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PE3IOME

Llenta Ha HacToslLeTo npoyysaHe e
[a ce onpegeny AO6UBBLT HA Cyxa Maca npu
rnotomcTsara Ha OCEM €JIMTHU K/IOHOBE
nwouyepHa — Mpucta 2, Ne 5 A5, Ne 5 A7, Ne
325, Ne 8 O-1, Ne 97, Ne 8 HO-2 n Ne 10, c
MecTeH npousxos. lNpoyyBaHeTO e npose-
JeHo npe3 nepuoga 2002-2005 r., npu
HEnoNMBHWU YC/I0BUS, B ONUTHOTO MOMie Ha
NHcTuTyTAa.

0O606LeHNTe pe3ynTaTtuTe nokassear,
3HaUUTeNHW pas3nuuma B obliara npoayk-
TMBHOCT Ha (ypax — oT 235,16 kg da™
(cpefHo 3a efiMTHUTE NOTOMCTBA) NpPes Nbp-
BaTa Beretauusi o 1907,65 kg da™’ npes
TpetaTa roguHa. YcCTaHoBsABa Ce, 4e C
nopegHocTTa Ha BereTauuuTe pas/iMkiTe B
[o6uBMTE Ha cyxa maca Mexay npoy4ysaHu-
Te notomcTBa Hamansear. C Hali-BUCOK
cpefeH roaveH pJobws 3a nepuoga Ha
npoyysaHe ce oTkposiBaT notomctearta Ne 5
A5, Ne 5 A7, Ne 8 HO-2 n Ne 8 HO-1, cboTBET-
Ho 1267,73 kg da™’; 1251,24 kg da™;
1206,36 kg da™ n 1193,54 kg da™. Enut-
HWTEe MOoTOMCTBA Ca C BUCOK reHeTuYeH
noTeHuMan v c no-gobpa KoMbuHaTMBHA
CMNOCOGHOCT NO OTHOLUEHWE Ha npu3Haka
[obuB Ha cyxa Maca u npefcraenssar
WHTEpec OT CefleKUMOoHHa rnefHa Touka.

KnrovoBu aymu: nouepHa, eninmtHn
notomcTBa, A06KMB Ccyxa maca
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SUMMARY

The aim of present study was to
determine dry matter yield in progenies of
eight elite alfalfa clones — Prista 2, Ne 5
A5, Ne 5 A7, Ne 325, Ne 8 Y-1, Ne 97, Ne 8
Y-2 and Ne 10, of local origin. The study
was carried out without irrigation in the
experimental field of the Institute during
2002-2005.

The summarized results showed
significant differences in total forage
productivity from 235,16 kg da™ (average
for elite progenies) during the first growing
season to 1907,65 kg da™ in the third year.
It was found that the differences between
progenies studied concerning dry matter
yield were decreasing at each subsequent
growing season. For study period the
highest mean annual dry matter yield for
Ne 5 A5, Ne 5 A7, Ne 8 Y-2 and Ne 8 Y-1
progenies were found 1267,73 kg da™;
1251,24 kg da™; 1206,36 kg da’ w
1193,54 kg da™, respectively. Regarding
dry matter yield the elite progenies were
distinguished with high genetic potential
and a better combining ability and they
are of interest for a breeding.

Key wards: alfalfa, elite progenies,
dry matter yield
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NMouepHa (Medicago sativa L.) e aB-
ToTeTpansiongHa (2n=4x=32), MHororogu-
LWHa, eHTOMO(UIHO, KPbCTOCAHOOMPALLBa-
lwa ce KynTypa CbC C/IOXHA reHeTuyHa
cTpykTypa (Brummer, 2004; Robins et al.,
2008). CenekuuaTa Ha nouepHa e NpoabIi-
XUTENEH MpoLec BK/KOYBALL,  HAKOMKO
LUUKb/1a Ha 0T6op Ha pacTeHuns ¢ nogobpeHn
KauecTBa, 3a [a ce Cb3fJajaT 3HauMTesIHO
no-go6pu coprtose (Strbanovic et al., 2017).

CoprtoBeTe JoUepHa ca CuHTe-
TUYHW nonynauum C LWMpoKa reHeTnyHa
OCHOBa, TPaAMLUMOHHO Cb3faZleHn upes
npunaraHeTo Ha BbTpenonynaunoHHn me-
TOoAM Ha oTbop, B KOUTO M3bpaHu poau-
TENn ca KPbCTOCaHW ClyHaHO U TEXHUTE
noToMcTBa ca [MOJIyYEHU TMPU HAKOJSIKO
NoKosieHMsa Ha cBo6oaHO onpatusaHe (Hill
and Elgin, 1981; Hill et al., 1988).

YcnexsT nNpu cb3gaBaHETO Ha CoOpTo-
Be JllLepHa 3aBMCK [0 ronsiMa cTeneH oT
n3non3BaHnTe Metogn Ha otbop (Kati¢ et
al.,, 2008). Kati¢ et al. (2011) TBLPAAT, 4e
pasBUTMETO Ha cenekumsiTa Npu AwLUepHa e
6aBHO, Hall-Beye nopaay M3MNon3BaHEToO Ha
npoctn MeToau 3a O0T6op, KaTo Macos,
nHAnBUAyaneH, eHOTUNEH, NepruoanyeH un
Ap. 3a pas3paboTBaHETO Ha CUHTETUYHM
coptoBe hypaxHn 6060BM KynTypw, BKIIHO-
YMTENHO NoLepHaTa, ca NpeaoxXeHn peau-
Lua cuctemn 3a OT60OpP: OTGOP Ha M3XOAeH
mMaTepuas Ha 6as3a oLeHka Ha K/I0HOBe, Ha
half-sib wnu full-sib notomctBaTta, wnun
camoonpalleHn noToMcTBara OT pas/ivyHu
reHepauun Ha camoonpaiwwsaHe (Kertikova,
2000; Kertikova, 2008; Annicchiarico et al.,
2015).

Cnopeg Rotili et al., (1999) Ha pas-
MOMIOXEHNEe Ha CefnekuuoHepute ca [ABe
CeneKUMoHHN CXeMM 3a Cb3aBaHe Ha HOBU
COpTOBE JII0LEpPHa, NPea/IoKeHN B pas/iny-
HY nepuogy. MpeacTaBeHa onpoCcTeHo, Mbp-
Ba CXema BK/ll0uBa CfiefHUTe MocnefoBa-
Te/IHN MEeTOLAMYECKM CTBMNKU: a) heHoTUNeH
aHanu3 Ha poauTenckute nonynauuu; 6)
oeHOTMNEH OTOOP Ha POAMTESICKU pacTe-
HYS; B) CMHTE3 Ha HOBW nonynauuu. Bropa-
Ta cxema e nogobpeHa upes oueHsBaHe Ha
reHoTunHaTa CTOMHOCT Ha pacTeHMeTo npe-
AW CuHTesa Ha HoBata nonynauus. Cnepo-
BaTe/IHO NpV BTOpaTa CXema uMma W3NuT-
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INTRODUCTION
Cultivared alfalfa (Medicago sativa

L.) is an autotetraploid (2n=4x=32),
perennial entomophilic, cross-pollinated
legume species with high genetic

complexity (Julier et al., 2003; Brummer,
2004; Robins et al 2008). Creation of new
alfalfa varieties is a very time-consuming
process of selecting plants with improved
qualities in several cycles, in order to
produce varieties significantly better than
others (Strbanovic et al., 2017).

Alfalfa varieties are genetically broad-
based synthetic populations traditionally
developed using intra-population breeding
methodologies, in which selected parents
are randomly intermated and their progenies
advanced through several generations of
open-pollination (Hill and Elgin, 1981; Hill et
al., 1988).

The success in developing alfalfa
varieties depends the most on the
breeding method used (Kati¢ et al., 2008).
Kati¢ et al. (2011) argue that the progress
of alfalfa breeding is slow, most notably
due to the use of the simple methods of
selection, such as mass selection,
individual selection, phenotypic selection,
recurrent selection, and so on. For
development of synthetic varieties fodder
legumes, including alfalfa, have been
suggested a number of selection systems:
selection of the initial material based on
assessment of the clones, selection of the
half-sib or full-sib progenies or selfed
progenies of different generations of self-
pollination (Kertikova, 2000; Kertikova,
2008; Annicchiarico et al., 2015).

According Rotili et al. (1999) two
breeding schemes proposed at different
times are at disposal of alfalfa breeders to
create new alfalfa varieties. Presented
simplified, the first scheme include the
following methodical steps: a) phenotypic
analysis of the parental populations; b)
phenotypic selection of parental plants;
and c) synthesis of new populations. The
second scheme is improved by assessing
the genotype values of the plant prior
synthesis of the new population.



BaHe Ha MOTOMCTBA OT MOJIMKPOC, TOMKPOC U
T.H.

Mili¢ et al. (2011) cbwo cmATaT, Ye
NOTOMCTBEHWTE TeCcTOBE NPefoCTaBAT WH-
dhopmaums 3a reHeTMyHata CTOWHOCT Ha
poAUTENICKMTE KOMMOHEHTM Ha 6a3a cToit-
HOCTUTE, YCTAHOBEHW 3a TEeXHOTO MOTOM-
CTBO U OTTYK TIXHOTO rO/IIMO 3Ha4YeHue npu
cenekuuaTa Ha MHOroroAulHMTe ypaxHu
KyNTypW.

Woodfield and Brummer (2001), Mili¢
et al. (2010) goknagBaT, Ye KOMMYECTBEHMU
npusHauM kaTo A06MB M KayecTBO, YMETO
HacneasiBaHe € C/IOKHO W3UCKBAT CeJsiek-
LUMOHHN MeTOoAM, BKIYBALLM U3NUTBaHe Ha
noTomMcTBara.

Cnopeg Riday and Brummer (2005)
npoyyYBaHeTO Ha NOTOMCTBaTa Npu floLepHa
urpae BaxHa pons npu u3bopa Ha
XETEpPOreHHW  poauUTesiCkM  nonynauuu.
Colwute aBTopu o0TbenssBar 3HaYeHMETO
Ha TesM TecToBe 3a T[EHEeTUYHATOTO
nopobpsiBaHe, NOCTUTHATO BbB BCEKU LKL/
Ha oT6op.

Bbnpekn, uye npu cenekumaTa Ha
NouepHa ce M3non3eBaT pas/iMyHK NOTOM-
CTBEHW TecToBe, cefleKumoHepuTe OBUKHO-
BEHO npunarat U3NMTBAHETO Ha NOTOMCTBA
npy ceobogHo onpawsaHe (Rumbaugh et
al., 1988; Riday and Brummer, 2002; Riday
and Brummer, 2006). Cnopeg Rowe and Hill
(1999), Riday and Brummer (2002), Li and
Brummer (2009), Mili¢ et al. (2010)
BaXXHOCTTA Ha CBOOOAHOTO oOnpaliBaHe Wu
KpbCTOCBaHE MOXe pga ce 06acHu ¢

HaTpyrnBaHeTO Ha >XefnaHu anenu B
notomcTaaTta.
lMoTomcTBeEHUTE TecTtose npu

CBOGOAHO oOnpalliBaHe ca 0COGEHO BaXHU
3a OueHKaTa Ha poguTenckuTe nonynauuu
npu cenekuuaTa 3a [06GMB Ha Cyxo
BeLLecTBO, 3al0To Te MPaBAT Bb3MOXHO
noslyyaBaHeTO Ha MO-TO/IEMW KO/M4YecTBa
cemeHa (Mili¢ et al., 2011).

Llenta Ha HacTosLLETO npoy4yBaHe
e [la ce onpegenu JoOMBBLT Ha cyxa maca
npy notoMcTBaTa Ha OCEM efIUTHU
KNOHOBe /ouepHa, cv3gageHu B L3C
,006pasyos undnuk” - Pyce.
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Therefore, there is a progeny test from
polycross, topcross, etc. in the second
scheme.

Mili¢ et al. (2011) also consider that
the progeny tests provide information about
the genetic value of the parental
components based on the values found in
their progeny and hence their great
importance in the breeding of perennial
forage crops.

Woodfield and Brummer (2001),
Mili¢ et al. (2010) report that quantitative
traits such as yield and quality which
inheritance is complex in nature require
breeding procedures that include progeny
tests.

According to Riday and Brummer
(2005), progeny tests play an important
role in the choice of heterotic parental
populations of alfalfa. The same authors
also note the importance of these tests for
the genetic gain obtained in each cycle of
selection.

Although a number of different
progeny tests are used in alfalfa breeding,
alfalfa breeders commonly use tests of
open pollination progenies (Rumbaugh et
al., 1988; Riday and Brummer, 2002;
Riday and Brummer, 2006). According
Rowe and Hill (1999), Riday and
Brummer (2002), Li and Brummer (2009),
Mili¢ et al. (2010) the importance of open
pollination in alfalfa and crossing can be

explained by the accumulation of
desirable alleles in progenies.
The open pollination tests are

important for evaluating parental alfalfa
populations in breeding for dry matter
yield, especially because they make it
possible to perform larger seed increases
(Mili¢ et al., 2011).

The aim of present study was to
determine dry matter yield in eight elite
alfalfa progenies created at IASS
"Obraztsov chiflik" - Rousse.



MATEPWNAN N METO4WA

Mpe3 nepuoga 2002-2005 r., npu
HenosIMBHU YCNOBUSA, B OMUTHOTO MoJie Ha
N3C ,O6pa3uoB undvk’, ca nNpoyvyeHu
notomMcTBara Ha OCeM €JIUTHU K/IOHOBe
nwouyepHa — Mpucta 2, Ne 5 A5, Ne 5 A7,
Ne 325, Ne 8 KO-1, Ne 97, Ne 8 HO-2 n Ne
10, ¢ MecTeH npou3xos, Cb3fafeHu ypes
nonunkpoc. ONUTHLT e 3acAT Npes nposeT-
Ta Ha 2002 r. no 670koBUS MeTOo4 B
yeTMpu MOBTOPEHUS, C TrofleMuMHa Ha
oTyeTHaTa napuesnka 10 m>.

Jobueute (B kg da'l) no nogpacTtu,
roguHn n cpefHo 3a nepuoga Ha npo-
y4BaHeTO ca OoTYMTaHun BbB hasa Havyano
Ha UbTex, Ypes npeTerasgHe Ha okoce-
HaTa 3enieHa buomaca.

CbAbpXaHMEeTo Ha Cyx0TO BeLlec-
TBO € OMnpefesisHo ypes3 m3cyllaBaHe Ha
cpegHa npoba 3eneHa maca (200 g) B
cywmiHa kamepa npy 105°C [0 nocTosH-
HO Terno. JaHHute 3a gobuBa Ha 3eneHa
Maca M CbObpPXaHUeTO Ha CyX0 Bellec-
TBO Ca M3MN0/3BaHu 3a onpegensiHe fo6u-
Ba Ha cyxa Mmaca B kg da™. MbpBata
ONUTHAa rofiHa ca HanpaseHu 2 0TKOCa, a
npes crnejpawure Tpu roAuvHM no 4
oTKoca.

3a xapakrtepusmpaHe Ha MeTeopo-
NOTVYHUTE YCNOBMUA Ca W3MoM3BaHn AaH-
HNW 3a Basiexnte u cpefHO MeceyHuTe
TemnepaTypu Ha Bb3ayxa OT METEOPO/IO-
rmyHaTa ctaHuus Ha HcTuTyTa.

[JaHHuTe 3a A06UB Ha cyxa maca ca
mMaTemaTnyeckun o6paboTeHn nNo meToda Ha
eOHO(haKToOpHNA  ANCNEPCUOHEH  aHau3
(ANOVA), a gocToBepHOCTTa Ha pasnnkuTe
€ YyCTaHOBEHa Ype3 MHOXECTBEH aHa/In3 No
MeToga Ha Duncan's multiple range test.
W3non3eaH e nporpamHUAT  NpPOAYKT
STATGRAPHICS PLUS.

PE3YJITATU N OBCBXXOAHE
Mpe3 nepuoga Ha Npoy4YyBaHETO Ha
enuTHUTEe notomctBa (2002-2005 r.), ca
HabnogaBaHW CbLLECTBEHN Pas3/INuns, Kak-
TO B TemMnepaTypHUTE CyMUW, Taka 1 B KO-
4ecTBOTO Ha Ba/leXUTe U TAXHOTO pas-
npegeneHve nNo mMeceuu, rogvHU 1 CNpsiMo
MHororoguwHara Hopma (Purypa 1).

MATERIAL AND METHODS

The experiment was carried out
from 2002 to 2005, without irrigation at
the experimental field of Institute of
Agriculture and Seed Science ,Obraztsov
chiflik” - Rousse. The progenies of eight
elite alfalfa clones — Prista 2, No 5 A5, Ne 5
A7, Ne 325, Ne 8 Y-1, Ne 97, Ne 8 Y-2 and
Ne 10 of local origin created by polycross
were studied. The experiment was sown in
the spring of 2002 in a randomized block
design with four replications and harvesting
plot size 10 m?.

The forage yields (kg da'l) were
determined by regrowth, years and
average for the study period in early
flowering stage by weighing the green
biomass.

The dry matter content was
calculated by drying the green mass
sample (200 g) to constant weight in a
drying chamber at 105°C. Data for green
mass yield and dry matter content to dry
matter yield determination (kg da'l) were
used. In the first experimental year 2
cuttings were made, and in the next three
years 4 cuttings.

For weather characterization the

data for precipitations and average
monthly air temperatures from
meteorological station of the Institute
were used.

The data for dry matter yield were
analysed by the One-way analysis of
variance (ANOVA) method. Significance
of differences was tested by Duncan’s
multiple range test (DMRT). The SPSS
Statistics 19 software product was used.

RESULTS AND DISCUSSION
During the study period of elite
progenies (2002-2005) significant
differences in both temperature sums and
the amount of rainfall and its distribution
by months, years and long-term norm
were observed (Figure 1).
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dur.1 MeTeoposiormyHa xapakrepuctuka Ha nepuoga 2002-2005 r.
Fig. 1 Meteorological characteristic of 2002-2005

Konuuectsoto Ha Banexwute (227,4
mm) npe3 eceHHO-3MHKA nepuog (X-111) Ha
2001-2002 r. B pa3smep 2155 mm oOelwe
671M3K0 Ao Hopmarta — 235,1 mm cpefgHo 3a
MHOrOroAuLWHNA Nepuos n cb3gage [o6po
BnarosanacsisaHe. [loctaTbyHaTta Bnara u
BMCOKaTa TemnepartypHa cyma npes mapT
ocurypurxa, o6po NoHMKBaHe U rapHupaHe
Ha enMTHMTEe notomcTtea. Cnegsawute me-
ceun (mai, HOHW, KON N aBrycT) OT Bere-
TaumaTa Ha /ilouepHarta  ce oT/iMyaBaxa C
TemnepaTypHu CyMU Haj, cpefHuUTe 3a MHO-
TOroAMLLHNA MEPUOA U CYMU Ha BaslexuTe
nof cpegHarta Hopma, KOUTo 65ixa HepaBHO-
MepHO pasnpegesnieHu. JliouepHoBuTe noce-
BM 6aAXxa C yab/mkeHa Beretaums n dop-
Mupaxa ABsa nogpacra.

B cneppawute roguMHu Ha npoy4ysa-
HETO KO/MIMYECTBO Ha Basiexute npes
€CEHHO-3UMHUAT Nepuoj ce u3pasHsBaLle
CbC cpefHata MHOroroguliHa Hopma, a
npe3 2003-2004 npesBuwaBalle HopmaTta C
69,5 mm. [Jo6poTo Bfaro3anacsiBaHe gaje
[06Bbp cTapT Ha NIoLEepHOBUTE pacTeHuaATa.
Mpe3 2003 nepuogbT Ha aKkTUBHaA Bereta-
Luusa Ha nouepHaTta (anpun-aeryct) ce xa-
pakTepusupalle ¢ TemnepaTypHu cymu Haz
cpefHarta MHOTorogmilHa HopmMa 1 Cymmn Ha
Ba/IEXNTE 3HAUUTESIHO nof Hopmata (c
165,4 mm), KOeTO He NO3BOJIM JoLepHaTa
Ja V138BM Hanb/IHO MNPOAYKTUBHUA  CU
noteHuman.

Total rainfall (221,4 mm) for the
autumn-winter (October 2001 — March
2002) was close to the long-term norm
(235,1 mm) and provided good moisture
supply. The sufficient moisture and high
temperatures in March ensured good
germination and stand density of elite
progenies. The following months (May,
June, July and August) of alfalfa
vegetation were characterized by
temperature sums above the average for
long-term period and rainfall below the
average norm, which were unequally
distributed. The vegetation of alfalfa
stands were prolonged and two
regrowths were formed.

In the coming years of the study,
the amount of precipitation in the autumn-
winter period was equal to the average
the long-term norm and in 2003-2004
exceeded the norm by 69,5 mm. The
good moisture supply provided a good
start to alfalfa plants. In 2003, the active
alfalfa growing season (April-August) was
characterized by temperatures above the
average long-term norm and rainfall
significantly below norm (by 165,4 mm),
which did not allow alfalfa to manifest its
yield potential.
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KonnyecTtBoTO Ha BasiexuTe U Tem-
nepatypHute cymu 3a nepuoga anpun-
aBryct npes3 2004 r. He ce OTK/IOHABaxa oOT
CbOTBETHUTE MHOrorogvHu Hopmu. Bna-

FONpUSITHUTE  METEOPOSIOTNYHN  YC/IOBUS
ocurypuxa [o6bp pacTex M pasBuTie Ha
npoy4yBaHWTe €/IMTHW MOTOMCTBA BbLB

BCUYKM NOApaCTU.

Mponetta n natoto Ha 2005 r. ce
Xapaktepusupaxa C TemnepaTtypHu cymu
61m13KM [0 cpefHaTa MHOroroguiiHa Hopma
W 3HauMTEeNIHW KOMIMYecTBa Baexu npes
MeceLuTe Maii 1 101, KOUTO NpeBuLlaBaxa
HopMara, CbOTBETHO ¢ 21,2 mm un 156,8
mm. B 3ak/oueHne mMoxe fa ce kaxe, ye
MEeTeopOsIOTNYHNTE YCNOBUSA 3a nepuoja
2002-2005 r. 6sxa cpaBHWUTEsSIHO Gnaro-
NPUATHU 3a U35Ba Ha NPOAYKTUBHWUSA NOTEH-
uunas Ha efIMTHUTEe NOTOMCTBA.

OTyeTeHuTe CTOWHOCTU 3a NpPOAYK-
TMBHOCTTa Ha diypax, npes roguHara Ha
Cb3fjaBaHe Ha MnoceBWTe Moka3BaT, 4Ye B
NbpBM NOAPACT C Haii-gobpa heHoTMnHaTa
n3sBa Ha reHeTUYHUS MoTeHuuan 3a npus-
Haka ce OT/iM4yaBaTr NoToMcTBarTa Ha K/OH
Ne 5 A7 (134, 25 kg da™), knoH Ne 8 tO-1
(122, 25 kg da™) n Ne 5 A5 (118, 50 kg da™).
BbB BTOpM nogpacT ce Habnogasart nssec-
THM OTK/IOHEHWA OT ouyepTaHata TeHAeH-
umsa. CToiiHocTUTE 3a A06MB Ha cyxa Maca ca
B rpaHuyata ot 101,50 kg da™ 3a Ne 10 go
176,00 kg da™ oTyeTeH 3a MOTOMCTBOTO Ha
knoH Ne 325 (Tabnmua 1). MNoTomcTBara no-
nagat B OTAE/IHU CTaTUCTUYECKN Tpynn C A0-
Ka3aHn pas/inkmn B CTOMHOCTUTE Ha NpuU3HakKa.

The amount of precipitation and
the temperature sums for the period April-
August 2004 did not deflect to the long-
term norms. The favourable weather
conditions ensured good growth and
development of the studied elite
progenies in all regrowths.

The spring and summer of 2005
were characterized by temperature sums
close to the average the long-term norm
and significant rainfall in May and July
exceeding the norm by 21,2 mm and
156,8 mm, respectively. In conclusion,
can be noted the meteorological
conditions for the 2002-2005 period were
relatively favourable for expression of
productive potential of elite progenies.

The reported values for forage
productivity in the year of stand
establishment showed that in a first
regrowth the best phenotypic expression
of genetic potential for the trait the
progenies of Ne 5 A7 clone (134, 25 kg da™)
Ne 8 Y-1 clone (122, 25 kg da™) and Ne 5
A5 (118, 50 kg da™) was distinguished.
There were found some deviations from the
trend outlined in the second regrowth. The
values for dry matter yield were in the range
of 101,50 kg da™ for Ne 10 to 176,00 kg da™
reported for progeny of Ne 325 clone
(Table 1). The progenies fell into different
statistical groups with significant differences
in the values of the trait.

Ta6bnuua 1. MPOAYKTUBHOCT Ha ypadk Ha efIMTHM MoToMCTBa JtoLepHa npes

nbpsBara Beretauus, 2002 r.

Table 1. Forage productivity of alfalfa elite progenies in first growing season, 2002

EnnTtHn notomctBa

Jlo6uB cyxa maca / Dry matter yield, kg da™

Elite progenies | nogpacTt / regrowth Il nogpact / regrowth  O6wo / Total
MpucTta 2 / Prista 2 93,25 118,75 212,00 de
Ne 5 A5 118,50 117,50 236,00 bc
Ne 5 A7 134,25 124,50 258,75 b
Ne 325 106,30 176,00 282,30 a
Ne 8 HO-1/ Ne 8 Y-1 122,25 119,50 241,75 b
Ne 97 105,00 110,75 215,75 cd
Ne 8 FO-2 / Ne 8 Y-2 110,25 133,00 243,25 b
Ne 10 90,00 101,50 191,50 e

CpegHo / Mean 109,98 125,19 235,16
SE 21,55

LSD 99,5% — CTOHOCTTE B KOJ/IOHUTE C eHa 1 Cblya bykBa HAMAT [0Ka3aHOCT Ha pas/iMkuTe
LSD 99,5% — values in the columns followed by the same letter are not significantly different
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OT 0606LieHUTE pe3ynTaTn 3a Nbp-
BaTa peKkoNTHa rogvHaTa e BMAHO, Ye npu
BCMYKM NOTOMCTBA CTOMHOCTMTE 3a [06uB
Ha cyxa Maca ca CpaBHUTEsSIHO 6/M3KM A0
cpefHarta CTOMHOCT 3a roguHaTa. Moxe ga
Ce Kaxe CblUo, Ye u3cneaBaHuTe MOoTOM-
cTBa Ca nokasannM OTHOCUTENHO BUCOK
noTeHuuan 3a NPoAYKTUBHOCT Ha dypax, C
nsknoyeHne Ha TMpucta 2 m Ne 10
hopmupasnn No-HUCbK rognLLEH JO6KB.

Mpe3 BToparta Beretauus heHoTUm-
HaTa M3siBa Ha Npu3Haka Mo OTKocu e B
LWUMPOKM rpaHuun. [laHHWTe nokassaT, uye
OTYETEHUTE CTOMHOCTU MPU BCUYKM MOTOM-
cTBa HamansBaT OT MbpPBM KbM YETBBLPTU
nogpact (Tabnuua 2).

The summarized data for the first
productive year showed that dry matter
yield values in all progenies were
relatively close to the mean one for the
year. It may be noted that the studied
progenies were characterized with
relatively high potential for forage
productivity, except Prista 2 and Ne 10
produced lower annual yield.

During the second growing season
the phenotypic expression of the trait in
regrowths was in a wide range. Data
showed that the determined values in all
progenies decreased from first to fourth
regrowth (Table 2).

Ta6nuua 2. NMpoAyKTUBHOCT Ha (oypax Ha eNUTHM NOTOMCTBA JlloLepHa nNpe3 BTopaTa

Beretauus, 2003 .

Table 2. Forage productivity of alfalfa elite progenies in second growing season,

2003

[lo6uB cyxa maca / Dry matter yield, kg da™

EnnTtHM notomcTBa

. : I nogpact Il nogpact Il nogpact |V nogpact O6uwo
Elite progenies | regrowth Il regrowth Il regrowth [V regrowth Total
Mpucta 2/ Prista2 369,00 353,30 181,50 71,00 974,80 bc
Ne 5 A5 504,00 409,30 163,20 92,80 1169,30 a
Ne 5 A7 469,00 345,50 179,80 99,00 1093,30 ab
Ne 325 405,00 328,80 152,00 84,80 970,60 bc
Ne 8 FO-1/Ne 8 Y-1 425,80 347,30 161,80 88,20 1023,10 abc
Ne 97 399,50 332,00 153,50 81,00 966,00 bc
Ne 8 FO-2/Ne 8 Y-2 478,80 338,00 158,20 92,50 1067,50 abc
Ne 10 396,80 289,80 135,50 75,50 897,60 c
CpepgHo / Mean 430,99 343,00 160,69 85,60 1020,28
SE 172,25

LSD 99,5% — CTOIMHOCTTE B KOMTIOHWUTE C eAHa 1 Ccblua OykBa HAMAT AOKA3aHOCT Ha Pas/iMkiTe
LSD 99,5% — values in the columns followed by the same letter are not significantly different

B nbpBM OTKOC Hai-BUCOKa Mpo-
OYKTUBHOCT Ha (pypax e ycTaHOBeHa 3a
notomcteo Ne 5 A5, cnegsaHo ot Ne 8
tO-2, chopmupanv fobuB Ha cyxa maca
cboTBEeTHO, 504,00 kg da™® un 478,80 kg
da™. B cnegpalymte noapactu ce Habo-
[aBaT W3BECTHM OTK/IOHEHMA OT Tasu
TEHAEHLMA N pas/inyHa no CTeneH nsssa
Ha npu3Haka npu notomcreara.

AHann3bLT Ha pesynTatute nokas-
Ba, Ye nNpu BTOpPWU, TPETU M YETBBLPTU OT-
KOC YCTaHOBEHUTE Pas/iMK1 B CTOMHOCTU-
Te Mexay npoyysaHuTe NoTomMcTBa ca B
No-TEeCHW rpaHuumM CnpsiMo Tesn nNpu Nbp-
Bu. C Hali-BMCOKa NPOAYKTMBHOCT Ha dy-

In the first regrowth the highest
forage productivity for No 5 A5 and No 8
Y-2 progenies were found, which
produced a dry matter yield 504,00 kg da™
and 478,80 kg da™, respectively. In the
following regrowths there were some
exceptions from this tendency and
different degrees of trait expression in
progenies.

Analysis of the results showed that
in the second, third and fourth cuttings
the value differences between the studied
progenies were in narrower range
compared to those in first regrowth. With
the highest forage productivity in second
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pax npes BTopaTa Beretauusa ce OT/iu-
yaBa Ne 5 A5 (1169,30 kg da™), cnegsaH
oT Ne 5 A7 (1093,30 kg da). OcTaHa-
nmMTe notomcTea ca hopmupany rogui-
HM po6bumBM Ha cyxa Maca 6nu3KM Ao
cpefHaTa CTOMHOCT 3a npu3Haka.

[aHHuTe 3a dhopmupaHnTe fo61BK
no nogpactv npe3 TpeTara PeKoNTHa
rofMHa ca aHaorM4HK ¢ Te3n oT BToparta
roguHa (Tabnuua 3).

growing season No 5 A5 (1169,30 kg da™)
was distinguished, followed by No 5 A7
(1093,30 kg da™). The other progenies
produced annual dry matter yields close
to the mean values for the trait.

The data for yields produced in
regrowths during the third productive year
were similar to those in the second (Table
3).

Tabnuua 3. MNPOAYKTMBHOCT Ha iypax Ha efIMTHUTe NOTOMCTBa JllouepHa npes
TpeTtaTa Beretauus, 2004 r.

Table 3. Forage productivity of alfalfa elite progenies in third growing season, 2004
[lo6uB cyxa maca / Dry matter yield, kg da™

EnntHM notomcTBa

. . | nogpact Il nogpact Il nogpact IV nogpact Oo6uwo
Elite progenies | regrowth Il regrowth 1l regrowth IV regrowth Total
Mpucta 2 / Prista 2 657,50 533,00 389,50 292,3 1872,3 abc
Ne 5 A5 671,20 575,30 392,20 3219 1960,6 ab

Ne 5 A7 700,00 607,80 382,80 341,3 20319 a
Ne 325 656,50 538,50 370,50 318,3 1883,8 abc
Ne 8HO-1/Ne8Y-1 661,50 569,30 374,50 340,0 1945,3 ab
Ne 97 627,20 561,00 362,50 298,1 1848,8 bc
Ne 8 HO-2/Ne 8 Y-2 691,00 578,10 370,50 305,1 19447 ab
Ne 10 602,80 540,70 359,00 2713 17738 c
CpegHo / Mean 658,46 562,96 375,19 311,04 1907,65
SE 147,64

LSD 99,5% — CTOHOCTTE B KOJ/IOHUTE C eHa M Cbllya bykBa HAMAT A0Ka3aHOCT Ha pasnnkute

LSD 99,5% —values in the columns followed by the same letter are not significantly different

BraHo e, ye BbB BTOpM 1 TpeTu noga-
pact enuTHUTE noTomcTBara ca C u3pas-
HeHa NpoAYKTUBHOCT. Mo-CbLyecTBEHM pas-
nvkn B AobuBUTE Ha Cyxa Maca ca ycra-
HOBEHM NPV MbPBU U YETBBPTU OTKOC, CHOT-
BeTHO oT 602,80 kg da™ 3a Ne 10 go 700,00
kg da™ 3a Ne 5 A7 n ot 271,30 kg da™ po
341,30 kg da™ 3a cblmMTe noToMcTBA.

O606uWeHNTE pe3ynTaTn nokasearT,
ye notoMcTBO Ne 5 A7 ce xapakTtepusunpa c
Hai-go6pa heHOoTUMNHa n3sBa Ha Npu3Haka
B TpW nogpacta, hopMmpasio foka3aHo no-
BMCOK 06L, go6ms cyxa maca (2031,90 kg
da). C fo6pu NPoayKTUBHU Bb3MOXHOCTY
ce otnnyasar ntomctBa Ne 5 A5, Ne 8 HO-1
1 Ne 8 O-2.

[aHHuTe OT nocnegHarta rogvHa Ha
n3cneaBaHeTo coyar 3anas3BaHe Ha TeH-
JeHumsaTa oT BTOpa W TpeTa Beretauus 3a
HamMa/isiBaHe Ha MpoAYKTUBHOCTTA Ha Mnpo-
yyBaHUTE efIMTHW MOTOMCTBA BbLB BCEKU
cnepgpauw, nogpact (Ta6nmuya 4).

It is obvious that in the second and
third regrowths the elite progenies are
equally productive. More considerable
differences in dry matter yields at first and
fourth cuttings were found from 602,80 kg
da™ for No 10 to 700,00 kg da™ for No 5 A7
and from 271,30 kg da™ to 341,30 kg da™
for the same progenies, respectively.

The summarized results showed that
No 5 A7 progeny was characterized by the
best phenotypic expression of the trait in
three regrowths, produced a significantly
higher total dry mass yield (2031,90 kg da™).
No 5 A5, No 8 Y-1 and No 8 Y-2 progenies
whit good productive potential were also
determined.

The data in the last year of study
showed keeping the tendency of reducing
the productivity of the elite progenies
studied in each subsequent regrowths in
the second and third growing season
(Table 4).
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Tabnuua 4. MNMpoAyKTUBHOCT Ha ypa Ha eNMTHM NOTOMCTBa JllouepHa rnpes
yeTBbpTaTa Beretauyms, 2005 r.

Table 4. Forage productivity of alfalfa elite progenies in fourth growing season, 2005
[lo6uvB cyxa maca / Dry matter yield, kg da™

EnnTtHn notomctBa

. - | nogpact Il nogpacTt Il nogpact IV nogpact o6uwo
Elite progenies | regrowth Il regrowth 1l regrowth IV regrowth Total
MpucTa 2 / Prista 2 623,00 392,00 156,00 131,00 1302,00 ¢
Ne 5 A5 689,00 553,00 259,00 204,00 1705,00 a
Ne 5 A7 715,00 520,00 236,00 150,00 1621,00 ab
Ne 325 690,00 462,00 205,00 145,00 1502,00 ab
Ne 810-1/Ne8Y-1 668,00 488,00 195,00 213,00 1564,00 ab
Ne 97 644,00 490,00 234,00 147,00 1515,00 ab
Ne 8 HO-2/Ne 8 Y-2 654,00 518,00 202,00 196,00 1570,00 ab
Ne 10 616,00 499,00 246,00 138,00 1499,00 ab
CpegHo / Mean 662,38 490,25 216,63 165,50 1534,75
SE 182,31

LSD 99,5% — CTOMHOCTTE B KOJ/IOHUTE C eAHa 1 Cblya BykBa HAMAT [0Ka3aHOCT Ha pa3Nnknte

LSD 99,5% — values in the columns followed by the same letter are not significantly different

OTyeTeHNTE OTK/IOHEHWS B CTOM-
HOCTWUTE 3a eNIUTHMTE MNOTOMCTBa OT
cpefiHuTe CTOMHOCTU B OTAE/NHUTE MOA-
pactTy He ca cbuwectseHn. [lpes
yeTBbpTaTa BeEretaumsa mexgy mnoToMm-
cTBarta Ha eNMTHUTE K/IOHOBE He ca ycTa-
HOBEHW [OCTOBEPHU pasfivyns, C U3KI0-
yeHue Ha notomcTso lNpucta 2, hopmu-
pano JokasaHo Mo-HUCHK JO6MB Ha cyxa
mMaca (1302,00 kg da'l).

[JaHHuTe 3a NpoAyKTUBHUA MOTEH-
uuas Ha notomcTBara 3a nepuoja Ha
npoy4yBaHe ca npeacraseHu B Tabnmua 5.
O606LeHnTe pe3ynTaTtuTe couyar, 3Haun-
TeNIHW pas3muusa B [06UBUTE Ha cyxa

The reported value differences for
the elite progenies from the mean values
were not significant in all individual
regrowths. It was not found statistically
significant  differences between the
progenies of the elite clones during the
fourth growing season, except the Prista
2 progeny, produced a significantly lower
dry matter yield (1302,00 kg da'l).

The data about a productive
potential of progenies for the study period
are presented in Table 5. The
summarized results indicated significant
differences in dry matter vyields from

mMaca — oT 235,16 kg da’ (cpegHo 3a | 235,16 kg da’ (average for elite
e/IMTHUTE NOTOMCTBA) Npe3 nbpBaTa Be- | progenies) during the first growing
retaums go 1907,65 kg da™ npes TpeTtaTta | season to 1907,65 kg da™ in the third one
(Tabnuua 5). (Table 5).

AHanM3bT Ha [JaHHWTEe roka3Ba
CbLUO, Ye C NopefHOCTTa Ha BereTauunte
pasnvknute B J0O6MBMTE Ha cyxa Maca
Mexay npoyysBaHuMTe MOTOMCTBA Hama-
nagat. OTyeTeHUTe CTOMHOCTA 3a NOTOM-
cTBaTa Ha efiMTHWUTEe KNOHOBe ca 6/1M3ku
[0 cpefHaTa CTOMHOCT Ha npu3Haka 3a
yeTupuroguwHusa nepuog, (1174,46 kg da™).
Moxe pa ce kaxe, u4e eNnuTHUTe
noToMcTBa ca ¢ gobpa heHoTMNHa n3sea
Ha npu3Haka M OTHOCWUTESIHO W3paBHEHU
NPOAYKTUBHU Bb3MOXHOCTU. 3a 4YeTnpu-
roAVLWHUA Nepuog Hali-BUCOK CpefeH ro-

Data analysis also showed that
regarding dry matter yield the differences
between  progenies studied were
decreasing at each subsequent growing
season. For the four-year period the
reported values in progenies of elite
clones were close to the mean value
(1174,46 kg da™) for the trait. It could be
noted that elite progenies were
distinguished with good phenotypic
expression of the trait and with relatively
equal productivity. For the four-year
period the highest mean annual dry
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AvweH nobrB Ha cyxa maca e yCTaHOBEH
3a notomctBata Ne 5 A5, Ne5 A 7, Ne 8 HO-2
n Ne 8 tO-1, choTBeTHO 1267,73 kg da™;
1251,24 kg da'; 1206,36 kg da* wu
1193,54 kg da™.

matter yields for Ne5 A5, Ne 5 A7, Ne 8 Y-2
and Ne 8 Y-1 progenies were found
1267,73 kg da'; 1251,24 kg da™;
1206,36 kg da' n 119354 kg da’,
respectively.

Ta6nuua 5. NMpoAyKTUBHOCT Ha ypax Ha eIMTHU NOTOMCTBA JIloLepHa 3a neproga

2002-2005r

Table 5. Forage productivity of alfalfa elite progenies from 2002 to 2005

EnntHu notomcTBa

[lo6uB cyxa Maca / Dry matter yield, kg da™

Elite progenies 2002 2003 2004 2005 CpegHo / Mean
Mpucta 2/ Prista2 212,00 974,80 1872,30 1302,00 1090,28 ¢
Ne 5 A5 236,00 1169,30 1960,60 1705,00 1267,73 a
Ne 5 A7 258,75 1093,30 2031,90 1621,00 1251,24 a
Ne 325 282,30 970,60 1883,80 1502,00 1159,68 bc
Ne 8 HO-1/Ne 8 Y-1 241,75 1023,10 194530 1564,00 1193,54 ab
Ne 97 215,75 966,00 1848,80 1515,00 1136,40 bc
Ne 8 HO-2/Ne 8 Y-2 243,25 1067,50 1944,70 1570,00 1206,36 ab
Ne 10 191,50 897,60 1773,80 1459,00 1090,48 c

CpegHo / Mean 235,16 1020,28 1907,65 1534,75 1174,46

SE

99,50

LSD 99,5% — CTOIMHOCTTE B KO/IOHWUTE C efHa 1 Cblua OykBa HAMAT AOKA3aHOCT Ha Pas/imknTe
LSD 99,5% — values in the columns followed by the same letter are not significantly different

Cnopep, usanocTHaTa OLEeHKa Ha
JaHHUTE 3a NPOAYKTUBHOCTTA Ha doypax,
onpegernswa cTonaHckata 3Ha4YMMOCT Ha
KynTyparta, notomcTeara moraT ga 6baar
onpegesMHn ¢ no-gobpa KoMOMHaTMBHA
CMOCOBHOCT, KOMTO ycnewHo ga 6bpar
M3MOM3BaHN 3a Cb3faBaHETO Ha HOB
KaHampaT-copT noLepHa.

N3BOAN

O606LieHnTe pe3ynTaTuTe Mnokas-
BaT, 3HauuTesHM pasnnuus B obwara
NPOAYKTUBHOCT Ha doypax — oT 235,16 kg
da’ (cpegHo 3a enuTHWUTE NOTOMCTBA)
npes nbpeaTta Beretauua no 1907,65 kg
da™ npes Tpetata roguHa.

YcTaHoBsIBa ce, Ye C nopegHocTTa
Ha BereTauunTe pasnukute B [obusute
Ha cyxa maca mexagy npoy4yBaHuTe NoToOM
-CTBa HamassiBar.

C Hali-BUCOK CpefeH roavleH go-
6uB 3a nepuvoja Ha npoyyBaHe ce
oTkposieaT notomcteara Ne 5 A5, Ne 5 A
7, Ne 8 KO-2 n Ne 8 KO-1, CcbOTBETHO
1267,73 kg da™; 1251,24 kg da™*; 1206,36
kg da™ 1 1193,54 kg da™.

According to the comprehensive
evaluation of data on forage productivity,
which determine the economic
significance of this crop the progenies
could be defined with better combining
ability which can be successfully used to
developing a new alfalfa candidate
variety.

CONCLUSIONS

The summarized results showed
significant differences in total forage
productivity from 235,16 kg da™ (average
for elite progenies) during the first growing
season to 1907,65 kg da™ in the third
year.

It was found that the differences
between progenies studied concerning
dry matter yield were decreasing at each
subsequent growing season.

For study period the highest mean
annual dry matter yield for No 5 A 5, Ne 5
A 7, Ne 8 Y-2 and Ne 8 Y-1 progenies were
found 126773 kg da'; 1251,24 kg da™’;
1206,36 kg da’ wn 1193,54 kg da’,
respectively.
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EnuTHUTE noTomcTBa ca C BMCOK Regarding dry matter yield the elite
reHeTM4YeH noTeHuuan u ¢ no-gobpa kom- | progenies were distinguished with high
6MHaTMBHa CMNOCOBHOCT MO OTHOLWEHME Ha | genetic potential and a better combining
npusHaka O06MB Ha cyxa maca u npepg- | ability and they are of interest for a
cTaBnisiBaT WHTEpec OT CcenekymoHHa | breeding.
rnefHa Touka.
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PE3IOME

3a nepuopg ot 15 rogmHu (2001-2015),
ca U3NuTaHn pasnuyeH 6poit xmbpugn Ha
UL, - KHexa B ekosiormyHa mpexa — ot 3 0
6 nyHkta n oT 4 rpynn no ®AO. O606-
LeHnTe pesynrtaty 3a npusHaka Oo6uB Ha
3bPHO, OYepTaBaT yCcTohnumBa TeHAeHUus 3a
MOCTUITHAT CesIeKUMOHEH Mporpec 3a To3n
npu3Hak, He3aBMWCMMO OT pasnnyHus 6poii
XNepUaM N3NUMTBaHU BCSKa roguHa n dsyk-
Tyaumusita Ha arpoMeTeoposIorMyHUTE yco-
BUA 3a nepuoga. fobusute no PAO rpynu
ce pasnpefenat (kaTo reHepanHu cpegHu)
no cnegHua HauyuH: ®AO 300 — 400 — 7190
kg/ha; A0 400 — 500 — 7330 kg/ha; PAO
500 — 600 — 7165 kg/ha n ®AO Hag 600 —
7057 kg/ha. OTHOCUTE/THO Hal-BUMCOK A06MB
nma cpegHo-paHHara rpyna — 400 — 500 no
®AO, kaTo BapupaHeTO € Hali-ronsamo B
KbCHaTa rpyna. o CTOWHOCTM Ha WMHAeKca
3a obwa agantauymsa (x; — b; ), Han- gobpa
nosvumMa OTHOBO UMaT CpefHO-paHHuTe
xnépunam (PAO 400 — 500).

Mo rpynun Ha 3panocT CcpefHo
roAuWHOTO YyBenuyeHve Ha fobusa, e 97
kg/ha 3a paHHUTE xnbpuam (PAO 300 — 400),
KOeTO e Hai-ronsiMo cnejBaHo OT cpefHo-
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SUMMARY

For fifteen years period (2001-2015)
different number of MRI - Knezha hybrids
were tested in ecological trials including 3
to 6 locations and 4 FAO groups.
Aggregated results for the grain vyield
describe a substantial tendency of
achieved breeding progress for that trade
independently from different number of
hybrids tested every year and fluctuation
of agrometeorological environments for
the period. Grain yields by FAO groups
are distributed (as general means) as
follows: FAO 300 — 400 — 7190 kg/ha™; FAO
400 — 500 — 7330 kg/ha™; FAO 500 — 600 —
7165 kg/ha™ and FAO 600" — 7057 kg/ha™.
The middle-early group (FAO 400 — 500)
has a relatively highest grain yield, but the
late group (PAO 600") has the biggest
variation. General adaptation index (x; — b;)
values point out the best position of middle-
early hybrids (FAO 400 — 500) again.

By maturity groups average annual
increase is 97 kg/ha™ for early hybrids (FAO
300 — 400) which is the highest followed by
middle-early ones (FAO 400 — 500) — 67
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paHHuTe (PAO 400 — 500) — 67 kg/ha. Mpwn
cpegHo-kbcHaTa rpyna (PAO 500 — 600), To
e Haii-manko (13 kg/ha), a npu KbcHaTta
(®AO 500 — 600), yeenuueHnueto e 32 kg/ha
CpefHO roAMIIHO 3a nepuoja. 3a BCUYKM
rpynu Mo Beretauusi, CpefHO TrOAMLIHOTO
yBenudeHve e 52,3 kg/ha, cpegeH Temn 3a
nepuog ot 15 roguHu, KOWTO MOXe Aa ce
oTbenexu kato MOCTUrHAT CenekuMoHeH
nporpec.

Mexay p[obusa U BereTauMoHHMA
nepuog (no ®AO rpynu) 3aBUCMMOCTTA He
ce onucBa /IMHENHO, KOeTo NOTBbpXAaBa
npeaxoHy u3cnefBaHUs U [oKa3Ba Bb3-
MOXHOCTTa 3a cefekums Ha BUCOKOL0BUBHN
XUBPUAU C NO-paHHa BereTauus.

KntovoBn gymu: gobrs Ha 3bpHO,
xuépugn no PAO rpynu, cenekunoHeH
nporpec

YBO/[,

OT TpuTe Hali-BaXHN 3bPHEHUN Kysl-
Typu B CBeTa — uapesuua, nweHuua u
opv3, LapeBMuata MMa Hai-ronsama rnao-
6anHa npogykuusa. Mo pgaHHM Ha ®AO
npe3 2016 r. cBETOBHOTO MPOM3BOACTBO
Ha LapeBMYHO 3bpHO, € 1060,1 M/IH. TOHa —
T.e. Hag 1 MApA4, TOHa
(http://www.fao.org/faostat/en/#data, 2016).
LlapeBuuata B HayasioTo Ha 21 Bek ce
okasa Haill-npousBexjaHara KynTypa oT rpy-
nara Ha 3bpHEHO-XUTHUTe, GnarogapeHue
Ha MNOCTUrHaTUA MNpU Hea CeNeKUMOHHO-
reHeTuyeH nporpec, kakto M npunaraHuTe
CbBpPEMEHHUN arpoTeEXHNYECKN NPaKTUKN.

OT BbBEXJaHeTO Ha xubpugHata
uapesmya B CALL npe3 30-Te roguHu Ha
XX BEK M HEWHOTO WHTpodyuupaHe B
EBpona n octaHanusa ceAT cnepn Bropara
CBETOBHa BOIHa ce Hab/gaBa MNocTosi-
HEH M YCTOYMB MPOrpec No OTHOLUEHUe
Ha f06uBUTE 1 NPOM3BOACTBOTO Ha Lape-
BMLLa HaBcAKbe no ceeta (Tomov, 1997).

3a nepuog, ot 20 rognHn (1988-2008)
Habn4aBaHUAT NpPorpec Ha fobuBuTe npu
TpUTe cCrioMeHaTtun no-rope Kyntypu, e cnepg-
HuAT: 25 kg/ha 3a roguHa npu nweHuuara,
38 kg/ha/roa. 3a opusa u 80 kg/hal/rog,. npu
uapesuuata, T.e. 3a TO3M nepuos Hali-
rofIAMOTO yBeNMYeHne Ha fobusa e npu
uapesuuata — 1,6 t/ha cpegHo-cymapHo 3a
uenusa ceat (Fischer and Edmeades, 2010).

kg/ha™. At middle-late group (FAO 500 —
600) that increase is the least — 13 kg/ha™,
but at full season one (FAO 600%) it is 32
kg/ha™, mean per year for the period. For
all FAO groups the increasing is 52.3
kg/ha™, average rate for 15 years period,
which could be indicated like achieved
breeding progress.

The relation between grain vyield
and vegetation period (by FAO groups) is
not linear which confirms previous
investigations and proves the ability for
high productivity maize hybrids breeding
with earlier maturity.

Key words: grain yield, hybrids by
FAO groups, breeding progress

INTRODUCTION

From the most important cereals
crops in the world — maize, wheat and
rice, first one has the biggest global
production. According FAO data in 2016
the world production of maize grain is
1060.1 million tons — e.g. up to 1 billion
tons (http://www.fao.org/faostat/en/#data,
2016). At the beginning of 21* century
maize become the most produced crop
from the group of cereals thanks to an
achieved breeding and genetics progress
and applied modern agricultural practices
as well.

Since maize hybrids introduction in
the USA in 30% and its cultivation in
Europe and in the rest of the world after
the Second World War an substantial
progress was observed regarding maize
yields and production everywhere
(Tomov, 1997).

For the 20 years period (1988-2008)
the following yield progress for the cited
up crops was observed: 25 kg/ha per year
for wheat; 38 kg/ha per year for rice and
80 kg/ha per year for maize, e.g. for that
period the biggest increasing of grain yield
belongs to maize — 1.6 t/ha average sum for
world wide (Fisher and Edmeades, 2010).
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3a uapesuuHna nosdAc Ha CAL,
uscneaBaHus Ha NOCTUrHATUS NpPorpec npu
Tasu KynTypa ca npaseHu ot Duvick (1977
1992). [o 1930 r. nporpec B Aobusute npu
N3Mnon3BaHeTo Ha CBOOOAHO onpalleHy cop-
TOBE LapeBuLa No4YTM He ce Habnwgasa.
Ot 1930 po 1955 cnep Bk/I4YBaHe Ha
xnbpugHata uapesuula B Npou3BoACTBOTO,
Hab6n04aBaHOTO yBe/siMyeHe Ha fobusa e
57 kg/ha 3a roguHa. 3a nepuoga 1955 —
1982 r. 103K nporpec e ouie Mo-u3fABeH —
144 kg/ha 3a rogmnHa. Kato ysano 3a CAL] 3a
nepuog ot 50 r. (1960-2010), ysenuye-
HMeTo Ha gobusute e 114 kg/ha 3a roguHa,
KaTo camo 3a uarta AlioBa — LeHTbpa Ha
uapeBuMyHMs  Nosc, TO3M  Mporpec e
pekopaeH — 214 kg/ha 3a rogunHa (Fischer
and Edmeades, 2010).

MocTurHaTuaT nporpec ce [AbiKu
KakTo Ha cefiekumsita HoBY NO-NPOAYKTUBHM
xmépuan, Taka M Ha  npunaraHara
arpoTexHrika, kaTo CbOTHOLUEHWETO Mexay
ABeTe kaTeropumn ce kosiebae okono 50 Ha
50 (Cordwell 1982, Duvick 2005, Tolenaar
and Lee, 2006).

OT 13MN0M3BaHUTE MNpPaKTUKA Hali-
rofIAMO 3Ha4yeHne MMa yBesimyeHaTa r.cro-
Ta Ha nocesa — 3a 25 roguHu (1985-2010)
T4 HapacTBa B LapeBuyHug nosc Ha CALL, ¢
1000 pacTeHMss Ha XeKTap 3a roguHa,
[0oKaTo  paBHMLETO Ha  W3M0aA3BaHuTe
a30THWM TopoBse ce 3aabpxa. C apyru gymu
HOBUTE BUCOKOOOOMBHM Xmbpuau ca Tone-
paHTHW Ha no-rofiaimMa rbeToTa U yceBosBar
no-go6pe asota (Fischer and Edmeades,
2010). Cobwute aBTOpu oTbensassar, ue
cnepn BbBexgaHeto Ha GMO xumbpugn B
Kpasd Ha 90-Te roavHu, YyBeNnu4YeHue Ha
pobvea camo 3apagn Te3n copmu (per se)
He ce Hab/nogasa, T.e. KOHBEHUMOHA/IHUTE
Xnépugnm M NpakTMKM  gaBaT  CbLuus
pesynrar.

Duvick, (2005) noco4yBa OCHOBHMWTE
npu3Hauu npy uapesuuaTa, yveTo nogob-
peHve ¥ npomsHa BOAM A0 MOCTUrHaTKA
Ce/leKUMOHEH Nporpec 3a nepuos noseye ot
70 ropg. (1930-2002). Ha nbpBO MSCTO
[OBUBBLT NMpU ONTUMasIHA MbCTOTA MOCTOSH-
HO HapacTBa — cpegHo 80 kg/ha 3a roguHa.
OnTtumManHara rbCTOoTa Ha MoceBa CbLO
HapacTtea oT 30 g0 80 xu/i. pacTeHus Ha xa
OT Haya/IoTo [0 Kpas Ha nepuoja.
Brvomacata u xapBecT WHAEKca CbLo

For US corn belt investigations of
an achieved progress of this crop are
published by Duvick (1977; 1992). Till
1930 an yield progress of cultivated maize
open varieties almost is not noticed. From
1930 to 1955, after introducing of maize
hybrids into grain production the yield
increasing is 57 kg/ha per year. For the
period 1955-1982 this progress is more
remarkable — 144 kg/ha per year. In
general for 50 years period (1960-2010)
for the USA the increasing of yield is 114
kg/ha per year. Only for lowa — the corn
belt center that progress has a record —
214 kg/ha per year (Fisher and
Edmeades, 2010).

The achieved progress is due to the
breeding of new more productive hybrids
and to the applied agritechnics as well.
The relation between both categories is
about 50 to 50 (Cardwell, 1982; Duvick,
2005; Tolenaar and Lee, 2006).

From the applied practices the most
important role has the plant density
increasing. For 25 years (1985-2010) it is
growing up to (in US corn belt) 1000
plants/ha per year, while the level of
nitrogen fertilization is kept. In other words
new high productivity hybrids are tolerant
to higher plant density and utilize better
the fertilizers (Fisher and Edmeades,
2010). The same authors have noticed
that after GMO maize introducing in the
end of 90% the yield increasing only for
these forms (per se) is not observed, e.g.
the conventional hybrids and practices
give the same results.

Duvick (2005) pointed out the main
maize traits which improvement and
changing lead to the achieved breeding
progress for the period more than 70
years (1930-2002). At the first position —
grain yield with optimal density continually
increased — average with 80 kg/ha per
year. The optimal plant density had
increased also from 30 to 80 thousand
plants per hectare for whole period. The
biomass and the harvest index have
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HapacTBaT kaTo h; ce konebae B rpaHuUMTE
50 — 55%. Vulchinkov et al. (1995) cbuwo
oT6enAssar To3n (pakTt. bpoAT Ha 3bpHaTa
Ha m’ ce yBe/Muasa, kaTo ce Habnogasar
no-masiko 6e3nnogHn pacTeHus, [O0KaTo
Ternoto Ha 3bpHOTO (MVK) noutn He
HapacTBa. MNpOTENHBT B 3bPHOTO YCTONUNBO
HamasisiBa, 3a CMeTKa Ha yBenu4yaBalloTo
ce cbAbpXaHue Ha ckopb6sana. Duvick wu
Gassman (1999) noka3gatr, 4Ye He e
npeogonisHa oTpuuaresniHara Kopenaums
[o6yB — KauecTBO Ha 3bPHOTO, a Atlin et al.
(2011) noTBbpXOaBaT, 4e MNOCTUrHATUAT
nporpec npu cenekuuMs Ha LuapeBuua c
noseye npotenH (QPM) He e 3a cmeTKa Ha
fobusa. [HUTe A0 Ub(TEX Ha KoyaHa 3a
pas/iMyHuTe BereTaumoHHW Tpynu He ce
NPOMEHAT, A0KaTO nepuoja Ha HavMBaHe
Ha 3bPHOTO Ce yAb/hkKaBa, a CKopoCcTTa Ha
M3CbxBaHe Ha 3bpPHOTO Ce 3acuiBsa.
O6uwaTta BUCOYMHA Ha pacTeHueTo e 6e3
npomMsHa npu cnaba peaykuuMss Ha BUCO-
ymHaTa Ha 3a/araHe Ha koyaHa. logobpeHa
€ YCTONYMBOCTTa Ha MNPUKOPEHOBO MONS-
raHe, HO TO3W MNpPOLEeC He e 3aBbpLUEeH.
JNlnctata Hag ropHusa kodaH (canopy level)
ce yBefnMyasar M ca OT epekToBWUAEH Twvn,
HO JIMCTHO nnowHua uHagekc (LAI) kaTo
UAM0 He e npoMeHeH. T. Hap. stay green
type Ha xMbpuanTte e yBenun4yeH, Ho ToBa He
OKasBa CblLLEeCTBEHO BUSHUE MpWU TepMu-
Ha/IHM 3acyllaBaHus. Pa3mepbT Ha MeT/n-
uarta e MHOrokpaTHO HamasieH. To3u npus-
HaK Kato 0GeKT Ha TaHAEeM Cesfiekuus 3aef-
HO C BUCOK [0O6GWMB € CpaBHWUTE/IHO JIECHO
nnoctmxum (Vulchinkov and Vulchinkova,
2011). N Hakpasi uHTepBaNbT UbTEX Ha
MeTmuaTta — ubdrex Ha koyaHa (ASI) e
pegyuvpaH noytM [0 Hyna, T.e. ABeTe
CbUBETUA UbMTAT eAHOBPEMEHHO, KOETO €
WHAMKATOP 3a CTpecTosiepaHc.

MpoyuBaHUs Ha CesieKUMOHHUA Npo-
rpec y Hac He ca npaBeHV UM ca aHaIu-
3upaHun HabngasaHWTe TEHAEHUNUW OT ApY-
ra rnegHa Ttouka (Vulchinkov et al., 2013).
Llen Ha npoyyBaHeTo e fga ce ycCTaHOBW
HabngaBa /M ce NocTurHat nporpec no
OTHOLLEeHWe Ha p[obusa npu xnopuanm Ha
MHcTnTyTa no uapesuua-KHexa ot 4 rpynu
no ®AO 3a nepuog ot 15 rognHu.

grown also and high values have been
varying between 50-55%. Vulchinkov et
al. (1995) have noted that fact too.
Number of kernels per m* have been
increasing, but less barren plants are
observed, while MVK almost doesn‘t
grow. Grain protein content have
decreased stable in return of starch
increasing. Duvick and Gassman (1999)
have noticed that negative correlation
yield-grain quality is not overcome, but
Atlin et al. (2011) confirmed that the
achieved breeding progress of quality
protein maize (QPM) is not connected
with higher grain yield. Days to silking for
different vegetation groups are not
changed, but the period of grain filling
have prolonged with faster dry down.

The whole plant height has not changed
with a small reduction of ear height. There
is a root lodging reduction, but this
process is not completely overcome.

Canopy level leaves have increased with
much more erect type but leaf area index
(LAI) in general is not changed. So called
“stay green” type of hybrids is increased,
but it doesn‘t real impact on terminal
droughts. The tassel size is much
reduced. This trait like an object of
tandem selection with high yield is rather
easy to reach (Vulchinkov and
Vulchinkova, 2011). At last the anthesys-
silking interval (ASI) is reduced almost to
zero, e.g. tassel flowering and silking
have a synchron both which is a stress
tolerance indicator.

Studies of maize breeding progress
in our country are not carried out or the
observed trends are analyzed from other
point of view (Vulchinkov et al., 2013).
The aim of that investigation is to find out
any achieved progress observed in
relation to hybrids of MRI-Kneja from 4
FAO groups for 15 years period.
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MATEPVAT N METOOU

M3non3saHu ca faHHW OT EeKOSI0TUYHN
onutn (ECO) Ha NHCTUTyTa no yapesuuata -
KHexa. M3nuTBaHu ca xmbpuau ot 4 rpynu
no ®AO, Ha pas3/IM4yHM MecTa B cTpaHata 3a
nepuoga 2001-2015 r. BpoaTt Ha nokauuute
Bapupa oT 3 A0 6 npe3 roguMHuTe, BKHOY-
BallM HENOJSIMBHN (OCHOBHO) W MNOJINBHU
ycnosusi. BpoAT Ha usnuTaHuTe xubpuam no
®AO rpynu cbwo Bapupa. CpefHo 3a
nepuoga B paHHata rpyna (300-400 no
®AO), ca nsnutaHm 18 xnbpmnan; B cpegHo-
paHHata rpyna (400-500 no ®AO) - 41
Xnépuau; B cpefHo-kbCcHaTta rpyna (500-600
no ®AO) — 46 xubpuam 1 B KbCHaTa rpyna —
(Hag 600 no ®AO) — 36 xmbpuan. OueHs-
BaHW ca pesyntatmte no ®PAO rpynn 3a
[O6UB Ha 3bPHO crej HanpaseHa cTaTuc-
Tuyecka o6paboTtka, OcBeH cpegHaTa
apuTMeTU4YHa 1 Koe(UUMEHT Ha BapupaHe
(CV, %) no ®PAO rpynn e onpegeneH u
MHOekca Ha obuwa agantaumsa (x-b) no
Vulchinkov (1990) n nepdopmaHC MHAEKC
(P) no Lee et al. (2001). M3BbpLEH € 1”
KOpenaumoHeH W perpecuoHeH aHann3 Ha
[JaHHWTe, KaTo ca WM3YNUC/EHU U TeopeTuy-
HWUTEe JIMHMW Ha perpecus 3a AvHamvikara Ha
pobusute no ®AO rpynu.

PE3YNTATUN NN OBCBbXXOAHE

Mpe3 HabnwogasaHuA nepuog ca
n3NuUTaHn ronsam 6poit xmbpuamn, KOUTo C
MasiK1 U3K/THYEHUs], Hali-Beye U3MN0M3BaHu-
Te cTaHZapTu, He ce noBTapsaT. Ha Tabnuua
1 B 0606LLEeH BUA ca NokasaHu pesyntarnte
OT ekosormyHute onutn Ha WL - KHexa
(2001-2015 r.) no ®AO rpynn. O6wo 3a
TO3n nepuof B paHHata rpyna (PAO 300-
400) ca m3nutaHm 281 xnbpuan; B cpeaHo-
paHHaTa rpyna (400-500) ca m3nutaHu 623;
B cpefHo-kbcHaTta rpyna (500-600) — 694
(Hail-MHOro), CbOTBETHO B KbCHaTa rpyna
(Hag 600) — 544. 06w 3a uenus nepuog ot
BCUYKM TPYyNu no Beretauma yvyacrteart 2142
6posi xubpuan. 3a TOBa BpeMe Te ca
M3NUTaHNW NPW  MHOTO LUMPOK KPbr  OT
ycnoBusi Ha cpegaTta — 3a 15 r. Ha obuwpo
cymupaHu 54 nokauum, kato KomoGuHaumaTa
rofvHa — MACTO 3a BCeKM OTAesIeH cyyaii e
YHVKasHa.

MATERIAL AND METHODS

Data from ecological trials (ECO) of
Maize Research Institute-Knezha are
used. Hybrids from 4 FAO groups are
tested in different locations around the
country for 2001-2015 period. Number of
locations vary from 3 to 6 in the years,
including no irrigated (mainly) and
irrigated environments. Number of tested
hybrids by FAO groups also vary. In the
early group (FAO 300-400) average for
the period are tested 18 hybrids; in the
semi-early group (FAO 400-500) — 41
hybrids; in the middle-late group (FAO
500-600) — 46 hybrids and in the late
group (FAO 600+) — 36 hybrids. The
results of grain yield by FAO groups are
evaluated after statistical analysis. Beside
means and coefficient of variation (CVy,),
a general adaptation index was
determined (x;-b;) according Vulchinkov
(1990) and also performance index (Pi) by
Lee et al. (2001). Correlation and
regression analyzes were done of data,
and theoretical regression lines of grain
yield dynamics by FAO groups were
computed.

RESULTS AND DISCUSSION

During the period observed a great
number of hybrids were tested. With
exceptions of checks used, they don‘t
repeat themselves. On Table 1 (like
general plan) results of ecological trails of
MRI-Kneja (2001-2015) are presented by
FAO groups. Generally for that period in
the early group (FAO 300-400) 281
hybrids are tested; in semi-early group
(FAO 400-500) 623 hybrids are tested; in
the middle-late group (FAO 500-600) —
694 (the most) and in the late group —
544. For the whole period and from all
FAO groups 2142 hybrids take part in the
testing. During that time they are tested at
wide range of environments — for 15 years
the total sum of locations is 54. The
combination year-location for every
separate case is unique one.
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Tabnnuya 1. CpegHn CTOMHOCTU 3a A06MB 3bpHO (kr/ha) Ha nanntaHnte B ECO xnbpugn no ®AO rpynu 3a nepmoga 2001-2015
Table 1. Mean values of grain yield (kg/ha) of tested ECO hybrids by FAO groups for period 2001-2015

FAO 300-400 FAO 400-500 FAO 500-600 FAO Hag 600
\I’((()e,u,al::m Bpoli F%poi/'l Cp%,qu Bpoii E6p0|7| Cp(—:gqu Bpoii E6p0|7| Cp%,qu noEKF;?_mM F%poﬁ Cp%qu cﬁggﬂ:a_;a
Number of Number of Mean yield Number of Number of Mean yield Number of Number of Mean yield NPT Numier wiegn yieig """ P Y64rs
locations  hybrids (kg/ha) locations  hybrids (kg/ha) locations  hybrids (kg/ha) locations of hybrids (kg/ha)

2001 6 13 5233,00 6 43 5367,00 6 49 5346,50 6 36 5081,20 5256,93
2002 3 26 7033,50 3 44 7571,60 3 53 7373,20 3 32 6773,10 7187,85
2003 3 17 5063,80 3 42 5573,80 3 46 5822,50 3 40 5415,30 5468,85
2004 4 27 9309,10 4 52 9713,80 4 57 9940,40 4 46 10323,50 9821,70
2005 4 19 9615,50 4 58 9737,60 4 67 9853,60 4 66 9780,60 9746,83
2006 2 19 7927,20 3 40 7712,30 4 42 8298,10 3 36 7707,50 7911,28
2007 3 13 2237,50 3 37 2410,80 3 26 2262,20 3 40 2266,30 2294,20
2008 4 13 7176,40 4 27 7945,40 4 32 7549,00 4 23 7400,00 7517,70
2009 3 12 7811,46 3 25 7308,61 3 46 7549,45 3 45 7702,29 7592,95
2010 2 14 8072,60 2 51 7858,24 2 53 7696,90 2 41 7824,60 7863,09
2011 4 15 8365,69 4 53 8952,96 4 59 7917,88 4 38 8259,40 8373,98
2012 5 23 4996,17 5 42 4694,85 4 50 4774,56 4 34 4350,00 4703,90
2013 3 27 8843,25 3 35 9480,40 3 33 8261,22 3 18 8912,79 8874,41
2014 4 18 9143,88 4 27 8676,94 4 33 8018,92 4 13 7300,84 8285,14
2015 4 25 7032,73 4 47 6948,52 4 48 6822,35 4 36 6769,94 6893,39

I 7190,79 7330,19 7165,79 7057,82 7186,15
CV.,% 28,25 28,16 27,49 29,73 28,10

Ii— b 6,197 6,317 6,193 6,030
pi 4,70 4,62 4,15 3,72 4,03
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3a fa MoxXe pfa ce ynoBM [OuUHa-
MUKaTa Ha [406MBa, pe3ynTaTr OT C/IOXHU
B3aVIMOAENCTBUS reHOTUN — cpeaa, KakTo u
oyepTaBaliy ce TeHAEeHUUW AUCKYy-TUpame
nosiydyeHnTe AaHHW Mo rpynu Ha BereTaums,
Kato pasrnexgame te3n ®AO rpynu kato
Hec/lyyaeH hakTop npu uyk-TyaumsaTta Ha
MHOrO CcriyyaiiHy (pakTopu, CBbP3aHu ¢
ycnoeusita Ha cpefaTta. [aHHuTe Ha
Tabnvua 1 nokassBat crefHUTe TEHAEHUMUN
3a gobmBa Ha xmbpugute no ®AO rpynu.
Haii-Bucok [o6uB umat cpefHo-paHHUTE
Xnépuam ot rpyna 400-500 no ®AO — 7330
kg/ha cpepHo 3a nepuopga, cnefsaH OT
paHHaTa rpyna (300-400 no ®AO) — 7190
kg/ha n cpegHo-kbcHaTa rpyna (500-600 no
®AO) — 7165 kg/ha, KOeTo e C MHOro
61m13bK pesyntar 4o npegxoaHara rpyna. C
OTHOCUTESIHO HaW-HWUCKa NO3UUUS e KbCHa-
Ta rpyna (Hag 600 ®AO) — 7057 kg/ha
cpeneH fobus 3a nepuoga. C HaW-HUCKO
BapupaHe e cpefHo-kbcHata rpyna (CV —
7,49%), cnegBaH OT ABETe MO-paHHK rpynu
300-400 1 400-500, ¢ 651M3KN CTOMHOCTY Ha
CV - 28,25% un 28,16%, cboTBETHO. OTHO-
CUTE/NIHO Hai-BMCOKO € BapupaHeTo B KbC-
Hata rpyna (®AO Hapg 600), CV=29,73%.
Tasn rpyna ce okasBa Hali-HecTabuiHa no
OTHOLLEeHNe fo6MBa 3a n3cnenBaHus nepu-
oa. Cbaelikm no CTOHOCTMTE Ha MHAeKca
3a ob6uwa agantaums (x-b) ce Habnogasa
cbllaTa kapTvHa. To3n MHAEKC AaBa npeaum-
CTBO Ha BWUCOKOAOOGUBHUTE hopmMKU C MO-
pobpa ekonornyHa crabunHoct (b<1,0) —
Vulchinkov (1990). IpynoBUSAT MHAEKC Ha
KbCHUTE XMbpuUan e Hal-HUCHK 6,03, foka-
TO NpW OCTaHa/nTe rpynu TOi e No-BUCOK, C
NpuGNN3NTENHO eAHaKBU CTOMHOCTW Ha
paHHata n cpefHo-KbCHaTa rpyna, Karto B
Hali-gobpa no3vuMa e cpefHo-paHHaTa
rpyna (400-500 no ®AO) x;-b=6,317.

CToliHOCTMTE Ha nepdopMaHC WH-
aekc (P;) cbLyo ca nokasaHu Ha Tabnvua 1.
To3n wHOEKC pfaBa nNpPegumMcTBO Ha Xu-
6pugute ¢ No-B1COK A06VB 1 NO-HUCKA BNa-
ra B 3bpHOTO B MOMEHTa Ha npubupaHe.
To3u Npu3Hak LWe AUCKyTMpamMe no-nogpoo6-
HO B OTAENHO Mpoy4yBaHe, HO pesynratuTe
oT Tabnuua 1 noTBbpxAgasaT MpefuHo
Hawe un3cnegsaHe (Vulchinkov et al., 2013),
Yye HabngaBaHaTa NonoxuTenHa kopena-
uusa Bnara B 3bPHOTO — Ab/DKMHA Ha Bere-

In order to catch grain yield
dynamics, resulting of complicated GxE
interactions and emerging trends we
discuss data obtained by vegetation
groups, regarding these FAO groups like
unoccasional factor at fluctuation of many
occasional factors connected  with
environmental conditions.Table 1 data
point out following trends for grain yield
hybrids by FAO groups. Semi-early
hybrids from FAO 400-500 have the
highest yield — 7330 kg/ha, followed by
early group (FAO 300-400) — 7190 kg/ha
and middle-rate one (FAO 500-600) —
7165 kg/ha, which result is closer to
previous group. The relatively lowest
position has the late group (FAO 600) —
7057 kg/ha mean yield for the period.

The middle-late group (FAO 500-600)
has the lowest variation (CV=23.49%),
followed by both earlier groups (FAO
300-400 and 400-500) with close values
of CV — 28.25% and 28.16% respectively.
The variation of late group (FAO 600+) is
relatively the highest, CV=29.73%. This
groups turns out like most unstable in
relation to the investigated yield period.
Judging by values of general adaptation
index (x.b) the same situation is
observed. This index gives a priority of
high yield forms with better ecological
stability (bj<1.0) — Vulchinkov (1990), The
group index of late hybrids is the lowest
(6.03), while at the rest groups it is higher
with relatively equal values for early and
middle-late group and with the highest
position of semi-early group (FAO 400-500),
Xi-bi=6.317.

Performance index (Pi) values are
pointed out also on Table 1. This index
gives a priority of hybrids with higher yield
and lower grain moisture at harvest. This
trait will be discussed more detailed in a
separate study, but results on Table 1
confirm a previous investigation of ours
(Vulchinkov et al.,, 2013), that the
observed positive correlation between
grain moisture and vegetation length
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TaumsTa aBTOMATtUYHO BOAM [0 MNO-HUCKM
CTOMHOCTM Ha P; B MNO-KbCHWUTE rpymnu.
HabniopgaesaHaTa TeHAeHUnA Ha Tabnmua 1
€ TOYHO TakaBa — Hali-BMCOKa CTOMHOCT
P,=4,70 uma B paHHaTa rpyna, a Hain-Hucka
(P;=3,72) B kbcHaTta. OT rnegHa Touka Ha
CTOMiHOCTUTE Ha ABaTa WHAEKca efHoBpe-
MeHHO P; n x.b, , ¢ Hai-go6pa nosuymsa e
cpefHo-paHHaTta rpyna (®AO 400-500),
KakTo 6e 0T6esnifA3aHo 1 3a 406MB Ha 3bPHO.

B pdcHata vact Ha Tabnuua 1 ca
nokasaHu pesynrtatute OT cpefHUTe Jo6u-
BM OT BCWMYKM Tpynu no Beretaums 3a
rogvHutTe Ha u3scnefsaHeTo. Tbii  kaTo
MoBeYeTo OMUTKU OT eKosIorMyHaTa Mpexa
Ha WL - KHexa ca npu HenosiMBHU yCNoBUS,
TO NO cpefHWTe A06VMBM MO TOAMHU MOXe
Ja ce cbaM 3a arpomMeTeoposiIorMyHUTE
YyCNoBUSA BCAKa rogMHa OT nepuoja Ha
nscneasaHe. C Hali-BMCOKM cpefHU [06MBK
ca 2004 n 2005 r., kato npe3 nbpBaTa
rogvHa pobuBbT € Hal-BUCOK 3a uenus
nepuog — 9821,7 kg/ha. lMNMpe3 Tasu rogmHa
Xnépmnante ot KbcHata rpyna (PAO Hag
600) ca nokasasm U Hail-BUCOKNS [O6MB 3a
nepmnoga — 10323,5 kg/ha. C gpyrn gymu
peanm3aumata Ha [0OMBHMA NOTEHUMas
npu KbCHUTE XMOPMAN U3KCKBA MO-406pU
Wu NosvBHKM ycnosus. lMNMpes coulara 2004
r. no6ruBuTEe HapacTBaTt C yBennyaBaHe Ha
rpynute no Beretauus, T.e. Hal-Mankuat
[O6VB e peanu3vpaH npu Hali-paHHaTa
rpyna.

C Hali-HncbKk gobus e 2007 1. —
2294,2 kg/ha, KaTo OTHOCUTESHO Hali-BUCOK
€ Toli B cpeAHo-paHHaTa rpyna (400-500 no
®AO). Tasu rognHa e Hai-3acywnmearta 3a
nepuoga.

leHepanHaTta cpefHa 3a gobusa OT
BCMYKM Tpynn Ha npoyysaHe e 7186,15
kg/ha. OT Tabnmua 1 ce Bmxaa, 4ye C Hai-
61M3ka CTOMHOCT [0 TasuM cpegHa e
[obnebT npe3 2002 r. [Job6buBute umar
Makcumym B rpyna 400-500 no ®AO, kato
OVHamuKaTa e cbliaTta KakTo Ha cpefHute
no rpynu 3a Lenus nepuog,

Ha ®wurypa 1 e nokasaHa pAuHa-
MuKata Ha cpegHute po6usn no ®AO
rpynu. Ta ce onucea no-gobpe KaTo Hesu-
HellHa perpecus. M3umcneHarta kopenauus
Mexay AobvBa W Ob/KMHATA Ha BereTa-
LMOHHNSA Nepmnos, — CPOKOBE Ha LibqdTeX Ha
KoyaHa no PAO rpynu e oTpuLaTesiHa,

carries automatically to lowest of Pi in the
later groups. The observed trends on
Table 1 is just the same — early group
has the highest value (Pi=4.73), and the
late group has the lowest one (Pi=3.72).
From the point of view of both indices
simultaneously (Pi and x;-b;) the best
position has semi-early group (FAO 400-
500), just noticed for grain yield also.

In the right part of Table 1 mean

yields results from all groups of
vegetation for years of the investigations
are presented. Because most of

ecological trails of MRI-Kneja are carried
without irrigation it could be assessed
agro-meteorological conditions by years
of the investigated period. With highest
mean yields are 2004 and 2005, just the
first one, is the highest for whole period —
9821.7 kg/ha.

In that year full season (late)
hybrids (FAO 600+) present the highest
yield for the period — 10323.5 kg/ha. In
other words the yield potential realization
of late hybrids requires better or irrigated
conditions. In the same 2004 yields grow
up with vegetation groups increasing, e.g.
the lowest yield is realized in the earliest
group.

The lowest mean yield has 2007 —
2294.2 kg/ha with relatively highest one
for semi-early group (FAO 400-500). That
year is the most drought for the period.

The general yield mean from all
groups and years investigated is 7186.15
kg/ha. From Table 1 it is seen that the
closest value to that mean is the yield of
2002. Than yields have a maximum in
FAO group 400-500 with the same
dynamics of means by groups for the
whole period.

This dynamics of mean yield by
FAO groups is presented on Figure 1. It
is described better like an unlinear
regression. The computed correlation
between yield and vegetation length like
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HegocToBepHa (r=-0,649). Jluncata Ha
Kopenauus Mexay Te3n [Ba npu3Haka
[JoKasBa npuHUMNHaTa Bb3MOXHOCT 3a
cenekums Ha BUCOKOAOOGUBHU Xxunbpuanm c
no-kpatka BereTauus, MNokasaHo olle oT
Duvick n Gassman (1999). B npegxogHo
Hawe cbobueHue (Vulchinkov et al., 2013),
6e HanpaBeHO CbLLOTO 3ak/luveHwe npu
cpaBHeHve Ha onutn Ha WL, - KHexa wu
MACAC, makap 4e TaM MaKCUMyMbT Ha
pobvea ce Ha6nogasa B rpyna 500-600 no
®AO.

silking days by FAO groups is negative,
unsignificant (r= -0.649). Missing of
correlation between both traits proves the
principal possibility for breeding of high
yield hybrids with shorter vegetation,
noted also by Duvick and Gassman
(1999). In previous publication of ours
(Vulchinkov et al., 2013) the same
conclusion was done at comparing trials
of MRI-Kneja and IASAS, even there the
yield maximum was observed in FAO
500-600 group.

7500
< 7000 -
©
<
v
i~
o
o
>
c
-
O 6500 -
6000 - ——
FAO 200-400 FAO 400-500

y=-61,841x%+252,87x+7017,8
R?=0,8277
r=-0,649

FAO 500-600 FAO 600 +

our. 1. imHamuka Ha fo6uB 3bpHO nNo PAO rpynu 3a nscnenBaHna Nnepuos,
Fig. 1. Grain yield dynamics by FAO groups for the investigated period

Ha durypa 2 e nokasaHa
OvHamukaTa Ha gobuBa B paHHaTa rpyna
(®AO 300 - 400). Ha6bniopasaHaTa
TEHOEHLUMSA, KakTo W Npu gpyrute rpynu
couM NleKo yBesiMyeHue Ha pobusa ot
MbpBUTE KbM MOCAEAHUTE TOAMHM Ha
nepuoga. N3uncnenata NVHeliHa
perpecusi nokassa, Ye Tasn TeHAeHuWs
Ha Bb3Xo4 e cbC cTbhka 97 kg/ha 3a
rogumHa nnm 9,7 kr/gka/rog., He3aBnUCUMo
OT HSKOM EKCTPEMHU CTOWHOCTW, KaTo
[06uBbT npes 2007 T.

On the Figure 2 dynamics of grain
yield in the early group (FAO 300-400) is
presented. The observed tendency just
like in the other groups points out a small
increasing of the yield from the first to the
last years of the period. Computed linear
regression points out that this tendency of
increasing has a rate 97 kg/ha per year or
9.7 kg/da per year, independently from
some extreme values, like the yield in
2007.
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Ha4nH ca U3YNCNIEHUN TEOPETUYHUTE JTIUHUN
Ha perpecua CbC CbOTBETHUTE YpPaBHEHUA,

ke/ha FAO 300-400

1200 y = 10,365x - 20093
R?=0,0521
1000
¢ ¢ ¢ ¢
800 S o ¢ ¢
e e
600
L © L
400
200
646,5 9.7 791,6
0 T T T T T T T T T T T T T T
O N A D DO ADA DO O D &S
P LTS PN NS
AT AT ADT DT ADT QDT ADT ADT ADT AT DT DT ADT DT DT D

dur. 2. lnHamuka Ha fo6uvBa B paHHaTta rpyna
Fig. 2. Grain yield dynamics in the early groups

3a ocTaHa/mMTe rpynM Mo Cblwus For the other groups in the same

npeacraseHn rpadmyHo (Purypa 3 — | graphically (Figure 3 — Figure 5).
durypa 5).
kg/hal
e/ FAO 400-500
1200 y=7,1413x- 13607
— R?=0,0239
® ¢
L ¢ ¢
800 s e ¢,
600 & . .
400
L
200 7 ge3 & 783,0
0 1 1 T T T 1
O D A PO > O LA DO O DA DS
P PPNy N NN
AT AT 4D ADT AT AT AST AT AST AST ADT ADT AT DT DT A9

our. 3. lnHamuka Ha fobuBa B cpefHOpaHHaTa rpyna
Fig. 3. Grain yield dynamics in the semi late groups
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way are computed theoretical regression
lines with equations respectively, presented
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kg/ha FAO 500-600
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| y=1,4333x- 2161,5
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dur. 4. lnHamuKa Ha gobuBa B cpegHOKbCHaTa rpyna
Fig. 4. Grain yield dynamics in the middle late groups
e FAO 600*
1200 y = 3,4599x- 6241,6
® R?=0,0054
1000 ®
L
800 * o ¢ ¢
_® &
600 .
® L 2
400 ¢
&
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dur. 5. lmHaMmuKa Ha gobuBa B KbCHaTa rpyna
Fig. 5 Grain yield dynamics in the late groups

Ha ®urypa 3 yBe/iMyeHMETo Ha
pobuea e 67 kg/ha 3a roguHa npu cpegHo-
paHHuTe xnbpuan (PAO 400). Mpu cpegHo-
KbCHUTE Xxubpman ctbnkata e 13 kg/ha 3a

On Figure 3 the yield increasing is 67
kg/ha per year for semi-early hybrids (FAO
400-500). At middle-late hybrids the rate is
13 kg/ha per year — the smallest from all
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rogyHa — Haii-mankata OT BCUYKU Tpynu.
Mpn KbCHUTE XMOPUAM YBENMYEHUETO € C
32 kg/ha 3a roguHa (Purypa 4 n durypa 5).

Te3n yBesiMyeHus 3a roguHa ca
U3YNCNEHN KaTo pasfvMka OT Hali-BMCO-
KaTa W Haii-HucKaTa TeopeTUyHU CTOW-
HOCTW Ha Jo6uBa (CbrnacHo ypaBHEHUS-
Ta) pasgeneHo Ha 15. Mpu BCUYkM rpynu
no ®AO ce Habnwgasa nporpec, kaTo
TO e Hali-BMCOK B paHHaTta rpyna (97
kg/ha/rog.). Mo cbWMA HAYMH € N3YUCIEH
1 HabnogaBaHns nporpec B Aobmea npu
Xxnepuante ot Bcuukn ®AO rpynu, KOWTO
e 52,3 kg/ha 3a rognHa (durypa 6).

kg/ha
(12000
°®
8000 2 e ° °
_H_QF_ﬂ"_____F____4,_*__*_gﬂ__gﬁ_ﬂ_____a——~——»——w——-—
°
6000
®
¢ 5
4000
2000 L y=55,998x+6738,2
RZ=0,0154
0 : i g
N A DD X O L A DD N A XS
O O ¥ O P O D S NN DN NN
MIPA PN O P I RN PR AN P A PN I
@ ECOtrials

other groups (Figure 4). For late hybrids the
increasing is 32 kg/ha per year (Figure 5).

These increases per years are
computed like a difference from the
highest and lowest theoretical value of
the vyield (according equations), divided
by 15. The progress is observed for all
FAO groups but it is highest in the early
one (97 kg/ha per year). In the same way
the observed yield progress is computed
for hybrids for all groups, which is 52,3
kg/ha per year (Figure 6).

®ur. 6. TeHAeHUUs B 06MBa 3bPHO NPU LLAPEBUYHUTEXUBPUAM OT BCUUKN Fpynn

no ®AO0, HabntogaBaHm 2001-2015r.

Fig 6. Grain yield tendency of maize hybrids for all FAO groups screening

(2001-2015)

PaHHaTa 1 cpepgHo-paHHaTa rpyna
no ®AO (300-400 n 400-500) ce wu3ssa-
BSIBAT KaTo Haii-guHaMW4HM MO OTHOLle-
HME Ha NnoCTUrHaTWs MpOrpec, C Haw-
BMCOKWN CTOMHOCTU Ha yBe/IM4yeHue Beska
roguHa. Te3n CTOMHOCTU, KakTo 1 06LL0TO
yBenunyeHne — 784,5 kg/ha, cymapHo 3a
neprvoga 3a BCUYKM Xnbpuan ce Aobau-
XaBaT [0 CcpefHuMTe CTOMHOCTU Ha
HabnwgaBaH CenekuMoHeH nporpec B
OPpYrM CTpaHu, Npu KOWUTO OT4eTUTe "
CpaBHEeHUsITa ca

Early and semi-early groups (FAO
300-400 and 400-500) are presented like
most dynamics in relation of achieved
progress, with the highest increasing of
values every year. These values and
common increase as well — 784.5 kg/ha
total sum for all hybrids for the period
come to the mean values of observed
breeding progress in other countries,
which results and comparison are made
for longer time period.
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N3BOAN

1. Mpwn npoyyeHnTe xnbpnan no A0
rpynn He ce HabnwofaBa [OCTOBEPHA Kope-
nauus Mexay fobusa W BeretaumoHHUSA
nepuof, KoeTo [oKa3sa Bb3MOXHOCTTa OT
ceniekums Ha Mno-paHHM U BUCOKOAOOGMBHU
Xnépuan.

2. Mo uHAekc Ha obwa apantaums
(xi-b;) Hali-gobpa no3uumsa 3aemart cpegHo-
paHHuUTe xmbpugun — rpyna 400-500 no ®AO,
KOUTO MMaT 1 HaWi-BMCOK CpefeH [O6UB.

3. 3a nepuoga Ha npoyysaHe ce
HabngaBa NOCTUrHAT CeeKLMOHEeH npor-
pec 3a f06MB Ha 3bpHO BbB BCUYKM PAO
rpynu, Hali-gobpe n3paseH B paHHaTa rpyna
(300-400 no ®AQ) — 97 kg/ha 3a roguHa.

4. Cpeghusat temn (52,3 kg/ha 3a
rofvHa), NOCTUrHaT NpyY BCUYKW TPynu no
Beretauusi, ce pobnmkasa [0 nporpeca,
HabofaBaH U B APYrM CTPaHW 3a Nno-Ab/ru
nepuoau.

CONCLUSIONS

1. Between grain yield and vegetation
period length of studied hybrids by FAO
groups a significant correlation is not
observed, which proves the possibility of
earlier and high yield breeding hybrids.

2. By general adaptation index (x;-b;)
semi early hybrids (FAO 400-500) present
the best position, which have the highest
mean yield.

3. For the period of study an
achieved grain yield breeding progress is
observed for all FAO groups, best expressed
in the early group (FAO 300-400) — 97 kg/ha
per year.

4. The average rate (52.3 kg/ha per
year) achieved for all groups of vegetation
comes to the progress observed in other
countries for longer periods.
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PE3IOME

O6eKkT Ha npoyysaHe e Bjarara B
3bPHOTO Ha ronsam 6poii xmbpugn Ha WL, -
KHexa oT 4 rpynu no ®AO, n3nuTBaHu B
eKosormyHa mMpexa ot 3 Ao 6 nyHkTa 3a
nepuog ot 15 roguHn (2001-2015 r.). Bobn-
pPeKN OEeCTBMETO Ha MHOrO criyyvaHu dak-
TOpY — pasnuyeH 6poii XxMbpuan UsNUTBaHu
BCSAKa rofuHa, ronsiMo pasHoobpasme OT
arpoKnMMaTuYHn ycnosus 3a nepuoga, ce
HabnogaBa TeHAeHUUs KbM perpec (Hama-
NsiBaHe) Ha CTOWHOCTMTE Ha TO3U MPU3HaK,
KOWTO € MHOro BaxeH 3a cenekuusaTa. o
®AO rpynun cpegHuTe CTOMHOCTM Ha Bnara-
Ta B 3bpPHOTO HapacTBaT, Tbi Kato uma
[oKasaHa kopenaums ¢ Ab/DKMHaTa Ha Bere-
TaumoHHus nepuogd. C Hail-HUCKO BapupaHe
ca xmbpugute ot paHHaTa (PAO 300 — 400)
M cpefHo — kbcHaTta rpyna (®AO 500 — 600).
BbTpe BbB BCAKa rpyna no seretauus, BbB
BCUYKM Crlydau ce HabnopasaT yCTOWUMBO
HamasnisiBaHe Ha BfnaraTta, Kakto cnejsa: B
rpyna 300 — 400 no ®AO, cbrniacHo Teope-
TMYHAaTa /IMHUS Ha perpecusl, cTbinkaTa e c
0,26% BCAKa rogMHa 3a nepuofa Ha
n3cnegsaHeto; B rpyna 400 — 500 no PAO
Tasn ctbnka e 0,35% — Hali-ronama ot

Accepted: 26.04.2018

Published: 14.06.2018

SUMMARY

The study object is the grain
moisture at harvest of great number of
MRI - Knezha maize hybrids, from 4 FAO
groups tested in Eco trials — 3 to 6
locations for 15 years period (2001 —
2015). In spite of the influence of many
accidental factors impact on the trials — a
different number of maize hybrids tested
every year and a diversity of environmental
conditons - a regress tendency
(decreasing) of values at that very important
selection trait was observed. By FAO
groups mean values of grain moisture
increase because of the significant
correlation with the vegetation length. The
variation of hybrids grain moisture from
early (FAO 300 — 400) and middle-early
group (FAO 400 — 500) is the least. Within
every vegetation group a substantial
decrease tendency was observed in all
cases as follows: in FAO group 300 — 400
according the theoretical regression line
the rate is 0.26% for the studied period; in
FAO group 400 — 500 this rate is 0.35% —
the biggest one to all other groups. In the
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BCUYKM OCTaHanu rpynu. B cpegHo-kbcHaTa
rpyna (®AO 500 — 600) Bnarata B 3bpHOTO
Hamangea c¢ 0,33% BcAka roguHa, a B
KbcHaTa (Hag 600 no ®AO) — ¢ 0,32%.

CTtoitHocTMTe Ha performance index
(P) — cbOTHOWeHWeTO Ao6uB — BMara B
3bPHOTO NpU NpubrpaHe, ca Hain-BUCOKN B
paHHaTa M cpefHO — paHHa rpyna, kaTo
Kopenauusata My C BeretalMoHHUSA Nepuog,
€ [oKa3aHo oTpuuaTesnHa.

3a BCUYKM XMOpUMAM OT uyeTupute
rpynn no ®AO 3a nepvoga Ha uscnensaHe,
TeMnNbT Ha Hama/sBaHe Ha Bfarata B
3bpHOTO € 0,32% BcAka roguHa, T.e. 3a 15
rogMHu ToBa HamasieHue cymapHo e 4,8%,
KOETO MOXe [a ce cMmsTa KaTto MocTurHaT
Cepuno3eH cesiekUMOoHeH nporpec.

KnrouoBu ayMn: LapeBnyHN
xnepuan, ®AO rpynu, Bnara B 3bpHOTO
npv npuémpaHe.

YBO/,

Bnarata B 3bpHOTO Ha LapesuuaTa
KbM MOMEHTa Ha NpnubupaHe e MHOro BaXxeH
Ce/IeKUMOHEH, KaKTO M CTOMAHCKN Npu3Hak.
MpubrpaHeTo Ha 3BPHOTO OT MOJSETO C
Bnara 14-15%, KakbBTO € CTaHAapTbT B
noBeyeTo CTpaHW, MO03BO/IABA HEroBOTO
CbXpaHeHne fJa ce  u3Bbpwu  6e3
[ONBb/IHUTESTHO M3cyLlaBaHe, KOeTO BOAM [0
MKOHOMUA Ha cpeacTBa.

XapakTepucTtnka Ha xubpugute BbLB
BPb3Ka C Temna Ha M3CbXBaHe Ha 3bPHOTO
W u3cnegBaHua Ha dum3MosiorusAta  Ha
LapesuuaTa BbB Bpb3ka C TO31 nNpobnem ca
npaBeHn OT MHoOro asTopu: Troyer and
Ambrose (1971), Cross and Kabir (1989),
Newton and Eagles (1991), Angelov and
Vulchinkov (2009) n gp. Hakpatko Tesu
npoyyBaHus BOAAT o cnegHute
0006LLeHna — cnief, HacTbBaHe Ha n3no-
fiormyHata 3pssiocT U NosiBa Ha YepHOTO
NMeTHO B OCHOBAaTa Ha 3bPHOTO (B/1ara OKoJ1o0
30%) ce npekpatsaBa MNOCTbLMBAHETO Ha
acumunatm ot CTbO/I0TO KbM  KO4aHa,
pecnekTMBHO 3bpHOTO. OT TO3U MOMEHT
TEMNbT Ha HEroBOTO M3CbXBaHe 3aBUCK
KakTo OT reHoTuna, Taka u OT yc/oBusaTa Ha
cpepara. MNMpusHaumMTe cBbP3aHN C reHoTnna
ca rpynarta no Beretauus, gebenuHarta Ha
rnepukapna Ha 3bpHOTO, 6poii 1 gebenvHa
Ha 06BUBHUTE NIUCTA HA KO4YaHa, BPEMETO

middle-late one (FAO 500 — 600) grain
moisture decreases with 0.33% every
year; in the late group (FAO 600%) — with
0.32%.

The performance index values (P;)
like a relation of grain yield to the moisture
at harvest are the highest in early and
middle-early groups, but it's correlation
with vegetation period length is significant
negative.

For all hybrids and FAO groups the
rate of grain moisture decreasing is 0.32%
per year for the investigated period, e.g.
for 15 years this decreasing is 4.8% as an
amount. It is noticed like a serious
breeding progress.

Key words: maize hybrids, FAO
groups, grain moisture at harvest

INTRODUCTION

The maize grain moisture at
harvest is very important selection trait
and economic one as well. The field grain
harvesting with moisture about 14-15%
which is the standard for most of
countries, permits its storage to be done
with out of additional drying and save the
costs.

Hybrids characteristics in relation of
dry down rate and studies of maize
physiology about this problem are made
of many authors: Troyer and Ambrose
(1971), Cross and Kabir (1989), Newton
and Eagles (1991), Angelov and
Vulchinkov  (2009) and others. In
summary these investigations come to the
following conclusions — after physiological
maturity of maize and “black” layer
appearance (moisture about  30%)
assimilates movement from the stalk to
the cob and grain is terminated.

From that moment the rate of grain dry
down depends on the genotype and
environmental conditions also. The traits
connected with genotype are the
vegetation group, depth of grain pericarp,
number and depth of husked ear leaves,
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3a TAXHOTO MNO-6BP30 Cb3psiBaHE (M3CbX-
BaHe), BIrb/l Ha pasnosiokKeHne Ha
KoyaHure.

Mo-paHHMTE XM6pMAM MMAT MNO-KbC
CpOK [0 (pu3nonornyHa 3psAnocT, Kato
ycnoBusiTa Ha cpegaTta npu TaxX ca no-
6naronpuaTHU 3a No-6bpP3 Temn Ha M3CbX-
BaHe Ha 3bpHoTO. Cnopepg Nielssen (2000)
B uapesunyHusa noac Ha CALL 3a nepuog ot
4 roAuHM TeMNbT Ha N3CbXBaHe Ha 3bPHOTO
npu HopMasHO cyxa eceH, e ot 1.0 go
0.75% Ha peH 3a BTOpara MoJsOBMHA Ha
centemspu 1 ot 0.75 oo 0.50% Ha fgeH 3a
nbpBaTa nosioBuMHa Ha OkTomBpWU. C Apyru
OymMy  no-paHHuUTE hopmn C HacTbnuna
(hM3M0I0TMYHA 3PANOCT B HAYAUI0TO Ha cen-
TemMBpM MOrat fa U3cbxHaTt [0 cTaHAapTHa
Bnara 3a 15-20 gHK, AOKATO NPU NO-KbCHUTE
TO3W CpPOK Ce yAb/hkaBa, a Mnpu BaxHa
eceH TemMnbT B Kpasd Ha OKTOMBpU ce
npekpaTsBsa, T.e. NPUGMpaHeTo Ha NO-KbCHU
hopMM U3MCKBA [AOMbAHUTENHO U3CyLlaBa-
He Ha 3bpHOTO. OT Apyra cTpaHa ot/araHe-
TO Ha XbTBaTa C Len no-4obpo n3chbxsaHe
Ha 3bPHOTO He BMHaArM BOAM A0 MO-A06bLP
pesynTart, 3all0To ce yBenuMyasart 3aryoute
OT NpeyyneHn pacTeHna v nagHaIn KovaHu,
KaKkTo U HeHaBpPeMEHHOTO OCBOOOXJaBaHe
Ha naowure.

Cnopeg De Jader et al. (2004)
TEeMNbT Ha WU3CbXBaHE Ha 3bPHOTO €
Hacnegsem npusHak 1 nogsiexu Ha otéop,
T.e. MOXe [a Cce BK/IOUYM B CenekuMoHHa
nporpama. Sala et al. (2006) npoyuBaiiku
QTL 3a Bnara u CTeneHn Ha U3cbxBaHe Ha
3BbPHOTO MOCOYBAT, Ye Npu Macos O0TOOp 3a
Te3n npusHauuM Hai-ygadyHa cenekunoHHa
cTparterns e cbyeTaBaHeTO Ha MOJSIEKY/IAP-
HU Mapkepy U (PEHOTUNHW CTOMHOCTU Ha
npu3Hauure.

B eBOMOUMOHEH NNaH, cpaBHABAlKN
no-cTapu W MO-HOBW MOKONEHUA XUBpUAK
Cavalieri and Smith (1985) yctaHoBsiBaT
Ce/fleKUMOHEH nporpec Mo OTHOLIeHWe Ha
TeMrnoBeTe Ha M3CbXBaHe Ha 3bPHOTO Ha
6a3a KopenauvMoHeH aHa/IM3 Mmexay npusHa-
unTe MMaly OTHOLEeHWe KbM 6bp30TO
n3cbxsaHe. NogobeH nssog npasu 1 Duvick
(2005), cpaBHsiBaitkM xMbpuan oT pasnnuyHm
MoKoJIeHUss B efHa BereTauuMoHHa rpyna.
MporpecsT e ot 0.6% [0 1.0% cKoOpoCcT Ha
N3CbXBaHe Ha 3bPHOTO Ha [leH OTHECEHO Ha
no-cTapu NOKOIEHUS XMBpUAN KbM NO-HOBU

the time for their senescence (drying),
ears angle disposition.

Earlier hybrids have a shorter
period of physiological maturity as the
environments for them are better for faster
grain dry down. According Nielsen (2000)
in the US corn belt for 4 years period the
rate of dry down at normal dry autumn is
from 1.0 to 0.75% per day for the second
half of September, and for 0.75 to 0.50%
per day for the first half of October. In
other words earlier forms with a
physiological maturity appeared at the
beginning of September can dry to the
standard grain moisture for 15-20 days,
while for the late ones that time is
prolonged and in the wet autumn drying
down is terminated in the end of October,
e.g. the harvesting of full season forms
requires additional grain drying. From
other side the put harvesting off in order
grain dry down to be better not ever gives
good results, because loses are increased
from broken plants and dropped ears and
delay of acreage release as well.

According De Jader et al. (2004)
the rate of grain dry down is a heritable
trait, e.g. it could be included in a
breeding programme. Sala et al. (2006)
study QTL for grain moisture and dry
down rate and they note that for mass
selection of these traits the most suitable
breeding strategy is a combination of
molecular markers and phenotype traits
values.

In evolution plan comparing older
and newer hybrids generations in relation
to rate of filling and drying of maize grain
Cavalieri and Smith (1985) have noticed a
breeding progress on the base of
correlations between traits having a
relation to faster dry down. A similar
conclusion makes and Duvick (2005) at
comparing hybrids  from  different
generations in the same vegetation group.
The progress is from 0.6% to 1.0% grain
dry down per day related older to newer
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npv e4HaKBMW yCNoBUS Ha U3NUTBaHE.

Y Hac npoyysBaHus Ha NOCTUrHaT ce-
NIeKUMOHEH Nporpec no OTHOLUEeHWe Brarara
B 3bPHOTO Mpu npubupaHe He ca nNpaBeHMu.
Llen Ha npoyyBaHeTo e Habnogasa nn ce
TakbB npu xubpugnm Ha WHCTUTyTa no
uapesuua ot 4 rpynu no ®AO, nannutesaHu B
€KOJI0rMyHa Mpexa 3a nepuog, ot 15 roguHu

MATEPVAJZT U METOOU

Xnbpunan Ha UL, - KHexa ca usnur-
BaHW B ekonormyHm onutn (ECO) B 4
rpynu no ®AO 3a nepuog ot 2001-2015 .
OnutuTe ca u3BeXAaHW Ha pasInyHu
MecTa B cTpaHarta, Kato 6poaT Ha foka-
umuTe Bapupa ot 3 o 6, KaTo nosBeyvyeTo
MecTa ca Npu HENOJIMBHU ycnoBus. bpoaT
Ha xunbpugnte no SAO rpynu CbLLO
Bapupa Kato cpegHo 3a nepvoga Te ca
18, 41, 46 n 36 3ano4yBaiikm OT paHHaTa,
CpefHo-paHHaTa, cpefHo-KbcHaTa N Kbe-
HaTta rpyna, cboTBeTHO. HanpaBeH e Cb-
LWMAT CTATUCTMYECKN aHa/M3 Ha AaHHUTe
no ®AO rpynu, KakTo B NPeaxo4Ho Halue
cbobuwenne (Vulchinkov and Vulchinkova,
2018). 3a cpaBHeHME € Wu3MNos-3BaH "
nepcopmaHc unHgekc (P;) no Lee et al.
(2001). BnaraTta B 3bpHOTO Npu npubupa-
He e onpejensHa eNekTPOHHO Ha npeg-
cTaBuMTENHA npobGa OT BCEKM BapuaHT
(xnubpwupg) ot onuTUTE 3a Uenusa nepuos Ha
nscnegBaHe.

PE3YJITATN N OBCBXAJAHE

[aHHuTe 3a Bnarata B 3bPHOTO ca
00606LLEeHN 1 OocpedHeHM 3a ronsam 6poli
xnbpuam no ®AO rpynu. BpoAat Ha 06LWwo
n3NUTaHuTe Xmbpuam, Kakto 6e NocoYeHo u
B NpeaxooHO Hawe npoyysaHe, e 281
xnbpuam 3a rpyna 300 — 400 no ®AO, 623
3a rpyna 400 — 500 no ®AO, 694 3a rpyna
500 — 600 no ®AO un 544 3a kbcHara rpyna
®AO Hag 600. O6WmAT um 6poii 3a 15 1. Ha
060 54 nokaunn e 2142 xubpuam, KOUTo ¢
MaslkKu  M3KIKYEHUss He ce MOBTapAT.
[vHamukata no wuscnegsaHuss daktop —
Bnarata B 3bPHOTO nNpu npubupaHe, e
npoyysaHa no ®AQO rpynu, KoUTo npuemame
KaTto goukcupaH haktop npu chaykroaumsita
Ha BCUYKM OCTaHasM hakTopu, CBbp3aHu C
reHoTunoBeTe, YC/NOBMATA Ha cpefaTta u

hybrids at the same testing conditions.

In our country investigations of
achieved breeding progress regarding grain
moisture at harvesting are not made. The
aim of this study is it observed such
progress at hybrids of Maize Research
Institute from 4 FAO groups, tested in
ecological trials for 15 years period.

MATERIAL AND METHODS

Hybrids of MRI-Knezha are tested
in ecological trials (ECO) in 4 FAO groups
for the period 2001-2015. The trials are
carried out in different places in the
country as the number of locations vary
from 3 to 6 and most of them are without
irrigations. The number of hybrids by FAO
groups also vary, like average ones for
the period they are 18, 41, 46 and 36 for
early to semi-early middle-late and late
group, respectively.

The same data statistical analyzes are
made just like in a previous study of ours
(Vulchinkov and Vulchinkova, 2018). For
comparisons a performance index (Pi)
proposed by Lee et al. (2001) is applied.
The grain moisture at harvest is
determined electronically of a
representative sample from every variant
(hybrid) of trials during whole the period of
investigation.

RESULTS AND DISCUSSION

Data for grain moisture are
summarized and averaged for great
number of hybrids by FAO groups. The
number of all tested hybrids, just we
pointed in the previous study of ours is
281 for FAO group 300-400, 623 for FAO
group 400-500, 694 for FAO group 500-
600 and 544 for late group FAO 600+.
Their general number for 15 years and 54
locations summarized is 2142 hybrids.
They don’t repeat themselves with small
exceptions. Dynamics of the investigated
factor — grain moisture at harvesting is
studied by FAO groups. We accept it like
a fixed factor at fluctuations of many other
factors  connected with  genotype,
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TAXHOTO B3aMMogencTame.

Ha Ta6nmuya 1 ca nOCOYeHn
pesyntartute OT u3C/eABaHUA MpuU3HaK 3a
nepuoga no ®AO rpynu.

Tbii KkaTo kopenauusita Bnara B

environmental and their interaction.

On Table 1 results of the
investigated trait and period by FAO
groups are presented.

As the correlation between grain

3bPHOTO — [Ab/DKMHA Ha BereTauMoHHUA
nepvog e NonoxuTenHa, kKaTeropmyHo foka-
3aHa (Jugenheimer, 1979) paHHMTE OT
Tabnvuata camo noTebpxaasar Habnwoga-
BaHaTa TeHAeHUus. Bparata B 3bpHOTO
HapacTBa KaTo cpefHa CTOWHOCT OT no-
paHHMUTE KbM MO-KbCHUTE TPYyNu, KakTto no
rOAMHW, Taka v 3a Uuenvs nepuog,

moisture and vegetation period length is
positive, definitely proven (Jugenheimer,
1979) data from the table only confirm the
observed tendency. The grain moisture
increases like mean values from earlier to
later groups by years and for the whole
period as well.

Ta6bnuua 1. CTOMHOCTM Ha Bfiarata B 3bpHOTO npu npubupaHe (%) no ®AO
rpynu 3a nscnegBaHns Nnepunos

Table 1. Grain moisture values at harvesting (%) by FAO groups for the
investigated period

CpepgHo 3a
rognHn + Cpearo 3a noanepuoau
vears FAO 300-400 FAO 400-500 FAO 500-600 FAO 600 roguHaTa oo e sub

Mean per year P
periods
2001 17,8 19,2 19,3 22,3 19,7
2002 18,1 19,2 20,0 20,0 19,3
2003 13,4 14,2 16,2 16,4 15,0 18,6
2004 18,3 19,4 19,6 21,8 19,8
2005 18,0 19,0 19,7 21,1 19,4
2006 15,4 16,5 18,1 20,7 17,7
2007 13,5 14,9 18,7 19,5 16,6
2008 15,6 16,3 18,4 20,9 17,8 17,0
2009 15,5 15,4 17,4 20,7 17,3
2010 14,4 14,6 16,3 17,8 15,8
2011 14,3 14,6 16,3 18,5 15,9
2012 13,7 11,6 14,5 15,6 13,9
2013 11,9 12,1 11,9 12,9 12,2 14,9
2014 15,1 15,5 16,4 17,8 16,2
2015 14,4 15,5 16,2 18,3 16,1
CPEAHO MO TPYMA 45 5g 15,88 17,26 18,95 16,84
Mean by groups
CV,% 12,89 15,55 12,78 13,53 13,05
Pi 4,70 4,62 4,15 3,72 4,03
W3ceunsisaHe 61 63 64 67 64 r=-0,94851++

Silking (days)

CpefgHute CTOMHOCTM Ha npu3Haka
3a nepuofa Ha uscnegpaHe ca: 15.29% 3a
paHHaTa rpyna (®AO 300 — 40); 15.88% 3a
cpefHo-paHHaTa rpyna (PAO 400 — 500);
17.26% 3a cpepgHo-kbcHata rpyna (®AO
500 — 600) n 18.95% 3a kbcHaTa rpyna
(PAO Hag 600).

Pa3nukaTa
(kbCHa)

Average values of the trait for
period of investigation are: 15.29% for
early group (FAO 300-400); 15.88% for
semi-early group (FAO 400-500); 17.26%
for middle-late group (FAO 500-600) and
18.95% for late group (FAO 600+).

Mexay nocnegHaTa
rpyna n paHHata e 3.66%.

Difference between the last (late)
group and the early one is 3.66%. The
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BapupaHeTto e Hali-cunHO B cpegHo-
paHHata rpyna (CV=15.55%), oTHOCuW-
TE/IHO MO-HUCKO € B paHHaTa W cpegHo-
KbCHata rpyna (CV = 12.89% un 12.78%,
CbOTBETHO). B KkbCcHaTa rpyna 1o 3aema
MeXxanHHa cToiHocT (CV = 13.53%). lNMo-
cunHoto Bapupade B rpyna 400 — 500 no
®AO o3HayaBa, 4Ye He e nocTurHar
JocTaTbyHO cTabwimaupaw, oT6op 3a
TO3M npusHak. [eHepanHata cpefHa 3a
uennsa nepuog Ha wu3scnegsaHe — 15
roguHn n 4 ®AO rpynn, e 16,84% Bnara
B 3bpPHOTO. Ta3n CTOHOCT € Haii-6n1mn3ka
[0 cpefgHata 3a 2007 r. B npeguwHoTO
Halle n3cneggaHe 6saxMe NOCOYNAN Tasu
rogHa Kato Hali-3acywsvBara 3a
nepvoga, ¢ Hali-HUCbK [06UB 3bpPHO. He
MOXEM Ja HanpaBuM  u3BOga, 4e
Xnbpmgnte TOoraBa ca ce npumbupann c
no-majsiko Bflara B 3bpHOTO, Makap, 4e
MOMEHTBHT Ha MpubupaHe ce konebae
OKO/I0 611aronpusiTHUSE  arpoOTEXHUYECKN
cpok. C Hail-HUcKa Bnara ca npubupaHu
xnbpuante npes 2013 r., a C Hal-BUCoKa
Bnara (19.8%) npe3 2004 r., KosTO
OENCTBUTENTHO 6e Hali-BMCOKO40OMBHA 3a
nepuwoga. HabniopaBa ce TeHAeHUWA
obaye OT HA4YaNoTo A0 Kpasd Ha nepuoga
Bfarata B 3bpHOTO ga 6enexu cnaj. B
AsicHaTa vacT Ha Tabnvya 1 cme pasge-
NV Lenusa nepuog Ha u3criefBaHe Ha
Tpu nognepuoga ot no 5 rognHn. Buxaa
ce, Ye CTOMHOCTUTE Ha TpuTe MOANepuo-
Ja couar Cblo TEHAEHUNS KbM Hamane-
HMe Ha Bnarata. 3a nbpBuUTe 5 roguHM
(2001-2005) Te umaTt cpegHa CTOMHOCT
18.6%, 3a BTopute net (2006-2010)
cpefHarta Bnara e 17%, 3a nocnegHute 5
roguHun (2011-2015) snarata e 14.9%. 3a
nepuoga ot nbpsuTe 10 roguHn B oTA€EN-
HO Hawe npoy4yBaHe (Vulchinkov et al.,
2013) KoHcTaTMpaxme nporpec no oTHO-
LEeHNe HamasisiBaHe Ha Brarata B 3bp-
HOTO MpWU NapasieslHO CpaBHEHWE Ha Onu-
™ Ha WL - KHexa (ECO) m onutu Ha
MACAC (KCO). 3a 15 r. nepuopg, KOWTO
cera guckytupame, TO3M MNpPOrpec Cbluo
ce Habnwgasa.

MporpecsbT e M34MC/IeH KaTto pas-
NvKka OT HaW-BMcoKata M HaW-HuckaTa

most variation has the semi-early group
(cv=15.55%), it is relatively lower in the
early and middle-late group (cv=12.89%
and 12.78% espectively). In the late
group it is occupied by intermediate value
(cv=13.53%). The stronger variation in
FAO group 400-500 means that a
sufficient stabilized selection is not
completed yet for this trait.

The general grain moisture mean for the
whole period of study — 15 years and 4
FAO groups is 16.84%. This value is the
closest one to the mean for 2007. In the
previous study of ours we pointed out that
year (like the most drought one for the
period) had the lowest grain yield. We
can not make a conclusion the hybrids
than are harvested with less grain
moisture even the moment of harvesting
varies about the favourable agrotechnical
term. Hybrids are harvested with the
lowest grain moisture in 2013, but with
the highest one (19.8%) in 2004, which is
the most yielded for the period.

However a trend of grain moisture
decrease from the beginning to the end of
the period is observed. In the right part of
Table 1 we had divided the whole study
period on three subperiods by 5 years. It
is seen the values of these subperiods
point out the same tendency for moisture
decreasing. For the first 5 years (2001-2005)
they have a value of 18.6%, for the
second 5 years (2006-2010) the moisture
mean is 17%, for the last 5 years
(2011-2015) it is 14.9%.

For the period of the first ten years in a
separate study of ours (Vulchinkov at al.,
2013) we find out a progress in relation of
grain moisture decreasing, in parallel
compared trials of MRI-Kneja (ECO) and
IASAS trials (KCO). For discussed 15
years period this progress is also
observed.

This progress is calculated like a
difference from the highest and lowest
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TeopeTMyHa CTOWMHOCT Ha npu3Haka,
CbI/IaCHO PEerpecuoHHUTE ypasBHEHUA Mo
®AO rpynn, Kakto M 06WO 3a uenus
nepvof OT BCUYKW TPYNu pasfesieHn Ha
15 — 6pos Ha roguHnTe.

Mo ®AO rpynn pesyntatute ca
cnepgHute. Ha durypa 1 e nokasaHa AvHa-
MUKaTa Ha Bfarata B 3bpHOTO Ha Xubpu-
aunte 3a paHHata rpyna (®AO 300 — 400).
Ha6niopasa ce TeHAEHUUS HA HamansBa-
He (perpec) Ha Bnarata Ha 3bpPHOTO OT
Ha4yas10To [0 Kpad Ha nepuoja. Mzumcne-
HaTa pasnuka Mexay MakcumasiHaTa u
MUHMMasIHaTa TeopeTuMyHa CTOMHOCT Ha
npusHaka pasgeneHa Ha 15 nokassa
0.26% HamasieHVe Ha Biarata B 3bPHOTO
BCSKa rognHa. BeblwHOCT HabnogaBaHUs
perpec Moxe fia ce cyMTta KaTto nporpec,
3aloTo XMbpuan C no-HWCka Bara B
3bPHOTO Npu npubrpaHe ce cmATaT 3a
CeNEeKLUMOHHO no-ueHHW. [pu efHakbB
[Oo6MB TakmBa Xmbpuam Mmat Mno-BUCOK
nepdopmaHc uHgekc (P;), koiTo pasa
npeaumcTBo Ha opMuUTEe C MO-BUCOK
[0o6MB 1 No-HWCKa BNara B 3bPHOTO Npwu
npuénpaHe.

theoretical values of the trait, according
regression equations by FAO groups, and
for whole period from all groups, divided
by 15 — number of years.

By FAO groups results are
followed. On Figure 1 dynamics of grain
moisture of early hybrids (FAO 300-400)
is presented. A trend of decreasing
(regress) of grain moisture from the
beginning to the end of period is
observed. The calculated difference
between maximum and  minimum
theoretical values of the trait divided by
15 points out 0.26% grain moisture
decreasing every year. In fact the
observed regress could be supposed like
a progress, because hybrids with lower
grain moisture at harvesting are more
valuable for breeding. At equal grain yield
these hybrids possess a higher
performance index (Pi), which gives a
priority of forms of higher grain yield and
lower grain moisture at harvest.

%
FAO 300-400

25,0 -

20,0 y = -0,2822x+ 582,01
’ [ 2
5 & @ RZ = 0,4099

15,0 -

10,0 -

5,0 -
132,27 0,26 13.3
0,0 — , o | |
O DM a4 & & $H HLb A& @ O O N A D Wb %
PSP TP FL PN
D D D D D D D D DD SO

dur. 1. JnHammka Ha Bnararta B 3bpHOTOB paHHaTa rpyna
Fig. 1. Moisture dynamics in the early group
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3a octaHanute PAO rpynu no
CblMA HAYMH € U3YUC/NIEH TEMMNBbT Ha
HamansBaHe Ha Bnarata. Ha ®urypa 2 e
npeicraBeHa [AuHamMukara Ha ToBa
HamaneHue B rpyna 400 — 500 no ®AO.
Bnarata 3a neprvoja Hamanssa CbC
ctbnka 0.35% 3a roguHa, KosITo e Hai-
ronsima oT BCUYKN FPYru.

For the rest FAO groups the rate
dry down is calculated on the same way.
On Figure 2 dynamics of that dry down of
FAO group 400-500 is presented. The
moisture decreases with a rate of 0.35%
per year, which is the highest one for all
groups compared.

% FAO 400-500
25,0 - y=-0,38x + 778,89
R2=0,4739
2004 o o > @
I _ ® o
15,0 é *
o ¢
10,0 -
&0 -
18,54 0,35 13,22
O!O 1 T T T T T T T T T T T T 1
O D A D> D LD DO O DN A DG
PSP PP FEFL IR NN
DA A AR A A A A A A AR AR AR PT P

dur. 2. JnHamMnKa Ha Bnarata B 3bpPHOTOB cpegHOopaHHaTa rpyna
Fig. 2. Moisture dynamics in the semi-late group

Ha durypa 3 npepgcraBeHara au-
HamuKa 3a cpefHo-kbcHaTa rpyna (PAO
500 — 600) e 0.33% HamaneHue Ha
Bnarata BCska rofuHa, a 3a KbcHaTta
rpyna (PAO Hapg 600) ctbnkata € 0.32%
BCsika rogmHa (durypa 4).

On

Figure

3

the

presented

dynamics for middle-late group (FAO
500-600) is 0.33% dry down every year,
for the late group (FAO 600+) the rate is
0.32% per year (Figure 4).

124



% FAO 500-600
B
y=-0,3568x + 733,71
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dur. 3. ImHamuka Ha BfiaraTa B 3bpHOTO B CPeAHOKbCHaTa rpyna
Fig. 3. Moisture dynamics in the middle late group

% FAO 600*
B = y = -0,3435x + 708,75
* ° R2=0,3588
20,0 - ry * o * o
& s *
5.0 *
®
10,0 -
501 21,4 0,32 16,5
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dur. 4. lnHamMuka Ha Bfiarata B 3bpHOTO B KbCHaTa rpyna
Fig. 4. Moisture dynamics in the late group

Ha &urypa 5 B o006, BUL €

On Figure 5 in a summarized view

npeactaBeHa perpecusita Ha Bnarata B
3bPHOTO 3a u3nNuUTBaHUTE XMbpuan oOT
Bcuukn ®AO rpynn 3a nepuoga. CpegHuaT
TemMn Ha HamansiBaHe Ha Bnarata B
3bpHOTO € 0.32% 3a rogunHa. C gpyru gymm
O6LOTO WA CyMapHO HamasieHMe Ha

a regression of grain moisture of tested
hybrids from all FAO groups for the
period is presented. The average rate of
grain dry down is 0.32% per year. In
other words the total sum of grain
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Bnarata Ha 3bpHOTO 3a Wu3cnegBaHuTe
xnépnam e 4.8% 3a nepuog ot 15 roauHw,
KOETO MOXe fla ce oT4yeTe Karo nocTurHara
Cepuo3eH CesieKLMOHEH MNporpec OTHOCHO
TO3U NpU3HaK.

%

20 -

moisture  decrease for 15 vyears
investigated hybrids is 4.8%. It could be
reported like a serious breeding progress
achieved about this trait.

18 \..

16 T ° o
. \
14 ®
L y = -0,3403x + 700,21
R?=0,4791
10 . P
O D> A P> O DA DO O D SO
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dur. 5. JuHammnka 3a Bnarata B 3bpHOTO 3a Bcuukn PAO rpynm 3a nepuoga

2001-2015rr.

Fig 5. Grain moisture dynamics of maize hybrids for all FAO groups (2001-2015)

Ha Tab6nuua 1 ca npeacraBeHn u
CTOMHOCTU Ha nepdhopmaHc nHaekc (P;) no
®AO rpynu, KOWUTO [AUCKyTMpPaxXme U B
npeaxo4HOTO nNpoyyBaHe. Te HamanaBaT OT
paHHata KbM KbCHaTa Trpyna, KOeTo e
NIOTUYHO, KaTo ce Mma npensuj HapacTsa-
HeTO Ha Bfararta C Ab/hkKMHaTa Ha Bereta-
UMOHHMA nepuod. Kopenauuata Mexay
Te3n fABa napameTbpa e oTpuuaTesHa,
joctoBepHa r=— 0.94"" Tosa cb3gasa
npeanoctaBka 3a egHoOBpeMeHHa (TaHgem)
cenekums — BUCOK J06UB — HWCKa Bnara B
3bPHOTO BBLB BCUYkM PAO rpynu KaTo
laHcoBeTe ca no-rofieMn B CpeaHo-
paHHata (®PAO 400 - 500) u cpegHo-
KbCcHaTa rpyna (®AO 500 — 600), kouTo
651xa Beye AMCKyTUpaHW.

N3BOAM

1. Ha6bnwpgaBa ce HamaneHue Ha
Bnarata B 3bPHOTO 3a nepuoja Ha uscnep-
BaHe, C pasnnyHa crteneH 3a Bcaka PAO

On Table 1 performance index (Pi)
values are presented also by FAO groups
that we have discussed in the previous
study. They decrease from the early to
the late group, which is logical.

The Pi values and vegetation length
negative correlation, is significant (r=-
0.94™). This creates a prerequisite of
tandem selection — high yield — a low
grain moisture in all FAO groups, but the
chances are higher in semi early (FAO
400-500) and middle-late group (FAO
500-600), which already had been
discussed.

CONCLUSIONS

1. A grain dry down is observed for
the period of investigation with different rate
for every FAO group — 0.26% per year for

126



rpyna: 0.26% 3a roguHa 3a rpyna 300 — 400;
0.35% 3a roguHa 3a rpyna 400 — 500;
0.33% 3a rpyna 500 — 600 1 0.32% 3a rpyna
Hag 600.

2. 3a Bcuukuy rpynun no PAO TeMnbT
Ha HamaneHue e 0.32% 3a roguvHa unu
cpegHo 4.8% 3a nepuopg ot 15 1. —
NOCTUrHaT CesieKLMOHEH nporpec

3. OTpuuyaTtenHa kopenauns nepdop-
MaHc nHgekc (P;) — BeretaunoHHUA Nepuos
Cb3fjaBa YyCNoBUS 3a TaHAeMm cefekuus
BMCOK A0BMB — HMCKa B/lara B 3bPHOTO C MNO-
[o6pn WwaHcoBe B CpefHO-paHHaTa U
cpefHo-KbCcHaTa rpyna.

300-400 group; 0.35% per year for 400-500
group; 0.33% per year for 500-600 group
and 0.32% per year for 600+ group.

2. For all FAO groups the dry
down rate is 0.32% per years or 4.8%
total for 15 years period — an achieved
breeding progress.

3. The negative correlation between
performance index (Pi) and vegetation
period length creates conditions for tandem
selection — a high yield — a low grain
moisture with better chances in semi-early
and middle-late groups.
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PE3OME

Mpe3 2007-2008 r.ca npoBefeHn
MoJsICKn excriepumeHTu ¢ 10 camoonpaltue-
HW NuHuK: 2487B, 2378B, 26A, Mo 17RfC,
H-108, XM 4527, KC 4647, XM 4418, K
4652, XM 87136 n 7 CpefHO KbCHU U
KbCHU UapeBnyHn xmbpuaun: KH 509, KH
517, Kn 546, KH 619, KH 620, KH 621 1 KH
M625 npu HanosiBaHe u 6e3 HanosiBaHe
(cumynupaHe Ha BOJEH CTpec).

Len Ha npoyyBaHeTO e pga ce
HanpasW CKPWHWHI Ha ToOJiepaHTHOCTTa
KbM BOJHUA CTPEC Ha NPOy4YeHUTe NINHUU
N Xmbpuan npu HopMa W CTpec upes
npusHauu, 3sacarawiym BOOHUA PEexXum U
6rnomeTpusTa Ha cTb6/10T0. OTHOCUTESHO
Mo-To/IepaHTHM KbM CTpeca ca nHuuTe
KC 4647, H 108 n XM 4418 n xubpuante
KH 621 n KH 517, xapakTepusupaiiu ce c
HUCBK BOAEH AeduumnT 1 BUCOKa OTHOCU-
TeNHa TYprecueHTHOCT Ha NINCTHUTE Thka-
HN. OTHOCMTESIHO MNO-YYBCTBUTESIHWN KbM
3acyllaBaHe ca camoonpatleHuTe SIMHUK
K 4652, XM 4527, XM 87136, 2487 wu
xnopuante Kv 509, KH 620, npum kouto
HeJOoCTUIbT OT BOAa € MHOIo CUMHO m3pa-
3€H, KaKTo M BJIOLWIEHMA TYpryp Ha JIUCT-
HUTe TbkaHW. CamoonpalleHuTe JIMHUU
KC 4647, K 4652, 2378 n xubpuante
KH 546, KH 620 n KH 517 ca oTHOCUTE/THO

Accepted: 04.06.2018

Published: 14.06.2018

SUMMARY

Field trials were carried out in
2007-2008 including 10 inbred maize
lines: 2487B, 2378B, 26A, Mo 17RfC, H-
108, XM 4527, KC 4647, XM 4418, K
4652, XM 87136 and 7 medium late and
late maize hybrids: Kn 509, Kn 517, Kn
546, Kn 619, Kn 620, Kn 621 and Kn M625
under irrigation and without irrigation
(water stress simulation).

The objective of the study was to
screen water stress tolerance of the
investigated lines and hybrids at normal
conditions and under stress by traits
affecting the water regime and biometry of
the stem. Lines KC 4647, H 108 and XM
4418 and the hybrids Kn 621 and Kn 517
were relatively more stress tolerant, as
they were characterized by low water
deficit and high relative turgidity of leaf
tissues. The inbred lines K 4652, XM
4527, XM 87136, 2487 and the hybrids Kn
509, Kn 620 were relatively more
susceptible to drought as water deficit
was much greatly expressed and the leaf
tissues had worse turgor.

The inbred lines KC 4647, K 4652, 2378B
and the hybrids Kn 546, Kn 620 and
Kn 517 were relatively more stress
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No-TONEPAHTHN KbM cTpeca no
nNpoyYyeHnTe  OGUOMETPUYHU  MPU3HALW:
BMCOYMHA Ha pacTeHuaTa, 6poi nucTa,
N0LL Ha NPUKOYAHHUS NINCT.

OTbpaHMTE CYXOYCTONUMBM NUHUN
n xubpugn uapeBuua morat ga ce

M3rnon3ear 3a Cb3[aBaHETo Ha HOB
M3xofleH MaTepuan 3a  HavdasHuTe
CeneKUMOHHN 3BeHa.

KntoyoBu AyMn: xmepuau,

camoonpalleHy IMHUK, BoAeH AeduumnT,
OTHOCUTENHA TYPrecLeHTHOCT, BMUCOYMHA
Ha pacTeHusiTa, 6poil nmcTa, NOW, Ha
NPUKOYaAHHMS JINCT

YBO/[,

BbnpochT 3a MexaHu3MuUTe Ha Aeil-
CTBME Ha BOAHUA CTPeC BbPXY OCHOBHUTE
donsnonormyHy npouecu n Tesn, obycnass-
LM TONepaHTHOCTTa KbM Cylla, He e peLleH
OKOHYaTesIHO M NpoAb/ikasa fa e npegmer
Ha u3cnegsaHe. B npupoaHu ycnosus pac-
TEHUATA 4YecTo ca NOAJIOKEHN Ha CTpec oT
cylla, KOWTO OBUKHOBEHO NpoTvya npu no-
BULLEHN TemnepaTtypu U BUCOK WHTEH3UTET
Ha cBeTNnHaTa. HabnogasaHuTe B nocnes-
HO BpeMe eKcTpeMasiH/ NPOoSBY Ha KarmaTa
nsnckeaT 6bpP3 OTroBOp OT husmonoruaTa u
cenekumATa Ha pacTeHusTa 3a Cb3faBaHe
Ha YCTOMYMBM W TONEPAHTHU KbM BOJAEH
CTpec reHoTunose, B T. Y. W Uapesuua
(Yordanov et. al.,, 1984; Yordanov, 1992;
Banzinger et al.,, 2000; Ziyomo and
Bernardo, 2013).

LlenTa Ha npoyyBaHeTOo e pga ce
OLEHW peakumusiTa Ha camoonpatleHun JIMHUK
n xnbpuan uLapesuMua KbM BOAEH CTpec
nocpeAcTsoM nokasaTesnwu, 3acqarawm
BOAHUSA  pexum U 6uomeTpusaTa  Ha
CTBH6/10TO NP HOPMAJIHU YC/I0BUA N CTPEC.

MATEPVAJT N METOOU

lMoncknTe ekcnepnmMeHTKn ca npose-
AeHn npe3 2007-2008 r. no metoga Ha
NaTVHCKMA NPaBObIbAHUK B TPU NOBTOpE-
HWA, C pekonTHa napuenka 10 m® ¢ 10
camoonpatleHn nuHum: 2487B, 2378B,
26A, Mo 17RfC, H-108, XM 4527, KC
4647, XM 4418, K 4652, XM 87136 n 7
CpefHO KbCHM U  KbCHU  Xnbpuam
uapesuua: Ki 509, KH 517, KH 546, KH

tolerant referring the studied biometrical
traits: plant height, number of leaves, ear
leaf area.

The selected dry-resistant maize
lines and hybrids could be used for
obtaining new source material in the
source selection units.

Key words: maize hybrids, inbred

lines, water deficit, relative turgidity, plant
height, number of leaves, ear leaf area

INTRODUCTION

The issue of water stress
mechanisms of influence on the major
physiological processes and those

determining the drought tolerance has not
been definitely resolved and remains a
subject of research. In natural conditions,
plants are often subjected to drought
stress, which usually occurs at high
temperatures and high light intensity. The
recent extreme climatic episodes require
a quick response from the physiology and
plant breeding for obtaining water stress
resistant and tolerant genotypes, including
maize (Yordanov et al., 1984; Yordanov,
1992; Banzinger et al., 2000; Ziyomo and
Bernardo, 2013).

The aim of the study was to
evaluate the response of inbred maize
lines and hybrids to water stress by traits
affecting the water regime and biometry of
the stem at normal conditions and under
stress.

MATERIAL AND METHODS

The field trials were carried out in
2007-2008 by the method of the Latin
rectangular in three replicates with crop
parcel of 10 m® with 10 inbred maize lines:
2487B, 2378B, 26A, Mo 17RfC, H-108,
XM 4527, KC 4647, XM 4418, K 4652, XM
87136 and 7 medium late and late maize
hybrids: Kn 509, Kn 517, Kn 546, Kn 619,
Kn 620, Kn 621 and Kn M625 under
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619, KH 620, KH 621 n KH M625, npwu
HanosiBaHe 1 6e3 HanosieaHe (CUMy/MpaHe
Ha BofeH cTpec). OnutnTe ca U3BefeHu no
TpaguumoHHaTa 3a pailoHa TexHONorns c
€VHCTBEHOTO pasnumne Mexay Tax, ye npu
YCNOBUSA C HanosiBaHe BOAHUAT AedhuumT ce
KOMMNeHcupa 4pe3 BHacAHe Ha 6 6pos
NoJsIMBKN npe3 cuaHo 3acywnueata 2007 T.
n 3 nonvBekn npes no-énaronpusatHara 2008
r. AHasiM3npaHu ca nokasarenu, CBbp3aHu ¢
BOLHUS PEXUM Ha pacTeHuaTa: HanuvHa
BOJa B JIMCTHWUTE TbKaHW, BOAA Hacuuiala
TbkaHWTe, BOAEH AeduuMT M OTHOCUTENHA
TYpPrecueHTHOCT MO TerfioBHUA MeToh Mo
Bozova et al. (1993).

Mpun NMHUUTE 3a NHAMKATOPEH JINCT €
N3non3saH TPETUAT HaMbAHO dOpMMpaH OT
Bbpxa Hagosly UCT Mo BpeMe Ha U3MeT-
nsaBaHe, a npu xmépuauTe — NPUKOYaHHUSA
nMcT.  BUOMETpUYHWTE U3MepBaHusa ca
n3BbpLUEHN BbpXy 10 pacTeHuss BbB BCAKO
OT MOBTOPEHUSATA CbOTBETHO 3a BMCOYMHATA
Ha pacTteHuaTa, 6pos XuBM (POTOCUH-
Tesupallm imcTa 1 nnowTa Ha NpMKoYaHHUS
NNCT BbB (hasa LUbdTex Ha MeT/imyaTta.

PE3YJITATU N OBCBXXOAHE

HepoctatbyHata Boga B noysaTa u
BbB Bb3AyXa 4YeCcTO HapylaBa CbOTHO-
LUEHMETO MeXAay npueTarta u TpaHCcnupu-
paHa Bofa, nopaay KoeTo ce Hapyllasa
BOAHMA GanaHCc Ha pacTeHusaTa. ToBa ce
cnyyBa B pesynTaT Ha no-ronsma 3aryoa
Ha BoJa B Mpoleca Ha TpaHcnupauus u
no-mMasiko NnocTbhBalia Boga OT KOPEHM-
Te. BogHusaT pgedmumt ce wm3passiBa B
NPOLLEHTN OT CbAbPXKAHMETO Ha BoAa A0
Mb/HOTO HacUWaHe Ha TbKaHWTe ¥ BCbLL-
HOCT npeAcTaBnsiBa HeAOCTUIbT Ha BoAa
[10 MNb/IHOTO HAcKLLaHe Ha TbKaHUTE.

Peakuusita Ha NOHOCMMOCT Ha Mpo-
YYEHUTE camoonpalleHn JIMHAM  KbM
06e3BofHsIBAaHE B YC/0BMA 06€3 Hanosi-
BaHe (cMMynupaHe Ha BOAEH CTpec) e
cneundmyHa 3a OTAeNIHWTE TeHOTUMNOBE
(Tabnumuya 1). Ctatuctnyeckata o6paboT-
Ka Ha W3XO4HWUTE OaHHW He nokasea [Jo-
CTOBEPHUN Pas3/inuusi Mexay BapuaHtute ¢
HanosiBaHe 1 6e3 HanosiBaHe.

irrigation and without irrigation (water
stress simulation). The trials were carried
out by the traditional technology for the
region as the only difference was that
under irrigation conditions the water deficit
was compensated by 6-fold watering
during the very dry year of 2007 and
3-fold watering during the more
favourable 2008. The indicators related to
the plant water regime: fresh, turgid,
absolutely dry mass, available water in
leaf tissues, tissue saturating water, water
deficit and relative turgidity by the
weighting method according Bozova et al.
(1993) were analyzed.

In the lines the third fully formed
leaf from the top downwards during the
silking was used as an indicator leaf,
while for the hybrids — the ear leaf. The
biometric measurements of plant height,
number of live photosynthetic leaves and
the ear leaf area during the stage of
silking cob were done on 10 plants from
each replicate.

RESULTS AND DISCUSSION

The insufficient water in the soil and
in the air often affects the ratio of
absorbed and transpired water, thus
disturbing the water balance of the plants.
That happens as a result of the greater
loss of water in the process of
transpiration and less water coming from
the roots. Water deficit is expressed in
percentage of the water content to
completely saturate the tissues and in fact
represents the water shortage to the
complete saturation of the tissues.

The tolerance response of the
studied inbred lines to dehydration in the
conditions without irrigation (water stress
simulation) was specific for the individual
genotypes (Table 1). There is no
significant difference between entries
under irrigation and without irrigation.
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Tabnuua 1. BogeH AedduuUMT Ha SIMCTHU TbKaHW OT CaMOOMpALLEeHW fIMHUK

uapesuua rnpun HanodsaHe n 6e3 Hanosi

BaHe (CMMy/iMpaHe Ha BOLEH CTPEC)

Table 1.Water deficit of leaf tissues of maize inbred lines at irrigation and without

irrigation (water stress simulation)

CamoornpalueHu HannyHa Bopga Hacuwaua BopeH OTHOocuUTEeNHAa
NHUN BO/ia B ThKaHuTe TbkaHuTe fednumT  TyprecueHTHoCT
Inbred lines Available water Saturating Water deficit Relative turgidity
in tissues tissues water
(@) (9) (%) (%)
6e3 HanosiBaHe / without irrigation
1. 2487B 0,7140 0,7945 10,13 89,87
2. 2378B 0,7080 0,7810 9,34 90,66
3. 26A 0,7490 0,8255 9,26 90,74
4. Mo 17RfC 0,7770 0,8535 8,96 91,04
5. H108 0,6360 0,6920 8,09 91,91
6. XM 4527 0,7250 0,8130 10,58 89,42
7. KC 4647 0,8240 0,8925 7,68 92,32
8. XM 4418 0,7570 0,8300 8,80 91,20
9. K4652 0,7280 0,8360 12,92 87,08
10. XM 87136 0,6560 0,7315 10,33 89,67
¢ HanosiaHe / with irrigation
1. 2487B 0,6990 0,7700 9,22 90,78
2. 2378B 0,7090 0,7675 7,62 92,38
3. 26A 0,7490 0,8100 7,53 92,47
4, Mo 17RfC 0,7590 0,8250 8,00 92,00
5. H108 0,7270 0,7855 7,45 92,55
6. XM 4527 0,6860 0,7465 8,04 91,96
7. KC 4647 0,7650 0,8025 4,67 95,33
8. XM 4418 0,6720 0,7225 6,98 92,02
9. K4652 0,7450 0,8055 7,51 92,49
10. XM 87136 0,6430 0,7140 9,95 90,05
M3BecTHO e, 4e camoonpalleHuTe It is known that inbred lines are

JIVHUA ca NO-YyBCTBUTESIHW KbM CTpPecC OT
cylla M TepMuyeH cTpec, 0CobeHO npes
ekcrnepumeHtanHata 2007 r1., xapakrte-
pusmpalia ce kato CUIHO HebnaronpusaTHa
B TOBa OTHOLWEHWe. MHOIo BUCOKUTE NIETHN
Temnepatypu npes kKpuTuyHata pasa
(ubpTeX Ha MeTnnuyarta), HMCKaTa OTHOCU-
TeNHa BNaXHOCT Ha Bb3Ayxa M Hepoc-
TaTbYyHOTO KOMIMYECTBO NafHasin BasleXu
Hasoxuxa 6bP30 NOHMXKaBaHe Ha NovBeHa-
Ta BnaxHoct nof 70% 3a KbCu MHTEepBanu
oT Bpeme (5-7 OHW) 1 CbOTBETHO yBe/m4a-
BaHe 6pos Ha BHeceHuTe MNonveku. Mpes
2008 r. ycnoBusaTa 3a OTr/iexnaHe oTHOCHO
Temnepartypara, OTHOCUTeNHaTa BaXHOCT
n cymata Ha Banexute (308,4 I/m®) 6sxa B
no-61aronpusATHO CbyeTaHue, KOeTo [oBe-
Ae [0 no-gobpu KomneHcaumoHHU edekTn
1 HamasieH 6poli nonueku. Pesyntatute ot
TabnuuaTta coyaT, 4ye B YC/IOBUA Ha BOJEH

more susceptible to drought stress and
heat stress, especially during the
experimental 2007, characterized as very
unfavorable in this respect. The very high
summer temperatures during the critical
stage (silking), the low relative air
humidity and the insufficient amount of
rainfall resulted in the quick reduction of
soil moisture below 70% for a short
period of time (5-7 days) and respectively
increasing the numbers of the watering.

In 2008 the growing conditions
concerning temperatures, relative
humidity and rainfalls (308.4 I/mz) were
more favorable that led to better
compensation effects and reduced
number of watering. The results in the
table reveal that under the conditions of
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ctpec (6e3 HanosiBaHe) OTHOCUTEsSTHA
YCTOMYMBOCT MPOSABABAT CamoonpalleHuTe
nvHun KC 4647 (B[, 7,68%), XM 4418 (B[,
8,80%), H 108 (BA 8,08%). Te ce xapak-
Tepu3npar ¢ Hain-HUCHK BoAeH AeduumuT Ha
NINCTHUTE TbKaHW MO BpeMe Ha CTpec U B
NoTBbPXAEHNE HA TOBa € TAXHaTa BMCOKa
TYprecueHTHOCT — cboTBeTHO OT: 92,32%;
91,20%; 91,19%). Haii-uyBcTBMTENHA KbM
3acyllaBaHe crniope NpUI0OXeHUs CKPUHUHT
e nuHusaTa K 4652, koSTO MMa Hail-BUCOK
B[, (12,92%) n pgocTta HWCKa OTHOCMTENHa
TyprecueHTHocT (87,08%). C oTHOCKTE/Ha-
Ta 4yBCTBUTENHOCT KbM 3acyllaBaHe ca
nvHunte XM 4527, XM 87136 n 2478B ¢
BoAeH gecmumt okono 10%. Mpu HanosiBa-
He ce HabnwjaBa HamaisiBaHe Ha KOu-
4ecTBOTO BOAA, Hacuwalla NMCTHUTE ThKa-
HW, NOHWXaBa ce BOAHWA fdeduuuT U ce
nofob6psea Typrypa Ha nucraTta Ha npoyuye-
HUTe NHuKn. C pobpa cTpecTosiepaHTHOCT
npu ycroBuS C HanosiBaHe ce oT/MyaBsart
nnHumte KC 4647 n XM 4418, KaTo nokas-
BaT Hali-HUCBHK BOAEH AehnumT 1 ce npos-
BABAT KaTo CTabWiHM NO OTHOLUEHWe Ha
TO3M NPU3HaK Mpu NpoMsHa Ha ycnosusita
Ha cpepaTa. VIHTepecHa e peakumaTa Ha K
4652, KOATO nNpu CTpec € C BUCOKa
YyBCTBMTESIHOCT, a Mpu nogobpsisaHe Ha
BOZHUA pexyM nosuLLIaBa ToNepaHTHOCTTa
C/ KbM CTpeca C MOHWKaBaHe Ha BOAHUA
fedwvumt. ToBa e TuMMYeH npumep 3a
[eMOHCTpMpaHe  OTHOCMTEeNHOCTTa  Ha
YyCTOWYMBOCTTA Ha pacTeHusTa, T.e. npu
e[HW YCNOBUS OpraHu3MuTe ca yCTON4nBHY,
a npu apyrn — He. ToBa 03HayaBa, 4ye npu
OTHOCUTENHaTa YCTOMYMBOCT CTPYKTYpHUTE
N OYHKUMOH&UTHN  U3MEHeHus  umart
AnHamnyeH xapaktep (Udovenko, 1976;
Gulyaev, 1995). Moyt He NPOMEHAT BOA-
HUS cn geduumt nvHumntTe 2487 n XM
87136 (B4 okono 9-10%) kato 3anassar
Nno-BMCOKa YyBCTBUTE/IHOCT U NpW HanosiBa-
He. Moxe fa ce Hanpasu 3ak/l4YeHUeTo,
ye He3aBUCUMO OT reHOTUMHO 06YC/I0BEHU-
Te peakuumn npu cTpec ce Habnwgasa TeH-
JeHumns Ha nosuwaBaHe Ha B[ n noHwxa-
BaHe Ha OTHOCuTesiHaTa TyprecLeHTHOCT,
[oKaTo npu HanosiBaHe e Hanuue ob6part-
Hata 3aBMCUMOCT, T.e. pacTeHuATa U3nuT-
BaT No-ManbK HeJOCTUI Ha BoJa 1 ca B Mo-
[06p0 TYPrypHo 1 on3nMoNornyHo CbCTosHME.

B Tabnvua 2 ca npencraBeHu

water stress (without irrigation), the
inbred lines KC 4647 (WD 7.68%), XM
4418 (WD 8.80%), N 108 (WD 8.08%)
showed relative resistance. They were
characterized by low water deficit of the
leaf tissues during stress and their high
turgidity confirmed that — respectively
92.32%; 91.20%; 91.19% RT). From the
screening it was found that line K 4652
was the most susceptible to drought with
WD (12.92%) and quite low relative
turgidity (87.08%). Lines XM 4527, XM
87136 and 2478B were relatively
susceptible to drought with water deficit
about 10%. Under irrigation it was
observed a decrease in the amount of
water saturating leaf tissues, water deficit
reduction and improved turgidity of leaves
of the studied lines. Good stress
tolerance under irrigation had the lines
KC 4647 and XM 4418 as they showed
the lowest water deficit and they were
stable concerning that trait when
changing the environmental conditions.
The response of K 4652 was of interest
as it had high susceptibility under stress
while with the improvement of the water
regime increased its stress tolerance with
the reduction of the water deficit. That's a
typical example of demonstrating the
relative resistance of the plants, i.e. under
certain conditions the organisms are
resistant, under other conditions — they
are not. That means that with the relative
resistance the structural and functional
changes have dynamic character
(Udovenko, 1976; Gulyaev, 1995). Lines
2487 and XM 87136 (WD about 9-10%)
almost did not change their water deficit
as they kept higher susceptibility under
irrigation too. It could be concluded that
regardless of the response determined by
the genotype under stress it was
observed a tendency of increasing the
water deficit and reducing the relative
turgidity while under irrigation there was
the reverse dependence, i.e. plants suffer
less water deficit when they are in better
turgor and physiological condition.

Table 2 presents the results for the
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pe3yntaTute OTHOCHO BOAHMS AeUUUT K
OTHOCUTENIHATa TYPrecLeHTHOCT Ha XMbpu-
AN 0T cpefHO KbCHaTa M KbCHa rpyna Ha
3psanocT. MogobHO Ha NMHUMTE, Nof cTpe-
COBO Bb3JeicTBME XUbpuauTe wsnuTBaT
CUNEH BofeH AeduUT, Hal-ICHO M3paseH
npu KH 620 (15,98%) n KH 509 (15,63%).
Xunbpugunte KH 621 n Kv 517 no-cna6o ce
BNNAAT OT 3acylwaBaHeTo (B okono 13%),
KOUTO B Cc/yyass ca OTHOCUTE/IHO Mo-
ToflepaHTHM KbM CcTpeca Ha doHa Ha
ocTaHanuTe. XubpuanTe, KOUTO ce OT/IM4a-
BaT C No-ronsiMa afanTMBHOCT, NpY Hanos-
BaHe B MO-To/isiMa CTeneH MOHMKaBaT BOA-
HUA cn gedhuunT, Thil KaTo MpoTuya no-
WHTEH3VBHO HAaCWLLaHe Ha JIMCTHUTE TbKa-
HU C Boda M MNO-6bP30 M ePEKTUBHO Bb3-
CTaHOBsIBaHe M HOpMasM3MpaHe Ha Typrypa
Ha pacTeHuaTa. Hail-AcHo ToBa e noguyep-
TaHo npn KH 619 (B4 — 4,3%), KH 621
(5,13%), KH M625 (5,98%) u KH 509
(5,81%), kOUTO ce OT/IMYaBaT C MO-BMCOKA
OTHOCWTESIHA TYPrecLeHTHOCT.

water deficit and relative turgidity of
medium late and late hybrids.

Like the lines under stress impact hybrids
had high water deficit, most pronounced
in Kn 620 (15.98%) and Kn 509
(15.63%). Hybrids Kn 621 and Kn 517
were less affected by drought (WD about
13%) that were relatively more stress
tolerant compared to the others.

The hybrids, distinguished with better
adaptability, when irrigated reduce to the
greater extent their water deficit as the
leaf tissues were saturated with water
more intensively and the plants restored
back to normal their turgidity quicker and
more efficiently. That was most markedly
in Kn 619 (WD - 4.3%), Kn 621 (5.13%),
Kn M625 (5.98%) and Kn 509 (5.81%)
distinguished for their higher relative
turgidity.

Tabnuua 2. BogeH geuuut Ha xmbpuanm uapesuua npu HanossaHe U 6e3

HarnosiBaHe
Table 2. Water deficit of maize hybrids at irrigation and without irrigation
Xnepuam Hannyxa Bopa Hacuwaua BoaeH OTHocuTenHa
BOAA B ThkaHuTe TbKaHuTe [eduunt  TyprecueHTHoCT
Hybrids Ava_lilaple water _Saturating Water deficit  Relative turgidity
in tissues tissues water
(@) @ (%) (%)
6e3 HanosiBaHe / without irrigation
1. Kn509 0,6800 0,8060 15,63 84,37
2. Kn517 0,6460 0,7500 13,87 86,13
3. Kn 546 0,6930 0,8080 14,23 85,77
4. Kn 619 0,7130 0,8320 14,30 85,70
5. Kn 620 0,6755 0,8040 15,98 84,02
6. Kn621 0,7320 0,8420 13,06 86,94
7. Kn M625 0,7260 0,8540 14,99 85,01
C HanosiBaHe/with irrigation
1. Kn509 0,7980 0,8472 5,81 94,19
2. Knb517 0,7895 0,8520 7,34 92,66
3. Kn 546 0,8440 0,9200 8,26 91,74
4. Kn 619 0,7350 0,7680 4,30 95,70
5. Kn 620 0,8435 0,9075 7,05 92,94
6. Kn621 0,8445 0,8902 5,13 94,86
7. Kn M625 0,8095 0,8010 5,98 94,02

MocnegHUAT xnbpua Nogo6bHO Ha NNHUS-
Ta K 4652 npo-meHsa noBefeHeTo cu npu

The latter hybrid like K 4652 line changed
its behaviour in case of changing the
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NpoMsiHa Ha YCMoBUATa Ha OTINexaaHe —
OT UYyBCTBW-TENIEH nNpu ycroBus 6e3
HanosiBaHe, Toli ce NpPosiBABa KaTo MHOIO
OT3VBYMB NPW HamnosiBaHe KaTo CWUSIHO
NoHMWKaBa BOAHMS cu AedouumT ” ce
noao6psiBa Typrypa Ha IMCTHATE TbKaHW.

BucounHaTta Ha pacteHusita, 6pos
Ha XMBWTE (POTOCUHTE3NpaLW SucTa ”
IMCTHaTa nfol, CbWo npeAcTaBnsiBaT
MHTEpec 3a MpoyyBaHe MNpu CTPECOBU
ycnoBusi. Te ca CBbp3aHu C DOTOCUHTE-
TUYHATA aKTUBHOCT Ha SIMCTHMS anapat
npy HOpPMasIHU YC/IOBUSI U NpU BOAEH
cTpec. MNonyyeHUTe faHHM 3a NOCOYEHU-
Te Mo-rope NpusHaumn ca AemMoHCTpUpaHu
B Tabnuua 3, OT KOSITO ce BUXAaA, Ye npu
BOZIEH CTPEC Ce HamansiBaT Be/IMYUHUTE
Ha BCUYKM NPOYYEHMN NPU3HALW.

growing conditions — from susceptible
under conditions without irrigation, it
became very responsive when irrigated
as it greatly reduced its water deficit and
the leaf tissue turgidity was improved.

Plant height, the number of live
photosynthetic leaves and the leaf area
are also of interest to be studied under
stress conditions. They are related to the
photosynthetic  activity of the leaf
apparatus under normal conditions and
under water stress. The data obtained
about the above traits are presented in
Table 3, from which it could be seen that
the values of all studied traits went down
under water stress conditions.

Tabnuua 3. BuomeTpuyHM nokasaTesin Ha camoornpalleHn SIMHUKM KU Xnbpuam
LapeBuLa Npy yCNoBUA C HanosiBaHe 1 6e3 HanosiBaHe
Table 3. Biometric parameters of maize inbred lines and hybrids at irrigation and

without irrigation

FeHoTUMNOBE Mpun HanosiBaHe / With irrigation Bes HanosBaHe / Without irrigation
Genotype  pycoummama Bporn VO MR ucnumba Ha Bpoii  Tnow Ha

Ne CamoonpalleHn pactenusata ucTa MPVKO® ~  hactennsta  JCT@ MPVKO-

MHAM Plant high  Number YaHHUA INCT "5 o high Number uaHHWA AUCT

Inbred lines (cm) of leaves Ear Ieafzarea (cm) of leaves Ear Ieafzarea
(cm?) (cm?)
1. 2487B 143,5 9,8 459,9 107,0 9,4 406,2
2. 2378B 147,3 11,6 500,2 115,0 9,6 481,5
3. 26A 122,8 8,5 407,0 102,0 8,9 395,0
4. Mol7RfC 181,5 10,5 432,7 140,0 7,2 328,3
5. H108 171,6 10,7 4447 137,0 10,1 401,4
6. XM 4527 166,5 114 450,6 122,4 10,5 425,7
7. KC 4647 191,2 13,4 427,6 1444 12,9 402,9
8. XM 4418 166,7 11,3 440,5 122,3 10,8 382,3
9. K4652 170,5 11,9 473,0 124,2 10,5 439,9
10. XM 87136 166,0 114 409,2 132,0 10,7 391,3

Xnépunawn / Hybrids

1. Kn 509 224.5 14,1 639,5 200,5 13,6 518,6
2. Kn517 210,0 12,8 683,7 146,0 11,9 542.,8
3. Kn 546 251,5 14,9 665,8 200,0 13,2 602,7
4. Kn 619 206,0 13,6 630,3 132,3 12,3 532,7
5. Kn 620 246,8 14,4 685,8 189,0 11,8 599,3
6. Kn 621 227,0 14,3 584,1 180,5 13,6 511,4
7. Kn M625 192,0 12,6 609,2 130,8 10,5 529,7

CamoonpatweHatra nuHua K 4647 ce | The inbred line KC 4647 was

XapakTepuaupa € Hail-ronsima BUCOYMHA K
6poi nncTa, a nnHuuTe 2378B (500,2 cm?

characterized by the greatest height and
number of leaves while lines 2378B
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481,5 cm?) n K 4652 (473 cm” un 439,9
cm?) ca ¢ Haii-ronsima MCTHa Mol npu
HOPM&J/THN U CTPECOBU YC/IOBUA, KOETO
nogyeprasa TAXHaTa CTabWIHOCT Npu
npomMsaHa Ha ycnosusATa Ha cpegata. OT
Apyra cTpaHa Te B Hail-mMasika CTeneH ca
3acerHaTm OT Heb6/1aronpuATHOTO Bb3-
JeiicTBMe Ha BOAHUA cTpec. Xubpugnte
KH 546 1 KH 620 ca OTHOCUTE/THO YCTOW-
YMBW KbM BOAHMA CTPeC No NpoyyeHuTe
npu3HauM, a OTHOCHO JMCTHaTa noLy,
KaTto TakbB Ce nposBsaBa 1 KH 517.

N3BOAN
BoAHUAT cTpec noBullaBa BOAHWS
JedyuUT U MOHWXaBa OTHOCUTe/NHaTa

TYPreCLeHTHOCT Ha JIMCTHUTE TbKaHuW Ha
nscneaBaHuTe MHUA U XMBpUAM LapesuLa.

OTHOCMTENHO TONIEPaHTHN KbM BO-
[JeH cTpec ca camoornpalleHuTe simHun: KC
4647, H 108, XM 4418 n xnbpunagunte: KH 621
1 KH 517, KONTO ce xapakrepusupar C HACHK
BOAeH Aedununt 1 Ao6po TYprypHoO CbCTos-
HME Ha JIMCTHUTE TbKaHW. OTHOCUTESNIHO
YyBCTBUTENIHN KbM CTpeca ca JimHunute: K
4652, XM 4527, XM 87136, 2487 n xubpu-
aute: KH 509, KH 620, oT/iMyaBawiy ce ¢
BVCOK BOAEH AedNUNT 1 BIOLLEHO TYPrypHO
CbCTOSIHME Ha TbkaHuTe. CbC cneuuduyHa
peakuusa ce oTnuyasat NuHuATa K 4652 u
xnbpuabT KH 509, KOMTO nposiBsiBaT OT3UB-
YMBOCT KbM MogobpsiBaHe ycnosusATa Ha
cpeparta.

CamoonpatteHute nnHum KC 4647, K
4652, 2378 n xnbpnante KH 546, KH 620 n
KH 517 nposiBiBaT OTHOCUTESIHA YCTONYM-
BOCT KbM BOAHWS CTpec Mo mnpu3Hauute
BMCOYMHA Ha pacTeHusATa, 6poil nucta wu
MNI0LL Ha NPUKOYaHHUA JINCT.

OT6paHnTe CYXOYCTOWYMBK JIMHUN U
Xnépugn UapeBuua MOxe Ja HamepsT

(500.2 cm? and 481.5 cm? and K 4652
(473 cm? and 439.9 cm?) had the highest
leave area under normal and stress
conditions that revealed their stability in
case of environmental conditions change.
On the other hand they were the least
affected by the unfavourable effect of
water stress. Hybrids Kn 546 and Kn 620
were relatively resistant to water stress
concerning the studied traits and for the
leaf area Kn 517 also turned out to be
resistant.

CONCLUSIONS

Water stress increases water deficit
and reduces the relative turgidity of the
leaf tissues of the studied maize lines and
hybrids.

The inbred lines KC 4647, H 108,
XM 4418 and the hybrids Kn 621 and Kn
517 were relatively tolerant to water stress
as they were characterized by low water
deficit and good turgidity of the leaf
tissues. The lines K 4652, XM 4527, XM
87136, 2487 and the hybrids Kn 509, Kn
620 were relatively susceptible to stress
as they were distinguished by high water
deficit and deteriorated turgidity of the
tissues. The line K 4652 and the hybrid
Kn 509 had specific reaction as they were
responsive to the improvement of the
environmental condition.

The inbred lines KC 4647, K 4652,
2378 and the hybrids Kn 546, Kn 620 and
Kn 517 were relatively resistant to water
stress concerning the traits — plant height,
number of leaves and ear leaf area.

The selected dry-resistant maize
lines and hybrids could be further used for

npuioxexHne npu Ccb3faBaHeTo Ha HOB | obtaining new source material in the
n3xopneH marepuan B Ha4anHnTe | source selection units.
CE/EKLMOHHN eTanm.
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PE3IOME
MpoyyeHO € B/USIHUETO HA MUK-
pobuanHMTe KOMepCcuasiHWu  npenapatu

Voodoo Juice (VJ) u Tarantula (TRL),
chAbpXaliy Lwamose pusocdepHy bakre-
pun ¢ Bugose Bacillus BbpXy NUrMeHTHO-
TO CbAbpXaHve W BOAHUA AeddUunT Ha
uapeBnyHUTE XnMopmam KH 435 n KH 509.
Moncknte ABYroAMLHM ONUTU ca MpoBe-
AeHun B IHCTUTYT no yapesuuata - KHexa,
npu ycnosus 6e3 HanosiBaHe BbPXY
cnabo m3nyxeH 4yepHozem. Cxemarta Ha
onuta BKMYBa 16 BapuaHTa B TpU
NOBTOPEHUSA C rofieMrHa Ha onuTHaTa
napuesnka 10 m® B onuTa ca BKIOYEHN
[Be KOHTPO/IM U LIecT BapuaHTa Ha Tpe-

Accepted: 22.05.2018
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SUMMARY

The influence of microbial
commercial products Voodoo Juice (VJ)
and Tarantula (TRL) containing strains
from rhizosphere bacteria Bacillus sp. on
the pigment content and water deficit of
maize hybrids Kn 435 and Kn 509 was
investigated. Two-year field experiments
without irrigation on leached black sail
(chernozem) were carried out in the Maize
Research Institute - Knezha. Randomized
block design includes 16 entries in 3
replications by 10 m? Trials included 2
controls (checks) and 6 variants with
bioproducts treatment. The results pointed
out specific genotype reactions regarding
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TMpaHe c 6uonpenapatuTe. Pesyntarture
couyat reHoTUNHO 06YC/IOBEHW peakuun OT-
HOCHO CbAbpPXaHNETO Ha SINCTHW MUTMEHTH.
Mo-ICHO M3pas3eHn NPOMEHMN ca YCTaHOBEHN
npu xnbpuga KH 435. MNpu obpaboTBaHe C
VJ 10’ n TRL 10’ cbAbpXaHWeTo Ha nur-
MeHTUTe ce nosuwasa ¢ 10,88% un 8,87%
cpaBHeHO c KoHTponarta u ¢ 8,45% n 6,48%
KbM KOHTpPO/ia 3€0/MT CbOTBETHO 3a
NbpBuUs U BTOpUS Guonpenapar. Xnopuabt
KH 509 no-cna6o ce Bnusie OT TpeTUpPaHETO
C TecTupaHuTe 6UONPOAYKTH, KaTO N3BECTEH
nonoxuteneH edekt ce 3abensassa camo
npes efHa OT roAvMHWTE Ha Npoy4yBaHe npwu
u3non3eaHeTo Ha VJ 108, VJ 10" n TRL 108,
BogHuaTt geduunt ce noHwxkasa, nogobps-
Ba Ce Typrypa v TofiepaHTHOCTTa Ha pacTu-
TeNHUTe TbKaHW KbM 3acyllaBaHe npu
ynotpebata Ha 6uonpenapatute VJ 10,
TRL 107, a B oTgenHu ciyyan v Ha VJ 10° n
TRL 10°.

KntouoBn agymun:  pusoctepHm
6akTepun, (OTOCUHTETUYHU MUITMEHTH,
BOAEH JeduuuT, Xxmbpuan Lapesuua,
6uonpenapatu

yBO/[,

OTpaBHa e M3BEeCTHO, ye pusocdep-
HWTE MUKPOOPraHW3My Urpasit BaxHa posis
B pacTexa, pa3BUTMETO, XpaHeHeTo, yCToil-
UMBOCTTa KbM KOPEHOBWM 60sectv 1 abuo-
TMYeH cTpec Ha pacTeHuaTa (Lugtenberg
and Kamilova, 2009). MpunoxeHNeTo Ha T.
Hap. 6akTepuasiHu TOPOBE MMa CbLLECTBEHO
3HaueHve 3a oboraTsiBaHETO Ha NPUKOPEHO-
BMS C/I0 Ha nouysata C MOME3HN MUKPO-
opraHvM3MM M 3a noJob6psiBaHe YC/oBusiTa
Ha KOpeHOBOTO XxpaHeHe. Te ce npunarat
ycnewHo B OGMOMOTMYHOTO 3emefenue u
UMaT 3HAUYUTESIHU MpeauMMCcTBa Npej Uskyc-
TBEHWUTE CUHTETUYHM TOPOBE KaTo: CUHTE3N-
pat U3NOMNOrMYHO aKTUBHU BGUOMOMMYHN
BellecTBa, NoBMLWaBaT NPOAYKTUBHOCTTA Ha
cdhoTocmHTE3aTa, nNoAo6psiBaT BOAHMS pe-
XUM, AeiicTBaT KaTo aHTaroHMCTn Ha nTo-
NaTOreHHN MMWKPOOPraHW3My W MnoBuvLLaBaT
3aWnTHUTE  OYHKUMM  Ha  pacTeHusTa
(Coleman and Crossley, 1995). Cuuta ce,
Yye npegcrasuteniMTe Ha pofg Bacillus ca
NepcrneKkTUBHM kaTo 6MoTOopoBe B pesynTart
Ha NpoBefeHN MHOToOroAMLLIHN U3cneaBaHns
W TECTOBE Ha LaMoBe OT TO3M poj,. YCTaHo-

the leaf pigments content. More
noticeable changes were observed for Kn
435 hybrid. After treatment with VJ 10’
and TRL 10’, the pigment content was

increased by 10.88% and 8.87%
respectively compared to the control
variant, and by 8.45% and 6.48%

compared to the zeolite control. The
hybrid Kn 509 was less influenced after
treating with the same bioproducts. A
slight positive effect was observed during
one of the years of the investigation.

The water deficit was decreased; the
turgidity and draught tolerance of plant
tissues were improved after the
application of bioproducts VJ 10" and TRL
108 and in some cases — VJ 10° and TRL
10°

Key words: Rhizosphere bacteria,
photosynthetic pigments, water deficit,
maize hybrids, bioproducts

INTRODUCTION

It has long been known that
rhizosphere microorganisms play an
important role in growth, development,
feeding, resistance to root diseases and
abiotic stress of plants (Lugtenberg and
Kamilova, 2009). Application of the so-
called bacterial fertilizers is essential for
enriching the root zone with beneficial
microorganisms and improving the
conditions of root nutrition. They are being
successfully used in organic agriculture
and have significant advantages over
synthetic fertilizers: synthesize
physiologically active biological
substances, increase the productivity of

photosynthesis, improve the water
regime, act as antagonists  of
phytopathogenic  microorganisms and

enhance the protective functions of plants
(Coleman and Crossley, 1995). Members
of the genus Bacillus are considered
promising biofertilizes based on the
results of many years of research and
testing of Bacillus strains. It is found that
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BEHO €, Ye Te3n 6GakTepumn nposiBsiBaT Mnosio-
XUTeneH eekT no oTHoWeHve nogo6psea-
He Ha MVHEepPasIHOTO XpaHeHe W YCTOM-
UMBOCTTA KbM CTPECOBM U (PUTOMATOrEHHM
thakTopy. M3BECTHM Ca MHOXECTBO MpOyY-
BaHMs BbPXy MoBULWIABaHe [J06MBUTE Ha
pasfiMyHN KyNTypy pacTeHusi: 3e/IeHUYYKOBY
(Garsia et al., 2004); yapesuua n opus (Liu
et al., 2006); cos (Bai et al., 2002) n gpyru
cnef TPeTUpaHeTo MM C LiAMOBE OT POf
Bacillus.

Llen Ha HacToAWeTo npoyysaHe e
ycTaHoBsiBaHe elpekta OT TpeTupaHe C
KOMOUHaUMst OT pusocdiepHn GakTepuu,
npucbecTBalwy B npoayktute Voodoo
Juice (VJ) un Tarantula (TRL) BbBbpxy
(POTOCMHTETMYHMTE MUIMEHTU WU BOAHMSA
AednunT Ha uapeBUYHUTE XMbpuan KH
435 (A0 400) n Ku 509 (®AO 500).

MATEPWNAN N METO4WA

B onutHOTO nosie Ha UL - KHexa e
npoesefieH [ABYrofvLIEH eKCrnepuMeHT
uapesuyHUTE XM6puam KH 435 n KH 509,
npeicraBuTeIn Ha cpefHopaHHata W
cpefHOKbCHaTa rpyna Ha 3penocTt no
®AO. OnuTnTe ca u3BeneHu Npu ycrioBus
6e3 HanosiBaHe BbPXY TuUNM4YeH cnabo
U3NYyXXEH 4YepHo3eM W ()OH Ha TopeHe
NgP1o. Cxemara Ha onuTta BKKYBa TpU
NMOBTOPEHUSA W TOfIEMUHA Ha onuTHaTa
napuenka 10 m’ 3a Bceks BapuaHT Ha
usnuTBaHe. MukKpobuanHuTe WHOKyNaTu
ca ¢ sugose Bacillus sp. — pusoccepHn
6akTepuu OT KOMepcuanHuTe npenapatu
Voodoo Juice (VJ) n Tarantula (TRL). B
cbCTaBa Ha VJ BnnM3a Kom6uHaums ot 14
wama, a Ha TRL 17 wama, KouTo ca no-
[PO6HO onucaHu B Apyra Halla MeToauka
(Savov et al., 2013). /13non3BaH € MUHe-
paneH NMbAHUTENT MUKPOHM3UPAH 3e0MUT,
KNnuHonTuionutos  Tun. ®pakuna <100
MUKpPOHa. MIHoKynauusTa e npeau centba
C WHKpycTauuss Ha cemeHarta C npena-
patnte, CbabpXallM MUHEPaSTHUSA Nb/HK-
Ten v cnenesawy areHT copbuTtonos MAB.

B cbctaBa VJ BnM3a KombuHauus
ot 14 wama a Ha TRL 17 wama, Kouto ca
noApo6HO onucaHu B Apyra Haila ctatus
(Savov et al., 2013).

these bacteria show positive effect for
improving mineral nutrition and resistance
to stress and phytopathogenic factors.
There are many studies demonstrating
the vyield increase of different crops:
vegetables (Garsia et al., 2004); maize
and rice (Xuming et al., 2006); soy (Bai et
al., 2002), etc. after being treated with
Bacillus strains.

The aim of this study is to
demonstrate the effect of treatment with a
combination of rhizosphere bacteria
included in the products Voodoo Juice
(VJ) and Tarantula (TRL) on the
photosynthetic pigments and water deficit
of maize hybrids Kn 435 (FAO 400) and
Kn 509 (FAO 500).

MATERIAL AND METHODS

A two-year experiment is conducted
at the test field of the Maize Institute -
Knezha with maize hybrids Kn 435 and
Kn 509 — representatives of the medium
early-maturing and medium late-maturing
groups (FAO). The tests are carried out
without irrigation on a typical slightly
leached black soil (chernozem) and
background of fertilization NgP1o. Scheme
of experience included three repetitions
and size of the experimental plot 10 m for
each repetition. The microbial inoculates
include Bacillus sp.— rhizosphere bacteria
from commercial preparations Voodoo
Juice (VJ) and Tarantula (TRL). The
combinations of strains in the composition
of VJ and TRL are described in details in
another publication. Micronized zeolite
clinoptilolite type, fraction <100 microns is
used as a mineral filler. The inoculation is
done before sowing; the seeds are
encrusted with the preparations
containing the mineral filler and sorbitol
surfactant as a binding agent.

In the composition of VJ are
entered 14 combinations of strains, in the
TRL — 17 ones, which are definitely
described in other publication of ours
(Savov et al., 2013).
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BapnaHTute Ha onuta ca cnepg-
Hute: 1) KoHTpona; 2) KoHTpona 3eonuT;
3) WHokynat — VJ 10° CFU. g™ 4)
WHokynat — VJ 10" CFU. g™ 5) VJ 10
CFU. g; 6) WMHokynat TRL 10° CFU. g™
7) WHokynat TRL 10" CFU. g% 8)
WHokynat TRL 10° CFU. g'l. Jo3ata Ha
npenaparta e 70 g. kg'1 cemeHa.

CbabpXaHNETO Ha POTOCMHTETUY-
HUTE MUIMEHTU W BOAHUSA AednunT Ha
JINCTHUTE TbKaHM ca onpegenieHn no
MeToaukata Ha Bozova et al. (1993).

3a aHasM3 ca u3nonseaHu nNpobu ot
NPYKOYaHHKA NINCT Ha XMbpuanTe No Bpeme
Ha LboTexa Ha MeT/muaTa 3a BCEKU Bapu-
aHT Ha u3nuTBaHe. MNnacTugHUTe NUIMeHTH
ca onpefeneHy KOMIOMETPUYHO 4Ype3 eKc-
TPakuus c aueToH, a BogHWs AeduunT Ha
JINCTHATE TbKaHU — MO TErI0BHWUS METOZ,
CbAbpXKaAHMETO HA MNAACTUAHU MUTMEHTU €
M34ncneHo no cnegHute copmynm u ca
npeebpHaTV B Mg/g:
Xn. ,a“=10,3 x E663 - 0,918 x E644
Xn. 6" =19,7 x E644 — 3,87 x E663
Xn. ,a+6" =6,4 x E663 + 18,8 x E644
KapoTtuHu (K) =4,75 x E440 — 0,226 x (A+b)

PE3YJITATN N OBCbXAAHE

Cnep daktopute, BAMSIEWN BbPXY
(hOTOCUHTETUYHATA aKTUBHOCT Ha LapeBuny-
HUTE pacTeHusl, CbLEeCcTBEHA PoNsA uma
CbAbpXaHWeTo Ha nnacTUaHM NUIMEeHTU B
acuMmunupalmTe opraHu. M3BectHo e, uye
NMATMEHTHOTO CbAbpXaHue ce BvWse oT
WHTEH3VBHOCTTA W CMEKTPasIHUA CbCTaB Ha
CBEeT/IMHHaTa eHeprus, TOM/IMHHUA 1 BOAHUA
pexuMm, MWHEPaUTHOTO XpaHeHe W Apyru
BBHLUHM pakTopw.

B HacTofilLeTO npoyyBaHe BHUMA-
HMETO € Haco4YeHO KbM YCTaHOBsABaHe Ha
NMPOMEHUW B MUIMEHTHOTO CbAbpXaHne B
3aBMCUMOCT OT pPas/iMyHu  BapuaHTy Ha
TpeTMpaHe Ha LUapeBUYHUTE Xnbpuaum c
WHOKynatu ¢ Bugose Bacillus, cbabpxalum
pusocepHn b6akTepum 0T KOMepcuanHuTe
npenapatm VJ u TRL. OaHHn 3a cbabp-
XaHVWeTOo Ha MUIMEHTW MO FOAMHU U CpefHOo
OT TAX CNPsAMO KOHTpO/sata W KOoHTpona
3e0nuT 3a xnbpmga KH 435 ca nokasaHu B
Tabnuua 1.

The scheme of the experiment is as
follows: 1) Control; 2) Control zeolite; 3)
Inoculate — VJ 10° CFU. g™; 4) Inoculate —
VJ 10’ CFU. g; 5) VJ 10° CFU. g*; 6)
Inoculate TRL 10° CFU. g™; 7) Inoculate
TRL 10’ CFU. g; 8) Inoculate TRL 10°
CFU. g'l. The dose of each preparation is
70g. kg'l of seeds.

The content of photosynthetic
pigments and the water deficit of leaf
tissues are determined according to the
methods of Bozova et al. (1993).

Samples for analysis are taken
from the ear leaves of each variant during
the flowering of the tassel. Plastid
pigments are determined colourimetrically
by extraction with acetone, and water
deficit of leaf tissues is determined by
weighing.

Plastid pigments content is calculated by
following formulae:

Chlorophyll ,a“ =10.3 x E663 — 0.918 x E644
Chlorophyll ,b“=19.7 x E644 — 3.87 x E663
Chlorophyll ,a+b" = 6.4 x E663 + 18.8 x E644
Carotines = 4.75 x E440 — 0.226 x (a + b)

RESULTS AND DISCUSSION

The content of plastid pigments in
assimilating organs has a significant role
among the factors affecting the
photosynthetic activity of maize plants. It
is known that pigment content is
influenced by the intensity and spectral
composition of light energy, heat and
water regime, mineral nutrition and other
external factors.

The present study is focused on
determining the changes in pigment
content depending on the treatment of
maize hybrids with Bacillus inoculates
containing rhizosphere bacteria from the
commercial products Voodoo Juice and
Tarantula. Data about the pigment content
for the individual years and the average of
them relative to the control and zeolite
control for hybrid Kn 435 are shown in
Table 1.
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Tabnuua 1. BnvsaHue Ha pusocepHata Mmkpodsiopa, n3rnosissaHa B NpoyyBaHeTo
BbpPXY POTOCUHTETUHHUTE NMUTMEHTU Ha LapeBuU4HUA xmopug KH 435
Table 1. Influence of studied rhizosphere microflora on the photosynthetic pigments

of maize hybrid Kn 435

doTocuHTEeTUYHU NUrMeHTr / Photosynthetic pigments

BapnaHtn BAB (mg/g)
Variants BAS xnop. ,a"“ xnop. ,b*  xnop. ,a+b" KapOoTUHU
chl. ,a" chl. ,b* 2 chl. ,a+b" carotenes

KoHTpona 2010

Control 2010 3,42 1,42 4,84 0,299
KoHTpona 2011

Control 2011 2,47 1,43 3,90 0,292
1. CpepnHo/Average 2,94 1,425 4,37 0,295
Kontr. zeolite 2010 3,47 1,36 4,83 0,302
Kontr. zeolite 2011 3,05 1,10 4,15 0,238
2. CpepHo/Average 3,26 1,23 4,49 0,280
Vj 10° 2010 3,96 1,59 5,55 0,339
Vj 10° 2011 2,54 1,13 3,67 0,218
3. CpegHo/Average 3,24 1,36 4,60 0,278
Vj 10’ 2010 4,28 1,78 6,06 0,340
Vj 10” 2011 2,72 1,07 3,79 0,156
4. CpepgHol/Average 3,50 1,425 4,925 0,248
Vj 10° 2010 3,34 1,42 4,76 0,291
Vj 10° 2011 2,44 1,01 3,45 0,212
5. CpegHo/Average 2,89 1,215 4,105 0,251
TRL 10° 2010 3,86 1,61 5,47 0,331
TRL 10° 2011 2,53 1,17 3,70 0,232
6. CpegHo/Average 3,19 1,39 4,58 0,281
TRL 10’ 2010 4,34 1,78 6,12 0,379
TRL 10’ 2011 2,47 1,06 3,53 0,130
7. Cpe,%Ho/Average 3,40 1,42 4,82 0,254
TRL 10° 2010 3,76 1,54 5,30 0,314
TRL 10° 2011 2,70 1,08 3,78 0,169
8. CpeaHo/Average 3,23 1,31 4,54 0,241

lMpe3 nbpBaTa roguHa Ha Mpoyuy-
BaHeTO ca oT6ensAsaHy Mno-BUCOKM CTOMN-
HOCTW Ha CbAbpPXaHUeTo Ha xn. ,a", x1. ,6"
N KapoTuHuTe. Pe3yntatute OTHOCHO Cpes-
HOTO OT ABeTe roAUHN ChAbPXaHWe coyar,
ye TpeTupaHeTo ¢ VJ 10’ n TRL 10’ B Haii-
ronsima cTeneH B/iMse MosiIoKUTENHO BBbPXY
CMHTe3aTa Ha (POTOCUHTETUYHUTE MUTMEH-
TW. ToecT npeBueHnsaTa CrnpAMo KOHTPO-
naTta 1 KOHTposia 3e0uT npu x. ,a” 3a VJ
10" cvoTBeTHO ca: 19,2% wn 7,36%, a 3a
cymarta oT xn. ,a" + xn. 6" — 12,70% n
9,68%. BnusHueto Ha o6paboTBaHeTo C
TRL 10’ cboTBeTHO BOAM 00 NpeBuLLeHue
Haf KoOHTpofara 1 KOHTpoa 3e0/UT 3a XJ1.
,a" ¢ 15,65% un 4,29%:; 3a xn. ,a+6” — 10,3%

During the first year of the study
the content of chlorophyll "a", chlorophyll
"b" and carotenes is higher. The results
for the average content of the two years
indicate that the treatment with VJ 10" u
TRL 10" has the strongest positive
influence on the synthesis  of
photosynthetic pigments. In other words,
the increase above the control and zeolite
control in the case of chlorophyll "a" for
vVl 10" are 192% and 7.36%
respectively, and 12.70% and 9.68% — for
the sum of chlorophyll "at+b". The
influence of TRL 10" treatment leads to
an increase of chlorophyll "a" by 15.65%
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n 7,35%. CbabpXaHNeTo Ha KapoTUHWU Ha
xnépnga KH 435 e n0-HUCKO CcnpsiMo
KOHTponaTa 1 KoHTposiaTa 3eonut. Oue no-
ACHa npeacTaBa OTHOCHO edpekta OT
TpeTupaHe c pas/inyHuTe KoHLeHTpauuu VJ
n TRL ce nonyyaBa OT 06WOTO CbAbP-
XaHue Ha nuUrMeHTuTe (3eNeHn + XbATK),
OTpas3eHo upe3 pesy/TaTtute, NoCOYEHN Ha
durypa 1. [paduyHOoTO WU306paxeHue
rnokasea ropecnomeHarara TeHAEHUMS,
cnopej, KoATo npunoxeHneTo Ha VJ 10" u
TRL 10" e Hali-ygayHo fga ce u13nossea
nopagu Hai-icCHoO u3paseHus 6naronpus-
TeH ediekT BbpXy MOBULLABAHE O06LLOTO
CbAbpXaHve Ha )OTOCUHTETUYHUTE MUr-
MeHTU Ha xmbpuga KH 435. N3paseHo B %
CNpPsAAMO  KOHTpo/saTa cpefHoTo  06LWo
NMATMEHTHO CbAbpXaHue Npu TpeTupaHe c
VJ 10" n TRL 10’ e no-sucoko ¢ 10,88% u
8,87%. CnpsAMO KOHTpO/1a 3e0/1MT NoBULLIEe-
HMETO CbLOTBETHO €: 8,45% u 6,47% 3a VJ
10" n TRL 10".

and 4.29% compared to the control and
zeolite control respectively, and for the
sum of chlorophyll "a + b" — 10.3% and
7.35%. Even clearer picture of the effect of
treatment with various concentrations VJ
and TRL is obtained from the results about
the total content of pigments (green +
yellow) shown in Figure 1. The graphic
image shows the above mentioned
tendency — that the application of VJ 10’
and TRL 10" is the most appropriate to
use because of its pronounced positive
effect on increasing the total content of
photosynthetic pigments of hybrid Kn
435. Expressed in %, the average total
pig7ment content after treatment with VJ
10" and TRL 10’ is 10.88% and 8.87%
higher than that of the control. Compared
to the zeolite control, the increase is
8.435% and 6.47% for VJ 10’ and TRL
10°.

O6wWo NUrmMeHTHO cbabpxaHue/Total pigment content
(Exnopodunu + kapotuHmn)/=Chlorophils+carotenoides

5,4
5,2

4,8
4,6
4,4
4,2

mg/g

3,8
KoHTtponaK. 3eonut Vj108

Vj107

Vj106 TRL108 TRL107 TRL106

BrnoaktneHU BewecTBa/Bioproducts

@ur. 1. BAvsiHne Ha npoy4yeHnTe OGMOaKTUBHU BellecTBa BbpPXy O6LWOTO NMUTMEHTHO
CbAbpXaHune Ha LapeBu4HUAa xmopug KHexa 435
Fig. 2. Influence of studied bioactive substances on the total pigment content of

maize hybrid Kn 435

B Tabnunua 2 ca npeactaBeHn
pesynratute OTHOCHO B/IUSSHUETO Ha PU30-
cthepHaTa Mukpodisiopa Bbpxy (pOTOCKHTE-
TUYHUTE NUTMEHTU Ha xnbpuga KH 509. Mpu
TO3n xnbpupa ce Habnwgasa cneunduryHa
peakuus, KOATO Nokassa Mo-HUCKO NMUTMEHT-
HO CbAbpXaHue Ha BapuaHTUTe Ha TpeTu-
paHe cnpsiMo fBeTe KOHTposu. He ce 3abe-

The results about the influence of
the rhizosphere microflora on
photosynthetic pigments of hybrid Kn 509
are shown in Table 2. A specific reaction
is observed for this hybrid, showing a
lower pigment content for the BAS-
treated variants compared to the two
controls. There are no significant
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NA3BaT  CbLWECTBEHU PA3/IMUHMSA  Mexay
[IBETE KOHTPO/IN MO OTHOLLEHUE HAa O6LLOTO
MUIMEHTHO CbAbpXaHue, U3paseHo cpesHo
OT ABeTe roavHu. Mpe3 nbpeaTa roguHa ot
Mpoy4yBaHeTO ca YCTaHOBEHW MO-BUCOKM
CTOMHOCTM Ha O06WOTO CbAbpXaHue B
cnyyanTe Ha TpeTupaHe ¢ VJ 10° (4,58%),
VJ 107 (4,01%) n TRL 10° (2,00%) cnpsimo
KoHTponaTa. OTHeCEHO KbM KOHTpofnaTa
CbC 3e0/IMT edekT Ha MoBULIABAHE Ha
CbbpPXKaHWETO Ha MUIMEHT ce YCTaHoBsBa
npu npunarare Ha VJ 10° (10,47%), VJ 10’
(9,87%) n TRL 10° (7,73%) npe3 nbpsaTta
roguHa Ha wu3cfiegBaHe. Pesyntatute
OTHOCHO CbAbpPXaHWETO Ha  KapoTWHU
nokaseaT MO-HWCKO TakoBa CNpsIMO [BeTe
KOHTpoNu npu xmbpuaa KH 509.

differences between the two controls with
respect to the total pigment content,
expressed as an average of the two
years. In the first year of the study higher
values for the total content are
determined in the cases of treatment with
vJ 10° (4.58%), VJ 107 (4.01 %) and TRL
10® (2.00%) compared to the control.

In comparison with the zeolite control,
there is an increase of pigment content
after application of VJ 10° (10.47%), VJ
10" (9.87%) and TRL 10° (7.73%) in the
first year of study.

Tabnuua 2. BnusaHue Ha pusocdepHaTa MUKPodu/iopa, M3rnosisaBaHa B NpoyyBaHeTo
BbPXY (POTOCUHTETUYHUTE NMUTMEHTN Ha LlapeBUYHUS Xnbpug KH 509
Table 2. Influence of studied rhizosphere microflora on the photosynthetic pigments

of maize hybrid Kn 509

BapnaHtn BAB

POTOCUHTETUYHN MUTMEHTU

Photosynthetic pigments (mg/g)

Variants BAS xnop. ,a“ xnop. ,b* 2xnop. “a+b" KapoTUHN
chl. ,a“ chl. ,b* 2 chl. ,a+b" carotenes
KoHTpona/Control 2010 3,50 1,18 4,68 0,251
KoHTpona/Control 2011 3,09 1,25 4,34 0,254
1. CpegHol/Average 3,295 1,215 4,51 0,252
Kontr. zeolite 2010 3,15 1,25 4,40 0,268
Kontr. zeolite 2011 3,17 1,36 4,53 0,265
2. CpegHo/Average 3,16 1,31 4,47 0,266
vj 108 2010 3,48 1,42 4,90 0,257
Vj 10% 2011 2,30 1,09 3,39 0,179
3. CpenHo/Average 2,89 1,26 4,15 0,218
Vj 10’ 2010 3,46 1,41 4,87 0,259
Vj 10’ 2011 2,23 1,08 3,31 0,180
4. CpegHo/Average 2,845 1,245 4,09 0,220
Vj 10° 2010 2,97 1,23 4,20 0,216
Vj 10° 2011 2,98 1,32 4,30 0,249
5. CpegHo/Average 2,975 1,275 4,25 0,232
TRL 10° 2010 3,36 1,40 4,76 0,269
TRL 10° 2011 2,78 1,26 4,04 0,216
6. Cpe/_}Ho/Average 3,07 1,33 4,40 0,242
TRL 10’ 2010 3,04 1,24 4,28 0,245
TRL 10’ 2011 3,23 1,16 4,39 0,218
7. Cpe,%Ho/Average 3,135 1,20 4,345 0,232
TRL 10° 2010 2,86 1,33 4,19 0,220
TRL 10° 2011 2,41 1,04 3,45 0,192
8. CpenHo/Average 2,635 1,185 3,82 0,206

[aHH1Te OTHOCHO CpefHOTO OT ABe-
Te roAMHM 06O MUIMEHTHO CbAbpXaHue
Ha xmbpuga KH 509 cnep TpeTupaHeTo ¢
6uonpenapartuTe ca n3obpaseHu Ha rpadu-

The data for the average total
pigment content of hybrid Kn 509 after
treatment with the bio preparations are
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Kara oT durypa 2. ACHO nnuun, ye LwecTTe
BapuaHTa Ha usnuteaHe ¢ VJ n TRL ca ¢
MO-HUCKO OOLLO MUIMEHTHO CbAbpXaHue.
ChbllUeBpeMeHHO No-A06bp ediekT Ha Tpe-
TpaHe ce 3a6ensssa npu VJ 10° ot TpuTe ns-
MoM3BaHM KOHLIEeHTpaLK, a 3a TRL — TRL 10°,

Moxe pa ce HanpasBu 3aknioue-
HWETO, Ye ca YCTaHOBEHU reHOTUNHO obyc-
NIOBEHN peakuun Mo OTHOLUEHWE MUIMEHT-
HOTO CbAbpXaHue Ha npoyyeHute xubpu-
AN, Kato MOo-ACHO M3paseHn MOSIOKUTENHN
npoMeHy ca oTbena3aHn npu cpefHopaH-
HUA xnbpug KH 435.

depicted on Figure 2. It is obvious that
the six variants of treatment with VJ and
TRL have lower total pigment content.
Between the three applied concentrations
of VJ and TRL, the best effect has VJ 10°
and TRL 10°.

It can be concluded that the studied
hybrids show genotypically determined
reactions regarding their pigment content,
and the positive changes are more
pronounced in the case of the medium early
hybrid Kn 435.

O6uo NMrMmeHTHO cbabpXxaHue/Total pigment content
(Zxnopodmnu + kapoTtuHu) /ZChlorophils+carotenoides

4,8
4,6

4,4

mg/g

4,2

3,8

3,6

KoHTpona K. 3eonut Vj108

Vj107

Vj106 TRL108 TRL107 TRL106

BrnoaktneHU BewecTBa/Bioproducts

dur. 2. BnvsaHne Ha npoyyeHnTe OMOaKTMBHU BellecTBa BbpXy O6LWOTO MUTMEHTHO
CbhbAbpXaHuVe Ha LapeBuyeH xmbpua KHexa 509
Fig. 2. Influence of studied bioactive substances on the total pigment content of

maize hybrid Kn 509

3a mM3yyaBaHe peakuusita Ha Xu-
opuanTe KbM abuoTUYeH CTpec M ycTa-
HOBsIBaHe edekTa OT TpeTupaHe e npo-
yyeH BOAHMA JeduunMT Ha NCTHUTE
TbKaHn Ha xmbpuanTte KH 435 n KH 509
Nno BpeMe Ha KpuTuMyHaTa KbM 3acylla-
BaHe (pasa UbQTEX Ha MeTaMuara.
Pesyntatute OT ekcrnepumeHTa ca npeg-
cTaBeHn B Tabnuua 3.

The water deficit of leaf tissues of
hybrids Kn 435 and Kn 509 has been
studied during the tassel flowering phase
which is critical regarding drought in order
to study the reaction of hybrids to abiotic
stress and to determine the effect of
treatment with BAS. The results of the
experiment are presented in Table 3.

144



Tabnuua 3. BinaHne Ha pusocdepHarta
BbpPXY BOAHUA AenunT Ha NIMCTHU TbK
509 (chasza ubdpTEX Ha MeTAnLaTa)

MUKpodpsiopa, n3non3saHa B NpoyyBaHeTo,
aHn Ha uapeBuYHUTE XM6pUan KH 435 n KH

Table 3. Influence of studied rhizosphere microflora on the water deficit of leaf
tissues of maize hybrids Kn 435 and Kn 509 (in the flowering phase of the tassel)

KHexa 435 / Knezha 435 KHexa 509 / Knezha 509
BapuaHTn BAB BoaeH OTHoCcUTENHA BoaeH OTHocuTenHa
necmumnt TYprecueHTHoCcT  Aeduuut TyprecLeHTHOCT
Variants BAS Water Relative Water Relative
deficit (%) turgescence (%)  deficit (%) turgescence (%)

Control 2010 8,36 91,64 7,78 92,22
Control 2011 8,74 91,26 - -

1. CpegHo/Average 8,55 91,45 7,78 92,22
Kontr. zeolite 2010 8,96 91,04 7,82 92,18
Kontr. zeolite 2011 5,33 94,47 - -

2. CpegHo/Average 7,14 92,75 7,82 92,18
Vj 10° 2010 10,64 89,36 9,37 90,63
Vj 10° 2011 9,03 90,97 - -

3. CpepnHo/Average 9,83 90,16 9,37 90,63
Vj 10’ 2010 7,82 92,18 7,03 92,97
Vj 107 2011 4,20 95,80 - -

4. CpegHo/Average 6,06 93,99 7,03 92,97
Vj 10° 2010 6,35 93,65 9,94 90,06
Vj 10° 2011 6,94 93,06 - -

5. CpenHo/Average 6,65 93,35 9,94 90,06
TRL 10° 2010 7,43 92,57 9,28 90,72
TRL 10° 2011 13,14 86,86 - -

6. CpegHo/Average 10,28 89,72 9,28 90,72
TRL 107 2010 5,76 94,24 8,75 91,25
TRL 107 2011 9,71 90,29 - -

7. CpepnHo/Average 7,73 92,27 8,75 91,25
TRL 10° 2010 8,54 91,41 8,38 91,62
TRL 10° 2011 7,20 92,80 - -

8. CpegHo/Average 7,87 92,12 8,38 91,62

BogeH pgeduumT e HefoCTUIbT Ha
BOZa [0 NbJIHO HaculaHe Ha KNeTkure.
Toli ce u3pasaBa B MPOLEHTM OT CbAbP-
XaHWEeTo Ha Bogarta Npu MbJIHO Haculla-
He Ha JIMCTHMTEe TbkKaHWu. Hali-HUCHbK BO-
JeH aeduumnT 1 Hali-BUCOKa OTHOCUTETHA
TyprecueHTHOCT Ha xubpuga KH 435 ca
oT6enasaHu npu TpetupaHe ¢ VJ 10’ (-
pa roguHa — 4,20%) n TRL 10’ (I-Ba
roguHa — 5,76%), koeTo npegnonara, ye
B Te3WN cnyyau OTHOCUTEesiHata CTPecTo-
NIepaHTHOCT KbM 3acyllaBaHe e Mo-

Water deficit is the shortage of
water until complete saturation of the
cells. It is expressed in percentage from
the water content during complete
saturation of leaf tissues. The lowest
water deficit and the highest relative
turgescence for hybrid Kn 435 are
determined in the cases of treatment with
VJ 10 (lI-nd year — 4.20 %) and TRL 10’
(I-st year — 5.76 %), which implies that in
these cases the relative stress tolerance
to drought is higher compared to controls.
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BUCOKA B CpaBHEHWE C KoHTponute. C
Hal-HUCHK BOAEH ,qedm—u,yw cpeaHo ot
asete rogvHm ca VJ 10" u TRL 10"
MpaBu BreyaT/IeHne, Ye BOAHUST Aedm-
UMT Npu n3nonssaxe Ha VJ 10° n TRL 10°
CpefiHo OT ABETe roAyHN He ce pasfnuya-
Ba CbLUECTBEHO OT TO3W Ha ropecrome-
HaTUTe MUKpO6ManHK npenapaTn, HO 3a
npeanounTaHe U ¢ no-go6bLP edekT ca
VJ 10’ n TRL 10'. Mpu xun6puga Kx 509 e
YCTAHOBEH MO-HUCHK BOAEH AeuUMUT 1
no-A06bp emeKT OTHOCHO MoBULIABaHE
OTHOCMTENHATa YCTOWYMBOCT KbM 3acy-
WwaBaHe npu TpeTupaHe cblyo ¢ VJ 107
(7,08%) n TRL 10° (8,38%).

n3BOAM

Wmaiikm  npegsug — nonyyeHute
pesynratm cuuTame, 4Ye YCTaHOBEHUTE
TEHOTUNHO O06YC/IOBEHW peakumn npu
ABarta xubpuga ca:

¢ O6LWOTO NMUIMEHTHO CbAbpXaHue
Ha xunbpnga KH 435 ce nosuwasa npu
TpetnpaHe ¢ VJ 10" n TRL 10’ Crnpsamo
KoHTponata ¢ 10,88% u 8,87%, a crnpamo
KOHTpOa 3e0nnT ¢ 8,45% un 6,48%.

e[pn xmbpmaa KH 509 He ce
HabnAaBa nosuwaBaHe Ha NUIMeHTuTe
(cpegHo 3a nepuoga Ha M3NUTBaHe).
M3BecTeH nonoxuTeneH edekt ce
3abensAsBa camo npes nbpearta rogmHa Ha
Mscne,iqBaHe — cnep TpetupaHe VJ 10°,
VJ 10" n TRL 10°,

BoaHuAT peduunt ce NoHWMXaBa,
nogob6psisa ce Typrypa v To/iepaHTHoCTTa
KbM 3acyllaBaHe Ha pacTUTesiHuTe
TbKaHW Ha Xxnbpuaute npu ynotpebdara Ha
nHokynatute VJ 10°, TRL 10’, a B
OTAeNHU ciyyam 1 Ha VJ 10° n TRL 108,

BJTATOAAPHOCTWU

ToBa n3cnegBaHe € OCbLUECTBEHO
¢ nogkpenara Ha Advanced Nutrients Ltd,
Canada.

The lowest water deficit average from the
two years is reported when VJ 10’ and
TRL 10" are used. It is noteworthy that
the water deficit when using VJ 10° and
TRL 10° is not significantly different
(average from the two years) from that of
the aforementioned microbial preparations,
but VJ 10’ and TRL 10" are preferable
due to their better effect. For hybrid Kn
509 a lower water deficit and better effect
on increasing the relative resistance to
drought are also determined after
treatment with VJ 10" (7.08 %) and TRL
10° (8.38%).

CONCLUSIONS

Considering the results obtained,
we conclude that both hybrids show
genotypically determined reactions:

- The total pigment content of
hybrid Kn 435 is increased by treatment
with VJ 10" and TRL 10" by 10.88% and
8.87% compared to the control, and by
8.45% and 6.48% compared to the zeolite
control.

- There is no pigment content
increase for hybrid Kn 509 (average for
the whole study period). A slight positive
effect is noticed only during the first 8year
of study — after treatment with VVJ 10°, VJ
10" and TRL 10°.

The water deficit is reduced, the
turgor and drought tolerance of plant
tissues are increased when using the bio
preparations VJ 10°, TRL 10°, and in
some cases — VJ 10° and TRL 10°.
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PE3IOME

MpoyyBaHeTo, € HanpaBeHO npes3
nepuoga 2014-2016 r. B ONUTHOTO MoJfie Ha
WHCcTMTYT no uapeBuuata - KHexa. O6ekT
Ha uscnepgBaHe ca xubpugute: KH-307 ot
rpyna 200-400 no ®AO wun rbCcTOTA
6500-7000 p/da n KH-435 ot rpyna 400-500
no ®AO n rbctoT 6000-6500 p/da.

LlapeBuuata e oTrexgaHa npu
KOHTpOsieH BapuaHT 6e3 TopeHe (Ty)
OBe HumBa Ha TopeHe: NgsPs4Kes (T1) M
N17P108K128 (T2). MpunoxeHa e Bb3npue-
TaTa 3a palioHa arpoTexHuka.

3a xmbpug KH-307 1 rbctoTa 6500
p/da, MuHepasiHOTO TOpPeHe YyBenMyaBa
[obuBa Ha eHeprusa ¢ 27-26%, CbOTBETHO
3a BapunaHTn N8'5P5y4K6'4 n N17P10,8K12,8 n
¢ 33% B pe3ynTart Ha ABeTte 0o3n Top Ty 1
T, n rectoTa 7000 p/da. MNMpu aBeTe HMBa
Ha TopeHe T, u T, u asete rbctotn 6000-
6500 p/da 3a xmbpug KH-435, 106MBBT Ha
eHeprus e B noseye c 30-33%, B
cpaBHeHMe ¢ koHTponata To. CpefHo 3a
nepyoga npn TopeHe C  NgsPs4Kea
OGMOEHEpPreTMYECKNaT  koeduUMEHT  3a
xnbpug KH-307 ce nsmeHs ot 3,6 go 4,2.
3a ygBoeHata fo3a Top Ni7P10sKi2s, TO3M

Accepted: 26.04.2018

Published: 09.07.2018

SUMMARY

The study was done in the period
2014-2016 in the experimental field of the
Institute of Maize - Knezha. The subject of
the study are hybrids: Kn-307 group
200-400 per FAO and a density of 6500-
7000 p/da and Kn-435 group 400-500 per
FAO and density of 6000-6500 p/da.

The maize was grown under control

without fertilization (Tp) and two
fertilization levels: NgsPs4Kes4 (T1) and
Ni7P10gKi2g (T2). The agrotechnics

adapted for the region was applied.

For Kn-307 hybrid and density of
6500 p/da, mineral fertilization increased
the yield of energy by 27-26% for variants
T, and T, and by 33% respectively about
two doses of fertilizer T, and T, and
density of 7000 p/da.

At both fertilization levels T, and T,
and the two densities 6000-6500 p/da for
the hybrid Kn-435, the yield of energy was
30-33% more than the control (Ty).

Average for period, the fertilization
with Ng s5Ps 4Ke 4 the bioenergetic
coefficient for the hybrid Kn-307 was
changed from 3.6 to 4.2. For doubled

148



nokasaren Bapupa ot 1,8 go 2,1. Mo
rOOVUHN  BMOEHepreTUYEecKUsT  Koedgu-
LUMEHT, € C Hali-Hucka ctoiHocT — 0,8 3a
BapnaHT T, M 6500 p/da 3a nbpBarta
roguHa n Hain-sucoka — 5,6 3a T, 1 7000
p/da 3a npepgxogHaTa roguHa. 3a KH-435
1 6000 p/da, n3cneaBaHUAT nokasaTen ce
M3MeHs B AuanasoH ot 4,2 o 2,3 — 3a
efgnHMYHaTa T 1 yaBoeHaTa go3sa 1op To,
a 3a rocrtota 6500 p/da, Te3n cToHOCTU
ca4,3u22.

KntovoBu oymu: uapesuua,
Xnbpua, TOpeHe, [bCTOTWU, [06MB Ha
eHeprus, bnoeHepreTnYeckn KoeqomumeHT

yBO/[,

B cbBpemeHHUTE yCoBWs, Korato
Bb3HUKBAT NPo61eMU, CBBbP3AHN C NKOHO-
MWYECKOTO W3MON3BaHe Ha eHepruiHuTe
pecypcu, ce noctassa BbNpoca 3a eHepre-
TUYECKMSA aHaIn3 Hape[ C MKOHOMUYECKN-
Te 1 ekosiormyeckn nokasarenu (Bazarov,
1983; Dikanev and Efanov, 2006). OcHoB-
Ha 3a/laya Ha eHepreTUYeckus aHau3 B
3eMefleNneTo e Aa ce Hanpasu OLEeHKa Ha
pasxoguTe No BUAOBE eHeprus u ga ce
onpeenn TexHna As7 B Npou3BOACTBOTO
Ha oTaenHuTe Kyntypu. PasxoguTe 3a
MUHepasiHoO TopeHe (0cO06eHO as0THM),
3aemMaT CbllecTBeHa 4acT OT ob6wuTe
eHepruiiH1 pasxoam 1 Kato UAno BANSAT
MOMIOXUTENIHO BBPXY PacTEHNEBBAHOTO
nponseoAcTBo (Simon, 1980; Dashkova,
1991). B nuTepatypata uMma f[aHHu OT
eHepruiiH1 aHan3n 3a OTAESIHU TEXHO-
JIOTVYHW eIEMEHTN N LiesIN TEXHOSOTUN B
pacteHneBbacTBOTO (Korshunov et al.,
1995). Noka3arten 3a buoeHepreTnyecka-
Ta edeKTMBHOCT, € 6GuoeHepreTmyeckms
KoedmumeHT (Segetova, 1983; Glogova
and Nankov 2012; Nankov and Glogova,
2012).

LlapeBvuaTta e OCHOBHA 3bpPHEHO-
ypaxxHa Kyntypa 3a cTpaHata. Kobm
yc/nosuAaTa Ha BbHWHATa cpefja, Ta e
B3UCKaTesIHa No OTHOLUEHWE Ha TornnHa-
Ta 1 Bfarara. Y Hac 3a ronsma yact oT
cTpaHaTta, TemnepaTypHuTe YC/0BUS ca
6naronpusaTHM 3a oTrnexgaHeto U, HO
orpaHvnyaBaly, aktop O0OWKHOBEHO ca

fertilizer N17P108K12,6 this indicator ranged
from 1.8 to 2.1. For years, the bioenergy
coefficient was with the lowest value of
0.8 for T, variant and 6500 p/da for the
first year and the highest of 5.6 for the T,
and 7000 p/da for the third year. For
Kn-435 and 6000 p/da the survey
indicator changed from 4.2 to 2.3 for the
single T; and the double dose of
fertilizerT,, and for the density of 6500
p/da these values were 4.3 and 2.2.

Key words: maize, hybrid, fertilizer,
densities, energy Yyield, bioenergetic
coefficient

INTRODUCTION

In the current situation, when
problems related to the economic use of
energy resources arise, the issue of
energy analysis is raised along with the
economic and environmental indicators
(Bazarov, 1983; Dikanev and Efanov,
2006). The main task of the energy
analysis in agriculture is to assess the
expenses by type of energy and to
determine their share in the production of
individual crops.

Mineral fertilization costs (particularly
nitrogenous), occupy a substantial part of
the total energy costs and generally have
a positive effect on plant production
(Simon, 1980; Dashkova, 1991). In the
literature there are data from energy
analyzes for individual technological
elements and whole technologies in plant
growing (Korshunov et al., 1995). A
bioenergy efficiency indicator is the
bioenergy ratio (Segetova, 1983; Glogova
and Nankov, 2012; Nankov and Glogova,
2012).

Maize is main grain-forage crop for
the country. To the conditions of the
external environment, it is demanding in
terms of heat and moisture. For a large
part of the country, the temperature
conditions are favourable for it's
cultivation but the limiting factor is usually
precipitation, that is why they are crucial
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BasiexunTe, nopagn KoeTo Te ca OT peLla-
BaWo 3HayeHue (Zarkov, 2001; Koteva
and Varlev, 2003). LlapeBuyata ce oT/u-
YyaBa C MHOrO rosisiMa reHeTu4yHo obyc-
NOBEHa NPOAYKTUBHOCT 3a peanu3vpaHe-
TO Ha KOSITO, BNUSAHWE OKa3BaT PalioHbT C
XapakTepHute NOYBEHO-KNUMATUYHN
YC/I0BUSA U NpunaraHnTe arpoTexHnYecku
MEepOonpUATKS, cpes, KOUTo C 4OMUHMPALLO
3HauYeHMe e  MUHepasIHOTO  TOpeHe
(Toncheva et al., 2008; Nenova, 2010).
LlenTa Ha npoyyBaHeTOo e pfa ce
yCTaHOBM W3MEHeHWeTo Ha pgobuBa Ha
eHeprns ©n OuoeHepreTuyeckms koedu-
uneHT npu xmbpman KH-307 n KH-435, B
3aBWCMMOCT OT YC/I0BUSITA Ha OTrIeXAaHe.

MATEPWNAN N METO4WA

MpoyyBaHeTO € HanpaBeHO Mpes3
nepuoga 2014-2016 r. B ONMTHOTO Mosne
Ha VIHCTUTYT No uapesBuLaTa - KHexa.

O6eKT Ha nscnegBaHe ca xmopuau-
Te: KH-307 rpyna 200-400 no ®AO wu
rbcToTta 6500-7000 p/da n KH-435 rpyna
400-500 no ®AO u rectotn 6000-6500
p/da.

LlapeBnyata e oTriexgaHa npu
KOHTpOsieH BapuaHT 6e3 TopeHe (To) wu
OBe HumBa Ha TopeHe: NgsPs4Kes (T1) M
N17P108K128 (T2). MpunoxeHa e Bb3npue-
TaTa 3a palioHa arpoTexHuka. 3a onpe-
OeNsHe Ha eHepruiiHnsa aobus, e n3nons-
BaH €eHepruinHus eksmBaneHT 3a 1 kg
3bpHO — 14,6 MJ/kg 1 eHepruiiHn ekBmBa-
neHtn 3a Topa: N — 77 MJ/kg, P — 14
MJ/kg n K — 10 MJ/kg (Primental, 1984).
EHepruitHn pasxogmn 3a NgsPs4Kes — 794
MJ/da; 3a N17P10 K128 — 1588 MJ/da.

PE3SYNTATU N OBCbXOAHE

lMpn ecTecTBeHa 3anaceHoOCT Ha
nousata NoPoKo M rbctota Ha nocesa
6500 p/da, po6GMBBLT Ha eHeprus oOT
xnépug KH-307 ce vM3MeHs B rpaHuuute
oT 9256 MJ/da po 12658 MJ/da,
CbOTBETHO 3a BTOpara u nbpBarta rogmHa
Ha onuTa (Ta6nuua 1). MNpn TopeHe Ha
uapesuuata € NgsPs4Ks 4 M3CneasaHuAT
nokasaren Bapupa no roguHu. Mopo6bHo
Ha KOHTPOJIHUA BapuaHT U TYK Hali-HUCHK

(zarkov, 2001; Koteva and Varlev, 2003).

Maize has a very big genetically
determined productivity for the
implementation. The region characteristic
soil and climatic conditions and implement
agricultural activities, including dominant
importance fertilization influence on its
productivity (Toncheva et al.,, 2008;
Nenova, 2010).

The purpose of the study is to
establish the change of energy productivity
and the biological coefficient in hybrids Kn-
307 and Kn-435, dependening on the
conditions of growing.

MATERIAL AND METHODS

The study was conducted in the
period 2014-2016 in the experimental field
of Maize Research Institute - Knezha.

The subject of the study is the
hybrids Kn-307 group 200-400 FAO and a
density of 6500-7000 p/da and Kn-435
group 400-500 by FAO a density of 6000-
6500 p/da.

The maize was grown in a control
variant without fertilization (To) and two
fertilizing levels: NgsPs4Kes (T1) and
N;7P108K12s (T2). The agrotechnics
adopted for the region was applied. For
the determination of the energy vyield, the
energy equivalent for 1 kg grain — 14.6
MJ/kg and energy equivalents for the
fertilizer: N — 77 MJ/kg; P — 14 MJ/kg and
K — 10 MJ/kg (Pimental, 1984), were
used. Energy costs for NgsPs4Kes — 794
MJ/da; for N;7P10 K125 — 1588 MJ/da.

RESULTS AND DISCUSSION

In case of natural soil supply
NoPoKo and seed density 6500 p/da of
energy from the hybrid Kn-307 changes
within the range of 9256 MJ/da to 12658
MJ/da for the second and the first year of
the experiment (Table 1). When fertilizing
maize with NgsPs54Ke4 the studied
indicator varies in years. Like the control
variant, the lowest score was established
in 2015 — 12687 MJ/da, as the difference
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pesyntar e ycrtaHoBeH npe3 2015 r. —
KaTo pasnukata Mexay

12687 MJ/da,
HEero 1 To3u € Haii-B/coka CToMHOCT e 10%.

Tabnuuya 1. o6 Ha eHeprua, MJ/da
Table 1. Energy yield, MJ/da

between it and the one with the highest
value was 10%.

BapuaHTu CpegHo | % kbM T
Variants 2014 | 2015 | 2016 Average | %to T, CV%
KH-307/6500 p/da
Kn-307/6500 p/da
NoPoKo 12658 | 9256 | 10147 | 10687 100 13
Ng sPs.4Ke .4 13928 | 12687 | 14016 | 13544 127 4
N17P108K128 13958 | 12921 | 13607 | 13495 126 3
CpepgHo/Average 13515 | 11621 | 12590
CV% 4 14 14
KH-307/7000 p/da
Kn-307/7000 p/da
NoPoKo 11198 | 9037 | 9957 | 10064 100 9
Ng sPs.4Ke.4 13359 | 12571 | 14381 | 13437 133 6
N17P108K128 13607 | 13067 | 13432 | 13369 133 2
CpepgHo/Average 12721 | 11558 | 12590
CV% 8 15 15
KH-435/6000 p/da
Kn-435/6000 p/da
NoPoKo 10906 | 10249 | 11359 | 10838 100 4
Ng sPs.4Ke .4 13563 | 14016 | 15009 | 14196 131 4
N17P108K128 14279 | 14016 | 15038 | 14444 133 3
CpepgHo/Average 12916 | 12760 | 13802
CV% 11 14 12
KH-435/6500 p/da
Kn-435/6500 p/da
NoPoKo 11651 | 11330 | 11169 | 11383 100 2
Ng 5Ps.4Ke.4 13534 | 14775 | 16133 | 14814 130 7
N17P108K128 14133 | 14936 | 15651 | 14907 131 3
CpepgHo/Average 13106 | 13680 | 14318
CV% 7 12 16

OT HanpaBeHWUTe W34YUC/EHUA 3a
cpegHus fo6uB Ha eHeprns npy Tosa
HMBO Ha TOpeHe, CTOMHOCTTa My e 13547
MJ/da. B cpaBHEHME C KOHTPO/IHUA
BapuaHT Ty, Ta3n BENNYMHA € B NOBeYe C
27%. [JaHHuTe yb6eauTenHo nokasear, ye
yBe/iMyaBaHeTo Ha ToHOBaTa HopMma aga
NbTM — OT NgsPs4Kea HA N17P10gKiog HE
BOAM o cbliata cTeneH Ha
yBe/nMyaBaHe Ha fo6uBa Ha eHeprus.
UncneHaTa CTOMHOCT Ha TO3U nokasaren
Ce W3MeHs Mo roAuHW B rpaHuuuTe OoT

From the calculations for the average
energy yield at this level of fertilization, its
value was 13547 MJ/da. Compared to the
control variant T,, this value was 27%
more. The data convincingly show that
increasing the fertilizer rate twice — from
NgsPs 4Ke.4 10 Ni7P10 K128, does not lead
to the same degree of increase in energy
yield. The numeric value of this metric
varies from year to year in the range of
12921 MJ/da for 2015 to 13958 MJ/da for
2014. The average of the studied period,
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12921 MJ/da 3a 2015 r. go 13958 MJ/da
3a 2014 r. CpegHo 3a npoyysaHus
nepvog cnpsmo BapumaHTa 6e3 ynotpeba
Ha MUHepasieH Top, AOBMBBHT HA eHeprus
e B noeeye c 26%. Pasnukara mexay
[BeTe [o3n TOp e MuHUManHa — 1%.
EchekTbT OT cblaTta gosa top T, € Haii-
ronam — 39% npes BTopara ekcnepumeH-
TasiHa roguHa. CpefHO OT BCUYKM Ba-
puaHTV Ha oTrnex/jaaHe Ha uapesuuara c
Hali-ronam gobusB Ha eHeprust ot 13515
MJ/da, ce otnnuasa 2014 r. CpefHo oOT
TpuTe rogMHM Ha npoy4ysBaHeTo, koedu-
UMEHTBT Ha BapupaHe e C Hai-ronsma
CTOMHOCT NpW OTIIeXAaHe Ha LapeBu-
uata 6e3 TopeHe, cboTBETHO CV=13%.
3a gete HuBa Ha TOopeHe T; n T, TO3n
nokasaren e CV=4% n CV=3%. CpegHo
OT KOHTpO/IHUA BapuaHT T, U [ABeTe
KomOuHaumm Top T; n T, BapupaHeTo Ha
JobmBa Ha eHeprns, € Hai-masko
CV=4% 3a 2014 r. 3a cnegpawurte nse
roAvHW TO3M NnokasaTes ce xapakTepusun-
pa c egHakBM cToliHOCTM CV=14%.

Mpu oTrnexpaHe Ha uapesuuaTa
npu ecTecTBeHa 3anaceHOoCT Ha rnoysara
NoPoKo 1 rbcToTa 7000 p/da, A06MBBT Ha
eHeprus npu xmbpug KH-307 e Hait-ronam
11198 MJ/da 3a nbpBarta rogmHa Ot nNpo-
yyBaHeTO M Hai-masbk 9037 MJ/da 3a
BTOpaTa roguHa. M3nonssaHeTo Ha Mu-
HepasieH Top B cboTHOLWEHUE NgsPs4Ks 4
oKa3Ba pas/IMyHO B/IMSHUE BbpXY fo6uBa
Ha eHeprua npes oTAeNHUTE TOAUHMW.
To3un nokasaTen ce M3MeEHS B rpaHulaTa
oT 12571 MJ/da 3a 2015 r. po 14381
MJ/da 3a 2016 r. YBenuueHmeTo Ha Ao-
6uBa Ha eHeprus B pe3ynrtar OT eanHWY-
Hata posa Top T; e 44% 3a Tpertara
roguHa Ha wu3cnefBaHeTo. [aHHuTe B
Tab6nuuya 1 nokasear, 4ye AeNCTBMETO Ha
yasoeHata fosa Top Ni;PiogKizs HE ce
pasnuyaBa CbLECTBEHO OT ToBa Ha
efuHnyHata Toposa Hopma NgsPs 4Ke 4.
TopeHeTo C N;7P108Ki12s yBENMUaBaA
[obrBa Ha eHeprus CnpsiMO KOHTPOHUA
BapuaHT, CbOTBETHO C 21%, 44% un 35%.
B cpaBHeHMe C u13MNon3BaHeTO Ha Mo-
HMCKaTa fo3a Top edekTa OT TOPEHETO C
N17P10,8K12,8 e 2% n 4% 3a nopBata "

compared to the non-fertilizer variant, the
energy vyield is 26% higher.

The difference between the two fertilizer
doses is minimal — 1%. The effect of the
same T, fertilizer is 39% in the second
experimental year. On average all
cultivation variants for maize with the
highest energy yield of 13515 MJ/da was
in 2014. On the average of the three
years of the study, the coefficient of
variation has the highest value in non-
fertilizing maize, respectively CV=13%.

For both fertilization levels T, and T, this
indicator is CV=4% and CV=3%. On
average, from the control variant T, and
the two combinations of fertilizer T, and
T,, the variation in energy yield is the
least CV=4% for 2014. For the next two
years, this indicator is characterized by
the same values CV=14%.

When growing maize under natural
soil supply NoPoKo and a density of 7000
p/da, yields of energy from the hybrid
Kn-307 is the highest 11198 MJ/da for
the first year of the study and the smallest
9037 MJ/da for the second year. The use
of mineral fertilizer in the NgsPs4Ke4
proportion has different impacts on
energy yield in individual years.

This indicator changes in the range from
12571 MJ/da for 2015 to 14381 MJ/da for
the 2016. The increase in energy yield as
a result of a single T, fertilizer dose is
44% for the third year of the study. The
data in Table 1 show that the action of
the double dose of fertilizer T, does not
differ significantly from that of the single
fertilizer T;.

Fertilization with N;;P1pgK;i2g increases
the vyield of energy compared to the
control variant, respectively 21%, 44%
and 35%. Compared to the lower fertilizer
use, the effect of fertilization with
N17P10,8K12,8 is 2% and 4% for the first
and second year of the experiment and
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BTOpaTa roAvHa OT TMpoBexjaHe Ha
onuta, a 3a TpeTtarta roguHa, passvkara
oT 7% e B No/si3a Ha eANHUYHaTa TOopoBa
Hopma T;. CpegHo 3a nepuoja Ha
uscnegBsaHe, AOelCTBMETO WM Ha JBeTe
[o3un Top e 33% B cpaBHEHME C BapuaHTa
6e3 ynotpeba Ha MYHepasieH Top.

KoethyumeHTbT Ha BapupaHe Ha
npoyyYBaHUsl mokasaTen € C Hai-ronsma
cTOMHOCT npe3 2015 r. n 2016 r. —
CV=15%. CpepgHo 3a TpuTe roguHu OT
u3BexjaHe Ha onuta 3a OoTAesHuTe
BapuaHTui, Tasu BesiMyMHa Mma CTOMHOC-
" kakTo cnepgga: CV=9% 3a koHTponaTa
To; CV=6% 3a TOpeHe C N8'5P5y4Key4 n
CV=2% 3a N17P10,8K12,8-

Xubpug KH-435 e oTrnexgaH npu
rbctotm 6000 p/da m 6500 p/da. Mpu
oTrnexjaHe Ha Lapesuuata 6e3 ynoTpe-
6a Ha MMHepaneH Top, 4OOUBBLT Ha eHep-
rMsa e no-rofiiM npy rbCcToTa Ha nocesa
6500 p/da. Pasnukata no roguHu e 7% u
10% 3a nbpBUTE ABE rOAMHN Ha onuTa, a
3a TpeTtaTta — 2% B nof3a Ha no-maskara
rbCTOTa. TOPEHETO Ha LiapeBuyHUTE pac-
TeHns ¢ NgsPs4Ks 4 M3MEHA NpoyyBaHus
nokaszaten ot 13563 MJ/da 3a 2014 r go
15009 MJ/da. EdpekTbT OT Tasm TopoBa
HopMa e 37% 3a BToparta ekcrnepumeH-
TasHa roguHa. OT NOCOYeHUTe AaHHU ce
BMXAa, Ye cpesHOo 3a nepuoja, ysesmye-
HVWeTo B pe3yntar Ha TopeHeTo e 31%.
Mpu rectoTta 6500 p/da, gencTBrMeTo Ha
cblyaTa KombuHauusa Top e no-gobpe us-
paseHo. Pa3sfivkaTa B CpaBHEHWE C KOH-
TPOJIHUA BapuaHT e B guanasoH ot 16%
[0 44%, cbOTBETHO 3a NbpBaTa 1 TpeTta-
Ta rogvHa Ha ekcnepumeHTtanHara pabo-
Ta. CpegHaTta CTOMHOCT OT ediekta Ha
Topa e nouytn egHaksa ¢ Tasu npu 6000
p/da — 30%.

[JaHHuTe npeactaBeHn B Tabnuua
1 y6éeautenHo nokaseart, ye ynotpebaTa
Ha ABeTe [031 TOp OoKa3Ba MosIOKUTESTHO
BNMSAHME BbPXY [n[00MBA Ha eHeprus.
YpaBoeHata TopoBa Hopma T, nosullasa
npoyysaHua nokasaren ¢ 31%, 38% un
32% — 3a nbpBaTa, BTOpara v TpetaTta
roguHa npu rectota 6000 p/da. Tosu
pesyntar 3a no-rofsMara rbcrtota oOT

for the third year the difference of 7% is in
favour of the single fertilizer T,. On
average for the studied period the action
of both doses of fertilizer is 33%,
compared to the non-mineral fertilizer.

The coefficient of variation of the
studied indicator has the highest value in
2015 and in 2016 - CV=15%. On
average for the three years of the
experiment for each variant, this quantity
has values as follows: CV=9% for control
To; CV=6% for fert|I|Z|ng with N8'5P5y4Key4
and CV=2% for N17P10Y8K12'3.

Hybrid Kn-435 is grown at seed
density 6000 p/da and 6500 p/da. When
growing maize without the use of mineral
fertilizer the energy vyield is higher at seed
density 6500 p/da. The difference in
years is 7% and 10% for the first two
years of the experiment and for the third
2% in favour for the lower density.
Fertilization of maize plants with
NgsPs4Ke 4 Changes the studied indicator
by 13563 MJ/da for 2014 to 15009 MJ/da.
The effect of this fertilizer rate is 37% for
the second experimental year. From the
mentioned data it can be seen that on
average, the increase as a result of the
fertilization is 31%. At 6500 p/da density,
the action of the same (fertilizer
combination is better expressed. The
difference compared to the control variant
ranges from 16 to 44%, respectively for
the first and third year of experimental
work. The average value of the fertilizer
effect is almost the same as the one at
6000 p/da — 30%.

The data presented in the Table 1
convincingly show that the use of both
doses of fertilizer has positive effect on
the yield of energy. The doubling fertilizer
dose T, increases the studied indicator by
31%, 38% and 32% for the first, second
and third year at a density of 6000 p/da.
This result, for the larger density of 6500
p/da, is 21%, 32% and 40%, respectively.
On average for the period at both
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6500 p/da, cboTBETHO € 21%, 32% W1
40%. CpefHo 3a nepuoga v npu asete
rbCTOTU, AECTBMETO M Ha ABeTe KoMOu-
Haumu Top e noyTtn egHakeo — 30-33%.

CpegHo 3a nepuoga, koeduuneH-
TbT Ha BapupaHe € C MWUHUMAHU
cToliHocTM oT CV=2% po CV=7%. lo
roAvHW TO3U NnokasaTes € CbC CTONHOCTK
Mexny CV=7% n CV=16%, CbOTBETHO 3a
nbpBarta 1 TpeTaTta roguHa.

CToiiHoCcTMTE 3a BGuoeHepreTuyec-
Kns koeduumeHT Ha xubpugute KH-307 1
KH-435 npu CbOTBETHUTE ICTOTU N HMBA
Ha TopeHe ca npepcrtaBeHn Ha Tabnuua
2. 3a xubpug KH-307 n rbctota 6500
p/da, To31M nokasartesn Bapupa B rpaHu-
yata ot 1,6 3a 2014 r go 4,9 3a 2016 .
YBennuaBaHeto Ha KO/IMYECTBOTO TOp
BOAM W [0 MO-roflieMn pasxoau Ha eHep-
rms B/IOXKeHa B Topa. B pesynrtar Ha ToBa
Ce HamassiBa M 4yucrieHata CTOMHOCT Ha
6uoeHepreTuyeckust koeduuneHT. Haii-
ronamo 53% e HamasieHneTo My 3a BTO-
pata n 45% 3a Tpertara roguHa. CpegHo
3a nepvoja, npoy4ysaHusa KoeuuueHT e
3,6 3a BapuaHT NgsPs 4K 4, @ 38 TOPEHE C
N17P10,8K12,8 e 1,8. o rognHn cpeagHo oT
[BeTe [03M TOp CTOMHOCTTA Ha Tasu
BennumHa e 1,2 3a 2014 n 3,5 3a 2016 .
MopobHa TeHAeHUUs Ha WM3MeHeHMe Ha
TO3M nokasaTen ce Hab6nwgasa u npu
rbctoTa 7000 p/da. YvucneHata my cToit-
HOCT ce u3MmeHsa oT 2,7 o 5,6 — a cpef-
HaTa 3a BapuaHT Ty, e 4,2. OTrnexgaHeTo
Ha uapeBuuaTa nNpu ABa MbTU MNO-TOMSAMO
Konnyectso MuHepasieH Top Ni7PiogKizg
OTHOBO BOAM [0 HamansiBaHe Ha 6uo-
eHepreTmyeckms koeguuMeHT nofgo6HO Ha
TO3u npu rbctota 6500 p/da.

densities the action of the fertilizer
combinations is almost the same -

30-33%.
On average for period, the
variance coefficient for the individual

variants has minimum values of CV=2%
to CV=7%. By years, this indicator ranges
between CV=7% and CV=16%, respectively
for the first and the third year.

The values for the bioenergetic

coefficient of the hybrids Kn-307 and
Kn-435 at the respective densities and
fertilization levels are presented in Table
2. For Kn-307 hybrid and 6500 p/da
density this indicator ranges from 1.6 for
2014 to 4.9 for 2016. Increasing the
quantity of fertilizer also leads to higher
energy costs in fertilizer. As a result the
numerical value of the bioenergetic
coefficient is also reduced. The highest is
the reduction for the second — 53% and
45% for the third year.
The average for the period studied
coefficient is 3.6 for the variant
NgsPs4Kes; and for fertilizing with
Ni7P10gKi2g is 1.8. Yearly, average of
both fertilizer doses, the value of this
quantity is 1.2 for 2014 and 3.5 for the
2016. A similar tendency of change of
this indicator is also observed at a density
of 7000 p/da. Its numeric value varies
from 2.7 to 5.6 and the average for
variant T, is 4.2. Cultivating maize at
twice the amount of N;7P10gK;2 mineral
fertilizer again leads to a decrease in the
bioenergetic coefficient, similar to the one
at density 6500 p/da.
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Tabnuua 2. bBuoeHepreTU4eckn KoeqULMNEHT

Table 2. Bioenergetic coefficient

Bapuanu 2014 | 2015 | 2016 | CPEAHO | cygq
Variants Average
KH-307/6500 p/da
Kn-307/6500 p/da
NgsPs4Kes (T1) 1.6 4.3 4.9 3.6 39.7
N17P108K128 (T2) 0.8 2.3 2.2 1.8 37.8
CpepgHo/Average 1.2 3.3 3.5
CV% 42.5 30.3 38.6
KH-307/7000 p/da
Kn-307/7000 p/da
NgsPs4Kea (T1) 2.7 4.4 5.6 4.2 28.3
N17P10,8K12’8 (Tz) 1.5 25 22 21 200
CpepgHo/Average 2.1 3.4 3.9
CV% 28.6 30.0 43.6
KH-435/6000 p/da
Kn-435/6000 p/da
NgsPs4Kea (T1) 3.3 4.7 4.6 4.2 15.2
N17P10,8K12’8 (Tz) 21 24 23 23 69
CpepgHo/Average 2.7 3.5 3.4
CV% 22.2 32.9 33.8
KH-435/6500 p/da
Kn-435/6500 p/da
NgsPs.4Kea (T1) 2.4 4.3 6.2 4.3 34.9
N17P108K128 (T2) 1.6 2.3 2.8 2.2 21.8
CpepgHo/Average 2.0 3.3 4.5
CV% 20.0 30.0 37.8
3a xubepug KH-435 n rbcToTa For Kn-435 hybrid and density

6000 p/da 6uoeHepreTnyeckusaT koedm-
umMeHT Bapupa ot 3,3 go 4,7 3a eau-
HuyHaTa po3a Top (T,), a 3a yaBoeHarta
(T2) ot 2,1 po 2,4. 3a rectoTa 6500 p/da
NpOoy4YBaHWUAT Mokasaren u 3a BeTe HuBa
Ha TopeHe T1 1 T, C No-rosieMu CTOMHOCTYU
ce OT/IMyaBa TpeTaTa roguHa Ha onuTta.
3a eauHuyHata fo3a NgsPs4Kss uncrie-
HaTa CTOMHOCT Ha Tasn BenunynHa e 6,2;
3a yasoeHata Ni7P1pgKios — T € 2,8.

CpegHo 3a nepuoga CTOMHOCTTa
Ha npoyyBaHus MnokasaTen e obparHo
nponopLMoHanHa Ha YABOEHOTO KOoNu-
YeCcTBO TOp, CbOTBEeTHO 4,2 Ha 2,3 3a
rbcToTa 6000 p/da u 4,3 Ha 2,2 3a 6500
p/da.

CTteneHTa Ha BapupaHe Ha 6uO-
eHepreTnyeckns koeuumeHT no roguHu

6000 p/da bioenergetic coefficient ranges
from 3.3 to 4.7 for the single dose of
fertilizer (T;) and for the double (T;) from
2.1 to 2.4. For a 6500 p/da density the
studied indicator for both fertilizer levels
T, and T, with higher values is the third
year of the experiment. For the single
dose NgsPs4Ks4 the numerical value of
this quantity is 6.2, and for the double
N17P10'8K12’8 iS 2.8.

Average for the period the value of
the surveyed indicator is inversely
proportional to the doubled fertilizer, 4.2
to 2.3 for a density 6000 p/da and 4.3 to
2.2 for 6500 p/da, respectively.

The degree of variation of the
bioenergetic coefficient by years and
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1N BapuaHTu e B pe3yntaTr OT B/IMAHMETO
Ha MEeTEeoposIorTMYHUTE YC/IOBUA, KakTo
BbpXy BenuuMHata Ha pfobuBa, Taka u
BbpPXYy e(IeKTUBHOCTTA Ha MUHEPASIHOTO
TopeHe. CpeflHO 3a nepuoja uyncreHara
CTOMHOCT Ha TO3M nokasartesl ce U3MeHSs
B gmanasoH ot CV=6,9% go CV=39,7%.
CpegHo OT [ABeTe HMBa Ha TOpeHe
buoeHepreTMyecknss  koeUUUEHT  ce
n3meHs ot CV=20% po CV=42,5% - 3a
nbpBara rofvHa, a 3a Bropara e Mexmny
CVv=30% wn CV=32,9%. 3a Tpertara
rofvHa Ha onuTta, NpoyyBaHnsa KoetuLumeHT
Bapupa mexay CV=33,8% n CV=43,6%.

n3BOAN

3a xubpug KH-307 1 rbctoTta 6500
p/da MuHepanHoTO TOpeHe yBennuasa
[obuBa Ha eHeprusa ¢ 27-26%, CbOTBETHO
3a BapunaHTu NgsPs4Ksa Y N17P10sKi12s 1
¢ 33% B pe3ynTart Ha ABeTe 003 Top T 1
T, n rectoTta 7000 p/da.

Mpu aBeTe HMBaA Ha TopeHe T, n T,
n pasete rbctotm 6000-6500 p/da 3a
xnopug KH-435, gO6GMBLT Ha eHeprusi € B
nogeye ¢ 30-33% B cpaBHeHMe C
KOHTponata Ty.

CpefHo 3a nepuoja Ha TopeHe C
NgsPs4Ke s OMOEHEpPreTnyeckuaT Koedn-
umeHT 3a xubpug KH-307 ce m3ameHs ot
3,6 oo 4,2. 3a ynBoeHaTa p[o3a Top
N;7P108K128 TO3M Mokasaten sapupa OT
1,8 po 2,1. Mo roanHn 6UoeHepreTu-
YecKMAT KoeUUMEHT € C Hali-HucKa
cToliHocT 0,8 3a BapuaHT T, 1 6500 p/da
3a nbpBarta rogvMHa u Hali-Bucoka 5,6 3a
T, n 7000 p/da 3a TpeTaTa roguHa.

3a KH-435 1 6000 p/da n3cnenBa-
HUAT nokasaTesl ce U3MeHs B AnanasoH
or 42 po 2,3 — 3a eguHnyHata T, un
yaBoeHaTa fo3a Top T,, a 3a recrorara
6500 p/da Te3n CTOMHOCTM ca CbOTBETHO
43122

variants is a result of the influence of
weather conditions on both the yield
value and the efficiency of mineral
fertilization. On average the numeric
value of this indicator varies from CV=6.9
to CV=39.7. On average from the two
fertilization levels the bioenergetic
coefficient changes from CV=20% to
CV=42.5% in the first year and the
second is between CV=30% and
CV=32.9%. For the third year of the
experiment studies coefficient varies
between CV=33.8 and CV=43.6.

CONCLUSIONS

For Kn-307 hybrid and density of
6500 p/da mineral fertilization increases
the yield of energy by 27-26% for variants
T, and T, and by 33%, respectively as a
result of the two doses of fertilizer T, and
T, and density of 7000 p/da

At both fertilization levels T, and T,
and the two densities 6000-6500 p/da for
the hybrid Kn-435 the yield of energy is
30-33% more than the control (Ty)

Average for period the fertilization
with Ng 5Ps 4Ke 4 the bioenergetic
coefficient for the hybrid Kn-307 changes
from 3.6 to 4.2. For doubled fertilizer
N17P108K12 g this indicator ranges from 1.8
to 2.1. For years the bioenergy coefficient
is with the lowest value of 0.8 for the T,
variant and 6500 p/da for the first year
and the highest of 5.6 for the T, and 7000
p/da for the third year.

For Kn-435 and 6000 p/da the
surveyed/studied/investigated indicator
changes from 4.2 to 2.3 for the single T,
and the double dose of fertilizer T, and for
density of 6500 p/da these values are: 4.3
and 2.2, respectively.
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