDpo.1%s = 783 kg/ha

Table 4 presents results of the

influence of tested herbicide chemicals
onto grain yield of group 600 and over
FAO inbred maize lines.

Tabnuua 4. Job6us 3bpHO (kg/ha) OT camoonpalleHn NUHUK Lapesula, rpyna Haj

600 no PAO — KbCHU

Table 4. Grain yield (kg/ha) of inbred lines of maize, a group 600 FAO

TpeTupaHo ¢ xepbuumamn CTonaHcKa KoHTposia % CrIDSIMO
(Treated with herbicides) (Control industrial) CTOI'IaSCKaTa JokasaHocT
CamoonpatieHu cpggno cpc;gno KOHZ’pOﬂa pasr?v?KaTa
NIMHUKN % o
(Inbred lines) | 2012 | 2013 | 2014 E':\f’el’lggg 2012 | 2013 | 2014 E'ae\f’e":gg:compared to (S'gn'é'fcance
for the for the | . contrql variantion)
period) period) industrial)
1. C-103MB 3620 | 4198 | 4634 | 4151 | 3784 | 4045 | 4359 | 4063 2,17 n.s.
2.23/78 C 3439 | 3781 | 4109 | 3776 | 3206 | 3538 | 3979 | 3574 5,65 +
3. K 4640 BC 2453 | 3133 | 3538 | 3041 | 2097 | 2948 | 3278 | 2774 9,63 +
4. KC 4661 2706 | 3199 | 3630 | 3178 | 2416 | 2990 | 3252 | 2886 10,11 +

[oka3aHOCT Ha pa3nukuTe cpegHo 3a nepuoga 2012-2014 r
Significance of variation average for the period 2012-2014 year

3a nnHua C-103 MB
For line C-103 MB
gDpsy = 2832 kg/ha
gDp1g% = 4150 kg/ha
9gDpo1% = 7440 kg/ha

3a nuHna 23-78 C
For line 23/78 C
gDpsy = 195 kg/ha
gDpisw = 313 kg/ha
gDpo,1% = 720 kg/ha

[Jo6uBBLT Ha 3bpHO, MNOMYy4YeH npu
yCnoBusA Ha TpeTnpaHe oT sinHmua C-103MB,
cpefHo 3a nepuoga Ha npoyysaHe e Mno-
BMCOK OT CTOMaHckara KoHTposia ¢ 2,17%.
PasnukaTa He e fokasaHa MaTeMaTu4ecku.

CpefHuAT 3a nepuofa Ha npoy4ysaHe
[06VB 3bpHO OT nMHUA 23-78C, OTrnex-
[JaHa npu ycrnoBusa Ha TpeTupaHe C xepou-
ungHn npenapatm e 3776 kg/ha. Teau
JaHHW CbLLO ca [oKasaHW CTaTUCTUYECKM
npu HMBO Ha 3HaummocT 5%. OT cbliara
JIMHUS B CTONAHCKaTa KOHTpOosia e nosyyeH
pobvs 3bpHO oT 3574 kg/ha cpepHo 3a
nepuoga 2012-2014 r., koeto e ¢ 5,65% no-
Masiko oT gobusa, NnoslyyeH OT BapuaHTta C
TpeTupaHe.

[Jo6yvBbT Ha 3bPHO OT camoonpa-
weHa nmHnsa K 46406C oT BapuaHTa ¢ Xep-
6uunaHn npenapatn e 3041 kg/ha, koeTo e

3a nuHua K 4640 bC
For line K 4640 BC
gDpsy = 251 kg/ha
gDpa1y = 523 kg/ha
0gDpo,1% = 854 kg/ha

3a nnHna KC 4661
For line KC 4661

gDpsy = 331 kg/ha
gDp1y = 555 kg/ha
gDpo,1%= 022kg/ha

Grain vyield from treated line C-
103MB is 2,17% higher, then the
economic control but the difference is not
mathematically proven.

Grain yield (average for the period
of study) of line 23-78C treated with
herbicide chemicals is 3'776 kg/ha. This
result is proven at a significance level of
5%. From the same line in economic
control the yield is 3'574 kg/ha average
for the period 2012-2014, which is with
5,65% less then the treated with
herbicides.

Grain yield from inbred line K
4640BC herbicide treated plot is 3041
kg/ha, that is with 9,63% higher then the
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c 9,63% noBeye cnNpsAMO MNOJSIy4YEHUS OT
cTonaHckara KoHTpona. Pasnukata e
JoKazaHa MaTemaTtuyeckm npu HUBO Ha
3HauMmocCT 5%.

Mpy ycnosusa Ha TpeTupaHe C npo-
yuBaHUTE B onuTa XepbuunaHu npenaparu,
OoT camoonpaweHa nuHua KC 4661 e
nosyyeH pobme 3bpHO oT 3178 kg/ha
(cpegHo 3a nepuoga 2012-2014 r.), KoeTo e
¢ 10,1% noseye cnpsmo gob6usa, NoAy4YeH
OT cTonaHckara KoHTpona. PesyntarbT e
JokasaH matemaTuyeckn npu gbp=5%.

PesyntatuTe 3a nonyyeHute 0obusu
Ha 3bPHO OT camMoonpalleHnTe NINHUK Cep,
TpeTupaHe C npoyyBaHWTe XepouuuaHu
npenapatn npe3 nepuvoga 2012-2014 .
nokaseart, ye Hali-BUCOK eddekT e nocTurHat
npy pacTeHuWsiTa OT CcpefHOKbCHATa rpyna.
Mpu TAX ce Habnogasa Hai-ronsamo yee-
NnyeHne Ha pobuBa cnpsMo cTonaHckarta
KOHTpOa, n3paseHo B NPOLLEeHTN CpeaHo 3a
nepuoga Ha npoy4ysaHe. To3u hakT MOXe
[a ce 065CHM C TOBAa, Ye NINHUUTE OT Cpes-
HOKbCHAaTa rpyna ca C no-4b/fbl Bereta-
LMOHEH nepuog N HaBpeMeHHOTO TpeTupa-
He ¢ XxepbuunaHu npenapartu cpeLly nnese-
N1 BOAM [0 TAXHOTO MNO-406po passutue,
[0 HaBpeMeHHO hopMupaHe Ha penpoayk-
TUBHWUTE OpraHy, a oTTam W [0 No-BUCOKa
nNpoAyKTMBHOCT. O6paTHO, Npu camoonpa-
LEeHNTe /IMHUKN OT paHHaTa rpyna, Kouto ca
€ no-6bP3 pacTex u passutue, TpeTupaHe-
TO C XepbuumnaHu npenapatn Ao 5-Tm AucT
Ha BeretauyuaTa UM, NPy YycnosuATa Ha
onnWTa € OKasa/lo efHaKbB edqeKT BbPXY
NPoAyKTMBHOCTTa MM CpaBHEHa C Ta3n B
cTonaHckara KoHTposia. ToBa nokassa, 4ye
TpeTupaHeTo C XxepbuuuaHu npenapartu
okasBa No-gob6bp edekT BbPXY Aob6MBa Ha
3bPHO NPW POAUTESICKATE KOMMOHEHTU OT
CcpefHOKbCHaTa M KbcHarta rpyna no ®AO
nopagu no-6aBHNTE TEMMOBE Ha pacTex u
pasBuTMe Ha npoyyBaHUTE T[EHOTUMNOBE.
Mpn TAX onacHOCTTa OT 3arsjeBesiiBaHe B
paHHUTe ha3n OT pa3BUTUETO UM MOXe Aa
josefile [0 Mb/IHO KOMNPoOMeETWpaHe Ha
pobusuTe. MNMpu HEHaBpPEMEHHO BHacsHE Ha
xepbuumaHu npenapatn (40 3-TW JIUCT Ha
nHunTe) nocneasatloTo MeXaHU4yHOo
OTCTpaHsiBaHe Ha nnesenute (KakBoTo € B
cTonaHcKata KOHTpona) He 6u Morno ga
Josefie [0 Bb3CTaHOBABAHE NPOAYKTUBHUA
noTeHumnan Ha uapesuuara.

economic control and it is mathematically
proven by significance level of 5%.

By the conditions treated with the
studied herbicide chemicals for the period
2012-2014, inbred line KC 4661 is gained
grain yield of 3'178 kg/ha, that is 10,1%
and is proven by significance level of 5%.

Results for the period 2012-2014
show, that from all studied inbred lines
the highest grain yield is reached in mid
late lines by the studied herbicide
combination. In these lines has been
observed the highest yield production
against the economic control expressed
in percentage for the all period of study.
This fact can be explained by the longer
vegetation period of the mid late group.
The early time treatment with herbicides
do not cause stress to the timely
reproductive  organs  formation, so
therefore higher yields.

The early inbred lines have much fast
growth and treatment with herbicides till
Stage V-5 of the vegetation has the same

productive effect like the economic
control.
This shows that, treatment with

herbicides has a better effect onto
parental components in mid late and late
(FAO) group of maturity because of the

lower temps of vegetation and
development of the researched
genotypes.

The risk for this groups of maturity is
weed development in the early stages — it
can cause compromising yields.
Therefore in case in missing the terms of
implementing herbicides (that is Stage V-

3 of the lines) and even after that
mechanical cultivation (like in the
economic controls) the productivity

potential on the plants won't be restored.
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n3BOAN CONCLUSIONS
> Cucrtemarta oT noyseH | » The system Gardoprim Plus Gold
xepéuuugeH npenapart Fapgonpum nntoc | (act. in. 312.5 g/l S-metolachlorine +
rong (akt. B-so 312,5 g/l S-metonaxnop + | 187.5 g/l Terbuthlazine) at a dose of 4500
187,5 g/l TepbytnnasmH) B posza 4500 | mi/ha. For the vegetation period was used
ml/ha wn BeretaymoHHute MwucTpan | the mixture of leaf herbicides Mistral extra
ekcTpa (akt. B-Bo 60 g/l HukocyndypoH) | (act. in. 60 g/l Nicosulfuron) at a dose 750
B Ao3a 750 mi/ha + Muk 75 BI" (akT. B-BO | ml/ha and PIK 75VG (act. in. 750 g/kg
750 g/kg npocyndhypoH) B no3a 15 g/ha | Prosulfuron) at a dose of 15 g/ha has no
He oka3Ba (PUTOTOKCUYHO BAMsHUE BbPXY | phytotoxic  effect on  growth and
pacTexHute 1 penpoaykTmBHM NposiBu Ha | reproductive  manifestations of maize

camoonpalleHnte nuHUM uapesuya — | inbred lines — parental components of
POANTENCKN KOMMOHEHTU Ha Xnbpugu. hybrids.

> [o6MBBLT Ha 3bpHO, MOMyYeH OT | » Grain yield received from all
BCUYKM TMPOYYEHU camoonpalleHn JUHUK | maize inbred lines treated with

Lapesuua, TpeTUpaHu ¢ xepbuuuaHu npe- | herbicides is higher than the surrounding
napatu, € no-Bmcok cnpAMo npuiexailata | yntreated control of  corresponding
CTONaHCKa KOHTpOI‘Ia Ha CBbOTBETHUA TeHO- genotype The percentage |ncrease from

TMn. MNMPOLEHTHOTO yBENn4yeHve e ot 2,25% 3a 2 2504 - line N192 to 14.8% in XM 4418.
nvHna N 192 po 19,3% npw nnnus Kb 113C. ' '

> WsnonssaHeto Ha xepbuunan e | 5 The need of using herbicides in
HEO6x0ANMO yCoBMe Mpu OTINEXAAHETO | maize inbred lines is necessary condition,
Ha camoorpatlielin InHn uapesnua, T | 1harefore in the early stages the lines are
KATO B PAHHVTE ETanu OT PasBATMETO CU Te | Lo concifive to weed attacks. Weed

ca CU/IHO YyBCTBUTE/IHU KbM 3anseBensiBa- L " .
control is important condition to gain well

He. KOHTPONbT Ha 3ansieBesisiBaHETO € BaX- leveled crons of a hvbrid parental lines

Ha npegnocTaeka 3a Cb3fjaBaHe Ha Ao06pe P y P '

N3paBHEHN MOCEBM OT POAUTENICKA NIUHUK
Ha gageH xnbpua.
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