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PE3IOME

Mpe3 nepuoga 2014-2016 rogmHa e
n3BefeH MoJsICKU onuT B OMWUTHOTO Mose
Ha WIMK3-TposiH, B KONTO € npoy4yeHo
BNIMSAHUETO Ha pacTexHuTe perynaropwu
PEHW, PEHW D n 6unotoposete bopmakc
n MonubaeHnT, npunaraHn BbB asza
O6yTOHM3auns  BbpPXy TpeBoCcTOM  OT
3Be3faH 1 6ana getesnivHa.

[JaHHuTe OoT 60TaHWYHUS aHanu3 Ha
3Be3flaHa W 6Ganata feTesiMHa g[okasBaT
BMAOBA pasfmka u cneundryHa peakums Ha
[BeTe KyNnTypu KbM [AENCTBUETO Ha BKJ/IHO-
yeHWTe B ekcnepuMeHTa npenapartu. JlucT-
HO NPWIOXeHW, perynatopute CTumynupar
NO-BMCOKO y4acTUeTO Ha 3Be3faHa B TPeBo-
CcToWTe, CPaBHEHO C ToBa Ha 6sinaTa fete-
NviHa. NpenapaTtbT BopMakc okasa Haii-cui-
HO MOJIOXWTE/IHO B/IMSIHUE BbPXY OTHOCK-
TENHUAT AN Ha ypaxHuTe TpesBu npes
nbpBaTa rogyHa OT pacTexXHus UMKbA. 3a
neprofa Ha npoyysaHe MPUCHLCTBMETO Ha
Lotus corniculatus L. B TpeBHaTa acounaums
€ TMOB/IMSIHO B Hall-BMCOKA CTeneH OT
pactexHusa perynatop PEHW D, a Buga
Trifolium repens L. oT 6uocTumynupawata
dyHKUMs  Ha npenapata  MonunbaeHwuT.

SUMMARY

During the period of 2014-2016 in the
experimental field at RIMSA-Troyan was
conducted a field experiment. The influence
of growth regulators RENI, RENI D and
biofertilizers Bormax and Molibdenit was
studied, applied in the bud formation period
on grasslands of bird’'s-foot-trefoil and white
clover.

Data of the botanical analysis prove
the species differences and specific
reaction of both crops to the action of the
preparations, included in the experiment.
The regulators, with foliar application,
encourage the higher participation of
bird's-foot trefoil in grasslands, compared
with the white clover. Bormax had the
greatest positive impact on the share of
forage grasses in the first year of growth
cycle. For the period of study, the
presence of Lotus corniculatus L. in the
grass association was influenced at the
highest level by the growth regulator RENI
D, and species of Trifolium repens L. by
the biostimulating function of Molibdenit.
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OT gaHHMTe 3a MOPPOJIOTNYHMSA CbCTaB Ha
TPEBOCTOWTE CTaBa SICHO, Ye M3cneBaHuTe
perynatopu okas3aT no-cnabo BAvsiHUE
BbpXy MpOLEHTa Ha /nUcTHaTa Maca B
[JeTeNuHoBMTE TPEBOCTOW, [0KAaTo BbLB
chypaxa Ha 3Be3gaHa nuctata npeobnaja-
Bat (53% ot obuara ypaxHa maca) cnps-
MO cTbOnara. Hai-ronsiMo nosoXuTesHo
B/IMSIHME BBbPXY KOMYECTBOTO JIMCTHA Maca
okasa 6uoTopbT MonnbaeHuT (3a 3Be3pa-
Ha) U KombuHaumata ot PEHW+PEHW D
npu 6sinata getenuHa. PactuTtesiHata 6uo-
Maca Ha 3BesfaHa TpeTupaHa ¢ npenapata
Bopmakc uma Hali-BUCOKa CMWUIAEMOCT Ha
cyxoTo BelectBo (703,1 g kg' CB), a
NOMIOXMTENIHOTO B/IMSIHUE HA CbCTaBUTE
PEHW D ocurypumxa Hali-BMCOKO Ka4yecTBO U
cMunaemoct (729,2 g kg' CB) Ha
dhypaxHaTa maca OT AeTeIMHOBU PacTeHus.
KntouoBn  aymm:  GUMONOTMYHO-
aKTMBHU BellecTBa, Lotus corniculatus L.,
Trifolium repens L., MOpd0ONOrnyHu
0CO6EHOCTK, BIAKHHWUHWN KOMIMOHEHTH

YBO/[,

B nnaHuHCKM ycnosus, u3non3sa-
HETO Ha MHOroroguHn 6060BU NUBaAHU
TPpEBM € TACHO CBbp3aHO C TAXHaTa
YCTONYMBOCT, afanTuBHa CMOCOGHOCT U
npexmnssemMocT. Lotus corniculatus L. n
Trifolium repens L. ca npuopuTeTHN BUAO-
Be 3a paiioHa Ha CpepgHa Ctapa nnaHu-
Ha. MNpoAyKTMBHOCTTA UM € NPOAMKTYBaHa
OT LLeHHUTE BMONOTUYHM 1 MOPHOTOTNYHN
ocobeHocTn. TS ce BMAe OT TaxHaTa
OT3VBYMBOCT KbM LUMPOKO MpuiaraHuTe
arpoTeXHUYECKN M arpoxXMMumyeckn mepo-
npuaATUA € Len noBuwasBaHe aobwsa U
nogobpsiBaHe Ka4yecTBOTO Ha duypaHaTa
6uomaca.

TexHonorunte 3a 6MOMOTUYHO MpPO-
M3BOACTBO Ca B OCHOBaTa Ha CbBPEMEH-
HOTO 3emefenve, 3awWoTo akueHTmpart
BbPXY M3MOJI3BAHETO Ha Guomarepuanu,
KOMTO CTUMYyNUpaT pacTtexa u pa3ButmeTo
Ha pacTeHusiTa U OCuUrypsisBat BUCOKU U
KayeCTBEHW [06UBM OT CENCKOCTONAHCKM-
Te KynTypw.

Mpenapatnte PEHW, PEHWN D,
Bopmakc 1 MonnbaeHUT ca npu3HaTu 1
0[00peHn TeyHun OuocTUMynaTopu Ha

The morphological composition data of
grasslands make clear that studied
regulators had a less impact on the rate of
foliage in clover grasslands, while leaves
were predominant in bird’'s-foot trefoil
forage (53% of the total forage) in
comparison to stems. Molibdenit (for the
bird's-foot trefoil) had the greatest positive
influence on the amount of foliage, and
the combination RENI + RENI D for the
white clover. Plant biomass of bird’'s-foot
trefoil treated by Bormax had the highest
dry matter digestibility (703.1 g kg™ DM),
as the positive effect of RENI D provided
the highest quality and digestibility (729.2
g kg™ DM) of the forage mass of clover
plants.

Key words: biologically active
substances, Lotus corniculatus L.,
Trifolium  repens L., morphological
features, fiber components

INTRODUCTION

In mountain conditions, the use of
legume perennial meadow grasses is
closely related to their sustainability,
adaptive capacity and endurance. Lotus
corniculatus L. and Trifolium repens L. are
priority species for the region of the
Central Balkan Mountain. Their
productivity is dictated by their valuable
biological and morphological
characteristics. It is influenced by their
responsiveness to the widely applied
agricultural and agrochemical activities in
order to increase the yield and improve
the quality of forage biomass.

The organic production
technologies are the basis of modern
agriculture because they focus on the use
of biomaterials that stimulate the growth
and development of plants and provide
high and quality yields of agricultural
crops.

Preparations, such as RENI, RENI
D, Bormax and Molibdenit are recognized
and approved liquid growth biostimulators
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pacTtexa 3a Nnpou3BOACTBO Ha 6MOMorny-
Ha npoAykumsa. Pesyntatute OT aHanu3un-
Te Ha Minev et al. (2011) couart, 4e cnepg,
TpeTvpaHe Ha doypaxeH rpax copT Mup ¢
Monnbaennt n PEHN+B cToliHOCTUTE Ha
CypOoBUSA NPOTENH ce nosuwwasart ¢ 6,0% u
3,4%, pokaTto copT Becena pearvpa Haii-
Jobpe npu n3NUTBaAHETO Ha MaHraHoB
xenat, MonubéaeHut n bopmakc, kaTo
yBenuyeHneto e 13,3%, 7,5% un 6,7%.
Buoctumynatopute okasBar  BAUSHUE
BbpXYy CTPYKTYpPHUTE  €/IEMEHTU  Ha
pobuea (Chourkova, 2008; Sabev and
Pachev, 2008) kaTo 3acunBatr obmsiHaTa
Ha BellecTBarta, yCBOsIBAHETO W npepas-
npefeneHneTo Ha XpaHuTenHute ene-
MeHTU B pactutenHmsa opraHusbm (Nickel,
1982). B T03u cmucbn Dzimotudis et al.
(2008) npoyyBaT BB3MOXHOCTUTE Ha
PEHW n PEHW A Bbpxy pactexa u npo-
OYKTUBHOCTTA Ha rpajiHCKu rpax, Tpetu-
paH BbB (ha3a 6yToHM3aLMA 1 HaYas10 Ha
ubtex ¢ gosa 200 ml/da. AHann3bT Ha
MOPPONOTMYHNTE AaHHWU COYM NoBULLABA-
He TersioTo Ha eflHo pacTeHue, KakTo U
6pos n Ternoto Ha 6o6oBeTe. lNMpenapa-
TUTE KOMNEeHcupaT BANAHNETO Ha Hebna-
ronpusATHUTE (PakTopu Ha OKosiHaTa cpe-
Ja 3a nonyyaBaHe Ha MPOAYyKUMA C MoO-
[06pY TEXHOOTMYHM N BKYCOBU KayecTBa
(Popov and Dzimotudis, 2007). PacTtex-
HUTe perynatopu o1 rpynara PEHW,
yBesiMyaBaT CKOpOCTTa Ha (pOTOCMHTEe3a-
Ta U HaTpynBaHETO Ha MOSIMBJEH B 3bp-
HOTO Ha (pacyna, KOeTo NpPoBOKMpa Hero-
BUA NO-A400bp MbpBOHAYasIeH pacTex
(Popov et al., 1999). lMpeanoceBHaTa
06paboTka Ha CcemeHaTa Ha 3umyBall,
rpax ¢ MonmbaeH ce oTpassiBa MNOJIOXU-
Te/IHO Ha pacTexa 1 pasBUTUEeTO, NPoayK-
TMBHOCTTa N f06MBa Ha 6enTbK B pactu-
TenHua opraHnsbMm (Popov et al., 1994).
YBenuuaBaHe fobvBa cemMeHa OT ecnap-
3eTa ¢ 25%, Kb/iHAeMara eHeprusa N Kbii-
HAemocTTa ¢ 40 n 16%, n abcontTHOTO
Terno Ha cemeHarta ¢ 23% cnep TpeTupHe
¢ 6VoNoOrMYHO-aKTMBHM BellecTBa, ycTa-
HoBsiBaT Vasileva n Kertikov (2001; 2004).
B nnaHuWHCKWTE YCNOBWSA KOHKypeTHara
CMOCOBHOCT, yCcTouMBOCTTA W AbArO-

for the production of organic products.
The results of the analyzes of Minev et al.
(2011) suggest, that after treatment of
field pea "Peace" variety with Molibdenit
and RENI + B, the values of crude protein
increased by 6.0% and 3.4%, while
"Vesela" variety responded best to
Manganese chelate Molibdenitee and
Bormax, as the increase was by 13.3%,
7.5% and 6.7%. Biostimulators affect the
yield structural components (Chourkova,
2008; Sabev and Pachev, 2008) by
increasing metabolism, absorption and
redistribution of nutrients in the plant
organism (Nickel, 1982).

In this sense Dzimotudis et al. (2008)
explored the possibilities of RENI and
RENI A for growth and productivity of
peas, treated in the bud formation period
and beginning of flowering at a dose of
200 ml/da. The morphological data
analysis shows an increase in weight of a
plant, as well as the number and weight of
pods. Preparations compensate the
impact of adverse environmental factors
in production of products with better
technology and taste qualities (Popov and
Dzimotudis, 2007).

Growth regulators of the group of RENI
increase the rate of photosynthesis and
the accumulation of molybdenum in the
seeds of beans, which provokes its better
initial growth (Popov et al.,, 1999). Pre-
sowing treatment of seeds of wintering
peas by Molybdenum has a positive
influence on growth and development,
productivity and yield of protein in plant
organism (Popov et al., 1994).

Vasileva and Kertikov (2001; 2004) found
an increase in the seed yield of sainfoin
by 25%, germination energy and
germination rate by 40% and 16%, and
the absolute weight of seeds by 23% after
treatment  with biologically  active
substances. In mountain conditions, the
competitive  ability, sustainability and
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TpaiHOCTTa Ha BWAOBETE, CbOTBETHO
reHotTunosete 6060BM TpeBW B CATUTE
TpeBOCTOU, NOBAMABAT MPOLYKTUBHOCTTA
N XpaHuTenHaTta cToiiHocT (Goranova,
2007) Ha duypaxa. MopdonornyHara
XapakTepucTnka Ha 6060BUTE TPEBU €
pakTop, KOMNTO BAWSE BbPXY OCHOBHU
KayeCTBEHV NapamMeTpu Ha nojy4vyeHarta
6uomaca — CbAbpXKaHME Ha MNPOTENH,
B/IAaKHVHWN KOMMOHEHTW 1 CMUIAeEMOCT Ha
CYXOTO BeLLeCcTBO. KauyecTBoTO Ha pacTtu-
TefHaTa mMaca e B TsiCHa 3aBUCUMOCT OT
Ce30HHUTe KonebaHua B palioHa Ha
oTrnexpgaHe, 60TaHMYECKNTE 0COBEHOCTYU
Ha pacTeHusiTa CBbP3aHU C HaTpyrnBaHeTo
Ha Lenyno3a Ha onpefesnieH etan oT Bere-
TayusTa MM U OT CbOTHOLIEHWETO JNC-
Ta:.ctbbna (Kicheva and Angelova, 2006;
Badrzadeh et al., 2008; Larbi et al., 2010).

Llenta Ha HacToALWOTO MpPOy4YBaHe
€ Ja ce YCTaHOBM B/IMSAHUETO Ha
pactexHute perynatopu PEHW, PEHW D
n 6uotopoBeTe bopmakc n MonmbaeHwuT,
BbpPXY 6MONOTMYHNTE, MOPMIOSIOTUYHUTE U
KauyeCTBEHW XapakTepucTukm Ha 3Be3faH
n 6sna getennHa.

MATEPWNAN N METO4WA

Mpe3 nepuopa 2014-2016 rogvHa B
ONUTHOTO Nosie Ha VIHCTUTyTa Nno naaHuH-
CKO XWBOTHOBBLACTBO W 3emegenue -
TposiH e NpoBeAEH MOJICKMA ONUT CbC 3BE3-
JaH 1 6sna getesMHa TpeTupaHu c pac-
TexHute perynatopn PEHW, PEHN D wu
6uoToposeTe bopmakc n MonnbaeHuTt
npu HenonmeHu ycnosus. CewutbaTta e
OoCblUecTBeHa B ONTUMAIHUA arpoTexXHU-
Yyecku CpPOK, PbYHO NpU MakcumMasiHa vuc-
TOTa U Kb/IHAEMOCT Ha CeMeHaTta B Hopma
1,2 kg/da 3a gBete 6060BuM KynTypu. Onu-
TbT € M3BEAEH B YETUPU MOBTOPEHUs, C
rofieMrHa Ha pekonTHaTa napuenka 5 m?,
npu cnegHute BapuaHTu: 1. KoHTpona —
HeTpeTupaHa; 2. PEHW - 200 ml/da; 3.
PEHW D — 200 ml/da; 4. PEHW + PEHW D —
100+100 ml/da; 5. bopmakc - 200 ml/da; 6.
Monmbégennt — 200 ml/da; 7. Bopmakc +
MonnéaeHunt - 100+100 ml/da.
TpeTupaHeTo No BpeMe Ha Beretaumsra e
U3BbPLWEHO BLB (haza OyToHM3aLMA Ha

permanence of species, respectively
genotypes of legume grasses in sown
grasslands  affect productivity and
nutritional value (Goranova, 2007) of
forage. The morphological characteristics
of legume grasses is a factor that
influences on the main quality parameters
of the obtained biomass — protein content,
fiber components and dry matter
digestibility. The quality of plant matter is
highly dependent on seasonal fluctuations
in the region of cultivation, botanical
characteristics of the plants associated
with the accumulation of cellulose at a
particular stage of their vegetation and the
ratio of leaves:stems (Kicheva and
Angelova, 2006; Badrzadeh et al., 2008;
Larbi et al., 2010).

The aim of the present study was to
determine the effect of growth regulators,
such as RENI, RENI D and biofertilizers
Bormax and Molibdenit on biological,
morphological and qualitative characteristics
of bird’s-foot-trefoil and white clover.

MATERIAL AND METHODS

During the period of 2014-2016 in
the experimental field at the Research
Institute on Mountain Stockbreeding and
Agriculture - Troyan was conducted a field
experiment with bird’'s-foot-trefoil and
white clover, which were treated with
growth regulators, such as RENI, RENI D
and biofertilizes Bormax and Molibdenit,
without irrigation. Sowing was carried out
in the optimum agrotechnical period,
manually with a maximum purity and
germination rate at 1.2 kg/da for both
legumes. The experiment was conducted at
four replications, with a size of the plot of
5m? in the following variants: 1. Control —
nontreated; 2. RENI — 200 ml/da; 3. RENI D—
200 ml/da; 4. RENI + RENI D — 100 + 100
ml/da; 5. Bormax — 200 ml/da; 6. Molibdenit —
200 mil/da; 7. Bormax + Molibdenit — 100 +
100 ml/da. The treatment during
vegetation was performed in the bud
formation period of plants. Preparations
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pacteHuaTta. lpenapatnte PEHW npeg-
cTaBngBart KombuHauuu OT  MuKpoene-
MeHTuTe monmbaeH (Mo), maHraH (Mn),
MarHesunin (Mg) B pas3/iniHN CbOTHOLLEHUSA
(ot 0,1 po 0,00015% no OTHOLWIEHME Ha
MukpoenemeHTta) (Popov, 1995). PacTtex-
HuAT perynatop PEHW D e o6oraTeH
Jonb/HUTENHO € enemeHTa 6op (B) B
CbLUUTE KOHUEHTpaumum. MonubaeHUTsT e
6uoTop cbabpxauw, 3% Mo (33 gMoB 11
Top) 1 asoT 4,5% N-NH,. CbabpxaHueto
(TernoBHO) Ha XpaHWUTESTHUAT enieMeHT 6op
(B) B bopmakcbT € 11,0% (150 g B 1 | TOP).

MpocnegeH e 6GoTaHWYECKNs WU
MopdponornyeH cbetaB (%) Ha TpeBo-
cTouTe OT 3Be3faH u 6sna getenMHa no
roguHn 3a nepuoga 2014-2016 roguHa.
AHanusupaH e XMMnyHuAT cbetas (CI —
no metoga Ha Kengan; CBn — no Weende
aHanusa; HAB, KAB, K41 — no metoga Ha
Van Soest n Robertson, 1979) Ha cyxaTa
6uomaca OT ABaTa BuAa TpeBOCTOU U in
Vitro cMWU/1IaeMocCTTa Ha CyxOTO BeLLecTBO
(CmCB) no ggycTeneHeH nencuH-uenyna-
3eH meTopg Ha Aufrere (1982).

PE3YJITATU N OBCBXXOAHE

BoTtaHn4yeH cbcTaB Ha TpeBoCTOUTE
OT 3Be34aH n 6sn1a getennHa TpeTupaHn ¢
pacTexHu perynaTopu n 6MoTopoBse

Cnopepf pesyntatute oT 60TaHu4-
HWS aHa/IM3 Mo roAuWHW, B MbpBa BereTa-
uus, KoraTto 4yBCTBMTENIHOCTTA Ha 6060-
BUTE KYNTYpPU KbM 3ansjieBesisiBaHe e Haii-
BMCOKa, W3M0/3BaHWTE GuocTumyaTopu
He noBuLIaBaT KOHKypeHTHaTa WM Cro-
COBGHOCT cnpsAMO n/ieBesiHaTa pacTutesn-
HocT (Purypa 1 n 2). lensbT Ha 3Be3faHa
B MokoceHaTa (pypaxHa maca sapupa ot
78,5% cnepq TpetupaHe ¢ 6uoctumynaTo-
pa PEHW (Bap. 2) go 80,6% B TpeBocTOS
¢ bopmakc (Bap. 5), a Ha 6snarta fetesnu-
Ha oT 78,8% BbLB BapvaHTa MNpPbCKaH C
KombuHaumsata bBopmakc + MonubéaeHut
(Bap. 7) oo 82,2% B 6bromacaTta ¢ BHeceH
Bopmakc. JIMCTHO MpuNoXeH npenaparta
Bopmakc, okasa Haii-CUIHO MOJIOXKUTESTHO
B/IUSAHNE BBbPXY OTHOCUTESTHUAT OA7 Ha
ABeTte 6060BKM KyNTypy B NbpBaTa rogmHa
OT PacTeXHUS LUK,

RENI represent  combinations of
microelements, such as molybdenum
(Mo), manganese (Mn), mangnesium
(Mg) in different ratios (from 0.1 to

0.00015% regarding the microelement)
(Popov, 1995). Growth regulator RENI D
is enriched with additional elements boron
(B) into the same concentrations.
Molibdenit is a biofertilizer containing 3 %
Mo (33 g Mo in 1 | of manure) and
nitrogen 4.5% N-NH,. The content (by
weight) of nutrient boron (B) in Bormax is
11.0% (150 g in 1 | of manure).

The botanical and morphological
content (%) of grasslands of bird’s-foot-
trefoil and white clover was followed during
the years in the period of 2014-2016. The
chemical content was analyzed (CP by
Kjeldhal method; CF by Weende
systematic analysis; NDF, ADF, ADL —
according to the method of Van Soest and
Robertson, 1979) of dry biomass of both
kinds of grasslands and in vitro dry matter
digestibility (IVDMD) by a two-way pepsin-
cellulase method of Aufrere (1982).

RESULTS AND DISCUSSION

Botanical composition of grasslands of
bird’s-foot-trefoil and white clover treated with
growth regulators and biofertilizers

According to the botanical analysis
for different years, in the first vegetation,
when the sensitivity of legume crops to
weed infestation is the highest, the
biostimulators do not increase their
competitive ability against weeds (Figure
1 and 2). The share of bird’'s-foot trefoil in
cut forage mass ranged from 78.5% after
treatment with biostimulator RENI (var. 2)
to 80.6% in grassland with Bormax (var.
5), and white clover by 78.8 percent in the
variant sprayed by combination Bormax +
Molibdenit (var. 7) to 82.2% in biomass
with Bormax.

The foliar application of Bormax had the
greatest positive influence on the share of
both legume crops in the first year of the
growth cycle.
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Fig. 1. Botanical composition of Lotus corniculatus L. treated by growth
regulators and biofertilizers for the period 2014-2016 (%)

KaTo BeposTHO 06ACHeHMe Ha To3u
pesynTtaT Moxe fAa ce nocoyn ¢pusmnosnoro-
6uoxmmMmyHaTa (yHKUMA Ha 60pa, TACHO
cBbp3aHa C OOMeHHMTE npouecu B
pacTUTeNIHUS OpraHn3bM, NPUABUXBAHETO
Ha XpaHuTe/NIHUTE eNleMEeHTN U pacTexa Ha
pacTeHusTa (Stanchev et al.,1989).

Bbe BTOpa BereTauus, 6o6oBute
TpeBu TpeTupaHu c uscnegsaHute 6uo-
perynaropy 3anassar BWCOKO MPUCHCT-
B/Ee B TPEBOCTOS W CHLOTBETHO TPEBO-
cTouTe MM ca C MO-HUCKa CTeneH Ha
3arnsieBefIeHoCT B CPaBHEHWE C KOHTPO-
nata. MNpoLEeHTHOTO yyacTue Ha 3Be3fa-
Ha Bapupa ot 90,0% (Bap. 7) go 98,7%
(Bap. 3), a ToBa Ha 6sanaTa geTenuHa —
oT 85,7% (Bap. 2) oo 94,3% (Bap. 6).
Hail--cnab ecbekt BbpXy pgena Ha
3Be3fjaHa B nokoceHara 6romaca rnokasa
CaMOCTOAITE/THOTO BHacsAHe Ha 6uoTtopa
MonnéaeHut (Bap. 6) U koMmbrHauuaTa
My ¢ bopmakc. B koHTpacTt, BbB BTOpa
Beretauumsi, [OencTtBneTto Ha 6GuoTtopa
MonnbaeHNT OCUrypu Hai-BUCOKO npwu-
CbCTBME Ha bsnata feTesiMHa B TPEBO-
cTos (c 16% no-BMCOKO OT TOBa B KOHTPO-
nara), a pactexHus perynatop PEHW
Hali-HUCKO (HO CnNpsIMO KOHTposaTa npe-
BULLEHNETO e 7,4%).

As a likely explanation for this result
may be given the physiological and
biochemical function of boron, which is
closely related to metabolic processes in
plant organism, the movement of nutrients,
and plant growth (Stanchev et al., 1989).

In the second vegetation, legume
grasses were treated by the studied
bioregulators, and they retained a high
presence in the grassland. Respectively,
their grasslands had a lower level of
weed infestation compared with the
control. The percentage share of bird’s-
foot trefoil varied from 90.0% (var.7) to
98.7% (var.3), and that of the white clover
— from 85.7% (var.2) to 94.3% (var. 6).

The independent introduction  of
biofertilizer Molibdenit and its
combination with Bormax had the

slightest effect on the share of bird’s-foot
trefoil in the biomass. In contrast, in the
second vegetation, the effect of
biofertilizer ~ Molibdenit ensured the
highest presence of white clover in the
grassland (with 16% higher than in the
control), and the growth regulator RENI
had the lowest (but compared to the
control the excess was 7.4%).
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Fig. 2. Botanical composition of Trifolium repens L. treated by growth regulators
and biofertilizers for the period 2014-2016 (%)

Mpe3s 2016 roguvHa, BapuaHTuTe
npbCcKaHM JNIMCTHO C perynaropa Ha
pactexa PEHW D ocurypuxa Hail-BUCOKO
(98,8%) yuyacTve Ha 3Be3faHa B TpPeBO-
cTtos. TeuyHuAT npenapat MonnbaeHut
noBUs MakcumasnHo (95,2%) npuchbCT-
BMETO Ha 6sAnaTa AeTesiMHa B TpeTMpaHu-
Te BapmaHTh U OCUTYpW Hai-HWCka cTe-
neH Ha 3anneseneHocT (1,6%) B nocesu-
Te Ha 3Be3faHa.

B pesynrtaT Ha gaHHUTE MOJyyYeHu
OT 60TaHW4YHWSA aHanM3 Ha 3Be3gaHa U
6anara [JeTenMHa ycTaHoBsiBame, u4e
[ABeTe Ky/nTypu pearvpaTt cneuntuyHo Ha
[eCTBMETO Ha BK/IOYEHUTE B eKcrnepw-
MeHTa npenapaty B 3aBUCUMOCT OT TeX-
HWUTe cbCTaBu. 3a nepuoga Ha npoy4sa-
He NPUCBLCTBMETO Ha 3Be3faHa B TPEBHa-
Ta acouuauus e noBANSHO NONOXUTENHO
B Hall-B/COKa CTeneH OT pacTexHus
perynatop PEHW D, a ToBa Ha 6snara
JeTenuHa — oT 6uocTumynupaliara yH-
KUMA Ha IMCTHUA npenapat MonnbaeHuT.

MopdonormyeH cbCTaB Ha TpPEBO-
CTOS1 OT 3Be34aH U 6sna getenivHa TpeTu-
paH C pacTexHu perynatopu n 6motopose

B nbpBa 1 BTOpa Beretaymsa BK/IO-
yeHUTe B ekcrepumMeHTa 6uocTumynaro-
pu nosnvaABaT He3HAYMMO MNPOLLEHTHOTO

In 2016, the variants sprayed by
the foliar growth regulator RENI D
provided the highest (98.8%) participation
of bird’s-foot trefoil in the grassland. The
liquid fertilizer Molibdenit had a maximum
effect (95.2%) over the presence of white
clover into treated variants and provided
the lowest level of weed infestation
(1.6%) in crops of bird’s-foot trefoil.

As a result of botanical data
analysis of bird’'s-foot trefoil and white
clover, we found that both cultures
reacted specifically to the action of the
included preparations in the experiment
depending on their composition. For the
period of study, the presence of bird’s-
foot trefoil in the grass association was
influenced positively to the highest level
by the growth regulator RENI D, and
white clover — by biostimulating function
of leaf preparation Molibdenit.

Morphological composition of the
grassland of bird’'s-foot-trefoil treated by
growth regulators and biofertilizers

In the first and second vegetation,
biostimulators included in the experiment

affected insignificantly the percentage

106



yyacTue Ha /McTHaTa ghpakuusi B nokoce-
HatTa Maca Ha 3Be3gaHa (durypa 3).
MpeBuwenve ¢ 1,3 u 3,7% cnpamo
KOHTponata HabnwgaBame eOVHCTBEHO
BbB BapuaHtute ¢ MonmbaeHut (2014r.)
n bopmakc + Monubgenut (2015r.).

share of the leaf fraction in the mowed
grass of bird’'s-foot trefoil (Figure 3). There
was an excess by 1.3 and 3.7% compared
to the control only in variations with
Molibdenit (2014) and Bormax + Molibdenit
(2015).
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Fig. 3. Morphological composition of Lotus corniculatus L. treated by growth
regulators and biofertilizers for the period 2014-2016 (%)

Pesyntatute ot mopdoiornyHns
aHanmM3 Ha TpeBocTouTe OT Trifolium
repens L. B MbpBa ONWTHa roguHa, ca
HaMmb/IHO NPOTUBOMNOJIOXKHM CNPSIMO JaH-
HUTe Ha Lotus corniculatus L. (durypa 4).
KonnyecTtBoTO Ha nMcTaTa B TpeTUTpaHu-
Te TpeBOCTOM OT 6sna AeTenuHa npesu-
wn KoHTponata ¢ ot 3,9 (PEHW D) pgo
40,2% (PEHW + PEHW D), kaTo u3kto-
yeHue npasu perynatopbvT PEHW. BbB
BTOpara, No-cyxa B KIMMaTUYHO OTHOLLe-
HWe roguHa, BbB (hypaxa ot 6sna gerte-
JIVHA OTHOCUTENHWAT AAN Ha NIUCTHUTE
Apbxku (65-85%) npeobnagasa cnpsimo
nMcTHaTa maca. Hab6rnopgaBaHa e TeH-
OEeHUMsl, nNpu KOSAITO 6snata AeTesimHa
npv e4VH 1 Cbll, BapuaHT (kombuHaumsaTa
OT pacTtexHu perynaropu PEHN + PEHIN
D), npe3 nbpBaTa onuTHa rognHa opmu-
pa Hail-masiko NUCTHU APbXKM (26,9%), a
npes BTopaTa Hail-MHoro (85,49%).

C HapacTBaHe Bb3pacTrta Ha

The morphological analysis results
for the grasslands with Trifolium repens
L. in the first experimental year are
completely opposite to data for Lotus
corniculatus L. (Figure 4). The amount of
leaves in treated grasslands of white
clover exceeded the control from 3.9
(RENI D) to 40.2% (RENI + RENI D), as
the regulator RENI was an exception. In
the second year, which had a drier
climate, in the white clover forage the
relative share of stem fraction leaf stalks
(65-85%) prevailed against foliage.

There was a trend in which the white
clover in one and the same variant
(combination of growth regulators RENI +
RENI D), in the first experimental year,
formed the smallest amount of leaf stalks
(26.9%) and in the second year they were
the most (85.4%).

With increasing the age of the
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pacTteHueTo, dpakumsaTa Ha nuctaTa Ha-
MaUsifiBa, a Ha JIMCTHU APBXKN ce yBenu-
yaBa, KOETO e BaXKeH NpeaukTop 3a onpe-
JensHe  MoTeHUwanHarta  XpaHuTenHa
CTOMHOCT Ha 6sinaTa getenunHa.

B Tpeta Beretauus, 6uoctumyna-
TopbT PEHW vma n3paseH nonoxureneH
epeKT BbpXy Npu3HaKa MHOronncTne npu
3Be3fjaHa (fiMctarta AoMuHMpaT C Hafj
50% B 06WKA [O6UB). B ChLUTE BapuaH-
T Ha 6snara fgeTesivHa npesec uma oT-
HOBO KO/INYECTBOTO Ha JINCTHUTE OPBXKU
(Hag 65% B 06LLOTO KONMYECTBO pacTu-
TenHa 6uomaca). MNpu 3Be3gaHa C Hali-
BMCOK MPOLIEHT NncTHa Maca (53,6%) ca
BapvaHTUTE CbC CaMOCTOSATE/NIHO BHACsHE
Ha npenapaTtute Bopmakc n MonnMéaeHUT 1
TsXHaTa KOMOuHauusi. Pasnvkata B OTHO-
CUTeNHWA A0 Ha nuctata B TpeBHata 6uo-
Maca Ha OCTaHa/MTe BapuaHTh € MUHU-
MaslHa U NPEeBULLEHNETO UM CNPSMO KOH-
Tposnata e okoo 3%.

3a 2016 roanHa 6sanaTta getenuHa
Cblo o6pasysBa Mo-BMCOK NPOLEHT SINCT-

plant, the fraction of leaves reduces,
while leaf stalks increase, which is an
important predictor for determination the
potential nutritional value of white clover.

In the third vegetation,
biostimulator RENI had an expressed
positive effect over multifoliolate of bird’s-
foot trefoil (leaves dominate with over
50% in the total yield). At the same
variants of white clover, the amount of
leaf stalks prevailed (over 65% in the total
plant biomass). For bird's-foot trefoil the
highest percentage of leaf mass (53.6%)
had the variants with independent
introducing of Bormax and Molibdenit and
their combination. The difference in the
proportion of leaves in the grass biomass
of the rest variants was minimal and their
excess compared to control was about
3%.

For 2016, white clover also formed
a higher percentage of foliage compared

Ha Maca CrnpsiMo KOHTposiaTa BbB Bcuuku | to  the control in all variants with
BapuaHTUTe C BHeceHu perynatopu u | introduced regulators and fertilizes
6uoTopose (durypa 4). (Figure 4).
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Fig. 4. Morphological composition of Trifolium repens L. treated by growth
regulators and biofertilizers for the period 2014-2016 (%)
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WN3cnepgBaHnte  GroctumynaTopu
OoKa3BaT MOJIOKMTENIHO B/IMSIHNE BbBPXY
[OSI0BOTO yyacTue Ha imctaTta v noBaus-
BaT Mo-cnabo BbpXy CbAbPXKAHMETO Ha
JINCTHUTE  [OPDbBXKW B  PEKOATMpaHus
doypax. B KOHTpacT, u3pacTBaHeTo W
KO/IM4YeCcTBOTO Ha cTbbnaTa B 6uomacara
Ha Lotus corniculatus L. e noBnvsHO B
no-BMcoka CTeneH OT [AelicTBMeTo Ha
U3NUTBaHUTE npenaparun, cnpsaMo AensbT
Ha ucTaTa.

3a nepuoga 2014-2016 roguHa,
KombrnHaunata PEHW + PEHW D okasa
Hali-rof1 MO MOJSIOXKWUTENIHO BAIUSIHME BbP-
Xy MpM3Haka MHOro/IMCTUE B TPEBOCTOMTE
Ha 6sanata geTenvHa, KbAeTo NpeBuLle-
HMWETO CnpsaMO KoHTponata e ¢ 8,9%.
MogobHa TeHAeHUMs HabnwgaBame WU
BbB BapuaHTUTE CbC CaMOCTOATESHO
npbckaHe Ha Monubaeunt, PEHN D un
KoMmbuHaumsita bopmakc + MonnbéaeHuT.
BHacsaHeTO Ha pacTexHus perynarop
PEHW cTtumynvpa MakCMMaiHO pa3Bu-
TMETO W KO/IMYECTBOTO Ha JIUCTHUTE
OPBXKU Npy aetenuHata (72,7%) n onpe-
[env BapuaHTa C Hal-HUCBK MPOLEHT Ha
nnctata (27,3%) B pekontupaHua qoy-
pax. 3a 3Be3faHa, C Haii-BMCOK MPOLEHT
JINCTHa Maca ca TpeBOoCTouUTe TpeTupaHu
¢ buoctumynatopa MonnbéaeHut (Bap. 6)
N KombuHauusita My ¢ bopmakc (Bap. 7),
a Hal-HUCBbK OoTuMTaT Te3n CbC camo-
CTOATENHO BHeceH bopmakc (Bap. 5).
MonyyeHnTe pe3yatatm ca CXO4HU C
nonyyeHnTte ot gpyrun astopu (Darleen et
al., 2004; Kof et al., 2006; Sevov et al.,
2007; Sevov, 2011; Vasileva, 2015) 3a
NoNoXMTENHNA ed)EKT Ha pacTexHuTe
perynartopy BbpxXy MpusHaka o6smcTe-
HOCT npu 6060BMTE KYNTYypHU.

KauectBeHa XapakKTepunucTtmka Ha
TPEeBOCTOUTE OT 3Be3a4aH U 6ana AeTesiMHa
TpeTnpaHu C pacTexHu perynatopn wu
6noTtopoBe

Pesyntatnte 0T  BGUOXUMWYHUA
aHanu3 (Tabnuua 1) coyaT, yYe pacTex-
HWUTe perynaTopu U 6uoTopoBe NOB/USA-
BaT CTOWHOCTWTE Ha CYpOB NPOTEVMH U
CYpPOBM BNAKHWHW B CbCTaBa Ha qdypax-

The studied biostimulators had a
positive influence on the share of leaves
and has a slighter effect on the content of
leaf stalks in harvested forage. In
contrast, the growth and the amount of
stems in the biomass of Lotus
corniculatus L. was influenced to a
greater extent by the action of tested
preparations compared to the share of
leaves.

For the period 2014-2016, the
combination RENI + RENI D had the
greatest positive influence on the

multifoliolate in grasslands of white
clover, where the excess in comparison
to the control was 8.9%. A similar trend
can be observed in the variants with
independent spraying by Molibdenit,
RENI D, and the combination Bormax +
Molibdenit. The introducing of growth
regulator RENI stimulate maximally the
development and amount of leaf stalks in
clover (72.7%) and defined the variant
with the lowest percentage of leaves
(27.3%) in the harvested forage.

For bird's-foot trefoil, grasslands treated
by biostimulator Molibdenit had the
highest percentage of leaf mass (var. 6)
and its combination with Bormax (var. 7),
and the lowest percentage was recorded
for the independently introduced Bormax
(var. 5). These results are similar to those
of other authors (Darleen et al., 2004; Kof
et al., 2006; Sevov et al.,, 2007; Sevov,
2011; Vasileva, 2015) for the positive
effect of growth regulators over the
multifoliolate of legume crops.

Qualitative characteristics of
grasslands of bird’s-foot-trefoil and white
clover treated with growth regulators and
biofertilizes

Biochemical analysis results (Table
1) show that growth regulators and
biofertilizers affect the values of crude
protein and crude fiber in the composition
of the forage mass of both legume
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HaTa Maca Ha [gBetTe 6060BM TpEBMW.
KonnyectBoto Ha 6enTbka B TPEBOCTOM-
Te Ha 3Be3faHa NpeBuULLN KOHTponaTa C
0,7-1,4%, a npu 6anata getennHa ot 1,4
0o 3,7%. Cnopep aHanu3a Ha CTPYKTyp-
HWUTE BNAKHWHHW KOMMOHEHTW Ha KNeTbY-
HUTE CTEHW, pacTeHuATa Ha 3Be3jaHa
npbckaHn ¢ npenapata bopmakc BbB
(haza 6yToHMzauua m pgosa 200 ml/da,
perucTpupar Haii-HUCKM CTOMHOCTM MO
OTHOLUEHME CbAbPXAHMETO Ha LEenynosa,
HEYTPa/THO U  KNCESIMHHO-AETEPreHTHN
BNakHVHW. BromacaTa OT Tesn BapuaHTu
€ C Hali-BMCOKO CbAbpxaH1e Ha CypoB
npoteunH (169,1 g kg™ CB) u ¢ Haii-Bucoka
CMWUIAEMOCT Ha cyxoTo BelyecTo (703,1 g
kg™ CB) cnpsiMo KoHTponara.

Tabnmua 1. BnakHWHHM KOMMOHEHTU Ha KNEeTbYHUTE CTEHU WU

grasses. The protein amount in the
grasslands of bird’'s-foot trefoil exceeded
the control with 0.7-1.4 %, while the white
clover from 1.4 to 3.7%. According to the
analysis of structural fiborous components
of cell walls, when bird’s-foot trefoil plants
were sprayed with Bormax in the bud
formation period at a dose of 200 ml/da,
they registered the lowest values in
relation to the content of cellulose, neutral
and acid detergent fiber. The biomass of
these variants had the h|ghest content of
crude protein (169.1 g kg™ CB), and the
highest dry matter digestibility (703.1 g
kg™ CB) compared to the control.

in vitro

CMW/1aeMOCT Ha CyXOTO BeLLeCTBO Ha TPEBOCTOM OT 3Be3faH 1 6dna getenvHa
TpeT PaHVI C pacTexHu perynatopu n 6uotopoBe 3a nepuoga 2014-2016 rogmHa

(g kg™ CB)

Table 1. Fibrous components of cell walls and in vitro dry matter digestibility of
grasslands of bird’s-foot-trefoil and white clover treated by growth regulators
and biofertilizers for the period 2014-2016 (g kg DM)

Lotus corniculatus L.

BapuaHTtu Cn  CBn HAB KAB KA1 Xemuuenynosa Lienynosa in vitro
Variants CP CF NDF ADF ADF Hemicellulose Cellulose CmCB/DMD
KoHTpona/Control 155,0 313,7 382,3 274,6 75,2 107,7 199,4 675,1
PEHW/RENI 162,7 276,5 360,3 257,1 82,9 103,2 174,2 688,7
PEHW D/RENI D 165,7 287,9 384,4 260,6 88,3 123,7 172,4 686,0
PEHW+PEHW D
RENI+RENI D 161,9 288,3 364,4 2451 71,1 119,2 174,0 698,0
Bopmakc/Bormax 169,1 284,4 349,7 238,6 79,9 111,0 158,7 703,1
Monu6aennt/Molibdenit 163,3 283,6 393,3 278,1 59,7 115,3 218,4 672,4
Bopmakc+MonnbaeHnt
Bormax+Molibdenit 166,2 299,5 3715 268,8 82,7 102,7 186,0 679,6
Trifolium repens L.
BapuaHTtu Cn  CBn HAB KAB KA Xemuuenynosa Lienynosa in vitro
Variants CP CF NDF ADF ADF Hemicellulose Cellulose CmCB/DMD
KoHTpona/Control 160,9 214,0 305,3 2145 42,7 90,8 171,8 721,9
PEHW/RENI 182,9 222,3 297,4 215,8 38,2 81,6 177,6 720,9
PEHW D/RENI D 188,0 207,8 285,7 205,1 35,9 80,5 169,3 729,2
PEHW+PEHW D
RENI+RENI D 171,5 200,8 291,6 2119 37,1 79,7 174,8 723,9
Bopmakc/Bormax 176,4 219,4 293,0 205,7 23,3 87,3 182,4 728,8
MonuéaeHut/Molibdenit 179,7 219,4 299,0 216,3 30,4 82,6 185,9 720,5
Bopmakc+MonnbaeHnt
Bormax+Molibdenit 187,0 207,4 291,9 210,5 36,8 81,4 173,6 725,1
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BuonornyHara Mb/IHOLEHHOCT Ha
doypaxa oT 6si1a geTenuHa e noBvsiHa B
Hall-B/CcOKa CTeneH OT efHOKPaTHOTO U
CaMOCTOAITE/THO TpeTupaHe Ha TpeBo-
cTouTe c pacTtexHua perynatop PEHW D.
BbB BapuaHTa, fiMctata Kato OCHOBEH
CTPYKTYpPEH efnieMeHT 3aemart Haj 34% B
obuwarta 6uomaca, a 6e1TbYHOTO CbAbP-
XaHue Ha MHororoguwHaTa 6o6oBaTa
TpeBa e Haii-Bucoko — 188,0 g kg'1 CB (c
2,7% no-BMCOKO CNpSAMO HeTpeTupaHarta
KOHTpona). O6orateHuAT C efieMeHTa
6op pactexeH perynatop (PEHW D)
MOHWXWN KOSIMYECTBOTO Ha BJIAKHUHHUTE
KOMMOHEHTU: LEeNynosa, HeyTpasiHo U
KACE/IMHHO-AETEPreHTHN  BNAKHUHU B
CYyXOTO BeLecTBO CbOTBETHO € 0,2; 2,0 n
0,9% cnpsmo HeTpeTupaHaTta KoHTpoa n
onpejennM BapuaHTa C Hail-BMcokaTa
cMunaemMocT Ha hbypaxHarta maca (729,2
g kg'1 CB). MonoxunTesiHoTO B/IMSIHNE Ha
PEHW D BBbpxy GUOXUMUYHUTE MOKa3aTe-
N1 Ha 6anarta feTesivHa € CBbP3aHo CbC
CTUMYy/IMpaHe pactexa U pasBUTMeTo Ha
pacTeHMsiTa 1 NOBWLUIABAHE XpaHWTesHaTa
CTOMHOCT Ha MOJIy4YeHUs OT TAX Pypav.

N3BOAN

PacTtexHute perynatopun PEHW,
PEHN D u 6uoTtopoBete bopmakc u
MonM64eHNT, BAIMSAST NOMOXUTESTHO, KaTo
noBuwaBaT MpPOUEHTa Ha JaucTHaTa u
cTbbneHa opakumsi B TpeBoCcTos Ha Lotus
corniculatus L. wn Trifolium repens L.
CTeneHTa Ha B/MsiHME 3aBKCK OT BUAa Ha
6o60BaTa (hypaxHa KynTypaTta u HeillHaTa
peakumsi KbM OCHOBHWTE CbCTaBW Ha BK/IO-
YeHUTe B eKcrepmmeHTa buonpenaparu.

3a nepvoga Ha npoy4yBaHe npu-
CbCTBMETO Ha 3Be3faHa B TPEBOCTOA e
NOBMUSIHO B HaW-BUCOKa CTeneH OT pac-
TexHua perynatop PEHW D (92,6%), a
BUABT O65.Na AetenvnHa ot 6uocTumynupa-
wata pyHKuMs Ha npenapata Monubge-
HUT (89,8%).

CamMOoCTOAATE/IHOTO MpbCKaHe Ha
3Be3gaHa ¢ MonmbaeHnUT yBenmum gena
Ha nucTHaTa Maca Ao 53% oT 06LWoTo
KO/IMYECTBO Ha pekonTMpaHata oypaxHa
Maca, fokato npu 6snata pgertenuHa

Biological value of white clover
forage was influenced to the highest
degree by the single and independent
treatment of grasslands by the growth
regulator RENI D. In this variant, the
leaves took over 34% as a main
structural element in the total biomass,
and protein content of perennial legume
grass was the highest — 188.0 g kg'l DM
(with 2.7% higher compared to the non-
treated control). Growth regulator (RENI
D), enriched by boron as a growth
regulator, reduced the amount of fiber
components: cellulose, neutral and acid
detergent fiber in dry matter respectively
by 0.2; 2.0 and 0.9% compared to the
non-treated control and defined the
variant with the highest digestibility of the
forage mass (703,1 g kg'l DM).

The positive influence of RENI D is
associated with stimulating growth and
development of legumes, and the
changes in biochemical indicators
increase the nutritional value of their
forage.

CONCLUSIONS

Growth regulators RENI, RENI D
and biofertilizers Bormax and Molibdenite
have a positive influence, as they
increase the percentage of leaf and stem
fractions in grassland of Lotus
corniculatus L. and Trifolium repens L.
The degree of influence depends on the
type of legume forage culture and its
response to the basic compositions of the
biofertilizers included in the experiment.

For the period of study, the
presence of bird's-foot trefoil in the
grassland was influenced at the highest
degree by the growth regulator RENI D
(92.6%), and species white clover by the
biostimulating function of the preparation
Molibdenit (89.8%).

The independent spraying of bird’s-
foot trefoil by Molibdenit increased the
share of the foliar mass up to 53% of the
total quantity of the harvested forage
mass, while the combination RENI - RENI
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KombuHaumsita PEHWN - PEHN D okasa
Hal-BUCOK NOMOXUTENEH eqiekT No To3u
NpU3HaK.

CmMunaemocTTa Ha CyxoTO Bellec-
TBO BbB (hbypaxa Ha Trifolium repens L.
TpeTupaH c pactexHusa perynatop PEHU
D e ¢ 2,61% no-Bucoka OT Ta3uM Ha
3Be3gaHa BbB BapuaHTa c bBopmakc,
He3aBNWCMMO, 4Ye [efnbT Ha Juctata B
06LWKMA TPEeBOCTON OT 6s1aTa AeTenunHa e

D had the highest positive effect for the
white  clover according to this
characteristic.

Dry matter digestibility of the forage
of Trifolium repens L. treated by the
growth regulator RENI D was 2.61%
higher than that of the bird’s-foot trefoil in
the variant with Bormax, although the leaf
share in the joint grassland of white clover
was less than that of the bird’s-foot trefoil.

Nno-mMaibK OT TO3M Ha 3Be3aHa.
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PE3IOME

Mpe3 nepuoga 2009-2010 rognHa B
OnutHa cTaHuua no costa, MaBnukeHwu,
Bbarapysa npu nNonAcku ycnoeBus Gelue
npoyyeHa 4YyBCTBMTE/IHOCTTA, MpPEeXmBsie-
MOCTTa, MOAUMUKALMOHHMA U MyTauumo-
HeH edeKT MpuM OCeEM TreHOTUma Ccos
(Glycine max (L.) Merrill) kbm Tpn [o3u
0.720, 1.440 un 2160 g a. B., ha
rnudposar.

YCcTaHOBEHO e, 4ye npuioXeHuTte
0031 rnugposat BbLB hasa ,TPeTu TPOeH
nncT® Ha cosdTa, HamasiaBaT cTaTucTuyec-
Kn pokaszaHo (P=0.05) npexuBsiemocTTa
Ha KynTypata. [eHoTuMnoBeTe cosi morart
Ja ce paHxupar B criegHus peg: Rr m
F5Ne24 (31.4%) - Nel8/4 (35.7%) -
OveHa (38.3%) - Asures (41.5%)
KapuHa (49.6%) — Cpe6bpuHa (57.4%).

Fnndo3aTbT NPUIOKEH B 03K
0.720 n 1.440 g a. B., ha BbB (hasa “TpeTu
TpoeH nuct” Ha coATa yBe/m4yasa
yectoTata W oboraraBa CcrnekTbpa Ha

SUMMARY

The effect of three application
doses of glyphosate 0.720, 1.440 and
2.160 g a. i., ha on the sensitive, survival
and the modification and mutation effect
on eight soybean genotypes (Glycine max
(L) Merrill) were determinated in field
conditions at Soybean experimental
station, Pavlikeni, Bulgaria within 2009-
2010.

It was found that the applied doses
of glyphosate at the growth stage “third
trifoliate leaf* of the soybean reduce
statistically proven (P=0.05) survival of
culture. Soybean genotypes can be
arranged in the following order: Rr and
F5Ne24 (31.4%) - Nel8/4 (35.7%) -
Divna (38.3%) - Avigea (41.5%) -
Karina (49.6%) — Srebrina (57.4 %).

The glyphosate applied at doses
0.720 and 1.440 g a. in., ha at the growth
stage “third trifoliate leaf” of soybeans
increases the frequency and enrich the
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MyTauUNOHHUTE M3MEHeHus B M, noko-
NIeHne npu YeTVpu He TreHHo mogudu-
uupaHn  6bArapckym  reHoTunose  Cosl
CpebpviHa, Asurest, inBHa n NinHns 18/4.

NaeHTndmumpaH e tTuna n cnekTb-
pa Ha HabnwgaBaHUTe X/I0POUSIHN,
MOPPOOTMYHN U PU3MOSOTUYHN  MYyTa-
umm B M, MOKO/IEHME MpU 4YEeTUpU He
reHHo Mogudpmumpann 6bArapckn reHoTu-
nose cos CpebpuHa, Asures, [uneHa
NHua 18/4.

N3nbyeHn ca MyTaHTHU JIMHUKA C
Nno-KbC BeretauvMoHeH Nepuoan 1 Takmsa
C pegyumpaHa BMCOYMHA Ha CTbOI0TO M
yBesMyeH 6poi pa3K/10HEeHMS -
LXPacToBUAeH TUN pacteHns”.

KntovoBu gymu: cosi, reHoTunoBe,
rnndposar, UTOTOKCMYHOCT, Moamdurka-
LMOHEH N MyTaLMOHEH edhekT

YBO/,

Mpun n3BexpaaHe Ha 6opbaTa cpeLly
nnesesninTe B KOHBEHLMOHATHOTO 3emee-
nve ce npunarat peauua CenekTuBHU Xe-
péuuunamn, KOUTo He okKasBaT (PUTOTOKCUY-
HO Bb3AENCTBUE, BbPXY KyNTypHUTE pac-
TeHus (Oerke, 2006; Fickett et al., 2013).

B pesyntaT Ha cMeceHOTO 3an/eBe-
nsiBaHe B obpaboTBaemMuTe N/OWM U He-
ehbekTMBHOCTTA Ha HSAKOM  CbBPEMEHMU
Xepovuuam cpelly YCTOWYMBW M/IEBESHU
BMAOBE, 3eMe/esiCkuTe nNponsBoauTenn ns-
nonseatr KoOMOGWHaUMM OT Xxepouuuan B
pasnuuHn deHodasn oT pasBUTUETO Ha
KynTypuTe 3a 6opba cpelly nneBesHATE
Bugose (Al-Khatib and Peterson, 1999;
Nelson and Renner, 2001; Isman, 2008;
Rizwan et al., 2015).

Mpe3 nocnefHUTe HSKOMKO AeceTu-
neTns ca MU3BbPLUEHM NPOyYBaHNA 3a ycTa-
HOBSIBaHe YyBCTBMTE/IHOCT Ha peauua He-
reHHo mogudpmumpaHn (He-F'M) cenckocTo-
NaHCKM KyNnTypy KbM rAmnglosar, KaTo cpej-
CTBO 3a 60pba cpeLlly njeBenuTe B CesiCKo-
cTonaHckoTo npowssoacTteo (McCann et al,
2005; Bonny, 2009; Bajpai and Srivastava,
2013). Tnudposatst (N-(chocchoHomeTUN)-
rMAUUH) € akTMBHaTa CcyoCcTaHuus Ha
CUCTEMHMA  TOTasIeH, LUMPOKOCNEKTbPEH
xepbuumng PayHabn (360 g/l rnudposat +
180 g/l cbpdbKTaHT), KOWTO Ce M3Nos3Ba 3a

spectrum of mutational changes in the M,
generation at four non-genetically (non-

GM) modified Bulgarian  soybean
genotypes (Srebrina, Avigea, Divna and
Line 18/4).

Identified was the type and
spectrum  of observed chlorophyll,
morphological and physiological

mutations in M, generation at four (non-

GM) modified Bulgarian  soybean
genotypes (Srebrina, Avigea, Divna and
Line 18/4).

Mutant lines were emitted with - a
short growing period and those with a
reduced stem height and increased
number of branches — "brush-type plants."

Key words: soybean, genotypes,
glyphosate, phytotoxicity, modification and
mutation effect

INTRODUCTION

In conventional agriculture for the
weed control used only selective
herbicides, which do not have any harmful
effect, on crop plants (Oerke, 2006;
Fickett et al., 2013).

As a result of the weed infested
(mixed species) in cultivated areas and
ineffectiveness of some herbicides
against some resistant weed species,
farmers use spay combinations of
herbicides at different growth stages of
crop for weed control (Al-Khatib and
Peterson, 1999; Nelson and Renner,
2001; Isman, 2008; Rizwan et al., 2015).

In last few decades, considerable
efforts were put in for the study of
sensitivity to glyphosate in non-genetically
(non-GM) modified crops, as a means for
weed control in agricultural practice
(McCann et al, 2005; Bonny, 2009; Bajpai
and Srivastava, 2013).

Glyphosate (N-phosphonomethyl-glycine)
is the active ingredient of the systemic
and no selective (or broad-spectrum)
herbicide Roundup (360 g/l glyphosate +
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6opba cpeuly peavua efHOrOAULUHW ©
MHOrOroAvLUHN NfeBenHn Bugose. Mpoayk-
TbT Ce XapakTepusupa C BUCOKa ehekTuB-
HOCT U HWCKM NPON3BOACTBEHN pasxoau npu
npunoreHneto My (Pesticide Information
Profiles, 1996). [lpoyuyBaHusita cu Duke
(1998) u King et al. (2001) yctaHoBsaBaT, 4e
rnndo3aTbT MHXMOUPA CMHTE3a Ha eH3uma
5-enolpyruvylshikimate3-phosphate (EPSP),
KOMTO € OTrOBOPEH 3a CMHTE3a Ha aMUHOKM-
CennHuTe B pacTUTENIHWTE OpraHusMu.
Powles et al. (1998); Zambrano et al.
(2003); Main et al. (2004); Beckie et al.
(2006); Davis (2006); Neumann et al. (2006)
n Cedergreen (2008) cbobuasar 3a He
reHETUYHO KOHTPO/IMpaHa YCTOWUYMBOCT KbM
Xepobvuman BKIOUMTENHO U KbM rnndosar
npy pegunua kyntypu - Glycine max L.
Merrill, Helianthus annus L., Triticum
aestivum L., Zea mays L. n Lolium rigidum
Gaud, KoATO He e pe3yntTaT Ha reHHOTO
UHXeHepcTBOo. Cnopef npoy4yBaHuATa Ha
Powles et al. (1998); Zambrano et al.
(2003); Main at al. (2004); Davis (2006) n
Svetleva et al. (2009) ca ycTaHoBeHwu
COpTOBE W BUAOBE  CEJICKO-CTOMAHCKM
KYNTypy C TONEPaHTHOCT KbM Xepouumam,
BK/IIOUNTE/THO 1 KbM rIMho3aT, KOUTO He ca
C HeTpaHCreHHa npupoja, a TonepaHT-
HOCTTa KbM Xepbuumua e nosyyeHa upes
hr3nyeH NN XMMMYEH MyTareHes.

UyBCTBUTENHOCTTA NpW pasnnyHuTe
CEe/ICKOCTONAHCKM KyTypu KbM rindo3aTt He
€ Hanb/IHO W35ICHEHa, a Ha nasapa ce
npegnaratT HOBU  TbPrOBCKU  MPOAYKTA
(xepbuuman) Ha 6asa - aKTMBHO BeELLECTBO
rnucposat (Mueller et al., 2003; Johnson et
al., 2009; Duke et al., 2012). B nutepa-
TypaTta nunceaT AaHHW OTHOCHO Moaudimka-
LUOHHMA U MyTauMOHHUA edekT Ha rivgo-
3aTa cnef MNpPUIOKEHWE MpW He T[eHHO
MoAnmUMpaHn reHornnoBe Cos.

Llenta Ha u3cnegBaHeTo e pa ce
npoyyn MoAndUKaumMoHeH N MyTaLMOHEH
edekT cnepn npunaraHeTo Ha xepbuunga
PayHabn (360 g/l rnncboszat + 180 g/l
cbppakTtaHT) BbB (pasa “TpeTn TpoeH
nncT” NpuM He TEeHHO MoauduumpaHu
6BbArapcky reHoTUNoBe cos.

180 g/l surfactant), that controls most
annual and perennial weeds. It is
characterized by high efficiency and low
production costs (Pesticide Information
Profiles, 1996). Studies conducted by
Duke (1996) and King et al. (2001)
showed that the glyphosate suppressed
on the enzyme 5-enolpyruvylshikimate3-
phosphate (EPSP) synthase responsible
for amino acid synthesis in plants. Powles
et al. (1998); Zambrano et al. (2003);
Main et al. (2004); Beckie et al. (2006);
Davis (2006); Neumann et al. (2006) and
Cedergreen (2008) reported naturally
arising genetically controlled herbicide
resistance to glyphosate that was not due
to gene engineering in Glycine max L.
Merrill, Helianthus annus L., Triticum
aestivum L., Zea mays L. u Lolium
rigidum Gaud According the study of
Powles et al. (1998); Zambrano et al.
(2003); Main at al. (2004); Davis (2006)
and Svetleva et al. (2009) the established
crops and variety with tolerance to the
herbicide including glyphosate are non-
transgenic because tolerance  to
herbicides was incorporated in them
through physical/chemical mutagenesis.

The  sensitivity of  different
agricultural crops towards the glyphosate
is not fully understood, and the chemical
industry is still providing new chemical
preparations (herbicides) on the basis -
active ingredients glyphosate (Mueller et
al., 2003; Johnson et al., 2009; Duke et
al.,, 2012). In the literature data is missing
on modification and mutational effects of
glyphosate in non-genetically (non-GM)
modified soybean genotypes.

In this study our goal was to
determine modification and mutation
effect after application of herbicide
Roundup (360 g/l glyphosate + 180 g/l
surfactant) on Bulgarian non-genetically
(non-GM) modified soybean genotypes
with the growth stage "third trifoliate leaf".
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MATEPVAJT N METOON

MonckMaT onut e u3BedeH mnpes
2009 n 2010 roguHa B ekcrnepuMmeHTan-
HOTO nosie Ha OnNuUTHa CTaHuuA Nno coATa,
MMaBnuKkeHwW, npuv HENoONUBHWU YCNOBUSA.
OnuTHLT e 3a/10keH paHaomusnpaHo (125
6p. cemeHa Ha pef C Ob/HKMHA 5 m 3a
BCEKM reHoTun) U ¢ oblla ronemMvHa Ha
onuTHaTta nsow, 126 m?. XapakrtepucTu-
KNTe Ha TreHOTMNoBeTe CcOs ca npej-
cTaBeHn B Tabnuua 1.

Tabnunuya 1. F'eHoTMNOBE coA
Table 1. Soybean genotypes

MATERIAL AND METHODS

A field experiment was conducted
on non-irrigated conditions in
experimental field, located at Soybean
experimental station, Pavlikeni, Bulgaria
within 2009-2010. The trial was laid out in
a randomized (125 number seeds in row
with length 5 m for each genotype) and
the total plot size of 126 m?. Soybean
genotypes and characteristics are shown
in Table 1.

FeHoTun MeTop, pyna Ha 3penoct
Genotype Method Maturity group
Mupa 96/Mira 96 EkcnepumeHTaneH myrareHes I
Experimental mutagenesis
CpebpviHa/Srebrina Xunbpuamsauyus / Hybridization Il
Auresi/Avigea Xunbpuamsauus / Hybridization
JneHa/Divna Xunbpuamsauus / Hybridization

KapuHa/Karina

Xunépuamzauyus / Hybridization

NnHunsa F5Ne24/Line F5Ne24

Xunbpuamsauyus / Hybridization

el e =

NnHna M-18/4/Line M-18/4

EkcnepumeHTaneH myrareHes
Experimental mutagenesis

NnnHunsa Rr/Line Rr

MexayBugoBa xubpuamsaums
Interspecies hybridization

BbB (peHohaza “TpeTm TpoeH
NNCT” Ha reHOTUMNOBETE COA € U3BBbPLUEHO
npbckaHe ¢ PayHabn (360 g/l ranchosart +
180 g/l cbpthbkTaHT) B TpK go3u: 0.720,
1440 n 2160 g a. B, ha, a B
KOHTPOJIHUTE BapuaHTu C JecTunvpaHa
Boja. TpeTupaHusaATa ca MW3BbLPLUEHU C
rpbbHa npbckavka "PTP 18" ¢ KOHU4YHa
Aro3a, npu HansaraHe P, 3 bar, Vi 1.68
|  Qmax 0.65 I/min ¢ paboTeH pa3TBop OT
500 I/ha.

3a BCUYKM BapumaHTX Ha onuTa ca
npocnefeHn cnegHute nokasarenu: Mpo-
LEeHT npexunsesnn pacteHus, %; duto-
TOKCWYHOCT Ha xepbuuuga B 3aBUCUMOCT
OT M3M0M3BaHUTE 403K MNpY reHoTunoBe-
Te cos no ckanata Ha EWRS (6an 1 —
6e3 nospegn; 6an 9 — HaMb/IHO YHULLO-
XXEHW pacTeHusl), kaTo oTuMTaHusATa ca
n3BbpLBaHu Ha 7, 15, 30 n 45 geH cneg
TpetnpaHeto. B nepunoga mexay 15 n 30

At the growth stage of “three trifoliate
leaves” the tested soybean genotypes were
sprayed with tree different doses of
Roundup (360 g/l glyphosate + 180 g/l
surfactant): 0.720, 1.440 and 2.160 g a. i.,
ha and with distilled water in the control
treatments. Treatments were conducted
with a knapsack sprayer "PTP 18" with
conic nozzle, pressure P 3 bar, V. 1.68
I, and Qnax 0.65 I/min, with a working
solution quantity of 500 I/ha.

The following indicators were studied
for all treatments: The percentage of
surviving plants, %; Selectivity (herbicide
phytotoxicity) of glyphosate toward soybean
genotypes were assessed by marks,
according to the EWRS notation scale,
where (rating 1 — without damages, rating 9
— culture is completely destroyed), the
recording being performed on the 7", 15",
30™ and 45" day after treatment (DAT).
Between 15 and 30 days after treatment
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OHW cnep, TpeTupaHeTo 4acT OT pacTte-
HUATA Ha TecTBaHMTE TEHOTWUNOBE COSA
CpebpvHa, AnBHa, ABurest n nuHns 18/4
pearmpaxa € pasMyHu XJI0POOUNHN 1
MOPAIONOTNYHMN U3MEHEHUS, KOUTO OGsxa
MapkuMpaHu U YCNOBHO Mpuetn kato M;
noKosnieHve.

CemeHarta oT npexusenute B M;
PEPTUNIHN paCTEHUSs OT [EHOTUMNOBETE
cos 6saxa 3acatn npes 2010 rogmHa Kato
M, noKofieHMe 3a npocregsBaHe Ha
xXapakrepa Ha N3MEHEHUsTa -
MOAMU(PMKALIMOHEH UM MYTALMOHEH.

3a onpegensHe Ha vecToTara Ha
MyTupaHe e n3nonssaH meToabT Ha Gaul
(1964), a cnekTbpbT Ha MyTauuMTe — Mo
Knacudmkaumata Ha Priylinn et al.,
(1976).

MPOUEHTBLT Ha NPEeXMBAEMOCT Ha
pacTeHusiTa 3a BCEKW BapuaHT e npeasapu-
TE/HO TpaHcopMMpaH Mo ypaBHEHWETO

Y = arcsin,/ix% / 100i (Hinkelmann and

Kempthorne, 1994).

PE3YJITATU N OBCBb)XOAHE
Jo3ute ot 0.720, 1.440 n 1.160 g
a. B, ha Ha wusnonssaHus rnudgosar
NpuIoXKeH BbB heHodasa “TpeTn TPpoeH
nmMcT” Ha codata oka3BaT CTaTUCTUYECKU
JokazaH WHxubupauw, ecdpekt (P=0.05)
BbPXY MPEXMBAEMOCTTa Ha reHOTUNoBeTe
COS 1 YC/NIOBHO MOrar a ce nNpeAcTaBsT B
cnegHuns ped: Rr n F5Ne24 (31.4%) -
Nel18/4 (35.7%) - [ueHa (38.3%) -
ABuren (41.5%) - KapuHa (49.6%) -
CpebpvHa (57.4%). C yBenuuasaHe
Jo3nte Ha xepbuumaa (ot 0.720 go 1.160
g a. B, ha) ce HabnwgaBa obwa TeH-
OEHUMS1 3a CHWKaBaHe NpexuBseMocTTa
Ha pacTeHuaTa, CApPAMO KOHTPOSIHUTE
BapuaHTu Npu BCMYKN reHOTUnoBe cos (oT
0.9 go 100.0%) (durypa 1).

some of the plants of tested soybean
genotypes Srebrina, Divna, Avigea and line
18/4 have reacted with different chlorophyll
and morphological changes that were
marked and conditionally accepted as M;
generation.

The seeds from surviving in M;
fertile plants of soybean genotypes were
planted in 2010 as M, generation to
identify the nature of the amendments —
modification or mutation.

To determine the frequency of the
mutations the method of Gaul (1964) was
used and the spectrum of mutations —
according to the classification of Priylinn
et al. (1976).

The percentage of surviving plants

in each treatment was previously
transformed by the equation
Y = arcsin +/(x,, /100) (Hinkelmann

and Kempthorne, 1994).

RESULTS AND DISCUSSION

The doses of glyphosate 0.720,
1.440 and 1.160 g a. i., ha, applied at the
soybean at growth stage “third trifoliate
leaf” had statistically significant effect
(P=0.05) on the survival soybean
genotypes and can be presented
conditionally in the following order: Rr and
F5Ne24 (31.4%) - Nel18/4 (35.7%) -
Divna (38.3%) - Avigea (41.5%) -
Karina (49.6%) - Srebrina (57.4%). With
the increase of the herbicide doses (from
0.720 to 1.160 g a. i.,, ha) there was a
general tendency of its decrease in all
soybean genotypes from 0.9 to 100.0%,
as against the control treatments (Figure
1).
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80,720 g a.i., ha

Mwupa 96 CpebpuHa Asures
Mira 96 Srebrina Avigea

B1,440ga.i., ha

OveHa
Divna

B2,160ga.i., ha

5

Ne18/4 JlnHua Rr
Line Rr

AR

KapunHa F5Ne24

Karina

FeHoTUNOBe cosi / Soybean genotype

dur. 1. NpexmnBAEMOCT Ha NPOy4YBaHWTE TEHOTUMOBE COS B 3aBUCUMOCT OT go3aTta Ha
M3N0N3BaHUs ramMgo3aTt B NPOLUEHT CMPSAMO KOHTPOSTHUTE BapuaHTh npes 2009 rog,.
Fig.1. Survival of the soybean genotypes, depending on glyphosate application dose as

percentage of the control treatments in 2009

FeHotunosete [uBHa, F5Ne24,
Nel8/4 n nuHmns Rr morat ga ce onpege-
NAT, KaTo MO-CUIHO YYBCTBUTESTHU, TbiA
KaTo npu BCUMYKU NPOYYBaHU 403U MPEXu-
BSemMocTTa MM Bapupa B rpaHuyuTe OT
40.9 po 57.7%. eHoTunosete Mupa 96,
CpebpvHa, Asures u KapuHa ca no-
CNabo 4YyBCTBUTE/SIHU KbM MNPUIOKEHUS
rnucosar, a npexusBsemocTta Um e oT
58.6 0o 74.4%. FNncho3aTbT NPUSIOKEH B
po3a 0.720 g a. B., ha npeam3sukea cnab
goutoTOKCHMYEH edhekT (6an 2) po 45 aeH
cnep TpetupaHeTo (45 DAA) nNpu BCUYKK
TecTBaHu reHoTunoBse cos (Tabnvua 2).

C yBenuuyasaHe gosata Ha rnudo-
3aTa go 1.140 g a. B., ha dwmTOoTOKCHY-
HOCTTa Mpu reHoTMMNoBe COsi HapacTea OT
ymepeHa pno cunHa (6an 2.8 — 5.8),
nspassiBallia ce B X/I0POOUIHN N3MEHEe-
Husa (Purypa 2a), pegyumpaHe Ha JUCT-
HaTa netypa unu mopgonormMiHm Masgo-
pauun (durypa 2b) n Hekposn (Purypa
2¢). Fnnudposart npunoxeH B gosa 2.160 g
a. B., ha npeamssukBa netasieH eqekT
(6an 9) npu reHoTMNOBETE COS C U3K/IO-
yeHune Ha copToBeTe CpebpuHa 1 KapuHa
(Tabnuua 2).

The genotypes Divna, F5Ne24,
Nel8/4 and line Rr can be considered
highly sensitive because their survival
under all doses varied from 40.9 to
57.7%, where as genotypes Mira 96,
Srebrina, Avigea, and Karina are less
sensitive to applications glyphosate and
their survival varied from 58.6 to 74.4%.
The glyphosate applied at the dose of
0.720 g a. i., ha caused low phytotoxicity
(score 2) to the 45" day after treatment
(45 DAT) in all tested soybean genotypes
(Table 2).

With increasing the dose of
glyphosate to 1.140 g a. in., ha,
phytotoxicity to the soybean genotypes
was moderate to high (score 2.8 — 5.8)
and manifested as leaf chlorophyll
modifications (Figure 2a), reduction of
leaf blade or morphological
malformations (Figure 2b) and necrosis
(Figure 2c). Glyphosate applied at a dose
of 2.160 g a. in., ha show lethal effect
(score 9) at all tested soybean genotypes
with the exception of Srebrina and Karina
(Table 2).
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Tabnumuya 2. PUTOTOKCMYHOCT Ha rimdoo3aT npu reHoTunoBe cosi npe3 2009 roa.
Table 2. Phytotoxicity of glyphosate in soybean genotypes in 2009

Josaga.sB., PutoTokcnyHOCT / Phytotoxicity
fenorunose ha | 7 DAT |15 DAT | 30 DAT | 45 DAT | CPEAHO
Genotypes Dose g a. i, Average

ha EWRS | EWRS | EWRS | EWRS | EWRS
M 96 0.720 2.0 2.0 2.0 2.0 2.0
vpa 1.440 7.0 7.0 5.0 4.0 5.8
Mira 96
2.160 8.0 9.0 9.0 9.0 8.8
Cne6 0.720 2.0 2.0 2.0 2.0 2.0
pebpiHa 1.440 4.0 3.0 2.0 2.0 2.8
Srebrina
2.160 8.0 5.0 5.0 3.0 5.3
A 0.720 2.0 2.0 2.0 2.0 2.0
Bures 1.440 5.0 3.0 2.0 2.0 3.0
Avigeia
2.160 7.0 9.0 9.0 9.0 8.5
0.720 2.0 2.0 2.0 2.0 2.0
Ansra 1.440 3.0 4.0 3.0 3.0 3.3
Divna
2.160 8.0 9.0 9.0 9.0 8.8
K 0.720 2.0 2.0 2.0 2.0 2.0
apuna 1.440 4.0 5.0 4.0 3.0 4.0
Karina
2.160 7.0 8.0 6.0 6.0 6.8
M ESNe24 0.720 2.0 3.0 2.0 2.0 2.3
Line F5N922f 1.440 5.0 6.0 5.0 5.0 5.3
2.160 7.0 9.0 9.0 9.0 8.5
N M — 18/4 0.720 4.0 3.0 2.0 2.0 2.8
NHUSA M —
Line M — 18/4 1.440 6.0 6.0 5.0 4.0 5.3
2.160 8.0 9.0 9.0 9.0 8.8
N R 0.720 2.0 2.0 2.0 2.0 2.0
VIHMA RT 1.440 7.0 7.0 5.0 5.0 6.0
Line Rr
2.160 8.0 9.0 9.0 9.0 8.8
NereHpa: [eBeT GanHa cakasia HaA EWRS (6an 1 — 6e3 noBpeau; 6an 9 — Hamb/IHO YHULLOXEHN
pacTeHus)
Legend: Nine ball scale of EWRS (rating 1 — without damages, rating 9 — culture is completely
destroyed)
BepositHO,  rmdo3atbT  CbLO Probably, also glyphosate and

KaKkTo ¥ HAKOM Apyrn xepouuman kato
TpednaH (Petkova and Svetleva,1995) n
AdbasioH (Dimova et al., 1990) npeaus-
BMKBa MyTareHeH edpekT npu 6060BUTE
KynTypu, w3passBall, ce B pasinyHu
XPOMO30MHW HapyLIEeHUs, KOUTO ca UHAW-
KaTop 3a HasInume Ha reHeTUYHKN NoBpeam
(Svetleva, 1991; Svetleva et al., 1992).

other herbicides such as Treflan (Petkova
and Svetleva, 1995) and Afalon (Dimova
et al.,, 1990) induced a mutagenic effect
in legume crops expressed in different
chromosomal disturbances, which are an
indicator of genetic damages (Svetleva,
1991; Svetleva et al., 1992).
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XnopoduiHn nameHeHus (Pur. 2a)
Changes of chlorophyll (Fig. 2a)

\

Mopconornuum mandopmaunm (dur. 2b)

Hekpo3un (dur. 2¢)
Necrosis (Fig. 2c)

dur. 2.  MoanmdukaluMoHHU
n3mMeHeHnsa B My

Fig. 2. Modification changes to
the M1

Morphological malformations (Fig. 2b)

UeTupugeceT 1 net OHuW cnepg Tpe-
TupaHe (45 DAT) c rnudposart, npexvsenu-
Te pacTeHus Bb3CTAHOBABAT pacTexa Cu.
Hab6ntogaBaHute MoANMUKALNOHHN UK3Me-
HEHMA NpW HAKOW OT reHOoTWnoBeTe Cos
(CpebpuHa, Asures, AuBHa 1 JinHus 18/4)
ce 3anasBaT [0 (peHodhasa — Mb/HA 3pe-
NOCT. 3aToBa Te3n pacTeHusTa CbC MOAU-
VKaLUVOHHN U3MEHEHNS OT TeHOTUNoBeTe
coss CpebpuHa, Asuresi, AmBHa u JIMHWS
18/4 6axa ycnoBHO npuetu 3a M; nokone-
Hue. HabnwogasaHUTe WU3MEHEHMA bsxa
KnacuuumpaHm Kato Xn1opodvsiHK, Mop-
QONOTNYHN U PU3NOIOTUYHN.

Mpeobnagasaly TMn 6sxa mopdosio-
rMyHUTe nameHeHuns (Tabnuua 3 n durypa
3). MNpwu oTAENHWTE TeHOTUNOBE COA B 3aBU-
CMMOCT OT NpWUAOXeHWUTe A[03M rnndosarT,
MOPCONOTMYHUTE M3MEHEHUS Bapupar B
AnanasoHa ot 1.17 go 3.77%. B 3aBucu-
MOCT OT reHoTuna Hai-MHOro W3MeHeHUs
6s1xa Hab6nogasaHum npu copta CpebpuHa
NPy BCUYKM TMPUNOXEHN KOHLEHTpauum
rnudosart.

MoponornyHn “3MeHeHus npu re-
HOTMMNOBETE COoA 6AXa OTYETEHU B NPOMSAHA
dopMaTa M 6pos Ha NUCTHUTE NeTypu Ha
nuctata (Purypa 3), KakTo 1 B pegyLuupaHe
Ha BUCOYMHA Ha CTbO6/0TO M hopMupaHe
Ha MHOro pask/oOHeHWs OT MbpBU, BTOPU U
Tpetu nopaabK ,XpacToBUAEH TuM pacTe-
Hua" (durypa 4).

Forty-five days after treatment (45
DAT) with glyphosate, surviving plants
recovered the growth. The observed
modification changes at soybean
genotypes — Srebrina, Avigea, Divna, and
Line 18/4 is maintained until full maturity
growth stage. Therefore, these plants
with modification changes of soybean
genotypes Srebrina, Avigea, Divna, and
Line 18/4 were conditionally accepted for
M; generation. The observed changes
were classified as chlorophyll,
morphological and physiological.

Morphological changes were
predominant (Table 3 and Figure 3). In
different genotypes of soybean, according
to applied doses glyphosate, morphological
changes vary in the range from 1.17 to
3.77%. According genotype most changes
were observed in variety Srebrina at all
applied concentrations of the glyphosate.

Morphological changes  were
established in the form and number of
leafs blade of the leaves (Figure 3), as
well as in the reduction of stem height
and formation of many branches of first,
second and third order "bushy-type
plants" (Figure 4).
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®dn3nonornyHMTe U3MEHeHus ca
npeacTaBeHn OCHOBHO OT WM3MEHEHWs B
NPOAB/HKATENHOCTTA Ha BereTalMoHHUA
nepuog. bsxa HabnwgasaHy pacTeHus
CbC CKbCEH BereTalMoHeH nepuog, cnps-
MO CbOTBETHUS KOHTPOJIEH BapUaHT.

HabnwgaBaHuTe Xn10podniHm My-
Tauun 6sxa npegcraBeHy OT ABa Tvna —
albomaculata n chlorina. MbpBMAT TUN
albomaculata e HabniogaBaH npy copTa
Asures (durypa 5), a chlorine npu nMHuA
18/4 (Purypa 6). XnopounHu mytaumm
6sxa HabnogaBaHn u nNo 606oBeTe Ha
copT Asures (Purypa 7).

dur. 3. MopdhoNnornyHmn
M3MEeHeHNs Mo AucrtaTa
Fig. 3. Morphological
changes of leaves blade

Physiological changes are
represented mainly by changes in length
of growing season. They were observed
plants with a shortened vegetation period,
according to the control treatment.

Observed chlorophyll mutations
were presented by two types -
albomaculata and chlorina. The first type
albomaculata was observed in variety
Avigea (Figure 5) and chlorine at line
18/4 (Figure 6). Chlorophyll mutations
were observed in pods of a variety
Avigea (Figure 7).

dur. 5. XnopodmnHa

myTaymsa — albomaculata
Fig. 5. Chlorophyll

mutations — albomaculata

dur. 6. XnopodgusniHa
myTayms — chlorina
Fig. 6. Chlorophyli

mutations — chlorina

dur. 7. Xnopodunnium
MyTaumn no 6o6oBeTe
Fig. 7. Chlorophyll
mutations in pods
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Mo OTHOWeHMe Ha KoHueHTpa-
LUMOHHUTE 3aBUCUMOCTU € BUAHO, Ye C
yBenuyaBaHe fos3ara Ha MpuIoXeHus
rnuchosar, HamassaBa HenponopLuoHa-
HO yecToTara 1 Tuna Ha MoantUKaLNOH-
HA W3MEHEHUs MpW TEeHOTUMNOBETE COoA
CpebpuvHa, Asures, [veHa n JinHna 18/4
B M; nokoneHue (Tabnuuya 3). CpaBHU-
TeNHNA aHaIn3 nokassa, Yye yecrtoTara u
TMNa Ha BCUYKM HabnwogasaHu moaudu-
KauMOHHW U3MeHeHus B M; NnokoneHve e
Hali-LLMPOK Npu KoHueHTpaumsa 0.720 g a.
B., ha — 3 Tuna, cneggaH ot 1.440 g a. B.,
ha — 2 Tna n Haii-HucbK npu 2.160 g a.
B., ha—1 Tun.

With regard to the concentration
relations, it was evident that with increase
of the applications dose of glyphosate,
frequency and type of modification
changes reduce the disproportionately in
soybean genotypes Srebrina, Avigea,
Divna, and Line 18/4 in M; generation
(Table 3). The comparative analysis
shows that the frequency and type of
observed modification changes in the M;
generation is widest at a concentration of
0.720 g a. i., ha — 3 types, followed by
1.440 g a. i., ha — 2 types and the lowest
at2.160 g a. i., ha — 1 type.

Tabnuvua 3. IamMeHeHus1 B M1 B 3aBUCMMOCT OT go3aTa Ha npuaoxeHust rnmgosart — 2009
Table 3. Variations in M; according to the doses applications of glyphosate — 2009

BapuaHTu / Treatments

Jo3ag a.B.,ha/Dosega.i, ha
0.720 1.440 2.160
Xnopo- | Mopdho- | dusno- Xnopo- | Mopdgho- | dunsno- Mopdo-
% OUAHM | NOTUYHY | NOTUYHN % UNHN | IOTUYHK | 1IOTUYHN % NOTNYHN
| Chlorophyll | Morpho- | Physio- | = | Chlorophyll | Morpho- | Physio- | i~ | Morpho-
logical | logical logical | logical logical
Genotypes
o| ® @ @ @ @ @ @ o| @
Qo Qo Qo Qo Qo Qo Qo Qo Qo Qo
E| E IS IS IS IS IS IS E| E
=] =] =] =] =] =] =] =] =] =]
£| £ £ £ £ £ £ £ £ £
X = = = = = = = X X
o o o o o o o o o o
ol a o Q| o | 2 o |2 o ol 2|l ol 2|l o2 2| e
o | 10 > N | S | 10| S |0 L0 S| 0| S |0 S ]|
Mwvpa 96
Mira 96 102 9 Ol - |-
CpebpuHa 106 2.83 86 1 |1.16| - | - |53 2
Srebrina
Asures 101 3 |2.97| 2 [1.08/88 N
Avigea
fnsHa 85| 1 |1.17 | 1 |1.17| 4 |4.70/84 2 |2.38] 2 [2.38/0| - | -
Divna
KaleHa 100 94 12
Karina
InHnA F5Ne24
Line F5Ne24 72 48 6
MnHnsa M—18/4
Line M—18/4 60| 1 |166| - | - | - | - |50 11200 - - |0] - |-
InHnA Rr
Line Rr 2 48 0

Nerenpga: TNP — 06wy, 6poii pacTeHus, 6p.
Legend: TNP - total number of plants, num.

YcTaHOBeHa e cuiHa oTpuuaTtesiHa
KOopésiaunMoHHa 3aBUCUMOCT MexXay npos-
BeHarta ('IJI/ITOTOKCI/I‘-IHOCT Ha NMpunoxeHuma

A negative correlation relationship
between the phytotoxicity of applications
of glyphosate (EWRS) in the genotypes
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rnudgposar (EWRS) npu reHoTunoBeTe
coA M yYecToTaTa M TuNa Ha BCUYKU
HabnogasaHn MoAUUKALNOHHN K3Me-
HeHuss B M; (r Bapupa B AguanasoHa OT
-0.492 po -0.999), KakTo U B 3aBUCMMOCT
Josata Ha npunoxeHus rnamdosar wu
yectoTarta 1 Tvna Ha BCMYKM HabnwgaBa-
HN MOAMMVKALUMOHHN M3MEHeHMs B M;
nokonexwme (r e ot -0.643 po -0.942)
(Tabnuua 4).

of soybean and the frequency and type of
all the observed modification changes in
M; (r ranges from -0.492 to -0.999), as
well as depending on the dose of
applications of glyphosate and the
frequency and type modification changes
in M; generation was established (r is
from -0.643 to -0.942) (Table 4).

Tabnuua 4. KopenayMoHHM 3aBUCUMOCTU Mexay Ao3aTa, UTOTOKCMYHOCTTA W
TMNa n YectoTa Ha MOANM(PNKALNOHHNTE N3MEHEHWSI NPY TEHOTUMOBE COoS

Table 4. Correlation interactions between dose, phytotoxicity and type and
frequency of modification changes in soybean genotypes

Mok3atenn TUNoBe N3MeHeHnst eHoTmnoBe cosi / Soyben genotypes
Characteristics Types of changes | Cpe6puHa | ABurest | nBHa | JinHus 18/4
Srebrina | Avigea | Divna | Line 18/4
FnudposaTt, g a. B.,, ha [ XnopodgunHu - - -0.866
Glyphosate, g a. in., ha [Chlorophyll -0.866
Mopdhonornyxm -0.995 -0.866 -
Morphological -0.492
PU3NONOTNYHN - -0.866 -
Physiological -0.999
duToTOKCUUHOCT EWRS,[XNnopocuiHm - - -0.814
oan Chlorophyll -0.643
Phytotoxicity EWRS, Mopdonornyxm -0.919 -0.619 -
score Morphological -0.760
PU3NONOTNYHN - -0.619 -
Physiological -0.942
C MafkMm W3KNHYEHUA WU3MEHEHUTe With some exceptions modified

pacteHuns oT M; ce NOTBbpAMXa HaMb/HO B
M, reHepauus, KaTto Hali-BUCOK NPOLEHT e
OoTYeTeH Nnpu MOPAIOSIOTUYHUTE MyTauun —
ot 1.40 go 3.57%, cneggaHn OT oM3noso-
rmyHuTe mytaumm — ot 1.96 po 3.22%. Mpu
XpOMouiHNUTE  MyTauuuM  CNekTbpT €
CTecHeH [0 eguH tun (Tabnuua 5).

OT noTBbpPAEHUTE MOPAOIOrNYHM
N U3MONOTMYHM MyTauMm Npu reHoTU-
nosete cos 6s1Xxa W3MTbYEHN MYTAHTHU
JINHUN C MO-KbC BereTaluOHEH nepuos,
TakuBa C pefyuvpaHa BUCOYMHA Ha CTbO-
I0TO Y yBENMYeH 6poli paskNoHEHUS.

plants from M, is fully confirmed in M,
generation, the highest percentage was
recorded in morphological mutations — from
1.40 to 3.57%, followed by physiological
mutations — from 1.96 to 3.22%. In
hrolofilnite mutation spectrum is a narrowed
to one type (Table 5).

Confirmed by morphological and
physiological mutations in soybean
genotypes were shown mutant lines with
shorter period of vegetation those with
reduced height of the stem and an
increased number of branches.
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Tabnuua 5. YectoTa 1 CNEKTbP Ha MyTaUMOHHNTE N3MEHEHUs, HabntogaBaHu B M, — 2010
Table 5. Frequency and spectrum of mutations by treatments, observed in M, — 2010

Tunose myTtauun / Type of mutations
XnopodunnHm MopdronornyHun ®un3nonornyHn
Chlorophyl Morphological Physiological
S @ @
= Qo
= 2 |£E 2| £% 2| £%
BapuanTy = g Slgz Sl 83 S| &g
Treatments ® c 8| 2_ 8| 29 [
53 3|88 2| B E S3|BE
92| sE|F5|88 |58/ 5|82 58| 5| 8¢
00| 58| DO |g 58| 0| B | 58| 0| ¢
co | 88|50 < S8 5o S |88 5o o
=2 >2 | =2 3 2| =L ERE= = 2 s
OE|SE|QE|8s |SE|CE| 8L |5E|5E| 8L
Q35| gpgw| 93 o o=| &3 = |ow=| &3 =
O Cc|  po0|0OCc 5 n|l o] ©Cc 5 u— m ©| ©c 5 u—
I8 28| I8 |[eSE|C8 T8 | o |28/ TE| oo
05| E5/95|>_ 8|55 85|28 5585 |28
OF | FEF|OF | mEQ[FF|OF | mE |FF|OF | mE
CpebpuHa / Srebrina
0.720g a.i, ha |88 1 3 3.41
1440ga.i,ha [71 1 1 1.40
2.160ga.i,ha |63 1 2 3.17
Aurest / Avigea
0.720ga.i,ha [102 | \ \ ] ] ] | 1| 2 [1.96
[neHa / Divna
0.720g a.i, ha |98 1 1 1.02 1 1 1 2 2.04
1.440ga.i, ha |62 1 2 3.22
JlvnHusa 18/4 / Line 18/4
1.440ga.i,ha 28 | 1 | 1 [ 140 | 1 | 1 | 357 ] | |
n3BOAN CONCLUSIONS

YCTaHOBEHO €, 4e MpUNoXKeHNTe
no3u rnncposat (0.720, 1.440 n 2.160 g a.
B., ha) BbB (pasza “TpeTn TpoeH nNucT” Ha
cofiTa, CTaTUCTMYECKM [0Ka3aHO Hamans-
Ba (P=0.05) npexuBsaemMocTTa Ha KynTy-
pata. leHoTunoBeTe cos moraT ga ce
paHxupar B cnegHua pen:. Rr n F5Ne24
(31.4%) Nel8/4 (35.7%) [nBHa
(38.3%) - Asurea (41.5%) - KapuHa
(49.6%) — CpebpuHa (57.4%).

Fnucpo3atsT NPUWIOKeEH B 003U
0.720 n 1.440 g a. B., ha BbB (haza ,TpeTu
TPOEH NUCT" Ha cosTa yBennyasa 4ecTo-
Tata M oboraTsiBa CnekTbpa Ha MyTa-
UMOHHWUTE M3MeHeHuUs B M, nokoneHue
npu 4YeTMpy He reHHo mogaudmumpaHy
6barapckv reHotunose cos — CpebpuHa,
Auresl, insHa 1 JInHus 18/4.

- -

NaeHTUdbULMpaH e Tuna 1 cnekTbpa

It was found that the applied doses
of glyphosate (0.720, 1.440 and 2.160 g
a. i., ha) at the growth stage “third trifoliate
leaf* of the soybean reduce statistically
significant (P = 0.05) survival of culture.
Soybean genotypes can be arranged in

the following order: Rr and F5Ne24
(31.4%) - Nel8/4 (35.7%) - Divna
(38.3%) - Avigea (41.5%) - Karina

(49.6%) — Srebrina (57.4 %).

The glyphosate applied at doses
0.720 and 1.440 g a. in., ha at the growth
stage “third trifoliate leaf” of soybeans
increases the frequency and enrich the
spectrum of mutational changes in the M,
generation at four non-genetically (non-
GM) modified Bulgarian soybean genotypes
(Srebrina, Avigea, Divna and Line 18/4).

Identified was the type and spectrum

125



Ha HabnwgaBaHuTe XxnopodunHu, mopdio- | of observed chlorophyll, morphological and
NorMyHM 1 dmsmonornyHm mytaumm B M, | physiological mutations in M, generation at
NoKOJSIEHNE NPU YeTUpu He reHHo moaudn- | four (non-GM) modified Bulgarian soybean
uumpaHn Gbarapckum reHotunose cosi — | genotypes — Srebrina, Avigea, Divna and
CpebpuviHa, Asures, AusHa u JinHna 18/4. Line 18/4.
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PE3IOME

Mpe3 nepuoga 2014-2016 rognHa B
ONWTHOTO NoJsie Ha NHCTUTYT No hypaxHn
KynTypu - MNNeBeH B yC/I0BUA Ha KOHKYp-
CEH COPTOB ONUT ca MPOoyyYeHn 2 MyTaHT-
HU chopmu M 300/43 n M200/86 cynaHka
(Sorghum vulgare var. sudanense (Piper)
Stapf). 3a ctaHgapT ca n3non3saHu copT
cypaHka Kazitachi (Sorghum vulgare var.
sudanense (Piper) Stapf) n EHpxe 1
(Sorghum vulgare var. sudanense (Piper)
Stapf x Sorghum vulgare var. saccharatum).
MpoyyBaHu ca HAKOW BUOMETPUYHN MOoKa-
3aTenn ¢ NPSKO OTHOLLEHME BbPXY CEMEH-
HaTa npoaykTMBHOCT. B npoyuBaHeTo e
YCTAaHOBEHO, 4Ye MyTaHTHa ¢opma M-
300/43 no npu3HauuTe BMCOYMHA Ha pa-
CTEHMETO, Ob/DKMHA Ha MeTnuuara, maca
Ha ceMeHaTa 0T efHa MeT/iMua 1 Maca Ha
1000 cemeHa npW KOHKPETHUTE arpome-
TEOoposIorMYHM YC/I0BUSI Npe3 nepuoga Ha
npoy4ysaHe npesyLLasar ctaHaapTa Kazitachi
CbOTBETHO OT 6,9 % go 115,8 %, gokato
cnpsamo EHpxe 1 ca oT -6,5 o 35,4 %.

SUMMARY

During the period 2014-2016 year
in the experimental field of the Institute of
Forage Crops - Pleven in terms of
competitive variety trials were studied 2
mutant forms M 300/43 n M200/86 Sudan
grass(Sorghum vulgare var. sudanense
(Piper) Stapf). Standards are used variety
Sudan grass Kazitachi and Endje 1
(Sorghum vulgare var. sudanense (Piper)
Stapf x  Sorghum  vulgare var.
saccharatum). Some biometric para-
meters directly related to seed productivity
were studied.

The study found that the mutant form M-
300/43 on grounds of plant height, length
of panicle, seed weight of a panicle and
mass of 1000 seeds in the specific
agrometeorological conditions during the
study exceeded the standard Kazitachi
respectively from 6.9 % to 115.8%, as
compared Endje 1 are from -6.5 to 35.4%.
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KntouoBu gymu: Sorghum sudanense
(Piper) Stapf., cynaHka, cenekuusi, MyTaHTHU
dhopmu

YBO/,

MyTaumoHHaTa cesniekumsa Bce oule
e eAuVH anTepHaTMBeH MeTOJ Ha Knacu-
yeckaTta cenekuua 3a UHAyumMpaHe Ha re-
HeTMYHa Bapunabu/HOCT B €BOJIOLNOHHO-
TO pasBUTUE Ha XUBUTE opraHm3mu. Ekc-
nepvMeHTasIHO UHAyLMpaHUTe MyTauum
ca efuH OT KnacuyeckuTe noaxoam 3a no-
NlyyaBaHe Ha HOBW hopmu 1 oboraTaBaHe
Ha CblLLEeCTBYBALLOTO FEHETMYHO pasHo-
obpasue npu CenckoCcToMaHCKuTe KynTy-
pu, KOETO e OT NbPBOCTENEHHO 3HAYeHNe
3a BCsika cenekumoHHa nporpama (Kostina,
2000; Makeen et al., 2010; Parry et al.,
2010). TMocpeacTBOM eKcnepuMeEHTasTHUSA
MyTareHes ca Cb3faBaHe Ha OrpoMeH 6poii
BMCOKOMPOAYKTUBHN COPTOBE — [AMPEKTHO
UM Ypes BKIoYBaHE Ha MyTaHTHU hopmu B
CeneKUMoHHUTE NporpaMm nNpu MKOHOMUYec-
KA Hal-BaXHWUTE 3emMefdenckum  Kyntypu
(Muthusamy and Jayabalan, 2011).

Mpu BupoBeTe OT pog Sorghum
U3NUTBAHETO Ha Pa3INYHKU (PU3NYHN U©
XUMWYHU areHTu 3a uHAyumpaHe Ha reHe-
TUYHO pas3Hoobpa3ne e OGEKT U Ha Cb-
BpemMeHHu npoyyusaHus (Larik et al., 2009;
Sihono et al.,, 2010). M3non3saHeTo Ha
rama-npyuTte B MyTauMOHHaTa cesiekuus
npu BugoBeTe oT pog Sorghum e gokasaH
W NepcnekTMBeH CesfiekKLMOHeH MeTo/[ 3a
paswmpsaBaHe Ha MyTaUMOHHWUA CMeKTbp
W UHOyLMpaHe Ha HacrefCcTBeHa U3MeH-
YMBOCT Ha CTOMAHCKN LIeHHW Mpu3Haum u
CBOWACTBa, KaTo NogobpsiBaHe Ka4yecTBOTO
U XMMUYHUA CbCTaB Ha 3bPHOTO U hypa-
Xa (Kostina et al., 1995; Song et al., 1993,
Sihono, 1998), nogobpsiaHe Ha nNpusHa-
LM C NPSKO OTHOLLEeHWE KbM NOBULLIABaHe-
TO Ha npoayktusHocTTa (Li et al., 2001), cy-
xoycToiumBocTTa (Song et al., 1993; Human
and Nakanishi, 2003) n ycToitumBocTTa Ha
6onectm n Henpusatenu (Kostina et al.,
1995), npomsiHa BbB BOCbBYHMA Hasen
(Jenks et al., 1994), ckbcsiBaHe Ha BereTa-
LMoHHMA nepuog (Song et al., 1993), nosu-
lWaBaHe KOMOGMHATMBHATa WM CMOCOGHOCT
KaTto poauTenckn dopmu 3a xmbpugmnsaums
(Kenga et al., 2005).

Key words: Sorghum sudanense
(Piper) Stapf., Sudan grass, breeding, mutant
forms

INTRODUCTION

Mutation breeding is still the an
alternative method of classical breeding to
induce genetic variability in the
evolutionary  development of living
organisms. Experimentally induced
mutations are one of the classic
approaches for the preparation of new
forms and enrich the existing genetic
diversity in crops, which is of paramount
importance for each selection program
(Kostina, 2000; Makeen et al., 2010; Parry
et al., 2010).

There are a huge number of highly
productive  varieties by experimental
mutagenez — directly or by incorporating
mutant forms in breeding programs in the
most economically important crops
(Muthusamy and Jayabalan, 2011).

In species of the genus Sorghum
testing of various physical and chemical
agents to induce genetic diversity is the
object of recent studies (Larik et al., 2009;
Sihono et al., 2010). The use of gamma-
rays in the mutation selection in species
of the genus Sorghum is a proven and
promising selection method for expanding
the mutational spectrum and induction of
familial variability of economically valuable
traits and characteristics, such as
improved quality and chemical
composition of the grain and forage
(Kostina et al., 1995; Song et al., 1993;
Sihono, 1998), improving the signs in
direct relation to the increased productivity
(Li et al., 2001), drought tolerance (Song
et al., 1993; Human and Nakanishi, 2003)
and resistance to diseases and pests
(Kostina et al., 1995), change in a waxy
coating (Jenks et al., 1994), shortening
the growing season (Song et al., 1993),
enhancing their combinatorial ability as
corresponding to parental forms for
hybridization (Kenga et al., 2005).

129



CypnaHkata (cygaHcka Tpesa, TpeBuc-
To copro) (Sorghum sudanense (Piper)
Stapf.) e dypaxkHa Kyntypa ¢ OTHOCUTE/HO
BMCOKA NPMUCMOCOBMMOCT M NAACTUYHOCT
KbM  MOYBEHO-KNIUMATUYHUTE  YC/I0BUA
(Valenzuela and Smith, 2002). Hamwupa
NpuioXeHne nNpegumMHO 3a naiwa, CeHOo U
cunax, 6narogapeHve Ha BUCOKUS CU Mpo-
OYKTUBEH NoTeHuMasn 1 LEHHUTE CU CTOMNaH-
CKW KayecTBa, O0COBEHO B ycC/oBusATa Ha
3acylwasaHe (Moyer et al., 2003; Tahir et al.,
2005). Y Hac npu Kyntyparta ca npoy4ysaHu
OTAE/IHN 3BeHa OT TexHosormsAta Ha OoT-
rnexgaHe. W3cnepBaHuaTa 3a  Bb3gel-
CTBMETO Ha rama-paguaumsara BbpXy CyfaH-
KaTa B AOCTbMHATa YyXAecTpaHHa nuTepa-
Typa ca MHOro NPOTMBOPEYMBU U OCKbAHW,
a TakmBa [aHHW y Hac He ca nyb6vKyBaHu.

Llenta Ha npoyyBaHeTO e pga ce
HanpaBy OLEeHKa Ha Ccb3gajeHute My-
TaHTHU hOpMM CylaHKa Nno HAKOW OT ene-
MEHTUTE Ha MPOAYKTMBHOCTTA Ha CeMeHa
B YCNOBMATA HA KOHKYPCEH COPTOB OMNUT.

MATEPVAT N METOOU

EkcnepumeHTanHata  pabota e
n3BbpLUeHa npes nepuoga 2014-2016 roan-
Ha Ha BTopo onuTHO nose Ha N®K - INneseH
npv HENosIMBHW YCNOBUA BbPXY MNOYBEH
NOATUMN W3/TY)XeH 4YepHo3em. M3nutaHm ca
ABe MyTaHTHWM chopmm M 300/43 n M200/86
cypaHka —  (Sorghum  vulgare var.
sudanense (Piper) Stapf) B KOHKypceH
coptoB onuT cbc copT Kazitachi (Sorghum
vulgare var. sudanense (Piper) Stapf. —
M3X04EeH COPT 3a MyTaHTHUTe opmu) u
copT EHgpxe 1 — BnucaH B OdhmumanHaTa
coptoBa nuncta Ha P. Bbarapua (Sorghum
vulgare var. sudanense (Piper) Stapf x
Sorghum  vulgare var. saccharatum)
(Kikindonov and Slanev, 2011).

Ceutbarta e M3BbpPLUBAHA PBLYHO MpU
TpaliHO 3aTonnsHe Ha [eceT CaHTUMEeTPO-
BMS MOYBEH cfoli (BTopata MosoBUHA Ha
Mecel, anpun). ONUTBLT e 3anoXeH no 6J10-
KOB METO/ B YETUPW NOBTOPEHUS 1 FONEMM-
Ha Ha onuTHaTa napuenka 10 m’ (Mo meto-
avka Ha MACAC). MNpes BeretauusTa e cna-
3eHa TexHosorusiTa 3a oTriexaaHe Ha cop-
ro 3a 3bpHO U cunax (Dechev et al., 1987).

Mpe3 BereTauusAsTa ca npoBefeHU
heHonormyHn HabnmwgeHns no BBCH

Sudan grass (Sorghum sudanense
(Piper) Stapf.) is a fodder culture with
relatively high adaptability as and
plasticity of the soil and climatic conditions
(Valenzuela and Smith, 2002). It is used
primarily for pasture, hay and silage
thanks to its high productive potential and
valuable economic qualities, especially
under drought conditions (Moyer et al.,
2003; Tahir et al.,, 2005). At the Sudan
grass in our country separate units of the
technology of cultivation was studied.
Studies on the effects of gamma-radiation
on Sudan grass in foreign literature are
very contradictory and scarce and such
data in our country have not been
published.

The aim of this study was to
evaluate created mutant forms Sudan
grass on some elements of productivity of
seeds in a competitive variety trial.

MATERIAL AND METHODS

The experimental work was carried
out during the period 2014-2016 year on
the second field to the Institute of forage
crops - Pleven without irrigation on soil
subtype leached Chernozem. Tested two
mutant forms M 300/43 n M200/86 Sudan
grass in a competitive variety experience
with variety Kazitachi (Sorghum vulgare
var. sudanense (Piper) Stapf — starting
variety of mutant forms) and variety Endje
1 — entered in official variety list of
Bulgaria (Sorghum vulgare var.
sudanense (Piper) Stapf x Sorghum
vulgare var. saccharatum) (Kikindonov
and Slanev, 2011).

Sowing was done manually with
permanent warming of 10 cm soil layer
(the second half of April). The trial is set in
block method in three replicates and the
size of the plot treatment 10 m? (according
to the technique of IASAS). During the
vegetation was respected technology for
growing sorghum for grain and silage
(Dechev et al., 1987).

During the vegetation were conduct-
ed phenological observations BBCH scale
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ckanata Ha Meier (2001) npu cnegHute
(peHodhasn: a) oT noHukBaHe (BBCH-09-10)
[0 oTBapsiHe Ha donarosus nuct (BBCH-47),
6) oT noHukBaHe (BBCH-09-10) go nbaHa
3penoct (BBCH-89). OTueTeHn ca cnepHu-
Te KO/IMYECTBEHU MPU3HALM C MPSIKO OTHO-
lWeHne KbM CEMeHHaTa MpPOAYKTUBHOCT:
BucoumHa Ha ueHTpanHoTo cTbb610 (BBCH-
47 n BBCH-89), cm; Ab/mKnHa Ha MeTnn-
uata, cm; Maca Ha cemeHaTa OT efHa
Metnuua, g; Maca Ha 1000 cemeHa, g.
V3mepBaHuATa ca wu3BbpweHn Ha 20
pacTeHMss 3a BCSKO [OBTOPEHME Ha
BCUYKN BapuaHTU Ha onuTa.

Martematuko-ctatucTnyeckara 06-
paboTka Ha ekCnepumMeHTasHUTe gaHHu e
M3BbpLIEHA C MporpamMHuA  MPOAYKT
Satistica version 10.

PE3YJITATN N OBCBXAAHE

PenpoykTnBHNTE BB3MOXHOCTM Ha
reHoTunoBe cyfAaHka ca B Mpsika 3aBuUCK-
MOCT OT arpoOMeTeopOosIorMYHUTE YC/IOBUS Npe3
BereTaumoHHMA nepuog, (anpun-centemepu)
B roguHute Ha wuscnensaHe (2014-2016 r.),
Karto KpUTWYHW 3a pa3BUTUETO Cce ABABaT
oeHohasn NbpBU-TPETM NUCT (BBCH 11-13).
CTo/iHOCTMTE Ha OCHOBHMTE rnokasaTesnu
cpefHoAHEeBHa TemnepaTtypa Ha Bb3fyxa u
Ba&UIEXWN Ca CpaBHEHU CbC CbLUUTE 3a MHO-
roroguweH nepuog (1964-2009 r.). FrognHm-
Te Ha uscnensaHe obxsallaT nepuoau pas-
NinyaBal ce Mo cymarta Ha Basiexute u
Temnepartyparta, Taka W Mo pasnpegesne-
HMeTo uMm npe3 BeretayusatTa (Tabnuua 1).
CpefHoAeHOHOWHUTE  Temnepatypu Ha
Bb3AyXa CpefHO 3a BereTauuoHHUTe nepuno-
An ca ¢ HagHopmanHu ctoiiHocTu (oT +0,2
fo +1,1 °C) B cpaBHEHMe CbC CbluTe 3a
MHOroroguvieH nepuog. Mo oTHOLWeHne Ha
KO/IMYEeCTBOTO Ha BasiexuTe ce Habnogasa
no-cusiHa BapuabunHOCT U HepaBHOMEPHO
pasnpefeneHve npes Bere-TauMoHHUTE ne-
proan cnpsiMo 6UONOTUYHWUTE W3UCKBAHUSA
Ha KynTyparta.

Meier (2001) with the following phenophases:
a) of germination (BBCH-09-10) to open the
flags leaf (BBCH-47) b) of emergence
(BBCH-09-10) to full maturity (BBCH-89).
The following quantitative features of
direct relevance to the seed productivity
are reported: Height of the central stem
(BBCH-47 and BBCH-89), cm; Panicle
length, cm; Seed weight from a panicle, g;
Weight of 1000 seeds, g. Measurements
were made on 20 plants for each
replication of all experimental variants of
the experiment.

Mathematical and statistical
processing of the experimental data was
carried out with the software Satistica
version 10.

RESULTS AND DISCUSSION

Reproductive performance  of
genotypes Sudan grass are directly
dependent on agro-meteorological
conditions during the growing season
(April to September) in the survey years
(2014-2016) as critical for development
appear growth stage first-third sheet
(BBCH 11-13). The values of the main
indicators average temperature of air and
precipitation were compared with the
same in a multiannual period (1964-
2009). The years of the study covering
periods differing in rainfall and
temperature and different distribution
through the period of vegetation (Table 1).
The average daily air temperatures
medium for the vegetation periods are
over-values (from +0.2 to +1,1°C) as
compared with a multi-year. In terms of
precipitation is  observed  stronger
variability and uneven distribution during
the vegetation period to the biological
requirements of the culture.
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Tabnuua 1. MeTeoposiorMYHU MNokKasatenu npes roguHuTe U cpefHo 3a nepuoga

(2014-2016r.)

Table 1. Meteorological indicators during the years and period average (2014-2016)

BereTaunoHeH nepuog,
Vegetation period

C CpepgHo
MNepuopg Ha nscnegsaHe PEAHOMECE HA mwgpawpa Ha 3alV-1X,t°C
Period of study Bb3fyxa, Average
The average monthly emperature of .
. for IV-IX, tC
the air, t °C
v \Y VI VIL | VI | IX
2014 114,9[16,7[20,6 (231237179 195
OTKNoHeHue °C/Deviation °C| 2,9 -1 -0,6 -0,3 0,8 -0,4 0,2
2015 12,2188 (207255 (24,4[200 | 203
OTkoHeHne °C/Deviation°Cl 0,2 | 11 | -05 | 21 15 1,7 1,0
2016 1154 16,4 | 23,0 | 24,6 | 23,5 | 19,4 20,4
OTKNoHeHue °C/Deviation °C| 3,4 -1,3 1,8 1,2 0,6 1,1 1,1
CpepgHo 3a 2014-2016
Average 2014-2016 14,21 17,3 121,4 | 24,4 | 23,9 | 19,1 20,1
CpepfHo 3a 45 r. (1964-2013)
Average 45 years (1964-2013) 12,0| 17,7 21,2 | 23,4 | 22,9 | 18,3 19,3
MeceuHn cymu Ha Baniexute, mm Cyma
Mepwog Ha n3cneaBaHe Monthly rainfall, mm 3a IV-IX, mm
Period of study Amount
v Y VI VIL | VI | IX for IV-IX, mm
2014 1323 | 83 _| 54,3 | 71,8239 |142,6 407,9
OTK/oHeHne, % / Deviation,%| 66,3 | 132,0 | 85,2 | 116,7 | 52,5 | 314,8 124,5
2015 143,6(30,6 (959 21,5(29,9(130,3| 3518
OTkoHeHue, % / Deviation,%| 89,5 | 48,6 | 150,5 | 35,0 | 65,7 | 287,6 107,4
2016 725 772(461| 78 [312]618| 2966
OTK0oHeHue, % / Deviation,%| 148,9 | 122,7 | 72,4 | 12,7 | 68,6 | 136,4 90,5
CpegHo 3a 2014-2016
Average 2014-2016 49,5 | 63,6 | 65,4 | 33,7 | 28,3 [111,6 352,1
CpepfHo 3a 45 r. (1964-2013)
Average 45 years (1964-2013) 48,7 | 62,9 | 63,7 | 61,5 | 45,5 | 45,3 327,7
[eDpVoa Ha U3CHEedBaHe MHpekc Ha cyxota De Martonne CpegHo 3a IV-IX
P1oA A De Martonne aridity index, 1,-DM Average
Period of study
IV | V. | VI VL v IX for IV-IX
2014 15,6 | 37,3 ]21,3|26,0| 8,5 | 61,3 |27,7n0/yBrIaXxeH
2015 236(12,8|375| 7,3 |10,4|52,1 233
YMEPEHOCYX
2016 34,3|35,1|16,8| 2,7 | 11,2 | 25,2 | 19,5 nonycyx
CpepfHo 3a 45 r. (1964-2013) 22,4
Average 45 years (1964-2013) 26,6 | 27,3 |24,5122,1116,6 19,2 YMEpPEHOCYX

CpaBHUTENHO 6naronpuaTHO U pa.-
HOMEPHO € pasnpefesieHNETOo Ha BasiexuTe
npe3 2014 roavHa, CApPSAMO KPUTUYHUTE
heHohasn OT pas3BUTMETO Ha Ky/nTypaTta —
noHvkKBaHe — NbpBu-TpeTn nuct (BBCH 09—

the distribution

Comparing favorably and evenly is

of

rainfall

in 2014

compared to the critical growth stages
the development
germination — first-third leaf (BBCH 09—

from
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11/13). B TemnepaTtypHO OTHOLUEHUE
BeretauuoHHUSA Nepuoj Ha npoyysaHe ce
oT/IyaBa C NOAHOPMAa/THU CPefHOMECEYHN
ctoiiHoctn (ot -0.3 go -1.0 °C), c wmsknio-
YyeHWe Ha MeceuuTe anpun u asryct (ot
+ 0.8 go +2.9 °C) B cpaBHEHMNE CbC ChbLUUTE
oTyeTeHu 3a nepuoga 1964-2013.

Mpe3 BereTauMoHHUSA nepuoj Ha
2015 roanHa ca OTYeTeHU MO-BUCOKN CTON-
HocTu (oT +0.2 go +2.1 °C) Ha cpegHome-
ceyHata Temnepatypara Ha Bb3fyxa C
U3K/IIOYEHME Ha Mecel, IOHW B CpaBHeHue
CbC CbLMTE 3a CPEAHOMHOIOroAULLIHNA ne-
pvopg 1964—-2013. KonnyecTBOTO M pasnpe-
[JeNeHNeTo Ha BasieXuTe e CbC 3HaumTesHa
HepaBHOMEPHOCT, HabnwgaBa ce SCHO
u3paseHa TeHAeHUMs KbM 3acyllaBaHe B
Han-KPUTNUYHUTE dheHodasn OT pasBUTMETO
Ha Kyntypata - MOHWKBaHe — MbpPBW JINCT
(BBCH 09-11).

CpaBHUTeNHo fobpe obesneyeHa ¢
BeretauuoHHN Banexu e cyjaHkata npes
2016 rognHa. OTYeTEHNTE BUCOKA CYMWN Ha
BeretTauynoHHn Banexu (ot 122,7 po
148,9%) n OTHOCUTESIHO 6NaronpUATHOTO
UM pasnpegenieHne B KpUTUYHUTE heHoda-
31 OT pasBUTMETO Ha Kyntypara, oka3saT
Kopurmpaly, edyekT BbpXy MOBULLEHUTE
CTOHOCTM Ha CcpegHOMeceyHuTe Temne-
patypu Ha Bb3gyxa (+ 3.4 °C), koeTo 6na-
ronpuaTcTBa PaBHOMEPHOTO MOHWKBaAHE W
rapHupaHe Ha nocesuTe.

OueHsBalikn NHTErpasiHOTO Bb3feit-
CTBME Ha HAKOW OT OCHOBHWUTE METEOPO’sIo-
rMYHU akTopu — CymMa Ha Balexu W
cpefHOMeceyHn TemnepaTypu Ha Bb3fyxa
apuaHocTTa npes3 BereTauuMoHHWA nepuoj
Ha kyntypute (IV — IX) ce onpegens no
roguHy Kakto cnegsa: 2014 nonysnaxeH (I
(MapToH) = 27,7) > 2015 ymepeHo cyx (I
(MaptoH) = 23,3) > 2016 nonycyx (I
(MapToH) = 19,5) (Tabnuua 1).

OTuyeTeHaTa AVHaMuKa Ha MeTeopo-
NIOTUYHUTE YCNOBUSA Npe3 OTAeNHWUTe ToAu-
HW 1 B3aMMOAENCTBMETO i C reHoTMna ca
npeAgnoctaska 3a pas/iM4yHUTE pPenpoayk-
TMBHU Bb3MOXHOCTW MPU U3NUTBaHWUTE re-
HOTUMNOBE cyAaHKa. AHaNN3BLT Ha [aHHUTE,
KacaellM BUCOYMHATa Ha pacTeHuaTa, no-
KasBa AICHO pasrpaHyyaBaHe B HayasiHuTe
eTanu oT passuTtneto um (Tabnmua 2).

11/13). The temperature during the
vegetation period of a study is
characterized by sub-average monthly
values (-0.3 to -1.0 °C), with the
exception of April and August (from + 0.8
to +2.9 °C) compared to the same for the
period 1964-2013.

During the vegetation period of
2015 reported higher values (from +0.2 to
+ 2.1 °C) of the average monthly air
temperature with the exception of June
compared with the same term values for
the period 1964-2013. The amount and
distribution of precipitation has a
significant unevenness, there is a clear
tendency to drying in the most critical
phenophases by the development of
culture - germination - a first leaf (BBCH
09-11).

Relatively well-stocked with
vegetation rainfall is Sudangrass in 2016.
The reported high sums of precipitation in
period of vegetation (from 122.7 to
148.9%) and their relatively favorable
distribution in the critical growth stages
from the culture development have a
corrective effect on the increased values
of the average monthly air temperatures
(+ 3.4 °C), which helps to germination of
crops.

Estimating the integral effect of
climatic factors — the amount of rainfall
and the monthly  average air
temperatures aridity during the growing
period of crops (IV - 1X) is determined by
year as follows: 2014, semi-moist (I
(Marton) = 27.7)> 2015 moderately dry ( |
(Marton) = 23.3)> 2016 semi-dry (I
(Marton) = 19.5) (Table 1).

Reported dynamics of weather
conditions over the vyears and its
interaction with genotype prerequisite for
various reproduction of the tested
genotypes Sudan grass. Analysis of the
data relating to the height of the plants
showed a clear distinction in the initial
stages of their development (Table 2).
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Tabnuua 2. CTpYKTYpHU efieMeHTM Ha Ao6uBa npu cygaHka
Table 2. Structural elements of production with Sudan grass

cTbbna o (heHodasza Hayano Ha uU3MeT-
nsasaHe (BBCH-47) n chusmonoruyHa 3pe-
noct (BBCH-89) Bapupa B 3aBMCMMOCT
OT METEeOpOosIorMYHNTE  YC/I0BUSA  Mpes3
rOAMHUTE Ha NPOYyYBaHe, KaTo Hali-HUCKM
CcTb6/1a 3a BCMYKM BapraHTK Ha onuTa ca
hopmupaHn npes 2015, a Hali-BUCOKM
npe3 2014 rognHa. B 3aBucumocTt OT
reHoTuna, B Kpas Ha Beretauusita npu
MyTaHTHa popma M 300/43 BucoumnHata
Ha cTbbnarta npeBuwaBa Tasu Mpu
Enpoxe 1, a npy n3xoaHusa copt ¢ 9,2 %.

CemeHHaTa MpPOAYKTMBHOCT npwu
cyfjaHkata e B npska 3aBWCMMOCT OT
nokasarenute Ab/HKMHA Ha MeTnauuaTta,
cemeHaTa OT efjHa MeT/1Mua, BucounHara
Ha LeHTpasiHOTO CTL6/10 N Maca Ha 1000
cemeHa (Tabnuua 3 n 4).

BapuaHTu BucouunHa Ha . ObmknHa Ha | Maca Ha cemeHata, Maca Ha 1000
Variants pacTeHusTa | MeT/Muata , OT edHa meTavua cemMeHa
Plant height I Lengthof |  Seedweight | Weight of 1000
,,,,,,, cm . _panicle | _ ofapanicle | = seeds _ |
BBCH-47 /\BBCH-89. cm %ofSt g . %ofSt . g % ofSt
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 2014
Endje 1-St | 215,48c | 263,48c 130,60a; 100 : 33,90c . 100 17,30bc: 100
Kazitachi | 184,50b | 224,50b 133,66b: 110,0: 12,94a . 38,2 116,22ab: 93,8
M 300/43 | 217,17c | 267,67c 144,92c: 146,81 31,05c « 91,6 117,25bc: 99,7
M 200/86_ | 166,20a_| 214,48a 33,86b, 110,7, 17,31b, 51,1 16,43ab, 950 |
2015
Endje 1-St | 123,38ab | 170,28ab ,29,11a, 100 , 26,20c , 100 16,90bc, 100
Kazitachi | 135,14b | 179,12b /35,62b, 122,4, 1391a, 53,1 1564ab, 92,5
M 300/43 | 129,68b | 175,98b 139,79c, 136,7 ,27,16bc, 103,7 16,52bc, 97,8
M 200/86_ | 119,23a_| 165,27a 34,22ab 117,6 ,15,87ab, 60,6 __1555ab, 92,0 |
2016
Endje 1-St | 179,56bc | 220,25bc ,33,10a, 100 , 13,68b, 100  14,50b , 100
Kazitachi | 151,55a | 198,85a 133,35a, 100,8, 513a , 37,5 | 13,652, 94,1
M 300/43 | 170,80b | 214,26b |40,55b| 122,5, 10,79b ; 78,9 | 14,85b | 102,4
M 200/86 | 180,68c | 225,75c  34,05a, 1029, 7,77a , 56,8 | 13,00a , 89,7 |
| _________Cpenno3a2014-2016/Average for 2014-2016 |
Endje 1-St | 172,81 | 218,00 | 30,83 | 100 | 24,59b | 100 |16,23bc| 100
Kazitachi 157,06 | 200,82 | 34,21 |111,0, 10,66a , 43,4 |1517ab, 93,5
M 300/43 172,55 | 219,30 | 41,75 | 1354, 23,00b ; 93,5 |16,21bc, 99,9
[M 200/86 155,37 | 201,83 | 34,04 | 110,4 | 13,65a | 555 |14,99ab, 924
BucounHata Ha chopmMupaHuTe The height of the stems to growth

stage open the flags leaf (BBCH-47) and
physiological maturity (BBCH-89) varies
depending on weather conditions during
the years of study with the lowest stems
for all variants of experience were formed
in 2015 and the highest in 2014.
Depending on the genotype, at the end of
vegetation in a mutant form M 300/43
height of the stems exceed negligible in
this Endje 1, and when the starting strain
of 9.2%.

Seed productivity in Sudan grass
depends on the parameters length of the
panicle, seed from a panicle, height of the
central stem and the weight of 1000
seeds (Table 3 and 4).

134




Ta6nvua 3. KopenauvoHHM 3aBUCMMOCTU () Mexay nokasaTesiv obycnaBslm

,CI,O6I/IBa OT ceMeHa nNpn cygaHCKa TpeBa

Table 3. Correlations (r) between indicators determining the yield of seeds in

Sudan grass

dakTopun / Factors

1 2 3 4

1 |BucounHa Ha pacTteHusita / Plant height

3 |Maca Ha ceMeHaTa oT egHa MeTnuua
Seed weight of a panicle

2 ObmkuHa Ha meTnuuata / Length of panicle

4 Maca Ha 1000 cemeHa / Weight of 1000 seeds

1,000
0,320 1,000

0,980 0,171 1,000
0,986 0,258 0,955 1,000

ObmkuHata Ha MeTmuara  npu
CcyfaHKaTa 3aBUCU OCHOBHO OT reHotuna u
hakTopuTe Ha OKO/MHaTa cpefa, Npu KOUTo
e chopMrpaHa 1 He 3aBUCK CbLLECTBEHO OT
BMCOYMHATA HA UEHTPa/IHOTO  CTbOJ10
(r=0,320). OT pgpyra cTpaHa nokasatensT
Ob/DKMHA Ha MeTnvuaTa He Busie Cbluec-
TBEHO BBbPXY KO/MYECTBOTO Ha cemeHarta
Ha egHa meTnuua (r=0,171) n maca Ha
1000 cemeHa (r=0,258). OcHOBHUTE hakTo-
puv, BAMSieWwM BbPXY OpMUpaHeTo Ha
mMacarta Ha cemeHaTa OT efHa MeT/uua, ca
BMCOYMHATA Ha LUEHTPAIHOTO CTbOJ0
(r=0,980) n maca Ha 1000 cemeHa (r=0,955).

Pesyntatute OT u3BefeHWUTe Amc-
MepCUOHHN aHaIN3n 3a ycTaHOBSABaHe BAWs-
HMETO M B3aMMOBpb3KaTa Ha npoy4vBaHuTe
haktopu (roguHn Ha wuscnegsaHe (A) u
reHotun (B)) BbpXy [OOUBBLT OT cEMeEHa OT
reHoTVnoBeTe cyfaHka, noka3saT, Ye OTHO-
CUTENIHO Hali-ronsm Asn ot o6uioTo Bapu-
paHe ce Aob/mxu Ha Paktop A (33,36%), a
jenbT Ha ®aktop B e HesHauuTeneH

(0,84%) (Tabnuua 4).

The length of panicle in Sudan
grass is mainly dependent on the
genotype and environmental factors in
which it is formed and does not depend
significantly on the length of the central
stem (r=0,320). Of the other part the
length of panicle not substantially affect
amount of seeds of a panicle (r=0,171)
and the weight of 1000 seeds (r=0,258).
The main factors influencing the mass of
seeds from a panicle are the height of the
central stem (r = 0,980) and the weight of
1000 seeds (r=0,955).

The results of dispersion analysis
to identify the impact and relationship of
the studied factors (years of study (A)
and genotype (B)) on the yield of the
seeds of sudan grass show that relatively
the largest share of the total variation due
to factor A (33,36 %) and a minor share
of the Factor B (0,84%) (Table 4).

Tabnuua 4. AHa/IN3 Ha BapuvaHCUTE U CTeneH Ha BAUsiHME Ha (pakTopuTe B
obLaTa agucnepcunsa BbpPXy Ao6mBa OT ceMeHa Nnpu reHoTUNoBeE CyaHCcKa TpeBa
Table 4. Analysis of variance and degree of influence of the factors in the total

dispersion on the yield of seeds at genotypes Sudan grass

/3TOuHMLY Ha BapupaHe Ss df MS = D 2
Sources of variation

Interceps 5202882 | 1 | 5202882 |1407,249|0,000000

FogunHn (A)/Years (A) 662851 2 331425 89,642 |0,000000| 33,36

lenotun (B)/Genotype (B)| 381269 3 127090 34,375 |0,000000| 0,84

AxB 226626 6 37771 10,216 |0,000012| 0,74

pewka/Error 88733 24 3697 65,10

O6Lo0/Average 1359479 | 35 100,00
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KonnyectBoTo cemeHa npu u3cnepn-
BaHUTe reHOTUNOBE CyfaHKka Bapupa npes
oTAeNnHWTe rofuHW, KaTo Hali-ronsm e fo-
6uBbT OT cemeHa npe3 2014 roguHa
(Purypa 1). CpefHO 3a TpuTe TrO4MHMU,
U3NUTBaHWTE reHoTuMnose dopmupar pas-
IMYHO KONMYecTBO cemeHa. C Hali-BUCOK
[o6buB cpedHO 3a nepuofja ce OTKposiBa
MyTaHTHa chopma M 300/43 npesBuwaBalla
n3xoaHus copt ¢ 73,1%, a EHpxke 1 ¢ 1,2%.

Emawe 1/ENdje 1

= Kdzilachi

The quantity of seed in the studied
genotypes sudangrass in different years.
Highest yield of seeds in 2014 (Figure 1).
Average genotypes tested for three years
form different amounts of seed. Average
for the years with the highest yield is
mutant form M 300/43 exceeding the
variety Kazitachi of 73.1%, and Endje 1 to
1.2%.

| M 300443 | 200/8%

UHI

Dobue cemena, kgfdisa
Yeld of seeds, kpfdha
I

2014 2015

2015 2014-2016

ToguHn Years

our. 1. lobmns cemeHa No roavHu 1 cpeHo 3a nepuona, kg/da
Fig. 1. Yield of seed per year and average for the period, kg/da

M3nonsBaliku ocpefHeHUTe faHHU
OT KONIMYECTBEHUTE MNpU3HAUWU € W3BbP-
LWEeHO KnactepusmpaHe (rpynupHe) Ha
reHOTUNoBeTe MO CXOACTBO, KaTo pesys-
TaTa OT aHa/M3a e NpeacTaBeH BbB BUJ
Ha feHaporpama (Purypa 2). Kato mspka
3a OTAa/IeYEeHOCT € M3MNO0N3BaHO EBK/IU-
[0BOTO pascTtosiHue. OT npegctaBeHaTa
JeHpporpaMa Moxe ga ce npueme, ye
oTAasiedyeHoCcTTa Ha MyTaHTHa dhopma M
300/43 ce AbmKM Ha KOMMNEeKC OoT
KO/IMYeCTBEHU Mpu3HaLMW, CBbpP3aHu CbC
ceMeHHata NpPoAYKTUBHOCT.

Using the averaged data from the
quantitative indication is made clustering
(grouping) of the genotypes in similarity
as a result of the analysis is presented as
a dendrogram (Figure 2). As a measure
of distance used Euclidean distance.
From the documents dendrogram can be
assumed that the distance of the mutant
form M 300/43 grass due to the complex
quantitative traits associated with seed
productivity.
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Euclidean distances

Varl

Var2

Vard

Var3

0 5000

10000

15000 20000

Linkage Distance

dur. 2. leHaporpama Ha reHoTUMNoBE CyaHKa Mo KOSIMYECTBEHN NPU3HaLM

Fig. 2. The dendrogram of genotypes Sudan grass on quantitative traits
NereHpa: Varl — copT EHgxe 1; Var2 — copT Kazitachi; Var3 — myTaHTHa dopma M 300/43; Vard —

MyTaHTHa dopma M 200/86

Legend: Varl — variety Endje 1; Var2 — variety Kazitachi; Var3 — mutant form M 300/43; Var4 — mutant form

M 200/86

n3BOAU

CemMeHHaTa  NPOAYKTUMBHOCT  npu
cyflaHKkaTa € TreHOTUMHO 06yC/ioBeHa, HO
CbLUECTBEHO BMMSHME OKasBaT U abuo-
TUYHUTE haKToOpW Ha cpefaTta — TenepaTypa
Ha Bb34yXa 1 KONMYeCTBO Ha BanexuTe.

KonuuectBoTo Ha cemeHaTta
dopmupaHn OT efHa MeTiMua ca B
KopesiauvoHHa 3aBUCU-MOCT OT BUCOYMHATA
Ha UeHTpasHOTO cTb6s1I0 (r=0,980) u ot
Macata Ha 1000 cemeHa (r=0,955).

C Hali-BucoK A06uB cemeHa Mpu
reHoTUnoBeTe  CyJaHka, CcpefHo 3a
neprvofa Ha nmnpoyyBaHe ce OTKposiBa
MyTaHTHa dopma M 300/43, «kosiTO
npesuwasa u3xogHua copt ¢ 73,1%, a
Enpxe 1 ¢ 1,2%.

CONCLUSIONS

Seed productivity in Sudan grass is
genotypically determined, but significantly
influenced and abiotic factors - air
temperature and rainfall.

The quantity of seeds are correlation
interaction from a panicle depend primarily
on the height of the central stem (r=0,980)
and the weight of 1000 seeds (r=0,955).

Average for the period of study the
highest yield of seed from the studied
genotypes sudangrass mutant form M
300/43 exceeding the variety Kazitachi of
73.1%, and Endje 1 to 1.2%.
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