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PE3IOME

MouepHaTa (Medicago sativa L.) e
MHoOroroguiHa 6060Ba KynTypa xXapakTe-
pusMpalia ce C¢ BMCOK J06MB U Kauec-
TBeHa 6uomaca. Prnsoceparta Ha ntouep-
Hata M306uMACTBA OT pas/IMY4HU MUKPO-
OpraH1M3mu, KOUTO MMaT pas/IMyHO BAUS-
HMEe BbPXYy pPasBMTMETO Ha pacTEHMETO.
Fonsim 6poit MMKPOOPraHU3Mn ce BKapBat
B MoyBaTta Ype3 MUKpPobrasTH1N NHoKynaTtw,
KOETO NPOMeHs 6pos 1 cbCTaBa Ha MecT-
HaTta nonynauus. Llen Ha nscnegsaHeTo e
Ja ce npoyyn Bb34ENCTBMETO Ha a3oTo-
oukcupawute 6Gaktepumn (Sinorhizobium
meliloti n Azotobacter chroococcum) wu
goutonaToreHHnTe rvouukn (Colletotrichum
trifolii - nsonar Coll-4 n gBa nsonarta Ha
Colletotrichum destructivum - Coll 11 n
Coll 657) Bbpxy 6posi Ha rbbuUkMTEe B
pusocepata Ha noysaTa Ha CopToBe
nouepHa (AduHuT+Z' un Tepw’). B
CpaBHEHMe C KOHTponarta, B 6pos Ha
rLONYKNTE BbBB BCUYKM 06paboOTKM C
WHOKyNaT MMa CTaTUCTUYECKM 3Ha4yuMu
NMOHMWKEHNA B pusoccepata npu pasarta
nscneABaHn copTa louepHa.

KnwoyoBn  aymu:
rbOMYKK, NoLepHa

pusocdepa,
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SUMMARY

Alfalfa (Medicago sativa L.) is a
perennial legume characterized by high
yield and good quality biomass. The
rhizosphere of alfalfa abounds in different
microorganisms which can have either a
different effect on the plant development.
A large number of microorganisms is
introduced into the soil by application of
microbial inoculation that brings changes
in the abundance and composition of the
indigenous population. The aim of the
research was to investigate the effect of
nitrogen-fixing bacteria (Sinorhizobium
meliloti and Azotobacter chroococcum)
and phytopahtogenic fungi (Colletotrichum
trifolii - isolate Coll-4 and two isolates of
Colletotrichum destructivum — Coll 11 and
Coll 657) on the number of fungi in the
rhizospheric soil of alfalfa cultivars
(Affinity+Z and Perry). In comparison to
the control, the number of fungi in all
inoculation  treatments  there  were
statistically significant decreases in the
rhizosphere in both examined cultivars of
alfalfa.
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YBO/,

NouepHaTta e efHa OT Hall-cTapuTe U
Hail-BaXXHWN oypadkHU KYNTypu, KOSTO OCBEH
BMCOKUSI NOTEHLMas 3a Ao6MB 1 KA4eCcTBOTO
Ha Ouomacata ce XxapakTtepusupa CbC
cnocobHocTTa Aa dhukcmpa asoT. Tosu
pacTtuteneH sug Mmoxe fa dpukcupa 100-400
kg0 N ha' roguwHO 3aedgHO  CbC
Sinorhizobium meliloti (Peoples et al.,,
1995). Pusocchepata Ha nwouepHa 13obun-
CcTBa OT MHOXECTBO MWKPOOPraHu3Mu.
Hskon OT Te3n MUKpPOOPraHM3Mmn XUBEAT B
KopeHute wam B 6/M30CT A0 TAX
(azotobacter, actinomycetes u T.H.), fJokato
rpyakoBuTe 6aktepun (rhizobium) obutasart
KopeHoBata TbkaH. CblU0 Taka, Te CUHTe3u-
paT €eH3VMU M NoTUCKAT aKTUBHOCTTa Ha
dutonatoreHnte (Jemcev et al.,, 2004).
OnpepeneHn pus3ocdepHn MUKPOOPraHus-
MK, Kato Hanpumep S. meliloti, cHabasBat
NouepHaTa ¢ a3oT, NPoU3BeEXAaT nonmnsaxa-
pugn (Ramos et al.,, 1987), ButamuHute
B12, B1, B2 (Denison and Kiers, 2004). Mo
TO3M HauuH, 4pe3 TexHWTe MeTabonuyHu
nNpoAaykTW, rpygkoBute 6GakTepun ycuneat
pactexa W pas3BMTUETO Ha pacTeHusTa
(Stajkovi¢ et al., 2011). Tasu b6aktepus
4yecTo ce M3Mnon3Ba Npu NPoON3BOACTBOTO Ha
nouepHa nopagu 6naronpuaTHOTO U Bb3-
Jencteue. [pyra CUIHO akTuBHa pusocdep-
Ha 6akTepusa e Azotobacter, kosTo dmkcupa
efieMeHTapeH asoT W npoussexga 6uono-
TMUYHO aKTVBHM BeLLEeCTBa: ayKCUHK, rnbepe-
NVHW, NWPOAOKCWH, BWMOTUH W HUKOTMHOBA
kncenuHa (Dobbelaere et al., 2003).
Azotobacter ce u3nonssa npu npov3BoOA-
CTBOTO Ha pa3nunyHu OT 6060BUTE pacTe-
HWA, HO pJasBa [o6pu pesyntatm npwu
npon3BOACTBOTO Ha 6060BM pacTeHust
(Andjelkovi¢ et al., 2014). HAkon MUKpoOp-
raHnsmu, no-cneuuasHo Tesn, KoUTo usmn-
yecku B3aumMopelicTBaT C pacTeHusiTa B
pusoceparta, CblWO MoraT fa noBAUSAT
HebnaronpuaTHO BbPXY pacTexa Ha pacTte-
HUATa 4ypes npuunHaBaHe Ha 3abonssaHe
UM NONOXWUTESIHO Ypes3 noAobpsiBaHe pac-
Texa Ha pacteHusaTa (Ellouze et al., 2014).
OcBeH MoJfIe3HM MUKPOOPraHuM3Mu, puU3o-
cthepHata noysa chbabpxa (puTOoNaToreHHu
MUKPOOPraHM3Mu, KOWTO MpUYMHABAT pas-
NMYHK pacTuTenHu 3abonssBaHus. EgHa ot
Hall-3HauMmuUTe 60s1ecTV Npu fuepHaTa e
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INTRODUCTION

Alfalfa is one of the oldest and most
important forage crops that, in addition to
high yield potential and biomass quality, is
characterized by the ability to fix nitrogen.
This plant species can fix 100-400 kg N
ha™* per year in association with
Sinorhizobium meliloti (Peoples et al.,
1995). The rhizosphere of alfalfa abounds
in numerous microorganisms. Some of
these microorganisms live on the roots or
near it (azotobacter, actinomycetes etc.),
while rhizobium enters the root tissue.

Also, they synthesize enzymes and
suppress the activities of phytopathogens
(Jemcev et al, 2004). Certain
rhizospheric microorganisms such as S.
meliloti provide alfalfa with nitrogen,
produce polysaccharides (Ramos. et al,
1987), vitamins B12, B1, B2 (Denison and
Kiers, 2004). That way, by means of their
metabolic products, rhizobia enhance the
growth and development of plants
(Stajkovi¢ et al., 2011). This bacterium is
often used in alfalfa production because
of its favourable effects.

Another  highly active
bacterium is azotobacter,
elementary nitrogen and
biologically active substances: auxins,
gibberellins, pyrodoxine, biotin and
nicotinic acid (Dobbelaere et al., 2003).
Azotobacter is used in the production of
non-legumes but has given good results
in the production of legumes (Andjelkovié
et al., 2014). Certain microorganisms, in
particular those interacting physically with
plants in the rhizosphere, can also
influence plant productivity negatively by
causing disease or positively by
enhancing plant growth (Ellouze et al.,
2014).

rhizospheric
which fixes
produces

Apart from useful microorganisms,
rhizospheric soil contains
phytopahtogenic microorganisms which
cause different plant diseases. One of the
most important alfalfa diseases is



aHTpakHo3zaTa (Vasi¢ et al, 2009).
AHTpakHOo3aTa MNpUYMHSBA  3HAUYUTESHU
3aryébm npu nocesuTe OT JilOLepHaA B

Cbpbus (Vasi¢, 2013). Hait-uecto 6uBa
npuunHasaHa ot Colletotrichum trifolii Bain
et Essary, HO cbwo n ot Colletotrichum
destructivum O’'Gara (Boland and Brochu,
1989). dwuTonatoreHHUTEe  BLOM  Umar
oTpuLaTesHO Bb3AENCTBME BbPXY pacTexa
Ha pacTeHusiTa ¥ JOpW NPUYMHSBAT TAXHATa
CMBbPT. [pyrn Bb3MOXHU nocneauum ca no-
HMCKaTa MWKPOGUO/IOTMYHA aKTUBHOCT B
pusocdieparta Ha HanagHaTUTe pacTeHus.
Llenta Ha wu3cnegBaHeTo e fJa
npoyyYn Bb3AEWCTBMETO OT WMHOKY/IMPaHeTo
Ha JilouepHa C JABe asoTodmKcupaly

6aktepun  (Sinorhizobium  meliloti  n
Azotobacter chroococcum) n pgBa Buga
dutonaToreHHn rvbu Colletotrichum (C.

trifolii u C. destructivum) Bbpxy 6posi Ha
rL6ute B pusocepara Ha uepHara.

MATEPWNAN N METO4WA

EkcnepuMeHTbT € M3BBbpLUEH npes
nposnetta (Maii n toHn) 2016 r. B cakcuu
npu NOSYKOHTPOAMPaHU ycnosus B WH-
CTUTYT N0 dypakHW KynTypu B KpyLueBsad,.
Xumnyecknte xapakTepucTuky Ha noysa-
Ta ca cnegHute: pH KCIl 5,90; pH/H,0
6.44; o6uw, a3or 0.138%; xymyc 2.62%;
P,Os 6,6 mg/100 g; K,O 24.05 mg/100 g.
B ekcnepvmMeHTa ca u3bpaHu cnegHute
COpTOBE /iOLEepHa nopagu TAxHaTa yc-
TOMNYMBOCT KbM aHTpakHo3a: 'AQUHUTN+Z’
(cunHo pesucteHTeH) u Tlepwu' (nopat-
nmB). EkcnepumeHTbT e ABY(haKkTOpHEH C
5 noBTOpeHus, KaTo NMbpBUAT hakTop €
usonat Ha uTONaToreHHU rbOouuKkK, a
BTOPUAT € BapuaHT Ha MuKpobUaHu
NHOKYaTw.

Mpean 3acsBaHeTO cemeHarta ce
UHokynupat cbc Sinorhizobium meliloti n
Azotobacter chroococcum (10 ml uHOKy-
JNIyM BbB BCsKa cakcusa cbe 108 knetkn B 1
ml). Kyntypute Ha S. meliloti ce oTrnex-
pat Bbpxy YM cy6etpar oT Vincent
(1970), kyntypute ot A. Chroococcum ce
OoTrIexgar BbpXy TeuyHus cybeTpar ot
Feodorov (1949). PacTeHuaTa ce KOCAT
cnep LecT-cefem cegmmuM BbBB hasa
Hayasio Ha UbTeEX, CNej KoeTo ce
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anthracnose (Vasi¢ et al, 2009).
Anthracnose causes significant losses in
alfalfa crops in Serbia (Vasi¢, 2013). It is
most commonly caused by Colletotrichum

trifolii Bain et Essary but also by
Colletotrichum  destructivum O'Gara
(Boland and Brochu, 1989).

Phytopahtogenic fungi have a negative
effect on the plant growth and even cause
plant death. Another possible consequences
is a lower microbiological activity in the
rhizosphere of the attacked plants.

The aim of the research was to
investigate the effect of inoculating alfalfa
with two nitrogen-fixing bacteria
(Sinorhizobium meliloti and Azotobacter
chroococcum) and two species of the
phytopathogenic fungus Colletotrichum
(C. trifolii and C. destructivum) on the
number of fungi in the alfalfa rhizosphere.

MATERIAL AND METHODS

The experiment was carried out in
vegetation pots in  semi-controlled
conditions at the Institute for Forage
Crops in KruSevac during the spring (May
and June) 2016, The soil chemical
characteristics were the following: pH/KCI
5.90; pH/H,0 6.44; total nitrogen 0.138 %;
humus 2.62 %; P,0Os5 6.6 mg/100g; K,O
24.05 mg/100g. The alfalfa varieties used
in the experiment were chosen upon their
resistance to anthracnose and they were:
Affinity+Z (highly resistant) and Perry
(susceptible). The experiment was a two-
factorial with 5 replicates, where the first
factor was the isolate of phytopathogenic
fungi and the second was the variant of
microbial inoculation.

Before sowing, the seed was
inoculated with Sinorhizobium meliloti and
Azotobacter chroococcum (10 ml of
inoculum per pot with 10° cells in 1 ml).
The S. meliloti cultures were grown on YM
substrate by Vincent (1970), A.
Chroococcum cultures were grown on the
liquid substrate by Feodorov (1949). The
plants were mown after six-seven weeks
at the beginning of flowering and
thereafter treated with Colletotrichum



obpaboTsBat ¢ KoHuaun Ha Colletotrichum
destructivum (n3onat Coll-11 n un3onat
CC 657) u Colletotrichum trifolii (n3onat
Coll-4). bposT Ha KoHuauTe e 4-6x104/ml.
BpoAaT Ha KoHuguuTe ce onpegenun upes
XeMOLMTOMETBP crnopes MeToga Ha Tom.

BapuaHTuTe Ha ekcnepumeHTa ca

cnegHuTe:

1. C. destructivum (Coll-11) +S. meliloti;

2. C. destructivum (Coll-11) + A.
chroococcum;

3. C. destructivum (Coll-11);

4. C. destructivum (CC 657) +S. meliloti;
5. C. destructivum (CC 657) + A.
chroococcum;

6. C. destructivum (CC 657);

7. C. trifolii (Coll-4) + S. meliloti;

8. C. trifolii (Coll-4) +A. chroococcum;

9. C. trifolii (Coll-4);

10. KoHTpona.

Bb3geiicTBMeTo Ha WHOKynauuaTa
€ onpefeneHo B Kpas Ha BeretaumoHHWSA
nepuog. bpoAT Ha MUKpoopraHusMmuTe e
onpefesnieH nNo MeToga Ha araposuTe
nnoukn (Wollum, 1982) upe3 BbBEXAaHE
Ha paspefeHa nMNoYBeHa CyCrneHsus B
nogxogsuia cpega u npebposisaHe Ha
enH rpam abCcosTHO cyxa noysa. bpoat
Ha rbbuTe e onpegenieH BbpPXy araposa
cpefa Ha Yanek (paspexpaHe 10-4)
(Jarak and Djuri¢, 2006).

Pesyntatute ca o6paboTeHn upes
nporpama STATISTICS 8.0. 3HayeHueTo
Ha pasukata Mexay uscnegBaHuTe
06paboTKM € onpegeneHo ¢ agucnep-
CUOHeH aHanus, T.e. LSD TecT.

PE3YJITATU N OBCBXXOAHE

M6uuknTe ca MHOro pasnpocTtpa-
HeHNn B pusocdepata Ha pacTeHusTa.
MouBeHNTE MbOUYKM Ca BaXKEH KOMMNOHEHT
B arpoekocuctemute 1 ocurypsisar
€KOJIOTMYHWN YCIYTN, KOUTO BIINAAT BbPXY
NPOM3BOLCTBOTO Ha XpaHn 1 61Monpoayk-
™" (Ellouze et al., 2014). 3a cenckocTo-
MaHCKOTO MNPOU3BOACTBO Hal-BaXHU ca
canpouTHMTe rbOUYKM, KOUTO Mpeans-
BukBaT rHueHe (Jarak et al, 2008).
HawwuTte pesyntatu nokassart, ye U3nos-
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destructivum (Coll-11 isolate and CC 657
isolate) and Colletotrichum trifolii (Coll-4
isolate) conidia. The number of conidia
was 4-6x10*/ml. The number of conidia
was  determined by means of
hemocytometer according to Tom.

The variants of the experiment
were the following:

1. C. destructivum (Coll-11) + S. meliloti;
2. C. destructivum (Coll-11) + A.
chroococcum;

3. C. destructivum (Coll-11);

4. C. destructivum (CC 657) + S. meliloti;
5. C. destructivum (CC 657) + A.
chroococcum;

6. C. destructivum (CC 657);

7. C. trifolii (Coll-4) + S. meliloti;

8. C. trifolii (Coll-4) + A. chroococcum;

9. C. trifolii (Coll-4);

10. Control.

The effect of inoculation was
determined at the end of the vegetation
period. The number of microorganisms
was determined by the method of agar
plates (Wollum, 1982) by introducing a
diluted soil suspension into proper media
and counted per one gram of absolutely
dry soil. The number of fungi was
determined on Capek’s agar medium
(dilution 10™*) (Jarak and Djuri¢, 20086).

The results were processed by
means of STATISTICS 8.0 programme.
The significance of the difference between
the investigated treatments was
determined upon the analysis of variance,
i.e. LSD test.

RESULTS AND DISCUSSION

Fungi are very widespread in the
rhizosphere of plants. Soil fungi are a
critical component of agroecosystems and
provide ecological services that impact
the production of food and bioproducts
(Ellouze et al.,, 2014). For agricultural
production most important are saprophytic
fungi that act as decomposers (Jarak et
al., 2008).
Our

results indicate that the use of



3BaHEeTO Ha pPas/iMyHM BUAOBE U PasinyHn
n3onatm Ha dputTonaToreHHata rbouyka
Colletotrichum wvma pa3nnyHo Bb3geir-
CTBME BBbPXY OpOsi Ha MbOMYKMTE B NouBe-
HaTta pusocdepa Ha nouepHara.

different species and different isolates of a
phytopathogenic fungus Colletotrichum
has different effects on the number of
fungi in alfalfa rhizosphere soil.

CHuMKa 1. KonoHum oT rbOnyKkm BbPXY arapoBa cpeja
Ha Yanek (opurnHasHa CHMUMKA) 5
Picture 1. Colonies of fungi on agar Capek (photo orig.)

MpuvnaraHeTo Ha MUKPOOHU UHOKY-
naHTW, ocobeHo npu obpaboTkata c C.
destructivum (CC 657)Ha copT niouepHa
'AUHNTN+Z' OKa3Ba MNOMOXMTENHO Bb3-
OencTBMe BbpXy 6pos Ha rboudkute,
KOeTo ce noTBbpxagasa OT JaHHUTE
npegcraseHu B Tabnuuata (Tabnuua 1).
B cpaBHeHMe C KOHTponarta, camo npu
obpaboTkata Ha TO3M COPT JOLUeEpHa C
KOMHykKynaumsta ¢ Coll-11  + A,
chroococcum ce noctura CTatUCTUYECKU
3HaUYMMO  MNOHWXaBaHe, [okaTto npwu
obpaboTkata ¢ CC 657+ S. meliloti HAMa
CTaTUCTUYECKN 3HAuMma pasfivka ¢
KOHTposnaTa. Fonsm 6pot MUKPOOpraHns-
MW Ce BbBEXAAT B noysarta ypes npuna-
raHe Ha MWKpPOGHa WHOKynauusi, Koeto
BOAM [0 NPOMEHMN B M306UINETO M CbCTa-
Ba Ha MecCTHTa nonynauus. Bb3gein-
CTBMETO Ha WHOKynauusTa 3aBucu OT
n306MnMeTo Ha MecTHaTa nonynauus,
aKTUMBHOCTTa Ha pacTeHMeTOo roctonpurem-
HVK, CBOICTBaTa Ha noysarta MW T.H.
(Brockwell et al., 1995).

The application of microbial
inoculants, especially those on the
treatment with C. destructivum (CC 657)
incultivarof alfalfa Affinity+Z had a
positive effect which is confirmed by the
data presented in the table (Table 1).
Compared to the control only in the
treatment this cultivar of alfalfa of co-
inuculation with Coll-11+ A. chroococcum
a statistically significant reduction is
achieved and the treatment with CC 657+
S. meliloti. was not statistically different
with the control. A large number of
microorganisms is introduced into the soil
by application of microbial inoculation that
brings changes in the abundance and
composition of the indigenous population.
The effect of inoculation depends on the
abundance of indigenous population,
activity of the host plant, soil properties,
etc. (Brockwell et al., 1995).
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Tabnuua 1. Bb3gencTBne Ha MHOKyNnaTuTe BbpXy 6pos (1orapMtbM Ha YUCIIO)
Ha rbOMYKn B pu3occpheparta Ha foLepHa
Table 1. The effect of inoculants on the number (log of humber) of fungi in the

rhizosphere of alfalfa

Copt nouepHa/Cultivar of alfalfa

BapwuaHTt/Variant

AdnHUTH
+Z/££ffinity+z Mepu/Perry
1.  Coll-11+ S. meliloti 4.602 ° 4.334°
2. Coll-11+ A. chroococcum 4.215" 4.675°
3. Coll-11 4.755°" 4.316°
4, CC 657+ S. meliloti 4,382 9 4.771°%
5. CC 657+ A. chroococcum 45227 4,182 °
6. CC657 4.942° 3.986'
7. Coll-4+ S. meliloti 4.680 ¢ 4.486 °
8. Coll-4+ A. chroococcum 4517" 3.986 "
9. Coll-4 4.618"° 4.505°
10.  Control 4.382°9 4.790°

3abenexka: CpegHute CTOMHOCTM CbC CbLUMSA HaAMUc(K) HAMAT 3Hauuma pasnuka cnopeg LSD TecTta Ha

duwep (p< 0.05)

Note: Mean values with the same superscript(s) are not significantly different according to Fisher's LSD test

(p< 0.05)

Mpn copTt nwouepHa 'Tepw’, Haii-
ronsim 6poli MUKPOOPraHM3Mmn ca peruc-
TPMpPaHN B KOHTPONHUSA BapuaHT (4.790 —
nlorapuTbM Ha 4ncno). B To3u copT BbB
BCUYKM BapuaHTV Ha WHOKynauus uma
CTaTUCTMYECKN 3HAYUMKU  OTpULaTesHU
pasnukM B CpaBHEHWe C KOHTposiaTa, C
U3K/TIOYEHNE Ha BapuaHTa, Mpu KOWTO e
npunoxeH wu3onat CC 657 Ha C.
destructivum un S. meliloti. Cnopeg
Schwieger n Tebbe (2000), BbBEAEHUTE
opraHnsMm MOXe [a OoKaxaT Wiu Ja He
oKaXXaT B/IMsiHWE BbpXYy ChbllUecTByBalla-
Ta CTPYKTypa Ha MukpobHaTa nonynauums.

MpomeHuTe B 6posi Ha rbLOUUTE B
copToBe filouepHa — ApuHnTU + Z 1 Tepwn’
npu NpunoXeHata UHOKyauus ca pasfuy-
HU. OB6MKHOBEHO npu copT "AdnHnuTn + Z"
MOXe [a ce HanpaBu 3ak/lloueHve 3a yBe-
NNYeHNeTo B 6poA Ha rMbOUYKMTE NPY NoYTU
BCMUKM 06paboTKM, J[okaTo npu  copT
"TMepn" ce oTueTe OTpULATENHOTO Bb3AeEl-
CTBME HA TECTBA-HUTE MUKPOOPTraHW3Mu.

PusocepHute  MuKpoopraHnsmm
obpasyBart 3aTBOpeHa O6LLHOCT C KopeHa
W ca AVPEKTHO MOB/IUAHN OT KOpPeHOoBUTEe
cekpetn (Gransee and Wittemnayer,
2000). KopeHoBWTE CEKpPeTU ca U3TOUHUK
Ha Bbrepon W eHeprns 3a pusocdep-

In cultivar of alfalfa Perry, the
largest number of microorganisms was
recorded in the control variant (4.790 —
log of number). In this cultivar in all
variants of inoculation, there were
statistically significant negative
differences comparing to the control,
except for the variation where the isolate
CC 657 of C. destructivum and S. meliloti
were applied. According to Schwieger
and Tebbe (2000), introduced organisms
may or may not have to have the
influence on the existing structure of the
microbial population.

Changes to the number of fungi in
alfalfa cultivars — Affinity + Z and Perry to
applied inoculation were different.
Generally at Affinity + Z can be concluded
increase in the number of fungi in almost
all treatments, while in cultivar Perry the
negative effect of  the tested
microorganisms recorded.

Rhizospheric microorganisms form
a closed community with the root and are
directly influenced by root secretions
(Gransee and Wittemnayer, 2000) Root
secretions are the source of carbon and
energy for rhizospheric microorganisms
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HUTE MUKPOOPraHU3Mu 1 TEXHUAT XUMU-
YeH CbCTaB W KOMIMYECTBO 3aBUCAT OT
pactutenHute Bugose (Harsh et al., 2006).

N3BOAN

MonyyeHnTe pesynTatu MokasBear,
ye NPUIOXKEHNETO HA MUKPOOPraHu3Mu ©
TAXHaTa KOMOMHaUMA MOXe fa noBnusie
pasfIMYHO BbPXY YMC/IEHOCTTA Ha uscnes-
BaHWTE MWKPOOpPraHusmu. [lpunaraHeTo
Ha MUKpPOOPraHM3mMy 1 KoMbuHauuu ot
TAX MOXe [Aa MoBfusie BbpXy 6pos Ha
reouyTe, KOMTO BapMpar B 3aBUCMMOCT OT
BapuvaHTa Ha WHOKynauus u copTa Ha
nwouepHata. ToBa ca npeaBapuTesHU
npoyYyBaHUst U 3a Aa ce Mnosyyn NbrHa
WMHpopMauns 3a Ha/IMuMeTo Ha rbouykn
unn gasim Te ca canpoduty uan natore-
HW, € HeobXxoAyMOo pJa ce MpPoAbIIKU
n3cneaBaHeTo B Ta3n NOCOKa.

BJTATOAAPHOCTWU

WN3cnegBaHeTo e hmHaHCUpaHo OT
MUWHUCTEPCTBO  Ha  06pas3oBaHMETO,
HaykaTa W TEeXHO/IOTMYHOTO pasBUTUE,
Peny6nuka Cbpbus, npoekt TR 31057.

and their chemical composition and
amount depend on the plant species
(Harsh et al., 2006).

CONCLUSIONS

The obtained results showed that
the application of microorganisms and
their combination can different affect on
abundance investigated microorganisms.

The application of microorganisms and
combinations thereof can affect on the
number of fungi varied depending on the
variant of inoculation and cultivar of
alfalfa. These are preliminary studies and
to obtain complete information about
presence of fungi or whether they are
saprophytes or pathogens, it is necessary
to continue research in this direction.
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PE3IOME SUMMARY

dypaxHMAT rpax n OBeC ce OTrIex- Field pea and oat were grown in
[aT B ABYKOMMOHEHTHM CMeCK/ B ekcne- | binary mixtures at the experimental field of
pumeHTaNHOTO nose Ha WHcTutyTa 3a | the Institute for forage crops, KruSevac -
hypaxHu kyntypu, Kpywesay - Cbpous | Serbia (21°19'35" E, 43°34'58" N).
(21°19'35 "E, 43°34'58" N). Ekcnepumen-
TbT € 3a/l0KeH B Tpu MnoBTopeHuss no | The experiment was designed with three
paHaomu3upaH 67l0koB MeTod, kaTo e | replications according to a randomized
3anoyHat npe3 eceHta Ha 2012 r. Ha 20 | complete  block.  Experiment  was
OKTOMBpPW, a npo6bute ca B3eTu npes | established in autumn in 2012, on
nponetta Ha 2013 r. MpaxbT U oBecbT ca | October the 20" and the samples were
uscneaBaHn B NeT pasnunyHu cmeckn: Al- | taken in spring in 2013. The pea and oat
100% rpax; A2-100% oBec; A3-25% rpax + | were tested at five different mixture rates:
75% oBec; A4-50% rpax + 50% oBec n | A;-100% pea; A,-100% oat; As- 25% pea +
A5- 75% rpax + 25% oBec. Mpobute oT | 75% oat; A,-50% pea + 50% oat and As-
3efeH dypax ca aHanusupaHum 3a CB | 75% pea + 25% oat. Green forage
(cyxo BeuwectBo), CIM (cypoB npoTteuH), | samples were assayed for DM (Dry
OCB (06110 cbabpxXaHue Ha Bbriexuapa- | Matter), CP (Crude Protein), CHO (Total
TW), HECTPYKTYpHU Bbraexmapatn (HCB), | Carbohydrates), NSC (Non-Structural
HuwecTe, BBB (6e3BnakHuHHU Bbrne- | Carbohydrates), Starch, NFC (Non-Fiber
xuapatun), HOB (HeyTpanHo aetepreHTHu | Carbohydates), aNDF (Neutral Detergent
BnakHuHu), KAB (kncenuHHo aetepreHtHu | Fiber), ADF (Acid Detergent Fiber), HCL
BNakHuHu), XLUT (xemumuenynosa), nwur- | (Hemicellulose), Lignin, DMD (Dry Matter
HVH, CCB (cmunaemocT Ha cyxo Beulec- | Digestibility) and CHO fraction by CNCPS
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T80) U OCB ca wusuucneHun cnopep
CNCPS (Cornell Net Carbohydrate and
Protein System). YcTaHoBU Cce, Ye rpaxbT
U oBecbT morat fga 6baat oTrexgaHu
yCrnewHo 3a 3eseHa maca. paxbT kaTo
MOHOKYNTypa MMa Hali-HUCKM CTOMHOCTU
Ha HOB (435.9 g kg-1 CB). 'paxbT Kato
MOHOKY/TTypa W CMecka C MNo-rosiemu
CbOTHOLUEHUS OT HEro Mmart Mo-BUCOKO
cbabpxaHne Ha kanuuii (CA), KoeTo
rnokasea 4e rpaxbT W CMeckata C Mo-
BMCOKO CBOTHOLIEHME Ha rpax ca Mno-
[06py N3ToUHNUM Ha hepmeHTmpauw, OCB
3a MpexuBHUTe XMBOTHWU. Hai-Bucokata
CCB e otyeTeHa npu rpax kaTto MOHO-
kyntypa (774.0 g kg-1 DM).

Knto4oBm gymun: cMeckm Ha rpax :

OBEC, CTPYKTYPHM M HECTPYKTYPHU
BbrNexvapatu

YBO/,

[BYKOMMOHEHTHUTE  MOCEBM  OT

pasnnyHn 3bPHEHO-6060BU U XUTHU KYNTY-
py ca 06eKkT Ha rofIsMo BHMMaHue nopagu
BUCOKMTE cU pgobusu (Salawu et al., 2001).
Mo-cneunasiHo, ABYKOMMOHEHTHUTE MOCEBU
CbC COpPTOBE rpax WM CMEeCKA C BUCOKO
CbOTHOLLEHME HA 3bPHO CNpPSAMO c/llama ce
cumuTaT 3a J06po paBHOBECKE MeXAy eHep-
rMs 1 cbabpXxaHue Ha npotenHu. (Anil et al.,
1998). EgHO OT o4yakBaHUTe npeguMmcTBa
npu XpaHeHeTo C ABYKOMMOHEHTHN CMeCKU
OT XUTHU KyNTYypn 1 6060BKN pacTeHns e no-
[o6psiBaHETO Ha eeKTMBHOCTTa B YCBOS-
BAHETO Ha XpaHWUTe/NIHW BellecTBa nopagu
Bb3MOXHOTO CWHXPOHHO [JOCTaBsiHE Ha
NecHO (hepmeHTUpaLLla eHeprus U NPOTENHM
B Tbpbyxa (Adesogan and Salawu, 2002).
paxoBuTe Cypaxu umart Mo-BUCOK
CI (cypoB npoTenH) u in vitro cmunaemm
OpraHuYHN BeLLecTBa, MO-HUCKN HeyTpasiHO
JeTepreHTHu BnakHuHu (HAB) n kucenvHHo
AetepreHTHn BnakHuHn (KAB) B cpaBHeHMe
¢ nweHunuyata (Salawu et al., 1985), kakTo 1
No-BMCOKO CbAbpxaHue Ha Cl1 B cpaBHeHUe
c oseca (Faulkner, 1985). Bce nak,
[06aBAHETO Ha rpax KbM MeHuua, oBec
WM e4eMrK YBeniMyaBa KOHLEeHTpauusaTa Ha
CIN BbB dhypaxa n Hamanssa HAB v KAB
(Salawu et al., 2001). lNo3HaBaHeTO Ha
Bb3MOXHOCTTa 3a pasrpaxjaHe B Tbpbyxa
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(Cornell Net Carbohydrate and Protein
System) were calculated. It was realized
that pea and oat can be planted
succesfully for herbage production.
Monoculture pea had the lowest values of
aNDF (435.9 g kg™ DM).

Pea monoculture and mixture with higher
pea proportions contained higher CA
fraction indicating that pea and mixture
with higher pea proportions were better
sources of fermentable CHO to ruminants.

The highest DMD was recorded for pea
monoculture (774.0 g kg™ DM).

Key words: pea : oat mixtures,
structural and nonstructural carbohydrates

INTRODUCTION

Bi-crops of various grain legumes
and cereals have received much attention
because of their high yields (Salawu et al.,
2001). In particular, bi-crops with pea
varieties or mixtures with high grain to
straw ratios are considered to have a
good balance of energy and protein
contents (Anil et al, 1998). One
anticipated advantage of feeding bi-crop
mixtures of cereal and legumes is an
improvement in the efficiency of nutrient
utilization due to the  possible
synchronous supply of readily fermentable
energy and protein in the rumen
(Adesogan and Salawu, 2002).

Pea forages have higher CP (Crude
Protein) and in vitro digestible organic
matter, and lower neutral detergent fiber
(NDF) and acid detergent fiber (ADF) than
wheat (Salawu et al., 2001), and higher
CP contents than oats (Faulkner, 1985).

However, adding pea to wheat, oat or
barley increases forage CP concentration
and decreases NDF and ADF (Salawu et
al., 2001).

Knowledge of potential rumen



Ha hpakuMmTe Ha diypaxa € OT K/IH4O0BO
3HaueHVe 3a OLueHKaTa Ha TAXHaTa XpaHu-
TeflHa CTOMHOCT M CTeneHTa Ha u3non3saHe
Ha nNpexwBHWTE XUBOTHW. Cucremata
Cornell Net Carbohydrate and Protein
System (CNCPS) otuuta B/MSHMETO Ha
npomsHaTa, Ab/kawe ce Ha OCB hpak-
uunTe Ha hypaxa (Bbrnexmapartm), TeXHUTe
OTHOCWUTESIHU CKOPOCTU Ha pasrpaxjaHe B
Tbpbyxa M B KpaliHa CMeTKa CKOpOCTTa Ha
npemvHaBaHe npes3 yepsarta (Lanzas et al.,
2007).

Llenta Ha TO31 eKcnepuMeHT e fa ce
OLeHN Bb3AEWCTBMETO HA CbOTHOLUEHMETO
Ha rpaxa BbpxXy CTPYKTYpHUTE W HECTpykK-
TypHUTE BbrexuapaTHU dpakuum B 3ene-
HYS doypaK OT CMecka Ha rpax:oBec.

MATEPWNAN N METO4WA

PypaxHMAT rpax W o0Bec ce
oTrnexaar B ABYKOMMOHEHTHU CMECKW B
eKcnepuMeHTasIHOTO nosie Ha UHCcTuTyTa
3a oypaxHu kyntypu, Kpywesay — Cbp-
6us (21°19'35 "E, 43°34'58" N). PaiioHbT
Ha Npoy4BaHeTO € pasnosiokeH Ha 166 m
H.B. B LleHTpanHa Cbpbus. TMNbT Ha Nou-
Bara € CbC CbAbpXaHMe Ha OopraHuyHu
BelecTBa npuénusntesnHo 3.5% u pH 6.5.

EKCNepMMEHTBLT € 3a/I0KeH B Tpu
NOBTOPEHUS NO paHAoMusvMpaH 6/10K0B
MEeTOo/], KaTo € 3anoyHart npe3 eceHTa Ha
2012 r. Ha 20 okTOoMmBpM, a nNpobuTe ca
B3eTu npe3 nposetta Ha 2013 r. MpaxbT U
OBECHT Ca TeCTBaHW Mpu NeT pas/ivyHu
CbOTHOLWIEHMA Ha cmeckuTte: A1-100%
rpax; A2-100% osec; A3-25% rpax + 75%
oBec; A4-50% rpax + 50% osec n A5- 75%
rpax + 25% osec. Bcuukn cmeckn ca 3acatu
Ha napuenu ¢ pasmep ot 20 m®. MpunioxeHa
e egHakea fgosa Top, 300 kg ha® NPK
(15:15:15) npegn ceutbata. PactuTenHu
npobu ca B3eTu npe3 nposnetta Ha 2013 r.,
npu obpasyBaHe Ha MbpPBUTE LUYLLYKU NpY
2/3 OT rpaxoBuUTE pacTeHus.

Mpobute OT 3eneHus dypax ca
aHanm3upaHn 3a CB (cyxo BeLLecTBO)
ypes3 cyweHe B new, npu 60 ° C B npo-
Ob/pkeHve Ha 48 yaca. 3a onpepensHe
Ha nenenta (AOAC, 942.05), cypoB npo-
TenH (CI; AOAC 984.13) n eTepHUst ekc-
TpakT (EE, AOAC 954.02) ce uanonsear
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degradability of feed fractions is key to
assess their nutritive value and extent of
utilization in ruminants. The Cornell Net
Carbohydrate and Protein  System
(CNCPS) accounts for the effects of
variation due to feed CHO (Carbohydrate)
fractions, their relative ruminal
degradation rates and ultimately their rate
of passage through the intestine (Lanzas
et al., 2007).

The objective of this experiment
was to assess the effect of pea proportion
on structural and nonstructural
carbohydrate fractions in pea:oat mixture
green forage.

MATERIAL AND METHODS

Field pea and oat were grown in
binary mixtures at the experimental field of
the Institute for forage crops, KruSevac -
Serbia (21°19'35" E, 43°34'58" N). The
study area was situated at altitude of 166
m above sea level in Central Serbia. Soil
type was with an organic matter content of
approximately 3.5% and a pH of 6.5.

The experiment was designed with
three  replication according to a
randomized complete block. Experiment
was established in autumn in 2012, on
October the 20™ and the samples were
taken in spring in 2013. The pea and oat
were tested at five different mixture rates:
A;-100% pea; A,-100% oat; As- 25% pea
+ 75% oat; A;-50% pea + 50% oat and
As- 75% pea + 25% oat. All mixtures were
sown on plots of 20 m® One level of
fertilizer was applied, 300 kg ha® NPK
(15:15:15) before the seeding. Plant
samples were taken in spring 2013, at
forming the first pods on 2/3 plants of pea.

Green forage samples were
assayed for DM (Dry Matter) by oven
drying at 60° C for 48 h. Standard
procedures described by the AOAC
(1990) were used to determine ash
(AOAC, 942.05), Crude Protein (CP;
AOAC 984.13) and ether extract (EE,
AOAC 954.02), but ash and EE were not



CTaHOapTHX npouegypu, onucaHu oT
AOAC (1990), Ho nenenta n EE He ca
npeacTtaBeHn B HacToswaTta craTus.
O6wumre Bbraexugpatn [OCB = 1000 -
(Cn+ nenen + EE)] u 6e3BnakHUHHU
Bbrnexvgpatn [6BB = 1000 - (HAB + CI +
nenen + EE)] ca u3uucneHun cwbriacHo
NRC (2001). HAB ca aHanuM3upaHu C
TepmoycToumBa O-amunasa (aNDF),
KACE/IMHHO  AeTepreHTHMTe  BNakHUHU
(KOB), cbaobpkaHve Ha xemuuenynosa
(XLWT) v nurHmnH ca onpeaeneHn cbriacHo
Van Soest et al. (1991). HCB (HecTpyk-
TYPHU BLINEBOAOPOAN — MOHO3axapuam
Anzaxapuan) ca onpegesieHn Kkato obum
BbLIIEBOAOPOAN, Pa3TBOPMMK B €TaHO/,
CcbrnacHo npoueaypute, onucaxnu ot Hall
et al. (1999) n cbabpXaHNETO Ha HUWecTe
ce onpepgesnss No €eH3uMaTUyeH MeTog OT
Hall (2000). OBYCTENEHHWUAT NencuH-ueny-
naseH mMeTof ce M3ronsea 3a in vitro cMu-
naemoct Ha CB (De Boevar et al., 1986).
EkcnepumeHTasiHWTe AaHHW ca aHa-
M3npaHn 4ype3 hakTopeH AWNCNEepPCUOHEH
aHanu3 Ha npobu OT 3efeHn dqypaxn B
Hanb/IHO paHAoOMM3MpaH MjaH, Kkato ce
13non3Ba Mogaesn, KoiTo oTYnTa OCHOBHUTE
Bb3JeiNCTBMS Ha CMEeckuTe OT rpax: OBEc.
Bb3geiicTBMsiTa ce cumtaTt Kato pas/iMyHm
Bb3 OCHOBA Ha 3HauYuUTesIHO F CbOTHOLEHNE
(p< 0.05) (STATISTICA 6, Stat. Soft. 2006).

PE3YJITATN N OBCb)XXAAHE

CTPYKTypHUTE U HECTPYKTypHUTE
OCB (ppakumm Ha cmeckaTa Mexay
rpax:oBec ca npegcraseHn B Tabnuua 1.
Bb3feicTBMeTO Ha CbOTHOLLEHWETO Ha KOM-
MOHEHTN e 3HauUTEeNIHO NPY CbAbPXaHNETO
Ha Cyx0 BelLLecTBO. [10 OTHOLWIEHNe Ha CbOT-
HOLLEHMETO Ha KOMMOHEHTUTe B CMecKata,
Hali-ronamoto CB e nony4yeHo OT napuenu-
Te cbc 100% oBec (Tabnuua 1). HsAkonko
npoyysaHua nokassart, ye CB ce yBennyasa
C HapacTBalus NPOLEHT Ha OBeC B CMecC-
Knute Ha osec ¢ rpax (Uzun n Asik, 2012).
OcBeH TOBa, 0BECHT (PU3NYECKN NOAABbPXKA
rpaxoBuTe pacTeHWs B TakMBa CMECKU U
ocurypsisa no-ronsiMata 4yact OoT NMpPou3BOf-
cTBOTO Ha CB.

[VCcnepcuoHHNAT aHann3 ycTaHoBSA-
Ba CTATUCTUYECKM 3HAUYMMMU Pa3NKN Mexay
CbOTHOLLEHMETO Ha KOMMOHEHTUTE B CMeC-
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presented in this paper. Total carbohydrates
[CHO = 1000 — (CP + Ash + EE)] and
Non-Fiber carbohydrates [NFC = 1000 —
(aNDF + CP + Ash + EE)] were calculated
according to NRC (2001). NDF assayed
with heat stable a-amylase (aNDF), acid
detergent fiber (ADF), hemicellulose
(HCL) and lignin content were determined
according to Van Soest et al. (1991). NSC
(Non-Structural Carbohydrates
monosaccharides and disaccharides)
were determined as total ethanol soluble

carbohydrates  according  procedures
described by Hall et al. (1999), and starch
content was determined according

enzymathic method by Hall (2000). Two
stage pepsin-cellulase method was used
for in vitro DM digestibility (De Boevar et
al., 1986).

The experimental data were
analyzed by a factorial analysis of
variance for green forage samples in a
completely randomized design using a
model that accounted for the main effects
of peaoat mixtures. Effects were
considered different based on significant
(p< 0.05) F ratio (STATISTICA 6, Stat.
Soft. 2006).

RESULTS AND DISCUSSION

The structural and nonstructural
CHO fractions of the pea:oat mixture are
presented in Table 1. The effects of the
mixture rates were significant for the dry
matter content. With regard to the mixture
rates, the highest DM was obtained from
the 100% oat plots (Table 1).

Several studies showed that the DM
increased with the increasing rate of oat in
mixtures of oat with pea (Uzun and Asik,
2012). Furthermore, oat physically
supported the pea plants in such mixtures
and provided most of the DM production.

An anlasys of variance found
statistically significant differences among
mixture rates for crude protein ratio (Table



Kata MpuM CbOTHOLIEHWETO Ha CypoBuUA
npotenH (Tabnuua 1). Kakto ce Bmxga oT
Tabnvua 1, Hali-BUCOKMAT MPOLEHT Ha Cy-
poB npoTenH (190.3 g kg-1 CB) ce Habnto-
faBa B napuenute cbc 100% rpax, a Hali-
HUCKNS NPOLEHT Ha CypoB MpoTenH e
nosiyyeHo ot 100% osec (114.5 g kg-1 CB).
Cpep, cmeckuTe, Hali-BUCOKUAT MPOLEHT Ha
cypoB npoTenH (167.3 g kg-1 CB) e ycTaHo-
BEH B cMecka cbC 75% rpax (Tabnuuya 1).
Tbil KaTo rpaxbT MMa BUCOKO CbAbpXaHue
Ha a30T, NPOLEHTBLT Ha CYpOB NPOTEMH Cce
yBe/iMyaBsa C yBe/imyaBaHe Ha MPOLEHTLbT
Ha rpax B cmeckaTa. Uzun un Asik (2012)
nocouysatr nofobHn pesyntatm 3a CIl B
CMECKM C rpax:oBec.

Hai-H1ckoTo cbabpkaHue Ha OCB e
pernctpupaHo B CB Ha rpax kato MOHO-
kynTypa (685.3 g kg CB), Thit kKaTo rpaxbT
MMa OTHOCWUTE/THO MO-BUCOKO CbAbpXaHue
Ha CIT oT oBeca. YBenuyaBaHeTo Ha
CbOTHOLLEHNETO Ha Trpaxa B CMeCKuTe
Hamansasa cbabpkaHneto Ha OCB BbB
BCUYKM cmeckun (Tabnmya 1). dpakumsTa Ha
HCB (MoHO3axapuan 1 amsaxapugm), Koato
npeacrasnssa nNo-cMunaemara 4acTt oOT
o6u0To OCB e Haii-BMCoKa nNpu MOHOKYS-
TYPHO OTrnexgaHe Ha rpax. Npu cmeckute
Ha rpaxbT: OBeC, Hali-BUCOKO CbAbpXaHue
Ha BBB e oTyeTeHO npu MOHOKYNTYpPHUA
rpax, a cbabpXaHueto Ha BBB ce yBenu-
YyaBsa C yBesinyaBaHe Ha CbOTHOLLEHNETO Ha
rpax B CMeckute oT rpax: oec. Das et al.
(2015) nocousar, ye goypaxuTe € MO-HUCKO
CbAbpXaHne Ha knetbyHu cTeHn (HAB,
KB, xemuuenynosa v JIMrHUH) pernctpupar
Mo-BNCOKO CbAbpXaHne Ha BBB u dypaxn
C TMO-BMWCOKO CbAbpXaHue Ha KIeTbyHU
CTEeHM UmMaT Mo-HUCKO CbAbpKaHne Ha BEBB,
KOeTo e B CbOTBETCTBME C pe3ynrarture,
MoJlyYeHn B HaCTOALLETO npoyysaHe. Konu-
yecTBaTa HuwecTte (g kg™ CB) ca nogo6Hw
npyv noyty BCUYKM 06paboTkKn B TOBa
npoyysaHe. CbAbpXaHMETO Ha HuLWecTe B
cmeckarta oT rpax:oBec/75:25 ce pasnuyasa
3HaumTenHo (p <0,05) oT apyrn 06paboTkn 1
€ Hali-HUCKO npu ToBa TpeTupaHe.
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1). As seen in Table 1 the highest crude
protein ratio (190.3 g kg DM) was
observed in the 100% pea plots, and the
lowest crude protein ratio was obtained
from the 100% oat (114.5 g kg™ DM).

Among the mixtures, the highest crude
protein ratio (167.3 g kg'1 DM) was found
in the 75% pea mixture (Table 1). Since
pea had a high nitrogen content, crude
protein ratio increased as the percentage
of pea in mixture increased. Uzun and
Asik (2012) reported the similarly results
for CP in pea:oat mixtures.

The Ilowest CHO content was
recorded in DM of pea monoculture
(685.3 g kg’ DM), because pea had
relatively higher CP content than oat.
Increasing pea proportion in mixtures
decreased CHO contents in all mixtures

(Table 1). The NSC fraction
(monosaccharides and disaccharides)
which represents the more digestible

fraction of total CHO was the highest in
pea monoculture. Among pea:oat
mixtures, the highest NFC content was
recorded in pea monoculture and NFC
content increased with increasing pea
proportion in pea:oat mixtures.

Das et al. (2015) indicated that forages
with lower cell wall contents (NDF, ADF,
hemicellulose and lignin) recorded higher
NFC content and forages with higher cell
wall content had lower NFC content,
which is in consistant with results
obtained in this study. The quantities of
starch (g kg™ DM) were similar for almost
all treatments in this study. Starch content
in 75:25 peaoat mixture differed
significantly (p< 0.05) from other
treatments, and was the lowest in this
treatment.



Ta6bnuua 1. XuMMYeH cbCTaB W BbraexugpatHu pakumm nocpeacTsoMm
cuctemata CNCPS Ha cMecka Ha rpax:oBec
Table 1. Chemical composition and carbohydrate fractions by CNCPS of Pea:Oat
mixture

Mokasatenu / Indicators

BapuaHTtu / Treatments

A A, As A, As
CB/DM, g kg™ 248.3°  280.0° 271.6° 263.0° 270.3°
CrICP, g kg™ DM 190.3*  1145° 126.8° 152.8° 167.3"
OCBJ/CHO, g kg™ DM 685.3°  753.6°  736.2° 705.6° 697.4%
HCB/NSC, g kg™’ DM 225.7° 1395 179.8° 178.8° 166.6°
Starch, g kg™ DM 66.7% 67.7° 65.2°  67.4*  56.5°
BEBB/NFC, g kg™ DM 279.1*°  106.5°  1485% 165.2° 200.4°
HAB/aNDF, g kg™ DM 435.9° 663.8%° 606.2° 564.2° 520.4°
KOT/ADF, g kg™ DM 352.1°  441.4* 4435 4151° 417.3°
XLWI/HCL, g kg™ DM 76.2°  203.4* 149.1° 136.4° 93.2¢
Lignin, g kg™ DM 61.6° 81.1° 82.4° 69.8°  82.2°
CCB/DMD, g kg™ DM 774.0° 579.8° 611.4° 649.8° 691.1°
CA, g kg™ CHO 329.4%  1852%  244.3° 253.4° 238.9°
CB,, g kg™ CHO 97.4° 89.8" 88.6° 955  81.1°
CB,, g kg CHO 166.8%°  77.9° 79.2°  110.7° 147.9°
CBs, g kg™ CHO 258.4°  452.3*  389.5° 372.9° 334.7°
CC, gkg® CHO 148.0° 194.7*°  197.9° 167.4° 197.2°

A;1-100% rpax + 0% oBec; A,-0% rpax + 100% oBec; A3z-25% rpax + 75% oBec; A4-50% rpax + 50% oBec;
As-75% rpax + 25% oBec

CB-cyxo BewecTBO; Cll-cypoB npoTenH; OCB-06wy Bbraexugpatn; HCB-HecTpyKTypHU Bbraexuaparu;
BEBB-6e3BnakHnHHM  Bbraexugpatn; aH[B- HeyTpasiHO feTepreHTHU  BhAakHuHW;  KAT-KucenmHHo
fetepreHTHY BnakHuHu; XLJ1-xemuuenynosa; CCB-CMWIaeMOoCT Ha CyXO0TO BELLECTBO

PasnnuHute 6ykBu o3Havasat 3HammuTe pasnuku (P <0.05)

A1-100% pea + 0% oat; A,-0% pea + 100% oat; A3z-25% pea + 75% oat; As-50% pea + 50% oat; As-75% pea
+ 25% oat

DM-Dry Matter; CP-Crude Protein; CHO-Total Carbohydrates; NSC-Non-Structural Carbohydrates; NFC-
Non-Fiber Carbohydrates; aNDF-Neutral Detergent Fiber; ADF-Acid Detergent Fiber; HCL-Hemicellulose;
DMD-Dry Matter Digestibility

Different letters denote significantly different means (P< 0.05)

Opyrv BaxkKHW KayeCTBEHM XapakTte-
PUCTUKM Ha oypakuTe ca KOHUEeHTpauumTe

Other important quality
characteristics for forages are the

Ha aHAB n KAB (Assefa and Ledin, 2001).
CbaobpxaHueto Ha aH[B ce pasnunyaBa
3HaAYMTENHO MEXAY Pas/INYHUTE BapuaHTy.
CbabpxaHueto Ha aHAB ce ysenvyaBsa,
KoraTo nNpoLeHTHLT Ha OBEC Ce yBennyasa B
cmecknte (Tabnumuya 1). Mpax kaTo MOHO-
Kyntypa uMa Hali-HUCKM CTOMHOCTU Ha
aHAB (435.9 g kg* CB). Mpu KAB ca
HabogaBaH MHOTO NO-Masiku pPas/imyms.
Hama 3HaunTesiHM pasnivku Mexagy OBecbT
Karo MOHOKYNTypa M CMecka B CbOTHO-
LweHne 25:75 Ha rpax:0Bec, Kakto u mexany

concentrations of aNDF and ADF (Assefa
and Ledin, 2001). The aNDF content
differed significantly between treatments.
aNDF content increased as the oat
proportion increased in mixtures (Table
1). Monoculture pea had the lowest
values of aNDF (435.9 g kg'1 DM). In the
case of ADF much smaller differences
were observed. There were no significant
differences between oat monoculture and
25:75 pea:oat mixture, and also between
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CMecku B cboTHoweHne 50:50 n 75:25 Ha
rpax:oBec. [paxbT KaTo MOHOKyNTypa
rnokasea Hali-HUCKO CbabpxaHue Ha KAB.
[eicTButenHnte ctoiiHocTM 3a aHAB wn
KOB B TOBa npoyyBaHe W nuncata Ha
3HaUUTENHN pasnukM € B CbOTBETCTBUE C
npeavwHn npoyusaHuns (Velazquez-Beltran
et al., 2002). Salawu et al. (2001) nocouBar,
Yye fo6aBAHETO Ha rpax KbM OBeC nosuLla-
Ba KOHUeHTpauuaTa Ha CI1 1M noHwkasa
cbAbpxaHueTo Ha HAB v K4B. Aesen et al.
(2004) cbwo noTBLPXAABAT, Ye yBenuuva-
BaHeTO Ha CbOTHOLWEeHMeTo Ha 6060BuUTE
pacTteHus BoAM [0 HamasisiBaHe Ha KOHLEeH-
Tpauunte Ha KOAB n HOB B cmeckute oT
6060BM-XUTHN TpeBu. Carr et al. (2004)
yCcTaHoBfBaT, 4e rpax, eyemuK, OBeC M
CMeCKUTe rpax-e4eMuK U rpax-oBec CbOT-
BETHO uMaTt crefHusa npoueHT Ha KAB -
38.2%, 38.5%, 34.4% n 36.5%. Strydhorst
et al. (2008 r.) cbobuwaear, Ye CTOAHOCTUTE
Ha HAOB npn eyemuk U CMecku OT
rpax:eyemuk ca 55.2% n cboTBeTHO 41.8%.
Lithourgidis et al. (2006) gaBaT MO-HUCKK
cToinHocTn Ha CIM, HAB, KAB 1 AvurHunH npu
OBEC KaTo MOHOKYNTypa, OTKOSIKOTO pesysi-
TaTUTe B HacToAWeTo u3cnefsaHe. Tosa
MOXe Aa Cce Ab/DKW Ha pas/InyHuUTEe CopTo-
Be, M3MN0J13BaHN B TOBa NPOy4YBaHe U eBeH-
Tya/lHO Ha pas3/IiMyHMA eTan Ha pacTex Ha
oBec npu npubupaHe Ha pekonTata B
CpaBHeHVe C apyrurte nscrefBaHus.

Hama 3HauynMTenHu passimkm B CbAbp-
XaHMeTo Ha NIUTHUH Mexay no-rosiamara
YyacT OT obpaboTkuTe; eaUHCTBEHUTE 3Ha-
YyuTeNIHW Pas/IMKM ca Mexay rpaxa kaTo
MOHOKYNTypa U CMeCKUTe B CbOTHOLUEHUE
ot 50:50 ¢ apyru obpabotku (Tabnuua 1).
Mpn aHAB n KB, Hali-BUCOKO CbAbpXa-
HVe Ha xemuuenynosa e nonyyeHo s CB Ha
oBeca KaTo MOHOKYNTypa, [fokaTto Hali-
HUCKOTO CbAbpXaHue e onpegeneHo s CB
Ha rpaxa kaTto MOHOKynTypa. Hamansisa-
HETO Ha NponopuunTe Ha OBEC B CMECKUTe
Ha rpax:oBeC CMeCW CblLO MOHWKaBa
CbAbPXaHWETO Ha Xxemuuenynosata.

Korato ce TbnkyBat OCB dpakuyun-
Te Ha CMeCKMTe Ha rpax:0Bec Chnopej,
CNCPS (Tabnuuya 1), Habnwogaea ce, uye
rpaxbT KaTo MOHOKY/ITYpa U cMeckaTa € no-
BMCOK MPOLEHT rpax CbAbpXaT NO-BYCOKA
pakuma Ha CA, nokassalla, ye rpaxbT K
CcMeckaTa C Mo-BMCOK NPOLIEHT Ha rpax ca

50:50 and 75:25 pea:oat mixtures. The
pea monoculture also had the lowest
ADF content. The actual values for aNDF
and ADF in this study and the lack of
significant  differences agreed  with
previous studies (Velazquez-Beltran et
al., 2002). Salawu et al. (2001) indicated
that adding pea to aot increased CP
concentration and decreased NDF and
ADF contents. Aesen et al. (2004) also
reported that increasing the legume
proportion resulted in decreased ADF
and NDF concentrations for the legume-
grass mixtures. Carr et al. (2004) found
that pea, barley, oat, pea-barley and pea-
oat mixtures of ADF values 38.2%,
38.5%, 34.4% and 36.5%, respectively.
Strydhorst et al. (2008) reported that
barley and pea-barley mixtures of NDF
values were 55.2% and 41.8%,
respectively.

Lithourgidis et al. (2006) reported lower
values of CP, NDF, ADF and lignin for oat
monoculture than results obtained in this
study. This can be attributed to the
different cultivar used in this study and
possibly to the different growth stage of
oat at harvest as compared with the other
studies.

There  were no  significant
differences between most of the
treatments for lignin content; the only
significant defferences were between pea
monoculture and 50:50 mixtures with
other treatments (Table 1). As well as
aNDF and ADF, the highest content of
hemicellulose was obtained in DM of oat
monoculture, whereas the lowest content
was determined in DM of pea
monoculture. Decreasing oat proportions
in pea:oat mixtures also decreased
content of hemicellulose.

When CNCPS CHO fractions of
pea:oat mixtures (Table 1) were
interpreted, it was observed that pea
monoculture and mixture with higher pea
proportions contained higher CA fraction
indicating that pea and mixture with
higher pea proportions were better
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no-gobpu U3TOYHMUM Ha hepmeHTupam
OCB 3a npexuBHUTE XMBOTHU. Konnyec-
TBOTO Ha (hpakuma CB; e cpaBHMMO CbC
CMeCKUTEe MeXAy rpax: OBecC; rpaxbT KaTo
MOHOKYNTYypa M CMeckKara Ha rpax:oBec B
CboTHoLeHWe 50:50 nma no-B1coKo Cbabp-
XaHue Ha CB;. MNpu obuyaiiHata gveta Ha
NPeXUBHUTE XXMBOTHW, KOosMyecTBaTa Ha
dpakuma CB, n CB; ca MHOro BaxHW, Tbid
Kato Te3n chpakuun npepcrtasnsasatr OCB
6e3 B/IakHUHW 1 HasIMYHa YacT OT K/eTbu-
HaTa CTeHa Ha qypaxute 3a NpPeXuBHA
XMBOTHW. paxbT Kato MOHOKyNTypa uma
Han-Bncokata CB, dpakuus n Tasm gopak-
Lusa ce yBenimyaBsa C HapacTsalms NpoLeHT
Ha rpax B CMeckuTe OT rpax: OBec, [4OKaTo
rpaxbT KaTO MOHOKYNTypa CbAbpXa Hai-
Huckata CBj; (opakuma 1 Tasu dipakyms
HamasisiBa C yBe/MyaBaHe Ha CbOTHOLLe-
HMETO Ha rpax B CMeCcKuTe C rpax:oBec.
®pakumata CC e cbabpXaHWeTo BbLB
dypaxa Ha JIMrHMHa B KeTb4Ha CTeHa.
CneposarefiHo Tasu opakuus e Hecmunae-
Ma KakTo OT MUKpobuTe B Tbpbyxa, Taka u
OT camMuTe XMBOTHU. Pypaxun c Hucka CC
hpakumsa, Kato Hanpumep rpaxbT Kato
MOHOKY/NTypa W CMecka OT rpax:oBec B
cboTHOWweHne 50:50 B HacTOAWETO U3-
cnegBaHe 6uxa 6UNN C OT/IMHHO KayecTBO
OT rnefHa Touka Ha gocTaBkaTa Ha OCB 3a
NPeXuBHUTE XMBOTHW. 3cnenBaHnsaTa Ha
Das et al. (2015 r.) OTHOCHO paznuyHuTe
OCB thpakumn Ha ypaxnte, Makap 1 pas-
JINYHW OT HawuTe pesyntatm ca TBbpAe
CXOHMU.

CCB e 3HauuTesIHO pas/iMyHo npwu
ekcnepumeHTasHuTe  obpaboTtkn.  Hai-
Bucokata CCB e oTyeTeHa 3a rpaxa kato
MoHoOKynTypa (774.0 g kg™ *CB). 3a pasnuka
OT rpaxa, MOHOKynTypaTa OBeC uma Haii-
Huckata CCB (579.8 g kg™'CB). B pesyntart
Ha MoBMLIEHA CMWNAEMOCT, yBesiMyaBaHe-
TO Ha CbOTHOLLEHMETO Ha rpax B CMecKute
Ha rpax: oBec foBefie [0 yBe/imyaBaHe Ha
CCBCCB ot 611.4 o 691.1 g kg™ CB B
CMECKMW, CbAbpxaly CbOoTBETHO 25% rpax
b0 75% rpax.

N3BOAU

Cnopefi AaHHUTE MOSlyYeHn OoT
HacTosilata  Hay4dHou3c/iefoBaTtesicka
pa6oTa, € YCTaHOBEHO, Ye rpaxbT U

sources of fermentable CHO to
ruminants. Amount of fraction CB; was
comparable between pea:oat mixtures;
pea monoculture and 50:50 pea:oat
mixture had higher CB; content.

In typical ruminant diet, the amounts of
fraction CB, and CBj; are very important
as these fractions represent the nonfiber
CHO and available cell wall portion of
ruminant feeds.

Pea monoculture had the highest CB,
fraction and this fraction increased with
increasing pea proportion in pea:oat
mixtures, whereas pea monoculture
contained the lowest CB; fraction and this
fraction decreased with increasing pea
proportion in pea:oat mixtures.

Fraction CC is the lignin bound cell wall
content of a feed. Hence this fraction is
indigestible both by ruminal microbes and
the animal itself. Feeds with low CC
fraction like pea monoculture and 50:50
pea:oat mixture in this investigation will
be of superior quality in terms of CHO
supply to ruminants.

Finding of Das et al. (2015) regarding
various CHO fractions of forages though
were different from our results, but they
were highly comparable.

The DMD was significantly different
among the experimental treatments. The
highest DMD was recorded for pea
monoculture (774.0 g kg'l DM). Despite
the pea, oat monoculture had the lowest
DMD (579.8 g kg™ DM). As a result of
high  digestibility, increasing  pea
proportion in pea:oat mixtures resulted in
increasing of DMD from 611.4 to 691.1 g
kg'l DM in mixtures contained 25% pea to
75% pea, respectively.

CONCLUSIONS

According to the data obtained from
this research work, it was realized that
pea and oat can be planted succesfully for
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OBeCHT MoraT ycneLHo ga ce oTrnexjar 3a
nacva u nponsBoAcCTBO Ha ceHo. OcBeH
TOBa, CMECKMTEe Ha rpax W oBec Morar
YCMELLHO fa ce cunaxupar u ja ce nosayyar
BMCOKOKaYeCTBeHU cunaxun. Bb3 ocHoBa Ha
KOHCTaTauuuTe OT FOpPHOTO NpOy4YBaHe ce
CTUrHa [0 3ak/lYeHUeTo, Ye CMeCcKuTe OT
rpax-oBec  0BGMKHOBEHO ca  no-gobpu
dypaxmn 3a NPeXuBHU XUBOTHW OT rneHa
TO4Yka Ha cHabgssaHeTo ¢ OCB. Cnopef
pesynratute, MOXe Ja Cce npenopbya
oTrnexaaHe Ha cMmecku ¢ 50% rpax + 50%
oBec n 75% rpax + 25% osec 3a no-go6po
CbOTHOLLEHME HA CTPYKTYPHUTE U HECTPYK-
TypHuUTe Bbraexugpatu n CCB.

BNATO4APHOCTU

ABTOpuTe 6narofapAat Ha MuHucTep-
CcTBOTO Ha O6pa3oBaHMeTO, HaykaTa 1 Tex-
HOIOTMYHOTO pa3suTue Ha Penybnnka Cbp-
6us, KoeTo (MHaHCcupa HacTOALWETO W3-
cnefBaHe Kato yacT oT npoekT TR-31057.

herbage and hay production.

Moreover, pea and oat mixtures can be
succesfully ensiled and obtained high
quality silages. Based on findings of the
above study it was concluded that pea-oat
mixtures generally were better feeds for
ruminants from CHO supply point of view.

Acording to the results, cultivation of 50%
pea + 50% oat and 75% pea + 25% oat
mixtures for better structural and
nonstructural carbohydrates ratio and
DMD could be recomended.
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PE3IOME

Mpes nepuoga 2011-2013 r. ca
NpPoyyYeHn NPOAYKTUBHUTE Bb3MOXHOCTU Ha
nposieTeH oypaxeH rpax copt ,Kepno” ot-
rnexaaH npu pas/iMyHM TEXHOJOTUM, KaKTo
WU TAXHOTO BAMSIHUE BBPXY CheHonorusATa,
CTpykTypata, OGuomeTpusita u pobusa
3bpHO. M3cneaBaHeTo € M3BBLPLUEHO npu
MOJICKM YCNOBWSA, HA NOYBEH NOATUN cnabo-
U3NY)XEH YepHOo3eM. BapuaHT Ha oTrnex-
JaHe: 1. Mo KOHBEHLMOHa/IHA TEXHOOMUS —
KOHTpOnNa; 2. be3 u3non3sBaHe Ha npenapa-
TW OT HeopraHuyeH npousxonq; 3. TpeTupaHe
camo ¢ 6uouHcektmumg ,Exkodwmn P”. YcTa-
HOBU Ce, Ye NOoCeBbT OTI/IeXJaH Mo KOHBEH-
UMOHanHaTa TexXHOMOorMs ce OoTKposiea C
Hall-6bp3 TeMN Ha oTpacTBaHe, pasBuTue ”
Han-406po CbUeTaHNe Ha BUOMETPUYUHUTE 1
CTPYKTYpHM nokasartenwu. Mpu To3n BapuaHT
€ MoslydyeH Han-BUCOK 6uonorunyeH (384,93
kg/da) n crtonaHcku (296,10 kg/da) pobus
3bPHO 1 € oTYeTeHa Hali-ronsiMa 3aryba Ha
cemeHa (88,83 kg/da). Hait-HMCHK 6uonorun-
yeH (258,50 kg/da) m cTonmaHcku p[oO6UB
(222,17 kg/da) e pekontupaH OT nocesa
oTrnexgaH 6e3 npenapaTy OT HEOPraHW4eH
Npon3xoa.

KntouoBu aymu: NposieTeH qoypaxeH
rpax, eHonorus, CTPYKTYPHW efnleMeHTH,
6ronpenapaT, TEXHO/10TUK, A06UB 3bPHO
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SUMMARY

In the period 2011-2013 were
studied productive potential of the spring
field pea variety "Kerpo" grown in different
technologies and their impact on
phenology, structure, biometrics and grain
yield. The study was carried out under
field conditions, on soil subtype slightly-
leached chernozem.  Variants  of
cultivation: 1. At conventional technology —
control; 2. Without use of preparations of
inorganic origin; 3. Treatment with bio
insecticides "Ecofil P". It was found that
the crop grown on conventional
technology stands out the most rapid
growing up, development and the best
combination of biometric and structural
indicators. Under this option has received
the highest biological (384,93 kg/da) and
economic (296,10 kg/da) grain yield and
reported the biggest loss of seeds (88,83
kg/da). The lowest biological (258,50
kg/da) and economic (222,17 kg/da) yield
harvested from the crop grown without
preparations of inorganic origin.

Keywords: spring forage pea,
phenology, structural elements, bio
preparation, technology, grain yield



YBO/[,

PypaxHUAT rpax e eaunH OT LEeHHU-
Te U3TOYHULUM Ha pacTUTENeH NPOTEUNH U
3aeflHO c gpyrute 6060BM KynTypu mma
BaXXHO 3HauyeHue 3a pellaBaHe Ha 6en-
ThuHUA Npobnem B cTpaHata (Kertikov,
2010). 'paxoBuTe pacTeHus cnocobecTeat
3a nogabpxaHe Ha NOoYBEHOTO M/I0A0PO-
Ave, KOeTO € MHOMo CbLLIECTBEHO B YC/O-
BUATA Ha PA3KO CbKpallaBaHe BHACAHETO
Ha MuHepanHu Topoe (Ryabtseva, 2009).
Toi e OTNMYeH NpefLlecTBEHVK 3a NnoBe-
4yeTo MNOJICKW W TEXHUYECKM KyNTypwu
(Honeycutt, 1998; Yau et al., 2003;
Gramatikov and Koteva, 2006).

Bogelw, npobnem e ocurypsiBaHeTo
Ha uucTa OT XUMUYECKM 3aMbpcsBaHWS
XpaHa, OCHOBa 3a 3[4paBHUS CTaTyC Ha
HaceneHneTo obuTaBalllo BCUYKM CTPaHU U
KOHTMHeHTM (Nickel, 1982; Kuleva and
Kuznetsov, 2004). B Ta3n Bpb3ka orpa-
HAYEHOTO M3NoOf3BaHe Ha npenapaTu OT
HeopraHuyeH MNpou3xod, KakTo W TpeTupa-
HeTo ¢ 6uonpenapaTy Npu NPOM3BOACTBOTO
Ha NpPOTEMHOBU ChypadkHU KyNTypu, pasLuu-
psBa BDB3MOXHOCTTAa 3a pasBuTME Ha
€KOMIOrMYHOTO 3emMefenve B CTpaHata U He
HOCM pUCK OT 3ambpcsiBaHe Ha gobutaTa
npoAayKuusi.

Llenta Ha ekcnepumeHTa € ga ce
YCTAHOBW BINAHMETO Ha Pas/IMYyHN TEXHO-
norMm  Npu  OTINeXAaHe Ha MposeTeH
doypaxkeH rpax copT Kepno Bbpxy heHono-
rmata, 6uomeTpusTa, CTEMEHTa Ha nonsra-
He, nobvBuTe 1 3arybuTe Ha 3bPHO.

MATEPWNAN N METO4WA

ExkcnepumeHTa e npoBefeH npes
nepuoga 2011-2013 r. Ha BTopo onutHO
none B NHcTUTyTa No hypakHUTE KyNTy-
pun cbc copT rpax Kepno. CopTeT ce
OoT/iMyaBa C BWUCOK [0OMB Ha 3bpPHO MU
paHo3psinoct (Kertikova and Kertikov,
2013). N3cnepBaHeTo e NpoBefleHO Bbp-
Xy NOYBEH NOATUN Cab0-U3NYXEH YepHO-
3eM, NpU HeMNoJIMBHU YCNoBUS. M3non3saH
€ MeTofa Ha Apo6HUTE napuenu B 4YeTu-
pukpaTHa MOBTOPSAEMOCT Ha BapuaHTuTte,
npw pekonTHaTa napuena 10 m?. BapuaHTty
Ha MoJICKUSi ONWT: BapuaHT 1 KoHTpona — no
KOHBeHUMoHauTHa TexHosornsa (Kertikov et
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INTRODUCTION

Field pea is one of the valuable
sources of vegetable protein and along
with other legumes is important to solve
protein problem in the country (Kertikov,
2010). Pea plants contribute to
maintaining soil fertility, which is very
significant in terms of sharply reducing the
importation of mineral fertilizers
(Ryabtseva, 2009).

It is an excellent precursor for most field
and industrial crops (Honeycutt, 1998;
Yau et al., 2003; Gramatikov and Koteva,
2006).

Leading issue is the provision of
free of chemical contamination of food,
based on the health status of the
population inhabiting all countries and
continents (Nickel, 1982; Kuleva and
Kuznetsov, 2004). In this connection the
limited use of preparations of inorganic
origin and treatment with bio preparations
in the production of protein fodder crops,
expands the opportunity for the
development of organic farming in the
country and there is no risk of
contamination of the harvested produce.

The aim of the experiment is to
determine the impact of different
technologies in growing spring field pea
variety Kerpo on phenology, biometrics,
the degree of lodging, grain yields and
grain losses.

MATERIAL AND METHODS

The experiment was conducted
during the period 2011-2013 in the
second experimental field in Institute of
Forage Crops with pea cv. Kerpo. The
variety has a high grain vyield and
earliness (Kertikova and Kertikov, 2013).
The study was conducted on the soll
subtype slightly leached chernozem,
without irrigation. It used the split plot
method with four repetitions of the
variants and a size of 10 m® of harvest
plot. Variants of the field experience:
Variant 1 control a conventional
technology (Kertikov et al. 2003),



al., 2003), BkntoYyBalLa TOpeHe 1 TpeTupaHe
C Xepouumay n MHCeKTUUMAW; BapuaHT 2 —
6e3 u3non3saHe Ha npenapatn OT Heopr-
aHM4yeH Npousxof; BapuaHT 3 — TpeTupaHe
camo ¢ OuouHcekTuumg (,Exkodomn P”) ot
opraHuyeH npowusxog. TpeTupaHeTo ¢ 6uo-
npenapara ,Ekocun P’ e n3BbpLUBaHO BbB
(oeHodhasa nbneH ubgTex B gosa 3,5 l/da.

V3BBbPLLEHM Ca arpo-meTeoposiornyHmn
N PEHONOMMYHU HABNIOAEHUA U OTYMTaHUS.
MpocnefeHn ca nokasartenure: BUCOYMHA
Ha noceBa (Cm) B eCTECTBEHO CbCTOSIHME
npegy npubupaHe (H); Ob/MKUHA Ha CTbLO-
nata (cm) B wu3npaBeHo cbcTosiHMe (L);
cTeneH Ha nonsaraHe, % (C); cTtonaHcku u
6uonornyeH pgob6us 3bpHo (kg/da); 3arybu
3bpHO (kg/da). MpubupaHeTo 3a 3bPHO €
U3BbPLIEHO C MasorabaputeH napueneH
KOoMbGaiH. CTPYKTYpHUSAT aHann3 Ha [o6us
BK/OYBA: Ab/MKMHA Ha cTbbnara (cm);
BMCOYMHA Ha 3anaraHe Ha nbpsBu 606 (cm);
6poii 6060Be Ha egHO pacTeHue; 6poit
cemMeHa B eanH 6006; Terno Ha cemeHarta oT
efHo pacTteHue (g); maca Ha 1000 cemeHa
(9). JaHHuTe ca o6paboTeHn ¢ nporpamHus
npoaykt  STATGRAPHYCS  plus  for
Windows Version 2.1.

PE3SYNTATV N OBCBbXOAHE

OT npecTaBeHUTe arpomMeTeopo-
JIOTUYHK YCNOBUA 3a MECeLUTe MapT-toHM
2011-2013 r. (durypa 1) obxsawauim
BereTauMoHHUA nepuos Ha nNpOsSIETHUA
dypaxeH rpax ce BWX[a, 4Ye peasHa
Bb3MOXHOCT 3a MPOJIETHO 3a1araHe Ha
MOJICKNA  EeKCMepMMEHT CblUecTByBa B
nepuoga 21 - 28 mapT. B Tasu Bpb3ka
HanpaseHUTe DEHO/IOTUYHN HabaeHNS
n otuntaHua (Tabnnuuya 1) nokassart, uye
cemTbara e u3BbPLUIBAHA MNPU HANYHU
cpeaHoaHeBHN TemnepaTypu ot 8,4°C ao
9,8°C u kpaiiHo He,CéOCTaT'bl-IHI/I BasIexu
(ot 7,1 po 7,6 mm/m~), Ho pfobpe Bnaro-
3anaceHa no4ysa OT 3UMHUTE Banexu. B
HavyasHWTe M NO-KbCHUTE eTanu, arpome-
TEOpOJIorNYHN YC0BUA ca 61aronpuaTHU
3a nNpoTuyaHe Ha BeretauyuMoHHUTE npoLie-
cu. ®eHohasa NoHMKBaHe e perucrpupa-
Ha oT 02.04. po 12.04., a cTb61006pa-
3yBaHe W pacTex C 0KOJI0 ABe cegmuum
no-kbCHo. [lepuoga oOT  peHopasa

including fertilization and treatment with
herbicides and insecticides; Variant 2 —
without the use of preparations of
inorganic origin; Variant 3 — treatment
only with bio insecticide ("Ecofil P") of
organic  origin. Treatment with  bio
preparation "Ecofil P" is performed in
phenophase full flowering at a dose of 3,5
I/da.

Agro-meteorological and
phenological observations and readings
were carried. The following indicators are
recorded: stand height (cm) in its natural
condition before harvest (H); stem length
(cm) upright (L); lodging rate in % (C);
economic and biological grain Yyield
(kg/da); grain losses (kg/da). Grain
harvest is done with miniature plot
harvester. Structural analysis of grain
yield include: stem length (cm); height of
the first pod (cm); number of pods per
plant; number of seeds per pod, weight of
seeds per plant (g); mass of 1000 seeds
(g). The data were processed with the
software STATGRAPHYCS plus for
Windows Version 2.1.

RESULTS AND DISCUSSION

Presented by agro-meteorological
conditions for the months of March to
June 2011-2013 years (Figure 1) covering
the vegetation period of spring forage
peas period shows that a real possibility
for the spring establishment of the field
experiment exists between March 21% to
28", In this regard made phenological
observations and readings (Table 1) show
that the sowing was done at present
average daily temperatures 8,4°C to 9,8°C
and insufficient rainfall (from 7,1 to 7,6
mm/mz), but good humid soil from winter
rains.

In the early and later stages, agro-
meteorological conditions are favorable
for the conduct of vegetation processes.
Phenophase germination is registered by
02.04. to 12.04. and stem formation and
growth by about two weeks later. The
period from phenophase germination to
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noHvkBaHe A0 deHodasn cTbb/1006pa-
3yBaHe W pacTex Cce XxapakTepusupa C
yecTv npeBasisiBaHWs, fO6pPO Bnarosana-
csiBaHe M ONTMMasiHW Temnepatypu 3a
pasBuTVe Ha KynTypara.

—=— Banexu / Rains

90 T

—e— BnaxHocT / Humid

phenophase growth and stem formation is
characterized by frequent rainfall, good
moisture  stockpiling and  optimum
temperatures for development of culture.

toC
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Meceun
Mounts

dur. 1 Knumatorpama 3a nepuoga Ha seretaumna , 2011-2013 .
Fig. 1 Klimatogram for the vegetation period, 2011-2013

B 3aBuCMMOCT OT pasMuMeTto B
MEeTeOopOoNOrnyYHNUTE YCN0BUA Npe3 oTheN-
HWUTE roguHW, TO3n nepuog obxeawa 27-
41 gHW. [JO TO3M MOMEHT He ce Habno-
JaBat pasnuunsa B NPOAb/DKUTENIHOCTTAa
Ha dpeHoha3nTe B 3aBMCMMOCT OT npunia-
raHeTo Ha pas/IM4yHN arpoTEXHUYECKM
npuiioMn Npu OTIIEXAaHEeTO Ha KynTypa-
Ta. B nepuoga Ha npoTtnyaHe Ha (peHo-
pasuTe WHTEH3MBEH pacTex — MbjHa
OyTOHM3auus, ce nosiBiBaT M NbpBUTE
pasMunsa B U3MepeHaTta BUCOYMHA Ha
rpaxoBUTe pacTeHuss npu OTAeNHUTe
nocesu. Hai-manka BucounHa (23,0-30,0
cm) e perucTpypaHa npu pacrteHus-ta ¢
npuiaraHe Ha KOHBEHLUMOHanHarta TexHo-
nornsa Ha oTrnexpaHe (BapuaHT 1), a
Hali-ronsgma npu pacTeHusTa OT BapuaHT
2 (6e3 npenapatu OT HeopraHuWyeH
npousxon). PacteHusita oT BapumaHT 3
(TpeTupaHe camo c ,Exodun P”), 3aemar
MEXOUHHO MOJIOXKEHNE.

Depending on the difference in
weather conditions in the particular years,
this period covers 27-41 days. Until this
moment there was no difference in
duration of phenophase depending on the
implementation of various agricultural
maneuvers in the cultivation of the crop.

During the course of phenophase
intensive growth — full budding, appeared
the first differences around the measured
height of the pea plants in various crops.

The smallest height (23,0-30,0 cm) was
registered in plants by applying
conventional technology (variant 1), and
the highest in plants variant 2 (without
preparations of inorganic origin). The
plants from variant 3 (treatment only
"Ecofil P") occupy an intermediate
position.
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Tabnuua 1. PeHoNOrMYHN HabNOAEHUA Ha MponeTeH ypaxeH rpax copT Kepno,

2011-2013 .
Table 1. Phenological observation of spring forage pea cv. Kerpo, 2011-2013
PeHodrasa / Phenophase
BapuaHT centba NOHWKBaHe pacTtex 6yTOHM3auus
Treatment sowing emergency growth (cm) budding
BapwuaHT 1 — KoHTpoa
Variant 1 — control 21.03.-28.03. 02.04.-12.04. 26.04.-16.05.(23-30,0) 10.05.-19.05.
BapwaHT 2 / Variant 2 21.03.-28.03. 02.04.-12.04. 26.04.-16.05.(27-28,8) 10.05.-23.05.
BapuaHT 3/ Variant 3 21.03.-28.03. 02.04.-12.04. 26.04.-16.05.(25-31,0) 10.05.-23.05.
nbneH M/ieyHa TexHuyecka BereTaumoHeH
BapuaHT LUbgTex 3psanoct 3psanocT nepuog (aHu)
Treatment full flowering milk ripeness technical maturity vegetation
period (days)
BapuaHT 1 — KoHTpo/1a
Variant 1 — control 18.05.-25.05. 04.06.-09.06. 24.06.-05.07. 89 -108
BapwaHT 2 / Variant 2 21.05.-30.05. 07.06.-15.06. 26.06.-06.07. 95 -109
BapuaHT 3/ Variant 3 22.05.-30.05. 07.06.-13.06. 26.07.-09.07. 93-112

Pasnuumata BbB BUCOUMHUTE Ha
pacteHusaTa npu OTAESIHUTE BapuaHTu
OCHOBHO Ce Ab/IXM Ha NOo-CUNHOTO 3anse-
Be/fiiBaHe Ha MoceBuTe MpW BapuaHtn 2 n
3. OT pgaHHWTE e BWOHO olle, 4Ye pac-
TeHWATa OTINexaaHn no craHgapTHarta
TEXHO/I0rUsA HaB/M3aT C OKOJ10 TPU [0 OCeM
KasleHO4apHu  OHM  Nno-paHo  BbB  (hasa
Hayaso Ha Ub(Tex B cpaBHEHWEe C Te3n oT
Apyrute asa BapuwaHTa. of BAvsHME Ha
BMCOKWTE Temnepatypu Ha Bb3gyxa npes
mMeceuuTe Maili 1 toHW (CpeaHOAEHOHOLWHN
oT 17,4°C po 24,1°C M MakcumanHu oT
21,2°C po 30,3°C), heHoasmn nbieH Wbd-
TeX n 606006pa3yBaHe MNpOTMYAT WHTEH-
3MBHO N YCKOpPeHO. PeHOM0TnYHNTE pasnu-
yma Mexay oTAesIHUTe BapuaHTu npu npo-
NIeTHNA rpax ce oTpassasar U BbpXy HaCTbI-
BaHeTO M NPOABL/MKUTENHOCTTA Ha cnejsa-
wute doeHodhasn. YctaHoBsBa ce 3abaBsHe
B pa3BMTMETO Ha pacTeHuaTa npu BapuaH-
M 2 1 3 B CpaBHEHME C Te3n Ha KOHTposa-
Ta. CpefHuAT BereTauMoHeH nepuoj Ha
rpaxa oTriexgaH no KOHBeHUMOoHasHaTa
TexHosorva e 89-108 AHW. Yab/mkaBaHeTo
My Mpu ApyruTe BapuaHTu € He3HauuTennHo
M e B rpaHuumMte ot 4 gHW [0 6 OHu.
BeposiTHO yAb/mKaBaHETO Ha BereTaumoH-
HWA Nepuof OCHOBHO Ce Ab/DKM Ha no-
CWIHOTO 3ansieBefiiBaHe, OrpaHUYyeHunaT
[JOCTBLM Ha pacTeHuATa [0 BOAA, XpaHu-
TeNHW BellecTBa M M0-cnabo CAbHYEBO
orpsiaHe. lNMpubrpaHeTo 3a 3bPHO B 3aBU-
CMMOCT OT npwiaraHuTe arpoTexHU4ecku
hakTopu Mnpu  OTAENHWTE BapuaHtu e
M3BBbPLUEHO B TexHuMYecka 3psnocT B
nepuoga ot 24 1oHu o 9 onu.

The differences in the heights of
the plants in the different variants are
mainly due to the strong weeding of crops
in variant 2 and 3. From the data it is
apparent also that the plants grown by
standard technology entering about three
to eight calendar days earlier in phase
beginning of flowering compared with
those of the other two variants. Under the
influence of high air temperatures during
the months of May and June (daily

average of 17,4°C to 24,1°C and
maximum of 21,2°C to 30,3°C)
phenophase full flowering and pod

formation run intensive and accelerated.
Phenological differences between
variants in the spring pea also affect the
onset and duration of the next
phenophase. It was found to delay
development of plants in the variant 2
and 3 in comparison with those of the
control. The average growing season of
pea grown in the conventional technology
is 89-108 days. Its extension in the other
variants is insignificant and is in the range
from 4 days to 6 days. Perhaps extending
the vegetation period is mainly due to the
strong weeding, limited access to water
plants, nutrients and less sunshine.

The grain harvesting, depending on the
applied agronomic factors at different
variants was made in technical maturity in
the period from 24 June to 9 July.
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KnumatuyHute ycnosus B roguHute
Ha npoyyBaHe O06YycnaBAaT BapupaHe Ha
pobvea ¥ dopmupalimTe ro CTPYKTYPHU
enemMeHTn. [laHHWTe 3a CTOWHOCTUTE Ha
nokasaTtesniute OT U3BBbPLUEHMAT BUOMETPU-
YeH W CTPYKTYpeH aHanu3 cpefHo 3a
TPUrOAMLLHUA MNepuos ca npeacTaBeHn B
Tabnuua 2. He ca yctaHoBeHW onpegeneHu
pasnimumsa npu cpegHaTa Ab/hKUHa Ha CTbO-
nata. OTyeTeHWUTe pas/iMkM B nopsgbka ot
1,76 cm ca HecbluecTBeHU. BucounHara Ha
3aslaraHe Ha nbpBuM 606 € Hall-maska
(30,97 cm) npu pacteHuaTa oTrnexaaHu no
KOHBEHLMOHAaIHaTa TeXHOorus (BapuaHT 1).

Climatic conditions in the years of
study determine the variation in yield and
formative structural elements. The data
for the parameters from carrying
biometric and structural analysis average
three-year period are presented in Table
2. There were no differences in certain
average length stems. The reported
differences in the range of 1,76 cm are
insignificant. The height of the first pod is
smaller (30,97 cm) in plants grown in
conventional technology (variant 1).

Tabnuua 2. CTpyKTYpeH aHasi3 Ha npoJsieTeH hypaxeH rpax copT Kepno, 2011-2013 r.
Table 2. Structural analysis of spring forage pea cv. Kerpo, 2011-2013

Mokasartenu / Indicators

BapwuaHT ObnknHa Ha BucouvHa Ha 3anaraHe Bpoii 6o60Be Ha
Treatment cTbbnara Ha nbpBu 606 pacteHune
Length of Height of the first pod Number of pods per
the stems, (cm) (cm) plant
BapwuaHT 1 — KoHTpoa
Variant 1 — control 52,152 30,97 ° 6,0°
BapuaHT 2 / Variant 2 51,032 35,252 50°
BapvaHT 3/ Variant 3 52,792 34,43° 50°
BapwuaHT Bpoii cemeHa B 606 Terno Ha cemeHara oT Maca Ha 1000
Treatment Number of seeds per pod e[lHO pacTeHue ceMeHa
Seed weight per plant Weight of the 1000
@ seeds (9)
BapuaHT 1 — KOHTpoNna
Variant 1 — control 8,0° 6,55 255,75 °
BapuaHT 2 / Variant 2 8,0° 5,18° 207,84 ¢
BapwaHT 3 / Variant 3 8,0° 531° 219,96 °

LSD 99.5% - cToiiHOCTUTE B KO/IOHA C efHa U CbLia bykBa HAMAT J0Ka3aHOCT Ha pasnukiTe
LSD 99.5% - means of the same column followed by the same letter was not significant different

PacTeHusita  oTrnexgaHn  6e3
TpeTupaHe C npenapaTtu OT HeopraHuyeH
npounsxod W Te3n TpeTupaHu C OGUOMH-
cektuunpa ,Ekodmn P” 3anaraT nbpeu
606 Ha Mno-rossiMa BUCOYMHA, CPEeAHO C
ot 3,46 cm po 4,28 cm. Pesynrarute
OTHOCHO Npu3Haka 6poii cemeHa B eauH
606 nokaseaT, 4Ye TpuUTe BapuaHTa ca C
efiHN 1 CblM CTOMHOCTU. B cnyvyas Tyk
no-cuieH hakTop ce siBABa xapakrepuc-
TKaTa Ha 6MON0rMyYHNS hakTop B CpaBs-
HEHMe C TexXHOJ/orMATa Ha OTINexaaHe.
Mpocnegseaiikm B cbwata Tabnuua
TEr7I0To Ha ceMeHarta OT efHO pacTeHue
ce BWXAa, Ye TO € Hal-ronamo npwu
KOHTPO/HMA BapuaHT (6,55 g) u Hait-
Hucko (5,18 g) npu pacTeHusTa
oTrnexgaHn 6e3 TpeTupaHe ¢ npenapaTu

Plants grown without treatment
with preparations of inorganic origin and
those treated with bio insecticide "Ecofil
P" set first pods of greater height,
average with 3,46 cm to 4,28 cm.

The results on the indicator number of
seeds per pod show that three variants
are the same values. In the case here
stronger factor is characteristic of
biological factor compared to technology
of growing. Tracing back in the same
table the weight of the seed of a plant can
be seen that it is the greatest in the
control variant (6,55 g) and the lowest
(5,18 g) in plants grown without treatment
with preparations of inorganic origin.
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OT HeopraHuyeH npousxoq. CTonHoCcTUTE
Ha macata Ha 1000 cemeHa mnokasBar
nogobHa TeHaeHums. C Hail-ronsama
Maca ca ceMeHaTa OT BapuaHT 1 (255,75
g), OokaTo cemeHaTa Ha Jpyrute faga
BapvaHTa (6e3 TpeTuMpaHe C npenapartu
OT HeopraHvyeH Npousxos 1 TpeTnpaHu ¢
6uonHcekuntnga ,Exkodun P”) ca ot
35,79 oo 47,91 g no-neku.

3a egHoroavwHUTe 6060BM KyNTypu
BK/IIOUMTE/THO U 3a rpaxa, OT 0cobeHo
3HaueHVWe e Huckata CTeneH Ha nonsraHe
Ha pacTeHusiTa. CbliaTta 6naronpuaTcTea
3HaUMTENIHOTO HamassiBaHe Ha 3arybute Ha
3bPHO UM 3e/1eHa Maca npu npubupaHe Ha
kyntypata (Skubisz, 2002; Zhang, 2004). B
Tasn Bpb3ka Ha Tabnuua 3 ca oTpaseHu
CTeneHTa Ha MonsraHe Ha NPoNeTHUS rpax
KbM MOMEHTA Ha npubupaHeTo My 3a
3bPHO, MONyuYyeHuTe [06MBM W peanHuTe
3arybu Ha cemeHa.

The values of mass of 1000 seeds
showed a similar trend. The greatest
weight are the seeds of variant 1 (255,75
g), while the seeds of the other two
variants (without  treatment  with
preparations of inorganic origin and
treated bio insecticide "Ecofil P") are from
35,79 to 47,91 g lighter.

For annual legumes including pea,
of particular importance is the low degree
of lodging of the plants. That same favors
the significant reduction in losses of grain
or green mass harvesting of culture
(Skubisz, 2002; Zhang, 2004).

In this regard Table 3 reflects the degree
of lodging of spring pea at the time of
harvest for grain, the resulting yields and
actual losses of seeds.

Tabnuuya 3. Jo6uB 3bpHO (kg/da) u cTeneH Ha nondraHe B 3aBUCMMOCT OT
TEXHOMNOIMATa Ha oTriexgaHe Ha copT Kepno, 2011-2013 .
Table 3. Grain yield (kg/da) and degree of lodging depending on the technology

of cultivation of cv. Kerpo, 2011-2013

Mokasartenu / Indicators

BapuaHTt H L MonsaraHe (%)
Treatment cm cm Lodging (%)
BapuaHT 1 — KOHTpoNna
Variant 1 — control 25,50 ° 55,132 52,672
BapwaHT 2 / Variant 2 34,17° 52,71° 35,62°
BapuaHT 3/ Variant 3 36,07 2 55,432 34,33"°

LSD 99.5% - cToiHOCTUTE B KOJIOHA C efHa U CbLia bykBa HAMAT [0Ka3aHOCT Ha pasnukiTe
LSD 99.5% - means of the same column followed by the same letter was not significant different

BapuaHT Bronornyen gobus CTonaHckun 1o6us 3arybu 3bpHO
Treatment Biological yield Economic yield Grain losses
BapuaHT 1 — KOHTpoNna
Variant 1 — control 384,93 ° 296,10 % 88,83 %
BapuaHT 2 / Variant 2 258,50 ¢ 222,17°¢ 36,33°
BapwaHT 3 / Variant 3 301,17° 255,13"° 46,03°
LSD g9,5% 7,582 kg/da; 6,435kg/da; 3,013kg/da

Note: H - CpefHa BMCOUMHA Ha NnoceBa B ecTeCcTBEHO cbhcTosiHne/Average height of the stand in the natural
state; L - CpefHa Ab/mxnHa Ha n3npaseHuTe cTbb1a B noceBa/Average length of erect stems in the stand;

[JaHHuUTe nokasBaT, 4e [MOCEBBLT
OTrNexpaH Mo KOHBEHUMOHaNIHaTa TEeXHOo-
lorva KbM MOMEHTa Ha pekosiTMpaHe e ¢
ecTecTBeHa BucounHa 25,50 cm u cteneH
Ha nonaraHe — 52,67%. MNMpun nocesute ot
oCTaHanuTe ABa BapuaHTa, BUCOUMHMTE Ha
pacTeHusTa KbM MOMEHTa Ha npubupaHe
ca B nopsigbka ot 34,17 cm go 36,07 cm, a

Data show that the crop grown on
conventional technology at the time of
harvesting is natural 25,50 cm height and
degree of lodging — 52,67%. In crops of
the other two variants, the height of
plants at the time of harvesting are in the
range from 34,17 cm to 36,07 cm, and as
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B pe3ynTaT Ha No-CUHOTO 3arn/ieBesisiBaHe
CcTeneHTa Ha nonsraHe e no-HWcka cnpsiMo
KOHTpoNnaTta, cboTBeTHO C 34,33% u C
35,62%.

Pesyntatute 3a [06uMB 3bpHO OT
nponeTHMs ypaxeH rpax cpegHo 3a
nepuofa nokassaT, Ye pasNKUTe Mexay
TpuTe BapuaHTa ca A0CTOBepHU. bronorny-
HUAT U CTOMAHCKUAT [06MB 3bPHO € Hali-
BMCOK MpW nocesa OTrexaaH no KOHBEH-
LMoHaniHaTa TexXHos0rvs, cboTeetHo 384,93
kg/da n 296,10 kg/da. lMNpu TO3M nOCEB
ob6auye 3aryburte Ha 3bPHO Ca Haii-BUCOKM U
pocturat o 88,83 kg/da. Haii-Huckm ca
CTO/iHOCTUTE 3a OT4YeTeHWTe 3arybm Ha
ceMeHa npu noceesa oTrexaaH 6e3
n3non3sBaHe Ha npenapaTtn oT HeopraHN4yeH
npou3xof, HO CblLLEBPEMEHHO NPWU HEro u
pobvsute (6uonornyeH — 258,50 kg/da wm
cTonaHckn — 222,17 kg/da) ca Hai-HUCKW.
MonyyeHnte p[o6MBM 3BPHO, Kakto W
oTyeTeHUTe 3arybu npu TpeTMpaHus Noces
c 6wuonpenapara ,Exkocdun P”, 3aemar
MEXAVHHO MOOXEHNE.

N3BOAM

CpefHVAT BeretaluoHeH nepuos
Ha rpaxa oTrnexgaH no KOHBEHUWOoHas-
HaTa TexHonorna e 89-108 aHw. Yabka-
BaHETO My npu [Jpyrute BapuaHtu e
He3HauYUTEeNHO N e B rpaHuuuTe oT 4 AHU
[0 6 OaHw.

Mpu nocesa c npunaraHa cTaH-
JapTHaTa TexHosorus, GUOMeTpPUUHNTE U
CTPYKTYPHU nokasaTenu Ha pobuea ca
Hali-BMCOKM M Ce HamupaTt B Haii-gobpo
cbyeTaHve CnpsMo Te3n OT ocTaHanuTe
[Ba BapvaHTa.

C Hait-Bucok 6uonornyeH (384,93
kg/da) n ctonaHckusa (296,10 kg/da) nobus e
nocesa C U3nosi3BaHa CTaHAapTHa TEXHOJI0-
rMs Ha oTrnexgaHe (KOHTPosia), HO Npu Hero
MU OTYeTEHUTE 3arybu Ha 3bpHO ca Hali-
BMcokn — 88,83 kg/da. Hail-Hucwk 6uonoru-
yeH M cTonaHckn pobus (258,50 kg/da wm
222,17 kg/da) e pekontupaH OT nocesa
oTrnexgaH 6e3 M3nosi3BaHe Ha npenapartu
OT HeopraHMyeH NPon3xXoA,

a result of the stronger the degree of
weed infestation lodging is lower
compared to the control, by 34,33% and
35,62%.

Results for grain yield of spring
forage pea average for the period show
that the differences between the three
variants are significant. For cultivation
and grain yield is the highest in the crop
grown on conventional technology,
respectively 384,93 kg/da and 296,10
kg/da. In this crop, however, sowing grain
losses are the highest and reach 88,83
kg/da. The lowest are the values for the
reported losses of seeds in crop grown
without use of preparations of inorganic
origin, but at the same time in it yields
(biological — 258,50 kg/da and economic —
222,17 kg/da) are also the lowest. Grain
yields and losses reported in the treated
seed with bio preparation "Ecofil P"
occupy an intermediate position.

CONCLUSIONS

The average growing season of
pea grown in the conventional technology
is 89-108 days. Its extension in the other
variants is insignificant and is in the range
from 4 days to 6 days.

In crop with applied standard
technology, biometric and structural
indicators of yields are the highest and
are in the best combination to those of the
other two variants.

The highest biological (384,93
kg/da) and economic (296,10 kg/da) yield
is in crop with used standard technology
of cultivation (control), but in it are also
reported the highest losses of grain —
88,83 kg/da. The lowest biological and
economic yield (258,50 kg/da and 222,17
kg/da) was harvested from the crop grown
without the use of preparations of
inorganic origin.
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PE3IOME

Mpe3s nepuopga 2014-2016 r. B
WHCTUTYT No doypaxkHuTe KynTypu - FneseH
ca u3BefeHn Noscky onuTu 3a ycTaHOBABA-
He CcefleKTUBHOCTTa Ha  xepbuungute
Akcnan epHo, AkypaTt 60 BI, Macudmka,
Anaii Makc, Urbn 75 Bl n Basuc 75 4 npu
MHOTFOTOAULIHN  XWUTHU  OYpPaxXHU TpeBu
(Lolium perenne L., Dactylis glomerata L.,
Festuca arundinacea Schreb n Agropyron
desertorum (Fisch.) Schultes) n Jlymakc 538
CK, Nayguc Of, Crenap 210 C/, Ekun CK,
Macndmka, Akcuan epgHo, Kopeno [yo,
Kopuga 75 BAI; Akcnan n Oukonyp @ npwu
Sorghum sudanense Piper Stapf., npuno-
XeHn BbB (pasa BBCH 12-13 3a epgHoro-
anwHnte n BBCH 12-14 Ha MHOroroauLUHu-
Te XXWUTHW TPEBU B rofuHara Ha Cb3fjasaHe
Ha nocesa

YCTaHOBEHO €, 4Ye CesieKTMBHOCTTa
Ha Xepouvumaute U CbAobPXaHWETO Ha
nnacTMgHUTe  MNUIMEHTW B HaA3eMHa

SUMMARY

During the period 2014-2016, at the
Institute of Forage Crops - Pleven was
conducted field trials to establish the
selectivity of herbicides Axial One, Akurat
60 WG, Pacifica, Alai Max, Eagle 75 WG
and Basis 75 DF at perennial forage

grasses Lolium perenne L., Dactylis
glomerata L., Festuca arundinacea
Schreb and Agropyron desertorum

(Fisch.) Schultes and Lumax 538 SC,
Laudis OD, Stellar 210 SL, Equip SK,
Pacifica, Axill One, Korello Duo, Corrida
75 VDG; Axial and Dikopur F in Sorghum
sudanense Piper Stapf. applied at growth
stage tillering for perennial grasses and
second leaves in Sudan grass.

It was found that the selectivity of
the herbicides and the plastid pigments
content in above-ground biomass of test
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6uomaca Ha TecTBaHWTE efHOroAMLIHU U
MHOTFOTOAULUHN  XWUTHU  OypaxHW TpeBu
nokassa o6Lia TeHAEHUMA Ha HamassBaHe
(0o 74.7%), HaTpynBaHeTO Ha OTOCUH-
TETUYHM nUrMeHTn (xnopodmn a, b wu
KapoTMHOMAM) Mpu CTeneH Ha MHXMbupaHe
(R) o1 -1.0 go -5.5.

O6WOTO CbAbPXaHME Ha xnopoduns
HapactBa 21 feH cnepg npuiaraHe Ha
Akypatr 60 Bl B pgo3a 1.0 g/da npu A.
desertorum u Akcuan egHo B gosa 100.0
ml/da npu D. glomerata (ot 15,9 1018,2%) 1
KapotuHongn (ot 1,3g0 20,9%), cnpsimo
KOHTPOJTHUTE BapuaHTu.

YCTaHOBEHN ca CTaTUCTUYECKM 3Ha-
YMMU OTpuULaTENIHN KOpenauMoHHW 3aBUCKU-
MOCTU MeXAy CbAbpXaHWeTO Ha DOTOCUH-
TETUYHU NAACTUAHU MUTMEHTU U BU3yasiHa-
Ta GanoBara oueHka 3a (PUTOTOKCUYHOCT
(EWRS) B 3aBMCMMOCT OT npunaraHuTe xep-
6uumMam Npy e4HOroAULLIHA 1 MHOTOTOLMLLIHN
XWUTHWU doypaxkHy TpeBW KakTo crepgga: L.
perenne -0,567; D. glomerata -0,701; F.
arundinaceae -0,957; A. desertorum -0,703
n S. sudanense -0,740.

MonyyeHnTe ekcnepvMeHTasHn pe-
3y/TatM nokKaseart, 4ye OnpefensaHeTo Ha
CbAbpXaHWeTO Ha (OTOCUHTETUYHU NUr-
MeHTU Ha 21 feH cnep TpeHupaHeTo C
xepéuumnam, Moxe paa ce u3nonsBa 3a
OLEeHKa CefeKTUBHOCTTa Ha Xxepbuumamn 3a
BereTauyoHHO NPUIOKEHNE NPU KOHKPETHU-
Te efHOroOAULIHA Y MHOTOTOAULLIHN XXUTHM

doypakHW KyNTYypu.

KnouyoBU AyMU: CENEKTUBHOCT,
naacTuaHn MUIMEHTH, xepéuumau,
€[HOrOANILHN,  MHOTOTOAMLIHN  XXWUTHU

doypaxHu Tpesu

YBO/,

MnesenuTte Hapen ¢ 6onectute u
HenpusaTenute ca eauH OT OCHOBHUTE
pakTopu, KOUTO MOHWXKaBaT [o6uBUTE U
B/lOWIaBaT KayecTBOTO Ha nojyyeHarta
npoaykuuss npu  ypaxHuTe  Kyntypu
(Liebman and Davis, 2000; Oerke, 2006;
Meiss et al., 2010; Beckie and Tardif, 2012).

3a noslyyaBaHe Ha BUCOKM [06MBM OT
CEeMenpon3BOAHUTE MOCEBU Ha e4HOroANLL-
HWTE U MHOTOTOAMLIHUN XUTHU RYPaxXHW Ky-
TYpW, BaXHO 3BEHO B TEXHOMOrMATa Ha OT-
rnexaaHeTo nMm 3aema 60p6aTa C nnesenute.

annual and perennial
showed a trend of reduction (up to
74.7%), the accumulation of
photosynthetic pigments (chlorophyll a, b
and carotenoids) at a degree of inhibition
(R)) ranges from -1.0 to -5.5.

forage grasses

The total chlorophyll content was
increased 21 days after the administration
of Acrust 60 WG at a dose of 1.0 g/da in
A. desertorum and Axial One at a dose of
100.0 ml /da for D. glomerata (15.9 to
18.2%) and carotenoids (from 1.3 to
20.9%) versus control treatments.

Statistically significant negative
correlations between the content of
Photosynthetic plastid pigmentsand and
visual evaluation scores for phytotoxicity
(EWRS) based on applied herbicides in
annual and pereannual cereal forage
crops as follows: L. perenne -0.567; D.
glomerata -0.701; F. arundinaceae -0.957;
A. desertorum -0.703 and S. sudanense -
0.740 were established

The experimental results obtained
showed that the determination of the
photosynthetic pigments content on 21
days after treatment with herbicide can be
used as a test for evaluation of the
selectivity of post-emergent herbicides in
the annual and perennial cereal forage
crops tested.

Key words: selectivity, plastid
pigments, herbicides, annual, perennial
cereal forage grasses

INTRODUCTION

Weeds, diseases and pests are one
of the major factors that decrease the
yield and impair the quality of the
production in forage crops (Liebman and
Davis, 2000; Oerke, 2006; Meiss et al.,
2010; Beckie and Tardif, 2012).

To obtain high yields from seed
crops of annual and perennial forage
crops, an important unit in their cultivation
technology is the weed control.
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XepobuumamTte ¢ BUCOKa CENeKTuB-
HOCT M e(pMKacHOCT ca OCHOBEH €/IeMEeHT
B CbBPEMEHHUTE TEXHOMNOTNN MPU OTINeX-
JaHe Ha peauua  KynaTypu  pacteHus
(Nemat Alla and Younis, 1995; Rankova
et al., 2008; Hrstova, 2009; Bazitov and
Bazitov, 2010; Rankova, 2010; Rankova
and Popov, 2011; Hristova et al, 2013;
Georgiev et al., 2014; Prodanova-
Marinova, 2014a 1 2014b).

CenekTMBHOCTTa Ha xepbuungute ce
uspassiea B  crnocobHocTTa MM Aa
YHULLOXaBaT nneBesHNTE pacTeHus 6e3 ga
oka3BaT (PUTOTOKCUYHO Bb3JENCTBME BbPXY
pacTexHute, penpoayKTUBHN Bb3MOXHOCTY
Ha KynTtypHuTe pacteHus (Rankova et al.,
2013; El-Nahhal and Hamdona, 2015; da
Costa et al,, 2017) n nouBeHaTa 6uoTa
(Velcheva et al, 1997; Velcheva et al.,
2012).

Cnopef, npoyyBaHusATa Ha Bhatti et
al. (1998); Radetski et al. (2000);
Rankova (2004 n 2006); Rankova et al.
(20064, 2006b 1 2009) 1 Anderson (2010)
xepbuumnan kato 2,4-A, rnncosaTt, Xsop-
CyndypoH, copamMcyndypoH u  apyru
Morat ga  NpUYUHAT  PUTOTOKCUYHO
yBpexaaHe Ha KynTypHUTe pacTeHus,
n3paseHn B x/10po3a, Hekposa, mandop-
MaLuMn Ha nucTta n cTbbNa, KakTo N qyHK-
UMOHa/THU pa3CcTpoiicTBa BbB (IU3MOJIO-
rTMyHMTEe  npouecnm —  POTOCMHTE3A,
AvlaHe, BOAEH pexuMm u ap.

CbabpxaHUeTo Ha POTOCUHTETUY-
HU NUITMEHTN e nokasaTesl 3a YyBCTBUTEN-
HOCTTa Ha pacTeHusiTa KbM NPOMEHUTE B
abnmoTuyHMTE haKTopmM Ha cpegarta 1 KaTo
nHavkKaTop 3a onpegensHe (OUTOTOKCUY-
HocTTa Ha xepbouuymgnte (Vecchia et al.,
2001; Pechova et al., 2003; Rankova and
Koumanov, 2005; 2006; Patras and
Artenie, 2007; Nacheva et al.,, 2012;
Vasileva, 2012; 2015; Goranovska et al,
2014; llieva and Vasileva, 2016).

Mpn BugoseTe OT pog Sorghum ca
YCTaHOBEHN CMeuncyHn  peakumm  KbM
HAKOM  OT  W3MON3BaHUTe  Xepouumam
(Kershner et al, 2012; Enchev and
Georgieva-Andreeva, 2013; Yu et al., 2015),
pokato npu Lolium perene L., Dactylis
glomerata L. u Agropyron desertorum

The herbicides with high selectivity
and efficiency are a basic element in the
modern technologies in cultivating a
number of crops of plants (Nemat Alla and
Younis, 1995; Rankovaet al., 2008;
Hrstova, 2009; Bazitov and Bazitov, 2010;
Rankova, 2010; Rankova and Popov,
2011; Hristova et al, 2013; Georgiev et al.,
2014, Prodanova-Marinova, 2014a w
2014b).

The selectivity of herbicides is their
ability to kil weeds without phytotoxic
effects on the growth and reproductive
potential of crop plants (Rankova et al.,
2013; El-Nahhal and Hamdona, 2015; da
Costa et al, 2017) and soil biota
(Velcheva et al, 1997; Velcheva et al.,
2012).

According to studies by Bhatti et al.
(1998); Radetski et al. (2000); Rankova
(2004 n 2006); Rankova et al. (2006a,
2006b and 2009) and Anderson (2010)
herbicides such as 2,4-D, glyphosate ,
chlorsulfuron, foramsulfuron and others
can cause phytotoxic damage to crop
plants, expressed in chlorosis, necrosis,
leaf and stalk malformations, as well as
functional disorders in the physiological

processes - photosynthesis, breathing,
water regime and others.
The photosynthetic pigments

content is an indicator of the sensitivity of
plants to changes in the abiotic factors of
the environment and as an indicator for
determining the phytotoxicity of herbicides
(Vecchia et al.,, 2001; Pechova et al,
2003; Rankova and Koumanov, 2005;
2006; Patras and Artenie, 2007; Nacheva
et al, 2012; Vasileva, 2012; 2015;
Goranovska et al, 2014; llieva and
Vasileva, 2016).

In species of the genus Sorghum
found specific reactions to some of the
used herbicides (Kershner et al., 2012;
Enchev and Georgieva-Andreeva, 2013;
Yu et al., 2015), while Lolium perene L.,
Dactylis glomerata L., and Agropyron
desertorum  (Fisch.)  schultes are
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(Fisch.) Schultes ca kpaitHO orpaHuyeHun
wnn nunceat (Duran-Serantes et al., 2002;
McCurdy, et al.,, 2008; Dimitrova and
Katova, 2011; 2013; Kaspary, 2014).

Llenta Ha HacTosLLeTO U3cneasaHe
e [Ja ce [Mpoyyn CenekTMBHOCTTA Ha
rpyna xepovumam n BAUSHWETO UM BbPXY
HaTpynBaHeTO Ha MAacTUaHW MNUIMEHTU
(xnoponan n kapoTMHOMAN) B HaA3EMHA
6uomaca Ha €efHOroAMWHM W MHOrOro-
OVWHW  KUTHU  ypaxkHu Tpesu Mpu
NOJICKN YCNOBUSA.

MATEPWNAN N METO4WA

MpoyyBaHuATa ca npoBefeHu npes
nepuoga 2014-2016 rogvHa B OMUTHOTO
none Ha WHcTMTYT no dypaxHute
Kyntypu - TlneBeH BBbPXY U3JYXKEH,
YyepHO3eM NP HEMOJIMBHU YC/I0BUS.

Monckute onuTn ca M3BefeHn Mo
neprneHavKynapHUA MeTon B Tpu MOBTO-
peHns c roneMuHa Ha onutHarta niaow, — 5
m® npu epHoroguwHute M 3 m® npu
MHOTOTOLULLHN XXUTHN (DYPadKHW KYNTYPWU.

O6eKT Ha u3cneaBaHe ca ABe rpynu
doypakHn KynTypu: |. rpyna — EgHoroguiiHmn
XWUTHM - (Sorghum sudanense (Piper) Stapf.)
n Il. rpyna — MHororoguwHu XnTtHu - (Lolium
perenne L., Dactylis glomerata L., Festuca
arundinaceae Schre. " Agropyron
desertorum (Fresch.) Schultes.). MNMpoyuBa-
HATE BapuaHTU W XapakTepucTukuTe Ha
TecTBaHUTE Xepbuumau ca npeacTaBeHu B
Tabnuua 1.

BHacAHeTO Ha xepbuumgnte e
M3BBbPLLEHO C rPbOHa NpbCcKayka ,ptp 18*
npu pasxop Ha paboteH pa3steop 40 l/da c
KOHW4YHa Ato3a, HangradHe P max 3 bar, V
max 1.48, 1 Q max 0.57 I/min, npwu
€[HOTOAULLHNTE XUTHN YPaXKHWN KYNTypw -
(S. sudanense BbB (hasza BBCH 12-13, a
NPy  MHOTOrOAULLHUTE JKUTHU  (DYPadKHM
kyntypu (L. perenne, D. glomerata, F.
arundinaceae n A. desertorum BbB (pasa
BBCH 12-14 B rognHaTta Ha cb3faBaHe
Ha noce.a.

extremely limited or missing (Duran-
Serantes et al.,, 2002; McCurdy, et al.,
2008; Dimitrova and Katova, 2011; 2013;
Kaspary, 2014).

The aim of this present study was
to investigate the selectivity of the group
of herbicides and their effects on the
accumulation  of  plastid  pigments
(chlorophylls and carotenoids) in above-
ground biomass of annual and perennial
grass forage grasses under field
conditions.

MATERIAL AND METHODS

The studies were conducted during
the period 2014-2016 in the experimental
field of the Institute for Forage Crops -
Pleven on leached black ground under
non-irrigated conditions.

Field trials were conducted
perpendicularly in three replicates with a
test area of 5 m” per annual cereal and 3
m? of perennial cereal forage crops.

Two groups of forage crops are the
subject of study: Group I. - Annual cereal -
(Sorghum sudanense (Piper) Stapf.) and
Il. Group - Perennial cereal - (Lolium
perenne L., Dactylis glomerata L.,
Festuca arundinaceae Schre and
Agropyron desertorum (Fresch.)
Schultes.). Trial treatments and herbicides
characteristics are shown in Table 1.

The application of the herbicides
was done with the ptp 18 knapsack
sprayer at 40 l/da with a conical nozzle
pressure Pmax 3 bar, Vmax 1.64 | and
Qmax I/min for the annual cereal crops -
(S. sudanense in growth stage BBCH 12-
13, and in perennial forage crops (L.
perenne, D. glomerata, F. arundinaceae
and A. desertorum in growth stage BBCH
12-14 in the year of sowing.
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Ta6nuua 1. BapnaHTy Ha onuTa U XapakTepUCTUKa Ha TeCTBaHUTE xepbuunan
Table 1. Trial treatments and herbicides characteristics

Bug AKTMBHO BeLLecTBO Xepbuunan [osa/Dose
Species Active ingredients Herbicides g/(ml)/da
45 g/l nuHokcagdeH + 5 g/l hnopacynam Axial One 100.0
45 g/l pnioksaden + 5 g/l florasulam Akcran egHo )
600 g/kg MeTcyndypoH-meTun Akypart 60 Bl 1.0
L. perenne 600 g/kg Metsulfuron-methyl Accurate 60 WG )
' 30 g/kg me3ocyndypoH-metun + 10 g/kg nogocyndypoH-
MeTun Hatpuii + 90 g/kg medheHnup-gueTun Macudbmka+ Bruonaybp 350
F. arundinaceae [30 g/kg mesosulfuron-methyl + 10 g/kg iodosulfuron-methyl Pacifica + Biopower '
sodium + 90 g/kg mefenpyr-diethyl
143 g/kg TpnbeHypoH meTun +143 g/lkg MeTcyndypoH MeTun Anai Makc
A. desertorum 143 g/kg tribenuron methyl +143 g/kg metsulfuron methyl Ally Max 35
750 g/kg xnopcyndypoH Wrbn 75 Bl 20
750 g/kg chlorsulfuron Eagle 75 WG )
500 g/kg pumcyndpypoH + 250 g/kg TucpeHcyndpypoH-metun (basuc 75 Ad + Tperg 90 25
500 g/kg rimsulfuron + 250 g/ kg thifensulfuron-methyl Basis 75 DF + Trend 90 )
45 g/l nuHokcagdeH + 5 g/l hnopacynam Axial One 100..0
45 g/l pnioksaden + 5 g/l florasulam Akcuan eiHO "
600 g/kg MeTcyndypoH-meTun Akypart 60 Bl 1.0
D.glomerata 600 g/kg Metsulfuron-methyl Accurate 60 WG )
' 30 g/kg me3ocyndypoH-metun + 10 g/kg ogocyndpypoH-
MeTnn Hatpuii + 90 g/kg medbeHnmnp-guetunn Macudhmka+ Bruonaybp 35.0
30 g/kg mesosulfuron-methyl + 10 g/kg iodosulfuron-methyl Pacifica + Biopower '
sodium + 90 g/kg mefenpyr-diethyl
375 g/l s-meTonaxsnop + 125 g/l TepbytnnasmH + 37,5 g/l
Me30TPUOH Jymakc 538 CK 300.0
375 g/l s-metolachlor + 125 g/l terbuthylazine + 37.5 gl Lumax 538 SC '
mesotrione
44 g/l Tem60TpUOH + 22 g/l n3okcagndeH-eTun Nayanc O[, 200.0
44 g/l timmoturon + 22 g/l isoxadifen-ethyl Laudis OD )
50 g/l TonpamesoH + 160 g/l aukamba Crtenap 210 CN 100.0
50 g/l topramesone + 160 g/l dicamba Stelar 210 SL )
22,5 g/l hopamcyndypoH + 22,5 g/l aHTUaoT Ekmn CK 2500
22.5 g/l foramsulfuron + 22.5 g/l antidote Equip SK )
30 g/kg me3ocyndypoH-metun + 10 g/kg ogocyndpypoH-
S. sudanense [M€™WI HaTpuii + 90 g/kg medbeHnmp-aneTun Macudhmka+ Bruonaybp 35.0
' 30 g/kg mesosulfuron-methyl + 10 g/kg iodosulfuron-methyl Pacifica + Biopower '
sodium + 90 g/kg mefenpyr-diethyl
45 g/l nuHokcagdeH + 5 g/l hnopacynam Axial One 100..0
45 g/l pnioksaden + 5 g/l florasulam Akcran egHo "
70.8 g/kg nupokcynam + 14.2 kg/da dpnopacynam 70.8 g/kg Koperno fyo +
K/TOKBUHTOLIET-MEKCW/ KnoksuHTOLET 26.5
70.8 g/kg pyroxulam + 14.2 kg/da florasulam 70.8 g/kg Corello Duo + '
cloquintocet-methyl Cloquintocet
750 g/kg TpM6EHYpOH MeTun Kopuga 75 BAI 15
750 g/kg of tribenuron methyl Corrida 75 DVG )
45 g/l nnHokcageH / 45 g/l pnioksaden Akcuan / Axial 90.0
600 g/l 2,4 [, amuHHa con / 600 g/l 2,4 D amine salt [Jvkonyp @ / Dickopour F|  120.0

3a uenuTe Ha npoyuysaHeTo Ha 21™

[eH cnep

Tpetupare (DAT) BusyanHo e | 21

treatment (DAT)

For the purposes of the study on the
day after

the

OLEeHeHa CeNeKkTMBHOCTTa Ha npunaraHute
xepovuman BbPXY KYNTYPHWUTE pacTeHus,
KaTto e u3nonseaHa e 9-6anHara ckana Ha
EWRS (European Weed Research Society) —
6an ot 1 oo 9 (6an 1 — HsMa noBpeaa, a npu
6an 9 — KynTyparta € Hanb/IHO YHULLLOXEHA).

selectivity of the herbicides on the crop
plants was visually determined using the
EWRS (European Weed Research Society)
score from 1 to 9 (score 1 — without
damages; score 9 — the crop is completely
destroyed).
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B3eTu ca npobu oT cBexa pacTtu-
TenHa 6uomaca Ha 21" neH cnep Tpetu-
paHe (DAT) 3a onpegensiHe cbabpxa-
HMETO Ha NAacTUAHW NUIMEHTU (XS10pO-
dun a, xnopocun b, kapotuHomau, u
o6uo a+b). CbAabpXaHneTo Ha
poTOCMHTE3MpAaLLM MUIMEHTU e
onpefesnisaHo cnekTpo-h0TOMETPUYHO MO
MeTofa Ha Zelenski and Mogileva (1980).

CrteneHTa Ha uHxmbupaHe (R)) Ha
nnactTugHuTe nurMeHTn (xnopodun a+b
W KapoTMHOMAM) € onpegensHa no
hopmynara:

N; —InN
R; :Fw}_loo

t

kbaeto In N;— nokasaTenn OTYETEHU B
TpeTupaHuTe BapuHTK, In Ny — nokasarenu
OTYETEHN B KOHTPOJSIHUTE BapuaHTu, t —
NPOAB/IKUTENHOCT C/ief, TpeTUpaHeTo, AHW.

OTunTaHM ca OCHOBHUTE arpome-
TEOPOIOTMYHN MoKasaTenin 3a nepuoga Ha
npoy4YyBaHETO: CyMa Ha BanexuTe (B mm) 1
cpefHa [eHOHOWHa TemnepaTypa Ha
Bb3/yxa CpeAHo 3a BeretayMoHHUS nepuog,
(8 °C). 3a xapakTepusvpaHe Ha apugHocTTa
€ M3MoJi3BaH UHAEKCHT Ha de Marton, 1926;
Paltineanu et al., 2007. TlonyyeHute
pe3yntatu ca 06paboTeHn CTaTUCTUYECKN C
nporpamHma  npoaykt  STATGRAPHICS
Plus for Windows Version 2.1

PE3YJITATN N OBCb)XXAAHE

OueHsBalikn KOMMIEKCHOTO Bb3Ael-
CTBME HA HAKOW OT OCHOBHWTE METEeopOso-
TMYHU PakTopu — KOIMYECTBO Ha BasiexuTe
N CPefHOAEHOHOLWHY TemnepaTypu Ha Bb3-
Jyxa npes roguHWTe Ha npoyysaHe Morart
[Ja ce rpynupat ycnosHo B age rpynu: 2014
n 2015 r. — ¢ 6naronpuAaTHU ycnoBuUsA 3a
pactexa n pa3BuTVe Ha TecTBaHuTe efHO-
rOAWLIHN YN MHOTOTOAVLLHWN XUTHU CYPaKHU
KynTypu npu apugHocT (l,-DM) npes nHTeH-
3uBHMA BeretaynoHeH nepuog (II-1X) cboT-
BeTHO: 29,6 n 25,4 n 2016 r. — Hebnaro-
npusiTHa nNpu apngHocTt — 22.3 (Tabnuua 2).

O6LLOTO KOMMYECTBO Ha BasexuTe
npe3 nepuofa Ha npoyysaHe MOXe fa ce
npeactasn B CrefHUS  Bb3XOAAW, pefn
2016<2015<2014, v B obpaTHa 3aBMCUMOCT

Samples of fresh plant biomass
were taken on the 21 day after
treatment (DAT) to determine the content
of plastid pigments (chlorophyll a,
chlorophyll b, carotenoids, and total a+b).
The content of photosynthetic pigments
was determined spectrophotometrically
by Zelenski and Mogileva (1980).

Degree of inhibition (i) of plastid

pigments (chlorophyll a + b and
carotinoids) was determined by the
equation (1):

1)
where In N;— characteristics in each

treatment, In Ny — characteristic in the
control treatment, t — duration after
treatment, days.

Major agro-meteorological
characteristics of the period of study were
recorded: rainfall amount (in mm) and
average 24-hour air temperature on
average for the growing season (in °C).
The Marton’s index was wused to
characterize the aridity (de Marton, 1926;
Paltineanu et al., 2007). The collected
data were analyzed using the software
Statgraphics Plus for Windows Ver. 2.1.

RESULTS AND DISCUSSION
Estimating the complex effect of
some major meteorological factors,
rainfall amount and average 24-hour air
temperatures, the studied years can be
divided conventionally into two groups:
2014 and 2015 — conditions for the growth
and development of the tested annual and
perennial cereal forage crops at aridity
(I,-DM) of the growing season (llI-I1X):
29.6 and 25.41, respectively and 2016 —

unfavourable at aridity of 22.3 (Table 2).

The total rainfall amount during the
period of study can be presented in the
following ascending order: 2016<2015<2014
and in inverse relation 2014<2015<2016
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2014<2015<2016 no oTHOLleHMe Ha cpef-
HOZEHOHOLLHMTE TemMnepaTypy Ha Bb3AyXa.
ArpomMeTeoposiornyHuTe  yCcnoBsusa  npes
roavHuTe Ha uscnegsaHe (C U3KIKYEeHNe Ha
2014 r1.) ca cbC TemMnepaTypHU OTK/IOHEHUSA
oT -1.3 go +3.4°C 1 cunHa BapnabunHocT B
KO/IMYEeCTBOTO Ha Basiexute oT 12,7 Ao
314,8% B cpaBHEHME CbC CbuMTe 3a
MHororoguwHns nepuog (Tabnvua 2).

Tabnuua 2. MeTeoposIOrMyHU NokKasatenu
(2014-2016r.)
Table 2. Meteorological indicators during th

with regard to average 24-hour air
temperatures. The agro-meteorological
conditions during the years of study
(except for 2014) showed temperature
deviations from -1.3 to +3.4 °C and
stronger variability in the rainfall amount
from 12.7 to 314.8%, as compared to
those for the many-year period (Table 2).

npes roguHUTe M CPeaHO 3a nepuoaa

e years and period average (2014-2016)

BereTaumnoHeH nepuog/ Vegetation period CpepHo 3a
Mepvog Ha n3cnesBaHe CpefHoMeceyHa TemnepaTypa Ha Bb3ayxa, t°C n-1x,tc
Period of study The average monthly emperature of the air, °Cc Average for
111 [\ \Y VI VIl VIII 1X -1x,¢c
2014 9.7 | 149 | 16.7 | 20.6 | 23.1 | 23.7 | 17.9 18.1
OTknoHeHme °C Deviation°C | 3.3 | 29 [ -1.0 | 06 | -03 | 0.8 | -04 0.0
2015 6.8 | 12.2 | 188 | 20.7 | 2565 | 244 | 20 18.3
OTkoHerre °C Deviation°C | 0.4 | 02 | 1.1 [ -05 | 21 | 15[ 1.7 0.2
2016 8.5 154 | 16.4 23 24.6 | 235 | 19.4 18.7
OTknoHenne C Deviation°C | 2.1 [ 34 [ -1.3 | 1.8 | 1.2 | 0.6 | 1.1 0.6
CpepHo 3a 50 r. (1964-2013)
Average 50 years (1964-2013) 6.4 | 12.0 | 17.7 | 21.2 | 23.4 | 22.9| 18.3 18.1
BeretaunoHeH nepuog/ Vegetation period Cyma 3a lll - IX; mm
Mepvod Ha n3cnefBaHe CpefiHOMeceyHa TemMnepaTypa Ha Bb3gyxa, t°C Amount for
Period of study The average monthly emperature of the air, °Cc - IX, mm
1l [\ \Y VI Vil VIII 1X
2014 39.7 | 32.3 83 54.3 | 71.8 | 23.9 | 142.6 447.6
OTkIoHEHNe, % / Deviation,% |111.5| 66.3 |132.0| 85.2 | 116.7 | 52.5 | 314.8 123.2
2015 76.9 | 43.6 | 30.6 | 95.9 | 21.5 | 29.9 | 130.3 428.7
OTkIoHEHNe, % / Deviation,% | 216.0 | 89.5 | 48.6 | 150.5| 35.0 | 65.7 | 287.6 118.0
2016 68.4 | 725 | 77.2 | 46.1 7.8 |31.2 | 61.8 365.0
OTK/IoOHEHME, % / Deviation,% |192.1 (148.9|122.7 | 72.4 | 12.7 | 68.6 | 136.4 100.5
CpepgHo 3a 50 r. (1964-2013)
Average 50 years (1964-2013) 356 | 487 | 629 | 637 | 615|455 453 363.2
MHpekc Ha cyxota De Martonne
e vecnefoane Dc artome ity moex LD ____| PO 8 - 6
111 [\ \Y VI VIl VIII 1X
2014 46.8 | 156 | 37.3 | 21.3 | 26 8.5 | 61.3 29.6
2015 48.9 | 23.6 | 12.8 | 37.5 7.3 | 104 | 52.1 25.4
2016 499 | 343 | 351 | 168 | 2.7 |11.2| 25.2 22.3
CpepHo 3a 50 r. (1964-2013)
Average 50 years (1964-2013) 26 26.6 | 27.3 | 245 | 22.1 | 16.6 | 19.2 22.7
Br3yaslHOTO OTYMTaHe Ha CenekTuB- The visual assessment of the

HOCTTa Ha TecTBaHWTe Xepouuman npu
€0HOTOAULIHUTE W MHOTOTOAWLLIHWA KUTHU
TPeBW M3paseHa C pas/IMyHy BUAMMU CUMII-
TOMY Ha IMTOTOKCUYHOCT (X/10pO3MU, HEKPO-
31 1 Ap.) 3aBMCU OT BUAA Ha NPUNIOXEHUS
xepbuung (Tabnumua 3) 1 OTHOCUTENHO Mo-
cnabo oT arpomMeTeoposIorMYHNTE YCI0BUS
npes nepmnoga Ha npoyysaHe (Tabnumuya 2).

selectivity of tested herbicides in annual
and perennial cereal forage crops,
expressed by different visible symptoms
of phytotoxicity (chlorosis, necrosis, etc.),
depends on the type of applied herbicide
(Table 3) and the agrometeorological
conditions during the study period (Table 2).
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Tabnuua 3. ChbAobpXaHMe Ha NAacTUAHU MUTMEHTU MPU HAKOW eAHOrOAMLLHU W
MHOTOroAULLIHN XXNTHU PypaxHU KyNTypwu, 3a nepnoga 2014-2016

Table 3. Plastid pigments content in some annual and perennial cereal forage crops
for the period 2014-2016

MnacTngHun nurmeHT, mg/100g FW / Plastid pigments mg/100g FW
0| s
g2 | 28 Xep6uumam Aosa Xnopodpun / Chlorophyll Kaporu- 2
88| g0 Herbicides Dose, g/ Houan O6uo %Ct| R | 3
Sl e> (ml)/da Carote Total Tl
a b a+b ]
noids
KonTpona/Control 96.38c | 67.26c | 163.64c | 31.26b | 194.90b | 100.0 | 0.0 | 1.0
< g‘r‘]‘fe"'a” eaHolAXial | 1000 | 52.67a | 34.53a | 87.20a | 20.20a | 107.4a | 551 |-2.8| 3.0
—
o
& |Akypat 60BI"
o e & BOWG 10 | 957b | 63.50b | 159.28b | 37.36c | 196.64c | 100.9 | 0.0 | 6.0
§ Macudmka/Pacifica | 35.0 * * * * * * * 185
g KonTpona/Control 128.78d | 101.70d | 230.48d | 50.08d | 280.56d | 100 | 0.0 | 1.0
J [Anaii Makc/Ally Max| 3.5 | 114.92c | 94.94c_| 209.86c | 36.90c | 246.76c | 88.0 | 0.6 4.0
©
g ngrEII-'I/EagIeBWG 20 | 9556b | 79.44b | 175.00b | 29.92b | 204.92b | 73.0 |-1.5| 7.0
Egg"l'f TSA®BasIs | 55 | 2418a | 30.44a | 54.62a | 14.47a | 69.09a | 24.6 |-6.7|50
© KonTpona/Control 88.84a 60.12a 148.96a | 32.76a 181.72a | 100.0 |-0.3] 1.0
g < g‘r‘]‘fe"'a"e'q”"’Ax'a' 100.0 |115.95b | 77.40b | 193.35b | 41.58b | 234.93b |129.3 |09 | 6.0
E —
S &  |Akypat 60BI R R R N N R N
g IAccurate 60WG 1.0 85
Macudmka/Pacifica | 35.0 * * * * * * * | 85
KotTpona/Control 9048 | 67.34 | 166.82 | 37.28 | 204.10 |100.0] 0.2 | 1.0
< gl:](;man epHo/Axial 100.0 . . . . . . « | 85
—
Q o
] N /Akypat 60BI" * * * * * * *
§ IAccurate 60WG 1.0 85
k= Macudmka/Pacifica | 35.0 * * * * * * * 185
E KonTpona Control 102.48d | 76.52d | 179.00d | 30.98d | 209.98d | 100 |-1.4] 1.0
= [Anaii Makc/Ally Max| 3.5 | 78.32c | 66.40c_| 144.72c | 24.88c | 169.6c | 80.8 | -2.4| 4.5
. ©
w g ?E:;?/Eaglenwe 20 | 64.27b | 49.79b | 114.06b | 24.13b | 138.19b | 65.8 |-3.4| 35
Egg"l'f TS5A®Basis | 55 | 5827a | 29.30a | 57.57a | 13.49a | 71.06a | 33.8 |-6.5| 45
KorTpona/Control 107.74b | 72.24b | 179.98b | 33.74b | 213.72b | 100.0 | 0.4 | 1.0
< g':]ce”a“ eaHolAxial | 1000 | gg12a | 62.34a | 150.46a | 29.72a | 180.18a | 843 |-0.4 3.0
—
o
E | © ﬁnggts%%gve 10 |127.74c| 83.76c | 211.50c | 40.78c | 252.28c | 118012 | 4.0
% Macudmka/Pacifica | 35.0 * * * * * * * 185
2 KoHTpona/Control 123.02c | 104.90c 227.92c | 33.86¢c 261.78c 100 |-0.3| 1.0
S [Anaii Makc/Ally Max| 3.5 | 91.74a | 76.14a | 167.88a | 30.22a | 198.l1a | 75.7 |-L7] 6.5
y
< ©
g ngrEII-'I/EagIeBWG 20 |105.12b| 81.84b | 186.96b | 34.22b | 221.18b | 845 |-1.1| 8.0
ESagvllzc 754d/Basis 25 . . . . . . 9.0
KorTpona/Control 92.71i | 68.89ef | 172.70d | 32.54ab | 205.24fg | 100.0 | 0 | 1.0
CmZicsssissch 300.0 | 129.26] | 84.50f | 213.76e | 37.27ab | 251.03g | 1352 | 1.4 | 2.5
g%y””CONLa“d'S 200.0 | 61.65¢ | 48.08abcd | 109.73bc | 21.98ab | 131.71bcd | 71.0 |-1.6| 3.4
Crenap 210CH
© 100.0 | 49.04b | 34.18ab | 83.21ab | 18.20ab | 101.4labc | 54.6 |-2.9] 5.2
i Q Stelar 21OSL_
g S [Exwn CK/Equip SK_| 250.0 | 130.77k | 43.41cd | 108.80c | 36.18ab | 144.98de | 78.1 |-1.2] 8.0
3 s  |Nacndwka/Pacifica | 35.0 | 51.26c | 18.00a | 43.63a | 14.56ab | 58.19a | 313 |55 7.4
S .
@ g g':]ce”a” earo/Axial | 1600 | 52.72d | 36.20abc | 88.91abc | 19.30ab | 108.21abcd | 58.3 |-2.6 | 6.9
()]
?:%?:ﬁ:Dﬂgg 26.5 | 62.12f | 43.30abc | 105.42bc | 22.24ab | 127.66bcd | 68.8 |-1.8| 7.5
g‘;f:‘g;;g’g@g 15 | 77.55h | 48.65bcd | 126.20c | 25.41ab | 151.60cde | 81.7 |-1.0| 6.0
[Akcuan/Axial 90.0 | 36.56a | 27.64b | 64.20a | 11.99a | 76.19ab | 41.0 | -4.2] 8.0
[qvkonyp ®/Dickopour F| 120.0 | 76.52g | 49.78bcd | 126.30c | 25.12b | 151.42cde | 81.6 |-1.0] 4.0
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NereHpa: Cty, - MNpoUeHT CNpsMO KOHTPONHUA BapuaHT, %; R; - CTeneHTa Ha nHxnbupaHe; FW — Terno Ha ceexa
6uomaca; EWRS (European Weed Research Society) — 6an oT 1 go 9 (ban 1 — HAma nospega, a npu 6an 9 — kynTypaTa
€ Hanb/IHO YHULLOXeHa); * - He e OnpeAensiHo CbAbpXaHWe Ha NnacTUAHW NUrMeHTW, nopagy oTyeTeHa BHCOKA
(M TOTOKCUYHOCT BbB BapuaHTuUTE; @, b, ¢, d, ..... j cTaTuncTnYeckn 3HaumMmn pasnuku npu P = 0,05.

Legend: Ct% - Percentage compared to the control treatment, %; Ri - degree of inhibition; FW — fresh weight; EWRS
(European Weed Research Society) score from 1 to 9 (score 1 — without damages; score 9 — the crop is completely
destroyed); * - was not specified content of plastid pigments because of reported high phytotoxicity in the treatments; a, b, c,

d, ..... j statistically significant differences in P = 0.05

Mpu BCWMYKM MNpOy4YBaHU BUAOBE
€[HOrOAMIIHN U MHOTOTOAWLIHU XUTHU
oypakHM TPEBU TecTBaHWTE Xxepobuunan
(Tabnmua 1 v 3) Ha 217" neH cnep TpeTn-
paHeTo npegusBuKBaT cuneH UTOTOK-
cnyeH edhekt (ot 4.5 pgo 9.0 6ana).
OTHOCKTEHO cnab hUTOTOKCUYEH edoekT
(6an 3-4) e oTyeTeH cnep NpUAOXeHWe
Ha Akcvan egHo u Anaii Makc npu L.
perenne, Akcunan egHo n Akypat 60 Bl
npu A. desertorum, Urbn 75 Bl cnepg,
TpeTupaHe Ha D. glomerata, kakto wu
Nymakc 568 CK, Mayanc O v Oukynyp ®
npu S. sudanense B HayanHWTe eTanu ot
pasBUTMETO Ha KynTypuTe.

Pesyntatute oT aHanu3a 3a obLo-
TO CbAbPXaHWe Ha NNACTUAHN NMUTMEHTH
N xnopohuna 3a BCUYKM BapuaHTuM Ha
onuTMTE e npeacraBeHo Ha Tab6nuua 3.
Mo-HUCKM CTOMHOCTM Ha xnopodumn a ca
OTYETEHM B TPETUPAHUTE BapuaHTM Ha
€[HOrOAMLIHNTE U MHOTOFOAULLIHWN XUTHU
dypaxHu Tpesu (oT 24,18 po 114,92
mg/100g FW) B cpaBHeHME C KOHTPOS-
HuTe BapuaHTM (oT 88,48 po 128,78
mg/100g FW).

OT aHanu3bT Ha AaHHUTe BUAHO,
ye CbAbpXaHeTo Ha xsopodwmn b e
OTHOCUTENHO MO-MasIko, B CpaBHeue C
YCTaHOBEHOTO 3a Xx/opodun a (Tabnvua
3). Tasu 3aBUCMMOCT MOXe pJa bbae
06siCHEHa C (OUTOTOKCUYHUA edhbekT Ha
xepobuunante n GUONOrMYHUTE 0CobEHOC-
TV Ha TecTBaHUTE ypPadkHU KyNTypw.

Cnopeg npoyyBaHusTa Ha
Kannangara & Hanson (1998); Nacheva
et al. (2012) npu cTpec pacTeHuATa
3acunBaT CMHTE3a Ha aHTouMaHuan.

3a ycnosusiTa Ha NpPOy4YBaHETO €
yCTaHOBEHO, Ye HamasisiBaHe CbAbpXaHue-
TO Ha (POTOCUHTE3MpAaLM NAACTUAHU Mur-
MEHTM KaTo nokasaTtes 3a nposiBeHa puTo-
TOKCUYHOCT Ha Xep6uuuante, NoTBbPXKAaBa
HabnofaBaHUTe BUAMMW CUMNTOMU  Ha

For all species of annual and
perennial forage crops the tested
herbicides (Table 1 and 3) on the 21st
day after treatment had a strong
phytotoxic effect (from 4.5 to 9.0 score ).

A relatively weak phytotoxicity
effect (score 3-4) was reported after
aaplication on Axial One and Alay Max in
L. perenne, Axial One and Acurate 60
WG in A. desertorum, Eagle 75 WG after
treatment with D. glomerata, and Lumax
568 SC, Laudis OD and Dicuplor F in S.
sudanense in early stages of crop
development.

The results of the analysis of the
total content of plastid pigments and
chlorophyll for all treatments of the
experiments are presented in Table 3.

Low values of chlorophyll a were
reported in all treatments of annual and
perennial cereal forage crops (from 24.18
to 114.92 mg/100g FW) as compared to
control treatments (88.48 to 128.78
mg/100g FW).

From the analysis of the data
shows that the content of chlorophyll b is
relatively less in the compared to the
established for chlorophyll a (Table 3).
This dependence can be explained by the
phytotoxic effectof the herbicides and the
biological characteristics of the tested
forage crops.

According to the studies of
Kannangara & Hanson (1998); Nacheva
et al. (2012) at the stress, plants increase
the synthesis of anthocyanins.

For the conditions of the study, it
was found that decreasing the content of
photosynthetic plastid pigments as an
indicator of phytotoxicity of herbicides
confirms the observed visible symptoms
of chlorosis in annual and perennial
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X/10p03a Npu efHOroAWLIHATE U MHOTOro-
OVLLHW XUTHN cbypadckHn Tpesu (Tabnumua 3).

CbabpxaHMeTo Ha o6LwoTo Konu-
yecTBO X/I0podun a+b npu mMHororoguiu-
HUTE XUTHN oypaxHu Tpesu (L. perenne,
D. glomerata u A. desertorum) Ha 21"
[€EH crief, TPeETMPaHETO C Xepobuuman e ot
2,7 o 76,3% MO-HUCKO B CpaBHeHue C
KOHTPO/THUTE BapuaHTw.

CteneHTa Ha WHXMOMpaHe RIi
Bapupa B rpaHuuute ot -0.3 go -6.7.
AHaNOrMYHK ca ¥ NoaydyeHuTe pesyntaTu
npuM npocnegsBaHe CbAbpXaHETO Ha
naacTUaHN NUIMEHTU cnef, TpeTupaHe Ha
noces ot S. sudanense.

OT nonyyeHuTe ekcnepuMeHTasHu
JaHHU € BUOHO, Ye CbAbPXAHMETO Ha
poTOCMHTE3MpAaLLM NIACTUAHN MUTMEHTU
Hamansasa o 74,7%, a R; e B rpaHuunte
ot -1,0 go -5,5. CneposaTtenHo TecTeBa-
HUTE Xepbuunan, NpPUIoKeHN BbB (asa
BBCH - 12 Ha S. sudanense npean3Buk-
BaT (huTOTOKCUYEH edhekT — oT 2,5 o 8,0
6ana. HamaneHo e 1 cbabpXaHWETO Ha
KapoTuHongute - ot 10,8 pgo 69,1%
CMPSAMO KOHTPOJIHUTE BapuaHTu.

VM3knoveHre oT onucaHata 3aBu-
CMMOCT Ce yCTaHOBSIBa Npu BapuaHTUTE:
A. desertorum c¢ Akypatr 60 Bl n D.
glomerata npu TpeTupaHe Ha nocesa C
AKcnan efgHo, KbAETO CbAbPXKAHNETO Ha
xnopocpun (ot 15,9 0o18,2%) u KapoTu-
Houam (ot 1,3 no 20,9%) HapacTBa.

YcTaHoBEH e AucbanaHc B CbOT-
HOLLEHWETO MeXAy OCHOBHUTE Tpynu
(POTOCUHTETUYHN MNUTMEHTU (Xnopodomn
La+th" kapoTnHonan).

B KOHTpO/NHWTE BapuvaHTN CbOTHO-
LWEHNETO Ha cymaTa Ha xsopodunute
KbM KapOTMHOMAMTE CpegHo 3a nepuoga
Ha MpoyyBaHe Bapupa B rpaHMuute OT
49 npu L. perenne, cnegsaH ot D.
glomerata n S. sudanense — 5,2 — 5,3 un
6,0 npu A. desertorum, gokato B TpeTu-
paHuTe BapwaHTU CbOTHOLLIEHWETO Ha
cymara Ha xnopounute KbM KapoTu-
HouauTe e O6/IM3KM UM NOAHOPMAasTHU
rpaHuum (ot 3,0 npu S. sudanense /
Macucpuka oo 5,8 npu L. perenne / Urbn
75 BIN), KakTo 1 B 3aBUCUMOCT OT QUTOTOK-

cereal forage crops (Table 3).

The content of the total chlorophyll
"a+b" in perennial forage cereal crops (L.
perenne, D. glomerata and A.
desertorum) on the 21 day after
treatment with herbicide ranged from 2.7
to 76.3%, compared to control treatments.

The degree of inhibition Ri ranges
from -0.3 to -6.7. Similar results are

obtained in the content of plastid
pigments  after treatment of S.
sudanense.

From the experimental data
obtained, it appears that the of

photosynthetic plastid pigments content
decreases to 74.7% and Ri ranges from -
1.0 to -5.5. Therefore, the tested applied
herbicides at the growth stage BBCH - 12
of S. sudanense hed a phytotoxicity effect
- from 2.5 to 8.0 score. The carotenoid
content was reduced from 10.8 to 69.1%,
according control treatments.

Exceptions to the described
dependence were found in the
treatments: A. desertorum with Acurate
60 W and D. glomerata after treatment
with Axial One, where the content of
chlorophyll (from 15.9 to 18.2%) and

carotenoids (from 1.3 to 20.9%)
increases.

Established is an imbalance in the
ratio of the major groups of

photosynthetic pigments (chlorophyll "a +
b" / carotenoids).

In the control treatments the ratio
of the sum of the chlorophylls to the
carotenoids average for the study period
ranged from 4.9 in L. perenne, followed
by D. glomerata and S. sudanense - 5.2 -
5.3 and 6.0 in A. desertorum, while in the
treated variants the ratio of the sum of the
chlorophylls to the carotenoids have
values close to the control treatments
(from 3.0 for S. sudanense / Pasifera to
5.8 for L. perenne / Eagle 75 WG) as well
as n depending on the phytotoxic effect of
the applied herbicide
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CUYHNA ed)eKT Ha NPUIOXKEHMS Xxepbuuna,.

Ta3n 3aBMCMMOCT MOXe ga 6bae
06sICHEHA CbC Ce/IeKTUBHOCTTA Ha aKTuB-
HUTe BelllecTBa Ha TecTBaHuUTe xepbuun-
A 1 cnocobHocTTa MM ga Bb3gelicear
UHXMOMpALLO BbPXYy CUHTE3UPAHETO Ha
hoTOCUHTE3MpPAaLUUN NIACTULHU NUTMEHTU
(Tonev, 2000; Kaspary, 2014).

OT aHanM3a 3a 06L0TO CbAbpXa-
HWe Ha nNIacTUAHU NUTMEHTU N Hanpase-
Hata Bu3yasnHa 6anoBaTa oOuUeHKa 3a
goutoTokcmyHocT (EWRS) Ha TecTBaHuUTE
xepoéuunan npu efHoroAuwHU U MHOro-
rOAULLIHM XUTHU DypadkHM TpeBu ca ycTa-
HOBEHM 3HAYUTE/THN KOpenaunoHHN 3aBu-
CUMOCTU, NPU KOUTO KOE(IUUUEHTBT Ha
kKopenaumss (r) e kakto cnegsa: L.
perenne -0,567; D. glomerata -0,701; F.
arundinaceae -0,957; A. desertorum -
0,703 n S. sudanense -0,740.

Bb3 ocHoBa Ha CTOMHOCTUTE Ha
CbAbpXaHNETO Ha NNacTUAHN NMUTMEHTH,
KapoTVHOUAM B 3aBMCMMOCT OT H6anosarta
oueHka 3a UTOTOKCUMYHOCT (EWRS) Ha
TecTBaHUTe Xxepoéuuuanm e U3BbPLLEH
MepapxmyeH KIbCTEPEH aHa/M3  3a
rpynupaHe Ha npoyysaHuTe BuUAOBe OT
€[lHOTOAULWHA U MHOTFOroAMLIHN XUTHU
doypaxHu kyntypu. [laHHuTe OT aHanusa
ca npeacraBeHu rpauMyHo BbB BUJ Ha
aeHporpama (durypa 1).

B pe3yntaT Ha M3BbpLUEHUA iepap-
XUYeH KNbCTepeH aHa/im3 ca 060cobeHn 5
rpynu (knbcTepa). MbpBUTe TpU KIbCTepa
ce popmupar ¢ npeobnagasallo yvactue
Ha S. sudanense (69,2%) 1 He3HAYNTE/THO
oTr BupgoseTe L. perenne (15,4%) wn F.
arundinaceae (15,4%). B ueTtBbpTUSA
KnbCcTep ca obeAvHeHU uYeTupu Buga A.
desertorum; F. arundinaceae; L. perenne u
S. sudanense, KaTto OTHOCUTE/IHO HaW-
ronamo pan 3aema L. perenne (37,5%).
MeTusaT kNbCTep e hopMupaH OT BUAOBETE
A. desertorum; D.glomerata; L. perenne n
S. sudanense, npeob6nafaeallo yvacTtue
3aema A. desertorum - 429%, a
oCTaHa/iMTe Tpy BuAa ca npencTaBeHu
Kakto cnepsa L. perenne 28,5% cnepnsaH
ot D.glomerata n S. sudanense — 14,3% .

This dependence can be explained
by the selectivity of the active substances
of the tested herbicides and their ability to
exert an inhibitory effect on the synthesis
of photosynthetic plastid pigments
(Tonev, 2000; Kaspary, 2014).

On the basis of the obtained
results of the photosynthetic pigments
content in above-ground biomass and the
visual phytotoxicity assessment (EWRS)
of the tested herbicides in annual and
perennial cereals forage crops,
correlation relations were found where
the correlation coefficient (r) significant
correlations as follows: L. perenne -
0.567; D. glomerata -0.701; F.
arundinaceae -0.957; A. desertorum -
0.703 and S. sudanense -0.740.

Based on the values of the content

of  plastid pigments, carotenoids
according to the scores assessment of
phytotoxicity (EWRS) of the test

herbicides were made hierarchical cluster
analysis to group the test species of
annual and perennial cereal forage crops.
Data from the analysis are presented
graphically in the form of a dendogram
(Figure 1).

There were 5 groups (clusters) as
a result of the study. The first three
clusters were formed with predominant
involvement of S. sudanense (69.2%)
and negligible of the species L. perenne
(15.4%) and F. arundinaceae (15.4%).
Four species of A. desertorum are
combined; F. arundinaceae; L. perenne
and S. sudanense. In the fourth cluster,
L. perenne (37.5%) occupies the largest
share. The fifth cluster is formed by the
species A. desertorum; D.glomerata; L.
perenne and S. sudanense, the
prevalence of A. desertorum is 42.9%
and the other three types are presented
as follows L. perenne 28.5%, followed by
D.glomerata and S. sudanense - 14.3%.
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NereHpal/Legend: L. perenne [Tr.1 — KoHTpona He TpeTwupaHa /Control untreated; Tr.2 — Axial One; Tr.3 -
Accurate 60WG; Tr.4 - Pacifica; Tr.5 - Ally Max; Tr.6 - Eagle75WG; Tr.7 - Basis 75DF]. D.glomerata [Tr.8 -
KoHTpona He TpeTwupaHa /Control untreated; Tr.9 - Axial One; Tr.10 - Accurate 60 WG; Tr.11 — Pacifica]. F.
arundinaceae [Tr.12 - KoHTpona He TpeTwupaHa /Control untreated;Tr.13 - Axial One; Tr.14 - Accurate 60
WG; Tr.15 - Pacifica; Tr.16 - Ally Max; Tr.17 - Eagle75 WG; Tr.18 - Basis 75DF]; A. desertorum [Tr.19 -
KoHTpona He TpeTwupaHa /Control untreated; Tr. 20 - Axial One; Tr.21 - Accurate 60WG; Tr.22 - Pacifica;
Tr.23 - Ally Max; Tr.24 - Eagle75WG; Tr.25 - Basis 75DF]. S. sudanense [Tr.26 - KoHTpona He TpeTupaHa/
Control untreated; Tr. 27 - Lumax 538SC; Tr.28 - Laudis OD; Tr.29 - Stelar 210SL; Tr.30 - Equip SK; Tr.31 -
Pacifica; Tr.32 - Axial One; Tr.33 - Corello Duo; Tr.34 - Corrida 75DVG,; Tr.35 - Axial; Tr.36 - Dickopour F].

dur. 1. JeHgporpama Ha rpynmpaHe BngoseTe e4HOroAULWLHN Y MHOTOTO4ULLIHN
XUTHU ypaXHU KynTypu No Tun pasnpefernieHne crnopeq cCbAbpXaHMeTo Ha
POTOCMHTETUYHN NMIACTUAHU NUIMEHTU U 6anoBa oueHka 3a PUTOTOKCUYHOCT
(EWRS) Ha TecTBaHUTe Xepbuuuan

Fig. 1. The dendrogram of the clustering of the species of annual and perennial
cereals forage crops, type distribution based on the content of photosynthetic
plastid pigments and balls assessment of phytotoxicity (EWRS) of the herbicides
applied post emergences of the crops

MonyuyeHute ekcneprviMeHTasHu The experimental results obtained

pe3ynTati nokaseaT, 4Ye onpeaensHeTo
Ha CbAbPXAHMETO HA (DOTOCUHTETUYHU
NMUIrMeHTU Ha 21 feH cref TPeHMpPaHeTo ¢
xepoéuumay , Moxe ga ce M3nos3ea 3a
OLleHKa CEeNEeKTUBHOCTTa Ha xepbuuman
3a BereTayyoHHO MPUIOXKEHWEe NPU KOH-
KpeTHWUTEe eAHOrOANLLIHN 1 MHOTOFOAMLLHN
XUTHU OYPaKHU KYNTYpW.

N3BOAN

MpunoxeHute xepbuuuan, npu S.
sudanense - BbB (paza BBCH 12-13 un npwu
L. perenne, D. glomerata, F. arundinaceae n
A. desertorum BbB (paza BBCH 12-14 B
rogMHata Ha cb3gaBaHe Ha nocesa
Hamansasat Ao 74.7%, HaTpynBaHeTO Ha

showed that the determination of the
photosynthetic pigments content on 21
days after treatment with herbicide can
be used as a test for evaluation of the
selectivity of post-emergent herbicides in
the annual and perennial cereal forage
crops tested.

CONCLUSIONS

The application of herbicides on S.
sudanense - in growth stage BBCH 12-13
and L. perenne, D. glomerata, F.
arundinaceae and A. desertorum in
growth stage BBCH 12-14 in the crop
year reduced the accumulation of
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(POTOCUHTETUYHM NUTMEHTK (xopodmn a, b
W KapOTMHOMAW) MPU CTEMEH Ha MHXUbMpaHe
(R) or -1.0 po -5.5 npuM KOHKpeTHUTe
arpoMeTeopOsIOTMYHU YC/0BUS.

O6LOTO CbAbpXaHWe Ha XJ/10po-
thun HapacTea 21" geH cnep npunaraHe
Ha Akypat 60 BI' B no3a 1.0 g/da npu A.
desertorum n Akcuan egHo B gosa 100.0
ml/da npu D. glomerata (oT 15,9 pgo
18,2%) n kapotuHomnan (ot 1,3 go 20,9%),
CMPAMO KOHTPOJTHUTE BapuaHTHU.

YcTaHOBEHU ca CTaTUCTUYECKM 3Ha-
YMMKU OTpULATEsTHM KOopenaunuoHHU 3aBu-
CUMOCTU MeXay CbAbpXaHWeTo Ha (hoTo-
CUHTETUYHM NNaCTUAHW  MUITMEHTU W
BM3yasiHata 6asioBara oueHka 3a uTo-
ToKcmyHocT (EWRS) B 3aBMCMMOCT OT npu-
naraHute xepbuumay nNpu eaHOroOAMLLIHN U
MHOTOTOAWLUHN XUTHU (hypaxHN TPeBU Kak-
To cnepgea: L. perenne -0,567; D. glomerata
-0,701; F. arundinaceae -0,957; A.
desertorum -0,703 n S. sudanense -0,740.

MonyyeHute ekcneprviMeHTasHu
pe3ynTaTy nokassart, 4ye onpenensHeTo
Ha CbAbpXaHueTo Ha (OTOCUHTETUYHU
NUrMeHTU Ha 21 AeH cnef TpeHupaHeTo ¢
xepéuungn, moxe pa ce u3nonssa 3a
OLEeHKa CeNeKTUBHOCTTA Ha Xepouumam 3a
BEreTalMoHHO MPUIOXKEHNE TMpPU  KOH-
KpeTHMUTe eHOroAULWHN U MHOFOroAuLLIHN
XUTHU DYPaXKHU KYNTypu.

photosynthetic pigments chlorophyll a, b
and carotenoids) to 74.7%, with a degree
of inhibition (Ri) of -1.0 to -5.5 in the
particular agrometeorological conditions.

The total chlorophyll content was
increased 21 days after the administration
of Acrust 60 WG at a dose of 1.0 g/da in
A. desertorum and Axial One at a dose of
100.0 ml/da for D. glomerata (15.9 to
18.2%) and carotenoids (from 1.3 to
20.9%) versus control treatments.

Statistically significant negative
correlations between the content of
Photosynthetic plastid pigmentsand and
visual evaluation scores for phytotoxicity
(EWRS) based on applied herbicides in
annual and pereannual cereal forage
crops as follows: L. perenne -0.567; D.
glomerata -0.701; F. arundinaceae -0.957;
A. desertorum -0.703 and S. sudanense -
0.740 were established

The experimental results obtained
showed that the determination of the
photosynthetic pigments content on 21
days after treatment with herbicide can be
used as a test for evaluation of the
selectivity of post-emergent herbicides in
the annual and perennial cereal forage
crops tested.
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PE3IOME

Mpe3 nepuoga 2014-2016 rognHa B
ONWTHOTO NoJsie Ha NHCTUTYT No hypaxkHn
Kyntypu - lNneBeH B YC/OBUA KOHKypCEH
COpPTOB OMUT Ca NPOYYeHW 2 MYyTaHTHU
opmmu cygaHka (M 300/43 n M 200/86).
3a cTaHgapTM  ca  UM3NoN3BaHM  copt
cypaHka Kazitachi 1 EHmke 1 (Sorghum
vulgare var. saccharatum x Sorghum
vulgare var. sudanense (Piper) Stapf).
MpoyyBaHM ca HSAKOM  OGMOMETPUYHM
rnokasatenu ¢ MNpsKO OTHOLIEHUE BBLPXY
NpoAyKTMBHOCTTa OT cBexa buomaca. 3a
BCSika Beretauums 6sixa npmbpaHu no Tpwu
nogpacta (BbB heHopaza BBCH-47), a
npe3 2015 rogMHa - 4eTupu OTKOCa.
CpefHo 3a nepuoga, Hali-ronsam e genbt
Ha NbpBY NOAPACT MPU BCUYKN BAPUaHTMW,
Hagsuwagall 50% OT 06WOoTO Konmyec-
TBO 6momaca. CpefHO 3a nepvoga Haii-
ro/IIMO KOJIMYECTBO CBEXa U cyxa bruoma-
ca e popMupaHa OT MyTaHTHaTa chopma
M 300/43, KosiTO HagBuULIaBa CbOTBETHO C
16,9 n 16,0% copt Kazitachi, EHmxe 1 -
10,7 v 12,4% wn cpegHus cTaHgapt
(Kazitachi + EHgxe 1) cbOTBETHO € 13,7 1

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 Sudan grass (M 300/43 and
M 200/86). Sudan grass variety Kazitachi
and Endje 1 (Sorghum vulgare var.
saccharatum x Sorghum vulgare var.
sudanense (Piper) Stapf) are used as
standards. Some biometric indicators
have been studied with a direct relation to
the productivity of fresh biomass. For
forage (cutting in BBCH-47) three cuts
were harvested, for growth stage period.
Four cuts in 2015 were harvested. On
average for the period, the share of the
first cutting is highest in all variants,
exceeding 50% of the total biomass. For
the period mutant form M 300/43 formed
the highest amount of fresh and dry
biomass, which exceeds respectively by
16.9 and 16.0% variety Kazitachi, Endje 1
- 10.7 and 12.4% and the average
standard (Kazitachi + Exceptions 1)
respectively 13.7 and 9.1%. The mutant
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9,1%. Cbuwarta opmmpa OTHOCUTENHO
Hail-ronam Asn  cBexa Oumomaca B
nepvoga Ha JeTHUTE 3acyllaBaHus B
roAVHWTE Ha npoyysaHe, AocTurall BbB
BTOpKU OTKOC OT 25,5 no 39,8%, a B TpeTu
oTKoc oT 14,5 go 27,1% oT 06L0TO KOMK-
4yecTBO CBexXa buomaca 3a BeretaluoHeH
nepuog. MytaHTHaTa dhopma npesuLiaBa
usxoaHua copt Kazitachi no cbabpxaHue
Ha cypoB npotevH ¢ 4,8% wun Bogopas-
TBOpMMU 3axapu ¢ 6,5%.

Kntouosu OYMU: Sorghum
sudanense (Piper) Stapf., cenekuyus,
MyTaHTHU dhopmu, o6uB Gromaca

YBO[,

XapakTepHa OCOGEHOCT Ha CcygaH-
kata (Sorghum sudanense (Piper) Stapf.)
KaTo oypaxHo pacTteHue oT pog Sorghum
€ HeliHMA 6BbP3 pacTex M NPOAYKTUBHOCT
Ha cBexa 6uomaca npes Tonaute mece-
UM, ocurypsisawm 2-3 oTKoca 3a efguH
BeretaumoHeH nepuog (Zamfir et al. 2001;
Kikindonov et al., 2016). CypaHkata
HaMupa NpPUIoKeHNe NpegMMHO 3a nawa,
CEHO U cuax, 6narogapeHne Ha BUCOKMS
CV NPOAYKTMBEH NOTEHUMA U LLEHHUTE CU
CTOMaHCKN KayecTBa, 0COH6EHO B YC/10BUSI-
Ta Ha 3acywasaHe (Moyer et al., 2003;
Tahir et al., 2005; Kikindonov et al.,
2013). CygaHkaTa urpae BaxHa pons npwu
pelwaBaHe npobnema c pfgecuumta Ha
KayecTBeH (pypax MW BbBeXAAHETO Ha
ronsim 6poii oypakHW KynTypu B Mpous-
BOACTBOTO W cucTemMaTa Ha 3eseHus
doypakeH koHBeiiep (Glamoclija et al.
2010). lMpoayKTMBHOCTTA Ha cyhaHkKata
CWIHO ce B/Msie OT arpoOMeTeoposiorny-
HUTE DaKTOpPW 1 YCI0BUSA Ha OTI/IeXaaHe,
KaTo mpuTexasa U3KNKYMTeNHa NaacTuny-
HOCT NO OTHOLlEHWe camoperyivpaHe
rbCctoTata Ha noceBa upe3 OparteHe
(Slanev et al., 2015).

MpuopuTeT B CeNeKUNOHHUTE MNpo-
rpamu npu oypadkHUTE KyNTypu e yBenu-
YyaBaHe NMpPOAYKTUBHOCTTA OT 3eseHa 6uo-
Maca, BUCOYMHATa MNPOABIKATESTHOCTTA
Ha BereTauMs M kayecTBOTO Ha CypOBU-
Hata (Enchev et al., 2016). bnaropape-

form produces a relatively higher share of
fresh biomass during the summer
droughts in years of the study reaching a
second cut of 25.5 to 39.8% and in third
cut from 14.5 to 27.1% of the total amount
of fresh biomass for a vegetation period.
The mutant form exceeds the original
variety Kazitachi with content of crude
protein 4.8% and water-soluble sugars by
6.5%.

Key words: Sorghum sudanense
(Piper) Stapf., breeding, mutant forms,
biomass yield

INTRODUCTION

Thipical of Sudan grass (Sorghum
sudanense (Piper) Stapf.) is the rapid
growth and productivity of fresh biomass
during the warm months, providing 2-3
otters per vegetation period (Zamfir et al.,
2001; Kikindonov et al., 2016).

Sudan grass is used mainly for grazing,
hay and silage, thanks to its high
productive potential and its valuable
economic qualities, especially in drought
conditions (Moyer et al., 2003; Tahir et al.,
2005; Kikindonov et al., 2013).

Sudan grass plays an important role in
solving the problem of shortage of quality
forage and the introduction of a large
number of forage crops in the production
and green feed conveyor system
(Glamoclija et al., 2010). Sudan grass
productivity is heavily influenced by agro-
meteorological factors and growing
conditions, and has exceptional plasticity
with respect to self-regulation of seed
density by braking (Slanev et al., 2015).

Priority in fodder crop breeding
programs is to increase the productivity of
green biomass, the height of the growing
season and the quality of the raw material
(Enchev et al., 2016).
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HME Ha CenekuMoHHWUTe nporpamnm u
TEXHO0rMM 3a NPOM3BOACTBO Ha CeMeHa
ce yBesMyaBa MNpPOU3BOAMTENHOCTTA Ha
6uomaca oOT cygaHka (Rooney et al.,
2007). OcHoBHa Len npu cenekumsita Ha
hypaxHuTe BMLAOBE e MoBuLLIaBaHe cBe-
OTO M CyXO BELLEeCTBO W Ka4yecTBOTO Ha
dypaxa (Assis et al., 2008).

Llenta Ha npoy4yBaHeTo e pga ce
HanpaBu OLEHKA Ha Cb3gafeHuTe My-
TaHTHM hopMM cygaHka Mo NpPOAYKTUB-
HOCTTa Ha cBexa 6umomaca B yc/ioBusTa
Ha KOHKYPCEH COpPTOB ONWT.

MATEPWNAN N METO4WA

EkcnepumeHTtanHata pabota e
n3sbplieHa npe3 nepuoga 2014-2016
rogvHa Ha Brtopo onutHO none Ha NOK -
MneBeH Npu HENOSIMBHU YC/IOBUS BbPXY
MOYBEH MNOATUN U3TY)XEH YepHo3eM. B Tpu
nocnejosaresiHi roguHu e n3BbpluBaHa
CTOMaHCKa OUEHKa Ha [ABe MyTaHTHU
opmn M 300/43 n M 200/86 cymaHka
(Sorghum vulgare var. sudanense (Piper)
Stapf.) no oTHOWeHWe AuHamukata Ha
HaTpynBaHe Ha cBexa W cyxa 6uomaca B
YC/I0BMATA Ha KOHKYPCEH COPTOB onuT. 3a
eTa/IOHM Cca W3M0M3BaHW CopTOBETE
Kazitachi (Sorghum vulgare var. sudanense
(Piper) Stapf.) nsxogeH copT 3a MyTaHT-
HUTEe dopmm 1 copT EHpxel, BnucaH B
OdwmumnanHata coptoBa J/iMcTa  Ha
Peny6nuka Bbarapusa (Sorghum vulgare
var. sudanense (Piper) Stapf x Sorghum
vulgare var. saccharatum)) (Kikindonov
and Slanev, 2011) n cpefeH craHpapT
(Enpxe 1 n Kazitachi). OnuTsT e 3a10XeH
no 6/10k0OB METO[, B YETUPU NOBTOPEHUS U
ronemmHa Ha onuTHaTa napuenka 10 m?
(no metogmka Ha MACAC). Ceutbata €
M3BbpLUBaHA PBYHO NMPU TPaHO 3aTonns-
He Ha NOBBPXHOCTHUA MOYBEH CMOW Hag,
10 °C B nepuoga ot 15 go 30 anpwun.
M3BbpliBaHu ca MeponpuaTus B 3aBUCU-
MOCT OT OMOMOrMYHUTE MW3NCKBaHWA Ha
KynTyparta, Kakto W CbI/laCHO TeXHOsO-
rmaTa 3a oTrnexgaHe Ha Copro 3a 3bpHOo
n cunax (Dechev et al.,, 1987). lpe3
ro4MHMUTE Ha npoyysaHe ca hopmupaHu u
pekonTMpaHu no Tpu, a npes 2015 rogmHa —

Thanks to the selection programs and
seed production technologies, productivity
of biomass from Sudan grass is increased
(Rooney et al., 2007). The main purpose
in the selection of the forage species is to
increase the fresh and dry matter and the
quality of the forage (Assis et al., 2008).

The aim of the study is to evaluate
the mutant forms of fresh biomass
production under the conditions of a
competitive variety experience.

MATERIAL AND METHODS

The experimental work was carried
out during 2014-2016 on the Second
Experimental Field of IFC - Pleven under
non-irrigated conditions on soil subtype
leached black earth. In three consecutive
years, a commercial evaluation of two
mutant forms Sudan grass M 300/43 and
M 200/86 (Sorghum vulgare var.
sudanense (Piper) Stapf.) was carried out
in terms of the dynamics of fresh and dry
biomass accumulation in a competitive
variety experience. Variety Kazitachi
(Sorghum vulgare var. sudanense (Piper)
Stapf.) — the origining variety for the
mutant forms and variety Endje 1,
registered in the Bulgarian official
catalogue of varieties (Sorghum vulgare
var. sudanense (Piper) Stapf x Sorghum
vulgare var. saccharatum)) (Kikindonov
and Slanev, 2011) and the average
standard (Endje 1 and Kazitachi) were
used for the standard variety. The
experience is based on a block method in
four replicates and the size of the
experimental plot of 10 m? (according to
IASAS methodology). Sowing is done
manually with permanent warming of the
topsoil above 10°C between 15" and 30"
April. Events have been done depending
on the biological requirements of the crop,
as well as the technology for cultivation of
sorghum for grain and silage (Dechev et
al., 1987). In the years of study, three and
in the year 2015 four cuts were formed
and harvested, depending on
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yeTMpy oOTkOCa B 3aBUCUMOCT  OT
arpoMeTeoposiIorMYHUTE  YC/I0BUS, BbLB
(peHo(hpaza Hayaslo Ha W3METNsABaHe
(BBCH 45-49) (Meier, 2001).

M3BbpLlueH e BMOXUMUYEH aHasn3
Ha BCUYKM TEHOTMMNOBE CyJaHKa, KOWTO
BK/1IOYBA MoKa3aTesin 3a OCHOBEH GMOXU-
MUWYEH CbCTaB U XpaHWUTENHA CTOMHOCT Ha
ypaxa: cypos npoteuH (CI) no knacu-
yeckua metof Ha Kengan (Sandev, 1979),
cnep onpefesnsiHe Ha KOSIMYECTBOTO 06LL
aszoT (N) no cpopmynarta CIT = N x 6.25;
Kanuuin (Ca) — KOMM/IEKCOMETPUYHO;
ocgpop (P) — konopumeTpnyHo (Sandev,
1979); nenen — ype3 marapsHe B Myden-
Ha neu, npu Temnepartypa npu 550 °C;
cypoBu BnakHuHu (CB) — no Weende
meTtoga (AOAC 2007) n BogopasTBopymMun
3axapu (BP3) (Ermakov et al., 1987), kaTo
MPOLEHT OT CYXOTO BELLLECTBO.

MHoekcbT Ha cyxota (l,-DM) 3a
BereTauMoHHMA Mepuos e onpegensH no
Knacunyeckmsa wmetog Ha De Martonne
(1926).

MaTtemaTtuko-cTaTucTuyeckata oépa-
60TKa Ha EeKCNepuMMEeHTa/IHUTE AaHHU e
M3BbpWEHA C MPOrpaMHMs  MPOAYKT
STATGRAPHYCS plus for Windows u
Satistica version 10.

PE3SYNTATV N OBCBbXOAHE

B arpoMeTeoposiornyHo OTHOLLe-
Hue, roanHUTe Ha npoy4ysaHe (2014-2016
rofvHa) ce pasfivyaBaT 3HAuYUTEsIHO B
KO/IMYeCTBOTO W  pasnpejenieHve Ha
BaUIEXUTE W OTHOCUTESIHO Mo-cnabo no
OTHOLWIEHMe [AVHaMuKaTa Ha cpegHoge-
HOHOLLHaTa TemnepaTypa Ha Bb3fgyXxa
npes BeretauyMoHHUA Mepuos Ha cyfaH-
Kata B CpaBHEHME CbC CpPefHO MHOro-
roguliHMTe CTOMHOCTK 3a nepuoga 1964-
2013 (Tabnuua 1).

CpaBH/TENHO  6NaronpusATHO  ”
paBHOMEpPHO e pasnpefeneHneTo Ha
Banexute npe3 2014 roavHa, CrpamMmo
KpuTUYHUTE cheHodrasn OT pasBUTMETO Ha
Kyntypata - MOHWKBaHe - MbPBU-TPETU
nnct (BBCH 09-11/13). B TemnepaTypHO
OTHOLUEHMEe BereTaunoHHUA nepuoj Ha
npoyysaHe ce OT/iMyasa C MNogHOPMaIHU

agrometeorological conditions in growth
stage booting (BBCH 45-49) (Meier,
2001).

A biochemical analysis of all Sudan
grass genotypes has been carried out,
which includes indicators for the basic
biochemical composition and nutritional
value of the forage: Crude protein (CP) by
the classical Keldahl method (Sandev,
1979), after determining the amount of
total nitrogen (CP) = N x 6.25; Calcium (Ca)
— complexometrically; Phosphorus (P) -
colorimetric (Sandev, 1979); Ash - by
burning in a muffle furnace at a
temperature of 550 °C; Crude fiber (CF)
(Webere method) (AOAS 2007) and
Water-soluble sugars (WSS) (Ermakov et
al., 1987) as a percentage of the dry
matter.

The dryness index (l,-DM) for the
vegetation period was determined by the
classic method of De Martonne (1926).

The mathematical and statistical
processing of the experimental data was
performed with the software
STATGRAPHYCS plus for Windows and
Satistica version 10.

RESULTS AND DISCUSSION

In agrometeorological terms, the
years of the study (2014-2016) differ
significantly in the amount and distribution
of rainfall and relatively less in relation to
the average daily air temperature
dynamics during the vegetation period of
the Sudan compared to the average
multiannual values for the 1964-2013
(Table 1).

Distributions of rainfall are relatively
favourable and evenly in 2014, against
the critical growth stages from culture
development - germination/first-third leaf
(BBCH 09-11/13).

In relation to temperature the vegetation
period of study is characterized by sub-
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cpegHomeceyHn ctoiiHoctn (oT -0.3 fgo
-1.0°C), C u3K/lOYeHMEe Ha MeceuuTe
anpun wu asryct (ot + 0.8 go +2.9°C) B
CPaBHEHWE CbC CbLMTE OTYETEHU 3a

normal mean monthly values (from -0.3 to
-1.0°C) compared to the multiannual
period (1964-2013), with the exception of
April and August (from + 0.8 to +2.9°C).

nepuoga 1964-2013 roguHa.

Tabnuuya 1. MeTeoposorMyHKU nokasaTesin 3a roguMHuTe U cpedHo 3a nepuoga

(2014-2016r.)

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

BereTtauvoHeH nepuog, / Vegetation period
Mepuopa Ha nscneasaHe CpefiHOMeceyHa TeMnepaTypa Ha Bbagyxa, 'C | CpeaHo 3a IV-1X, t°C
Period of study The average monthly emperature of the air, t°C Average for IV-IX, t°c
\Y \Y VI Vi VIl IX
2014 14,9 16,7 20,6 23,1 23,7 1 17,9 19,5
OTknoHenme °C/Deviation °C 2,9 -1 06 |03 |08 |-04 |02
2015 12,2 18,8 20,7 25,5 24,4 | 20,0 20,3
OTknoHenme °C/Deviation °C 0,2 11 05 |21 1,5 |17 1,0
2016 15,4 16,4 23,0 24,6 235 1194 20,4
OTknoHenme °C/Deviation °C 3,4 -13 | 1,8 1,2 06 [11 1,1
CpegHo 3a 2014-2016
Average 2014-2016 14,2 17,3 21,4 24,4 239 | 19,1 20,1
CpegHo 3a 45 r. (1964-2013)
Average 45 years (1964-2013) 12,0 17,7 21,2 234 22,9 | 18,3 19,3
Mepwuog Ha n3cnensaHe mgﬁfﬁ“ﬂ;ﬁ?ﬂaﬁl Hr?"?]ane»(me, mm Cyma 3a IV-IX, mm
Period of study : Amount for IV-IX, mm
[\ \Y VI \il Vil IX
2014 32,3 83 54,3 71,8 23,9 | 142,6 | 407,9
OTkKnoHeHue, % / Deviation,% 66,3 132,0 | 85,2 116,7 | 52,5 | 314,8 | 1245
2015 43,6 30,6 95,9 215 29,9 | 130,3 | 351,8
OTKNOoHeHue, % / Deviation,% 89,5 48,6 150,5 | 35,0 65,7 | 287,6 | 1074
2016 72,5 77,2 46,1 7,8 31,2 | 61,8 296,6
OTKNOHeHWe, % / Deviation,% 148,9 | 122,7 | 72,4 12,7 68,6 | 136,4 | 90,5
CpepfiHo 3a 2014-2016/
Average 2014-2016 49,5 63,6 65,4 33,7 28,3 | 111,6 | 352,1
CpepnHo 3a 45 r. (1964-2013)
Average 45 years (1964-2013) 48,7 62,9 63,7 61,5 455 | 45,3 327,7
MHpekc Ha cyxota De Martonne
MNepwvopg Ha nscnepsaHe S ) CpepgHo 3a IV-IX
Period of study De Martonne aridity index, la~-DM Average for IV-I1X
[\ \Y VI Vil VIl IX
2014 15,6 37,3 21,3 26,0 8,5 61,3 27,7 nonyBnaxeH
2015 23,6 12,8 37,5 7,3 104 | 52,1 23,3 ymepeHocyx
2016 34,3 35,1 16,8 2,7 11,2 | 25,2 19,5 nonycyx
CpegHo 3a 45 r. (1964-2013)
Average 45 years (1964-2013) 26,6 27,3 24,5 22,1 16,6 | 19,2 22,4 ymepeHocyx

Mpe3 BeretauMoHHMA nepuog Ha
2015 rogMHa ca OTYeTeHU MNOo-BUCOKN
ctoinHocTh (oT +0.2 go +2.10C) Ha cpeg-
HOMeceuHaTa Temneparypara Ha Bb3fay-
Xa C U3K/IYeHne Ha Mecel, IoHU B cpas-
HEeHMe CbC CbLNUTE 3@ CpefHOMHOroro-
onwHna nepuop 1964-2013. Kosnmuec-
TBOTO M pasnpenesieHNeTo Ha BanexuTe
€ CbC 3HauuTenHa HepaBHOMEPHOCT,

In the 2015 vegetation period,
higher values (from +0.2 to +2.1°C) of the
average monthly air temperature were
reported except in June compared to the
same for the average period of 1964-2013.

The quantity and distribution of
precipitation is of significant unevenness,
a pronounced tendency to drought is
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HabngaBa ce ACHO M3paseHa TeHae-uns
KbM 3acyllaBaHe B Hali-KpUTuyHuTe dhe-
Hohasu OT pas3BUTUETO Ha KynTypata —
noHvkBaHe-nbpeu nuct (BBCH 09-11).
CpaBHUTENHO [O06pe obesnedveHa
C BeretauMoHHM BaNexu e cygaHkara
npe3 2016 rogvHa. OTYETEHUTE BUCOKU
CyMM Ha BeretauuvoHHu Banexu (ot 122,7
0o 148,9%) n oTHOoCUTENHO GM1aronpusaT-
HOTO MM pasnpejesieHne B KpUTUYHUTE
(heHopasn OoT pa3BUTUETO Ha KyNnTypara,
oKasBaT Kopurvpaly, edyekT BbpXy MOoBU-
LEeHUTe CTOMHOCTU Ha cpefHOMeCeYHNTe
TemnepaTypu Ha Bb3gyxa (+ 3,4°C),
KoeTo OGnaronpusaTcTBa pPaBHOMEPHOTO
NMOHVKBaHe 1 rapHMpaHe Ha nocesuTe.
OueHsiBaikn  MHTErpasiHoTO Bb3-
[elicTB/E Ha HAKOU OT OCHOBHUTE MeTeo-
ponornyHm hakTopy — Cyma Ha Basiexu 1
cpefiHOMece4yHM TemnepaTypu Ha Bb3ay-
Xa apugHocTTa npe3 BeretauuvoHHUA
nepuos Ha kyntypute (IV - IX) ce
onpegensa no roanHM kakTto cnegsa: 2014
nonyenaxeH (I (waprowy = 27,7) > 2015
ymepeHo cyX (| maproy = 23,3) > 2016
nonycyX (I gwaprony = 19,5) (Tabnmua 1).
VM3pa3eHnte arpomeTeoposiornyHu
pasnnuua npes nepuoja Ha npoy4ysaHe e
npegnocrtaBka 3a 3acunBaHe Ha pgede-
peHumnausaTa mexay oTAesHUTe reHoTu-
noee cynaHka npu dopmupaHe Ha fobu-
Ba OT cBexa 1 cyxa buomaca (durypa 1 u
2). CpefHuAaT [O06MB OT MpoyyBaHWUTe
obpasuu e B rpaHuumnte oT 3463,29 no
4270,91 kg/da cBexa u cyxa 6uomaca oT
669,92 po 859,84 kg/da. OTHOCUTENHO
Hal-BUCOKM CTOMHOCTM Ha pobuBa ca
otyeTeHn npe3 2014 un 2016 roguHa,
KOrato KO/IMYECTBOTO Ha Banexute e
CpaBHUTENHO 6M1aronpusATHO pasnpeje-
NeHo, cnpsAMo 61ONOTMYHUTE U3NCKBAHWSA
Ha KynTypa, a B OTHOCUTENIHO Hebnaro-
npuaTHaTa 2015 rogmHa ca Hail-HUCKN.
W3cnepBaHuTe reHOTUNOBE ce pas-
NnyaBat CbLECTBEHO N0 MNPOAYKTUBHMU
Bb3MOXHOCTM. CpefHOo 3a nepuoga Hai-
rofIIM0O KO/IMYECTBO CBeXa buomaca e
hopmupaHa OT MyTaHTHaTa chopma M
300/43, K0ATO HajBuUlIaBa CbOTBETHO C
16,9% copT Kazitachi, EHgxe 1 - 10,7% 1

observed in the most critical growth
stages of the development of the first leaf -
germination (BBCH 09-11).

In 2016 the vegetation period is the
Sudan grass is relatively well secured
with precipitation. The high amounts of
vegetative precipitation (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 elevated values of
the average monthly air temperatures
(+ 3.4°C), which promotes uniform
germination and garnishing of crops.

Assessing the integral impact of
some of the major meteorological factors —
rainfall and average monthly air
temperatures during the growing season
of crops (IV - 1X) is determined by years
as follows: 2014 semi-wet (I (arton) = 27,7) >
2015 moderately dry (I waron) = 23,3) >
2016 semi-dry (I warony = 19,5) (Table 1).

The expressed agrometeorological
differences during the period of study are
a prerequisite for enhancing the
deficiency between individual Sudan
grass genotypes in the formation of fresh
and dry biomass yields (Figure 1 and 2).
The average yield of genotypes ranges
from 3463.29 to 4270.91 kg/da fresh and
dry biomass from 669.92 to 859.84 kg/da.

Relatively high vyields were reported in
2014 and 2016 when rainfall was
comparatively favorable compared to the
biological requirements of culture and in
the relatively unfavorable year 2015 were
the lowest.

The tested genotypes differ
significantly in productivity. Average for
the period the largest amount of fresh
biomass is formed by the mutant form M
300/43, which exceeds Kazitachi by 16,9%,
Endje 1 - 10.7% and Kazitachi + Engje 1,
respectively, by 13.9%.
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cpepHus ctaHaapT (Kazitachi + EHmxe 1)
¢ 13,7%. MNony4yeHnte pesynratu ca cra-
TUCTUYeCKn pgokasaHun npu P=0,05 n npe3s
TpUTe rOAMHW Ha NPoy4YBaHETO, He3aBu-
CMMO OT AuHamuKata Ha arpoMeTeopo-
noruyHute ycnosus. Bucok po6us ot
cBexa Ouomaca e MnosydyeH OT CopT
EHoxe 1, KOMTO NpeBMwaBa CbOTBETHO C
5,3 1 10,2% copt Kazitachi n mytaHTHa
thpma M 200/86 (Purypa 1).

average standart Endjel

2
g

The results obtained were statistically
proven at P = 0.05 and during the three
years of the study, regardless of the
agrometeorological conditions dynamics.
High vyield of fresh biomass is obtained
from the variety Endje 1, which exceeds
from 5.3 and 10.2% respectively
Kazitachi variety and mutant M 200/86
(Figure 1).
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Fig. 1. Yield of fresh biomass by cuts, by year and average for the period 2014-2016

MonyyeHnTe pesyntatm Mo OTHO-
lweHve pgobmBa Ha cyxa 6uomaca OT
efuHVLa nnow, 3anassatr gedepex-
unaumaTa Mexay oTaeniHuTe reHoTunose
cyaaHka. Hali-Bucok gobus cyxa 6rnoma-
ca Mo roguHy 1 3a nepmoga Ha npoyud-
BaHe e (popmupaHa OT MyTaHTHaTa
dopma M 300/43, a OTHOCUTENTHO Hali-
HUCBHK OT MyTaHTHata chopma M 200/86,
KaTo pasfiMkuTe ca CTaTUCTUYECKM doKa-
3aHKn (P=0,05) B cpaBHEHME C OTYETEHU-
Te cToliHoCcTK npu coptoBeTe Kazitachi n
EHfXe 1, KakTo MU CNpsAMO CpefHus CTaH-
napt (Kazitachi+EHgxe 1) (durypa 2).

The results obtained with respect
to the yield of dry biomass per unit area
retain the differentiation between the
individual Sudan grass genotypes. The
highest yield of dry biomass by years and
the study period was formed by the
mutant form M 300/43 and relatively
lower than the mutant form M 200/86, the
differences being statistically proven (P =
0.05) compared with the reported values
for the Kazitachi and Endje 1 varieties, as
well as the average standard (Kazitachi +
Endje 1) (Figure 2).
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Fig. 2. Yield of dry biomass by cuts, by year and average for the period 2014-2016

Mpu reHoTMnoBeTe cyAaHka ce
ycTaHoBsiBa, Ye TMpe3 TroAuMHUTE Ha
npoy4yBaHe, Hai-ronsMm gsn ot obuwoTo
KONIMYeCcTBO CBexa buomaca oT eauHULA
naow, 3aema nbpsBuM oTkoc (0T 32,6 A0
65,3%), cnegsaH ot BTOpU (OT 20,2 A0
39,8%) M OTHOCUTENEH Hal-ManbK ASn
3aema TpeTtu otkoc (oT 12,4 po 30,2%)
(durypa 3). CpegHo 3a nepuoja Ha
npoyysaHe TeHAeHUMATaA ce 3anasBa —
Hall-ronsam e AenbT Ha NbpBM OTKOC OT
50,6 po 57,7%, cnegBaH OT BTOPU OTKOC
(ot 23,4 po 28,6%) u Tpetn otkoc (18,7
40 20,8%).

C OTHOCUTE/NIHO Hai-ronam pan
hopmupaHa cBexa 6uomaca B nepuoga
Ha NneTHMTe 3acyllaBaHus, Ce OTKposiBa
MyTaHTHa ¢opma M 300/43 pocTuraila
BbB BTOpPWM OTKOC OT 25,5 o 39,8%, a B
TpeTtn oTkoc oT 14,5 no 27,1%.

The Sudangrass genotypes
revealed that during the years of the
study, the largest share of the total
amount of fresh biomass per unit area
occupied a first cut (from 32.6 to 65.3%),
followed by a second (from 20.2 to 39,
8%) and the smallest share occupies a
third cut (from 12.4 to 30.2%) (Figure 3).
Average for the period, the trend remains —
the largest share of the first cut from 50.6
to 57.7%, followed by a second cut (from
23.4 to 28.6%) and a third cut (18.7 to
20.8%).

With a relatively higher proportion
of fresh biomass formed during the
summer droughts, the mutant form M
300/43 — In the second cut from 25.5 to
39.8% and in the third cut from 14.5 to
27.1%.
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YcTaHOBEHM ca  KopenaunoHHU Correlations between the formed
3aBucumMocTu Mexay copmupaHusa goous | fresh and dry biomass yields and the
OT cBexa K cyxa 6uomaca no otkocu u | influence of some of the main
BIMSAHMETO Ha HSAKOWM OT OCHOBHWUTE Me- | meteorological factors - average daily air
TEOpPOsI0rnYHM hakTopu — cgep,Hop,HeBHa temperature (°C) and rainfall (mm) (Table
TemnepaTypa Ha Bb3gyxa ('C) u cymata | 2) are established.

Ha Banex (mm) (Tabnvua 2).

Tabnuua 2. KopenaunmoHHM 3aBUCMMOCTU Mexay hopMmpaHus A0OMB OT CBexa U
cyxa bvomaca 1 cpeHOAHEeBHa TeMrnepa Ha Bb3ayxa U cymaTa Ha Baiex cpejHo 3a
nepuopa 2014-2016 roguHa

Table 2. Correlation between the yield of fresh and dry biomass and average 24"
air temperature and precipitation for the period 2014-2016

[lo6us 6rnomaca / Biomass yield
eHoTunose Ceexa/Fresh | Cyxa / Dry Ceexa/Fresh | Cyxa/Dry
Genotipes CpeaHoeHoHoLHa TemnepaTypa Ha Bb3ayxa Banexu (mm)
(°C) / Average 24™"" air temperature (°C) Precipitation (mm)

| Endje 1 -0,353 0,042 0,705 0,891
oTkoc / cut | Kazitachi -0,444 -0,288 0,603 0,751
M 300/43 -0,317 0,074 0,730 0,937
M 200/86 -0,667 -0,379 0,610 0,684
1l Endje 1 -0,693 -0,896 0,809 -0,346
oTkoc / cut | Kazitachi 0,112 -0,353 -0,764 -0,386
M 300/43 0,092 -0,493 0,751 -0,240
M 200/86 -0,022 -0,285 -0,671 -0,451
1l Endje 1 -0,714 -0,383 0,818 0,130
oTkoc / cut | Kazitachi -0,903 -0,294 0,818 0,130
M 300/43 -0,804 0,106 0,692 0,272
M 200/86 -0,725 -0,438 0,599 0,280
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KonnuectBoto Ha Banexute e
onpegensuy, dakrop npu opmmpaHe Ha
pobrBa OT cBexa M cyxa 6Gumomaca B
nbpeBu oTkoc (r Bapupa ot 0.610 pgo
0.937), kato He ce YycTaHOBsiIBA Cb-
LLeCTBEHW pas3nuuusa Mexpy OoTAenHuTe
reHoTunose cygaHka. CyxoTo BeLecTBO
BbB dopMupaHaTta 6uomaca e Hali-HUCKO
ot 18,4 po 20,6%. 3HauynTesiHO e BAUSA-
HMETO Ha (pakTopa KO/JMYeCcTBOTO Ha Ba-
nex npu hopMmMpaHeTo Ha cBexa brnoma-
ca (r e B rpaHuuyute ot -0,671 o 0,809)
OT evH1La Mol BbB BTOPU OTKOC, KO-
TO CbBMNaja C JieTHUTe 3acyllaBaHus 3a
paiioHa. B To3u nepvog, cyxoTo BelLecTBO
poctura ot 23,8 po 25,2% ot copmupa-
HaTa 6uomMaca npv reHoTMNoBeTE CyAaHKa.

Mpu opmupaHe Ha pgobusa OT
cBexa 6uomMaca B TpPeTW OTKOC CWUSIHO
B/IMSIHWE OKa3Ba WHTErpasiHoTO Bb3feit-
CTBME Ha TemnepatypuTe Ha Bb3ayxa (r e
B [AmanaszoHa ot -0.714 pgo -0.903) un
KonnuecTBoTo Ha Basiex (r e ot 0.599 no

0.818).

Pesyntatute 0T  GUOXUMMWYHWKSA
aHanuM3 nokasBaT BapupaHe Mexnay
OTAEe/IHUTE TeHOTMNOBE CcyAaHka npes

rogvHuTe 1 CcpefHo 3a nepvoja B
3aBMCMMOCT OT arpoMeTeoposIoruyHuTe
ycnosus (Tabnvuya 2). OTHOCUTESTHO Hali-
BMCOK MNPOLIEHT Ha CypoB MpOTEVMH B
Haf3emHaTa 6uomaca cpefHo 3a nepuo-
[Ja Ha npoyyBaHe e OTyeTeH Mpu copT
EHmpKe 1 v myTaHTHU chopmn M 300/43 1
M 200/86 ot 12,57% po 12,25%, KouTo
npesuliasar cCbOTBETHO € 4.8, 2.2 n 1,3%
copt Kazitachi. CbabpxaH1eTo Ha cypo-
BW BJIaKHVHW Mpe3 roguHuTe Ha Mpoyy-
BaHe npu MyTaHTHUTE popMun cygaHka M
300/43 1 M 200/86 ce aBwXM B rpaHu-
umute ot 23,4 po 27,96%. CpepgHo 3a
nepuoga coliuUTe MNpeBulaBaT He3Hauu-
TENHO NO npoy4YBaHWA nokasares copT
EHgpxe 1 oT 2,6 go 3,4%. MakpoenemeH-
TmTe Ca 1 P M3nb/HABAT MHOMO BadkHa
ponsa B MeTtabosiM3ma Ha pacteHusTa. Te
Ca XXWU3HEHO BaXHW W 3a MeTabosiMTHuUTe
npouecn npu xueoTHuTe. (Silungwe,
2011). TlpoOUEHTHOTO CbAbpXaHMe Ha
hochop BbLB BereTatvBHaTa buomaca Ha

The amount of precipitation is a
determining factor in the production of
fresh and dry biomass in the first cut (r
ranges from 0.610 to 0.937), with no
significant differences between the Sudan
grass genotypes. The dry matter in the
formed biomass is lower than 18.4 to
20.6%. The influence of the factor rainfall
is significant in the accumulation of fresh
biomass (r is in the range of -0.671 to
0.809) per unit area in a second cut,
which coincides with the summer
droughts for the region. In this period, the
dry matter reaches from 23.8 to 25.2% of
the biomass in the Sudan grass
genotypes.

In the formation of the extraction of
fresh biomass, the impact of air
temperatures (r is in the range of -0.714
to -0.903) and the amount of precipitation
(r e from 0.599 to 0.818) are influenced
by a third cut.

The results of biochemical analysis
show variation between individual Sudan
grass genotypes over the years and
averaged over the agro meteorological
conditions (Table 2).

The relative highest percentage of
crude protein in above-ground biomass
averaged over the study period was
reported in the variety Endje 1 and
mutant M 300/43 and M 200/86 ranges
from 12.57% to 12.25%, which exceeds
Kazitachi variety respectively by 4.8, 2.2
and 1.3%. The raw fiber content for
Mutant forms M 300/43 and M 200/86
ranged from 23.4 to 27.96% during years
of the study. On average, over the same
period, they exceeded the insignificant
indicator variety Endje 1 of 2.6 to 3.4%.
Macroelements Ca and P play a very
important role in the metabolism of
plants.

They are also important for metabolic
processes in animals (Silungwe, 2011).
The percentage of phosphorus in the
vegetative biomass of Sudan grass
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reHoTUNOoBETE CyfaHKa npes roguHuTe Ha
npoyysaHe Bapupa B TeCeH AuanasoH oT
0,250 po 0,332% c m3kn4veHne Ha 2016
rofvHa, Korato CTOMHOCTUTE Ha nokasa-
Tena ca pegyumpardn ot 1,3 go 1,9 nbtH
B cpaBHeHne ¢ 2014 wn 2015 roguHa.
CbAbpXaHMETO Ha Kaluuii BbB BereTa-
TMBHaTa 6vomaca Bapupa no roauvHu ot
0,440 po 0,680, kaTo cpedHoO 3a nepuoja
pasnukite Mexay reHotunosete ca
He3HauuTeNnHn M ca B rpaHuUUTe OT
0,487% (M 200/86) pno 0,575% (EHmxe
1). AebunTbT Ha TE3N MaKpoeneMeHTU
BbB (Pypaxa ce oTpas3siBa HeratuBHO
BbpXy pacTexHuTe N pPenponykKTUBHUTE
XapakTepucTukn Ha XuBoTHUTE (Soetan
et al., 2010).

CbabpxaHMeTo Ha BOLOpPa3TBOPUMU
3axapy [onpuHacs CblUEeCTBEHO 3a MOBM-
lWaBaHe MOEeMaHeTo, CMWIaHeTO U W3Mos-
3BaHeTo Ha (pypaxa (llieva and Naidenova,
2016). C no-BMCOKO CbAbpXaHne Ha BOAO-
pa3TBOpUMYK 3axapy B HaA3emMHaTa cyxa
6romaca cpefHO 3a nepuoja Ha npoy4ysa-
He e copT EHpxe 1 (6,21%) 1 oTHOCUTESTHO
no-Masiko npu myTaHTHa dopma M 200/86
(5,97%), pokarto copt Kazitachi n mytaHTHa
opma M 300/43 3aemaT MexAaMHHA
nosnumsa — cboTBeTHO 6,01m 6,05%.

genotypes during the years of study
ranges from a narrow diapason of 0.250
to 0.332%, with the exception of 2016
when the values are reduced from 1.3 to
1.9 times compare to 2014 and 2015.

The calcium content of vegetative
biomass varies from 0.440 to 0.680, with
mean differences over time between
genotypes being insignificant and ranging
from 0.487% (M 200/86) to 0.575%
(Endje 1). The deficiency of these
macroelements in forage has a negative
impact on the growth and reproduction
characteristics of the animals (Soetan et
al., 2010).

The content of water-soluble
sugars contributes significantly to the
uptake, digestion and use of feed (llieva
and Naidenova, 2016). With a higher
content of water-soluble sugars in above-
ground dry biomass, the average duration
of the study was Endje 1 (6.21%) and
relatively less in mutant form M 200/86
(5.97%), whereas Kazitachi and mutant
form M 300/43 occupy an intermediate
position respectively of 6,01 and 6,05%.

Tabnmua 3. BUOXMMUYHA XapaKTePMUCTUKA Ha cyfaHka
Table 3. Biochemical characterization of sudangrass

FroauHn BapuaHTn CMn, % CBn., % P Ca % BP3,%/ Menen, %
Years Treatment CP, % CF, % ! ! WSS, % Ash, %

Endje 1 10,03 26,23 0,250 | 0,550 6,10 8,45
2014 Kazitachi 11,00 27,25 0,310 | 0,490 5,63 8,04
M 300/43 11,67 26,23 0,300 | 0,500 6,17 8,20
M 200/86 11,94 26,34 0,300 | 0,480 5,67 8,14
Endje 1 16,22 22,63 0,332 0,636 5,62 9,00
2015 Kazitachi 16,25 23,08 0,314 | 0,584 5,00 8,47
M 300/43 16,28 23,40 0,328 | 0,680 5,17 8,90
M 200/86 15,50 24,24 0,303 | 0,540 5,35 8,43
Endje 1 10,18 26,74 0,193 | 0,540 6,90 8,46
2016 Kazitachi 8,71 28,01 0,213 | 0,450 6,40 8,23
M 300/43 9,76 27,96 0,175 | 0,470 6,80 8,65
M 200/86 9,30 27,63 0,176 | 0,440 6,90 8,23
Endje 1 12,14 25,20 0,258 | 0,575 6,21 8,64
Kazitachi 11,99 26,11 0,279 | 0,508 5,68 8,25
2014-2016 M 300/43 12,57 25,86 0,268 | 0,550 6,05 8,58
M 200/86 12,25 26,07 0,260 | 0,487 5,97 8,27
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N3BOAN

CpefHunaT pobms OT nNpoy4vBaHuTe
reHOTUNOBe CydaHka € B rpaHuuute ot
3463,29 o 4270,91 kg/da cBexa u cyxa
6uomaca ot 669,92 no 859,84 kg/da c
n3paseHu passinkv mMexay OoTheNHuTe re-
HOTMMOBE W arpoMeTeOopPOosIOTMYHN YCJI0-
BMA Npe3 nepuoga Ha npoy4ysaHe. Onpe-
Aensuw, chaktop npu hopMmmpaHe Ha aobu-
Ba OT cBexa 6uomaca B NMbpBM U BTOPYU
OTKOC € KO/NIMYeCTBOTO Ha Banexure (r
Bapupa ot 0.610 go 0.937 n ot -0,671 go
0,809), pokato B TpeTu OTKOC CUSIHO
B/IMSIHWE OKa3Ba MHTErpasiHOTO Bb3Aei-
CTBME Ha Temneparypute Ha Bb3gyxa (r e
or -0.714 po -0.903) M KONMYECTBOTO
Basniex (r e ot 0.599 go 0.818). YcrtaHo-
BEHO e, ye J0OMBBLT OT cBexa 6bromaca
3a BereTauuoHeH nepuog npu cygaHkarta
ce dopmupa C Hali-ronsm Asn oT Nbpsu
otkoc (ot 50,6 oo 54,1%), cnegBaH oOT
BTOpM (0T 23,4 Ao 28,6%) N Hali-HUCHK €
Aena Ha Tpetu oTkoc (oT 18,7 o 20,8%).

C Hali-ronsiMa npoAyKTUBHOCT Ha
cBexa M cyxa 6uomaca ce OTKposiBa
MyTaHTHa ¢popma M 300/43, KOATO Hapn-
BMLIABa CbOTBETHO € 16,0 u 16,7% copTt
Kazitachi u ¢ 10,7 n 12,4% copT EHpxe 1.
Cbwarta ¢opmvpa OTHOCUTENIHO Hali-
ronsam Asan ceexa bromaca B neproja Ha
NIeTHUTe 3acyllaBaHusa, [focTurally, BbB
BTOpKU OTKOC OT 25,5 no 39,8%, a B TpeTu
oTKoc oT 14,5 go 27,1% oT 06L0TO KOMK-
4ecTBO CBexXa bromaca 3a BeretauoHeH
nepuog. MytaHTHaTa chopma npesyiiaBa
usxoaHua copt Kazitachi no cbabpxaHue
Ha cypoB npotevH ¢ 4,8% wun Bogopas-
TBOpMMU 3axapu ¢ 6,5%.

CONCLUSIONS

The average yield of the studied
Sudan grass genotypes ranges from
3463.29 to 4270.91 kg/da fresh and dry
biomass from 669.92 to 859.84 kg/da.
There are marked differences between
genotypes and agrometeorological
conditions during the study period. The
determining factor in the formation of
fresh biomass yields in the first and
second cuts is the amount of rainfall (r
varies from 0.610 to 0.937 and from
-0.671 to 0.809), while in third cut the
integral impact of air temperatures (r is
from -0.714 to -0.903) and rainfall (r is
from 0.599 to 0.818). The yield of fresh
biomass for the vegetation period of the
Sudan grass was formed with the largest
proportion of the first cut (from 50.6 to
54.1%), followed by a second (from 23.4
to 28.6%), and the lowest is the share of
third cut (from 18.7 to 20.8%).

The highest yield of fresh and dry
biomass is M 300/43, which exceeds
Kazitachi variety respectively with 16.0
and 16.7% and 10.7 and 12.4% variety
Endje 1. The highest share of fresh
biomass in the summer droughts,
reaching a second cut of 25.5 to 39.8%,
and in third cut from 14.5 to 27.1% of the
total amount of fresh biomass for a
vegetation period. The mutant form
exceeds the original Kazitachi variety with
raw protein content of 4.8% and water-
soluble sugars by 6.5%.
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