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PE3IOME

lMpe3 roguHaTta Ha cb3gaBaHe W
npes cregealumTte ABe roguMHu ca nscnesn-
BaHW MeT YelKn u aBa bbnarapcku coprta
yepBeHa petenvHa. Cbwo Taka e
N3NUTaH eauH MexgyBngoB xmbpua, copt
"Mpamegn." NamepeHn ca obLmnTe rognLu-
HW [OobuBM Ha 3eMeHa Maca, CeHo WU
cemeHa. OnpegeneHn ca cTaTUCTUYECKU-
Te pasnuku 3a obuBMTe Ha 3eneHa maca,
CEHO N cemeHa.

KnrouyoBu Aymu: Trifolium
pratense L., Yelwkn n 6bnrapckm copTose,
nobuswm

yBoa
3a nepwog ot 21 roguvHn B
pamkuTe Ha "HauuoHanHa nporpa-

SUMMARY

In the establishment year and next
two years, five Czech and two Bulgarian
red clover varieties were tested. Also
tested was one interspecies hybrid, the
variety Pramedi. Evaluated were total
annual yields of green matter, hay and
seed.  Statistical differences  were
determined for yields of green matter, hay
and seed.

Key words: Trifolium pratense L.,
Czech and Bulgarian varieties, yields

INTRODUCTION
During the 21 years of the
“National Programme on



Ma 3a 3arnasBaHe W U3nonsBaHe Ha
pacTUTENHU TFeHEeTUYHU pecypcu”,
duHaHcupaHa oOT MuHUCTEPCTBO
Ha 3emegenueto Ha Penybnuka
Uexunsa, MHCTUTYTBT Npuaobu nose-
ye oT 240 MECTHU 1N YyxaeCcTpaHHU
copTa YyepBeHa aeTenvHa
(Trifolium pratense L.). Uenuar
mMaTtepvan e usnuTaH B MNoJSieBu
ONUTK, ONNCaH U NMbpPBOHaYanNHUTE
ceMeHa ca npefocTaBeHu 3a Abl-
FOCPOYHO CbXpaHeHWe B reHHaTa
GaHka B M3cnegoBaTenckm MHCTU-
TYT NO 3bpHEHM KynTypu B [Npara —
PyauHe. lNpodecnonanHaTta obL-
HOCT € WH(opMMpaHa MOCTOSAHHO
3a pesynrtatute OT  OnNUTUTE
(Pelikan et al. 2003; 2005; 2007,
Pelikan, Knotova, 2010). MNony4e-
HUTEe [daHHM ca Wu3nosnBaHuW 3a
noaroToBka Ha peauua exkcrnepTHU
N HaydHu uscnensaxus (Pelikan et
al. 2006; Vymyslicky et al., 2006;
2012). JokymeHTaumsTa e gocTbn-
Ha 3a Jnuvua, KOWUTO wu3nonseaT
reHeTUYHU pecypcu 3a uacnegsa-

HNA N Pa3MHOXUTENHU LeJin Ha
https://grinczech.vurv.cz/gringlobal/search.aspx

MATEPUAITI U METOOU

M3cnegBaHn ca  yelkuTe
OUNSIOMOHNW  COpPTOBE  YepBeHa
petenvHa "Crtapt", "BntaBuH"
"PecnekT", 4elwknte TpUNIongHu
coptoBe "KBapTta" u "Temnyc", un
6bnrapckuTe AUNNONOHU COPTOBE
"Huka" n "Cochmsa", npes 2014 u
2015. OcBeH TOBa, B onuta e
BKNOYEH Yewknat copt "lNpame-
an", mexaysuaoB xmbpup cb3ga-
AeH npu  xmbpuamusauma  Ha
Trifolium pratense L. u T. medium
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Conservation and Utilization of
Plant Genetic Resources”,
financed by the Ministry of
Agriculture of the Czech Republic,
the institute acquired more than
240 domestic and foreign varieties
of red clover (Trifolium pratense
L.). All this material was tested in
field trials, described, and the
original seeds handed over for
long-term storage to the gene bank
at the Crop Research Institute in
Prague— Ruzyné.

The professional public has been
continuously informed as to the
results of the trials (Pelikan et al.
2003; 2005; 2007; Pelikan,
Knotova, 2010). The acquired data
was also used to prepare a
number of expert and scientific
studies (Pelikan et al. 2006;
Vymyslicky et al., 2006; 2012). The
documentation is accessible to
users of genetic resources for

research and breeding purposes at
https://grinczech.vurv.cz/gringlobal/search.aspx.

MATERIAL AND METHODS

Czech diploid red clover
varieties  Start, Vltavin and
Respect, Czech tetraploid varieties
Kvarta and Tempus, and Bulgarian
diploid varieties Nika and Sofia
were tested in 2014 and 2015. In
addition, the Czech variety
Pramedi, an interspecies hybrid
created by cross-breeding
Trifolium pratense L. and T.
medium L., was included into the
trials.



L., EKCnepMMeHTbT € MOSIOKEH C
paHgomusnpaHu OnokoBe B Tpu
NMOBTOPEHMS 3a PypaXKHO MPOU3BOA-
CTBO WM TPU NOBTOPEHUSA 38 CEMEHHO
npowsaoncnao MapuenbT e cC
pasmep 5 m2. Mpobute ca cbBpaHu
npwu npe6mpaHe Ha pekonTata W
nacyweHn Ha 60°C 3a ga ce onpe-
nenn nobmebT Ha ceHo. [JoOMBbLT Ha
CeMeHa e B3eT OT BTOpPOTO MOKOCS-
BaHe. [unnongHuat copt "Crapt" e
N3MON3BaH KaTo KOHTpona.

PE3YNTATU U OBCbXOAHE
lMpe3s nbpBata roguHa Ha
nanonssaHe (2014), ca HanpaBeHU
4YeTMpu KOCUTOM Ha 3ereHa maca.
C uen 3a no-KpaTKo WM3NOXEHUe,
pesynrtatuTe ca MpecTaBeHn BbB
®urypa 1.

The experiment was based on
randomized blocks in three
repetitions for fodder and three
repetitions for seed production.
Plot size was 5 m%. Samples were
collected during harvest and dried
at 60°C to determine hay yields.
Seed harvest was from the second
cutting. The diploid variety Start
was used as a control.

RESULTS AND DISCUSSION
In the first year of use (2014),
four cuttings of green matter were
taken. For the sake of brevity, the
results are presented in Figure1.
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®ur. 1. [lo6uBn oT 3eneHa maca (t.ha™) Ha uscneaBaHMTe copTOoBe OT €AUHUYHO

okocsiBaHe npe3 2014

Fig. 1. Green matter yields (t.ha™") of the tested varieties by individual cutting in 2014
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Mpn BCUYKM OTKOCK, OMCNEPCUOH-
HUAT aHanun3 onpeae-nsa cTatucTu-
YeCKM 3HAYMMUTE pasnuyuusa us-
mMexay uacnensaHute coptoBe. C
M3KNIYEeHne Ha BTOpUA OTKOC,
Han-BMCOKN O06MBKU ca MOMyyYeHu
npu copt "Keapta", gokaTto npu
BTOPUAT OTKOC Han-BUCOK JOOMB e
nonyyeH npu copt "lpamegn". B
NbPBUAT OTKOC, OOMBUTE Ha 3ene-
Ha Maca BapupaT mexagy 22.67 wn
30.8 tha™', npu BTOPM OTKOC OT
15.13 pgo 16.33 tha ', npu TpeTu
oTkoc oT 15.27 fo 25.4 tha™, u npu
YeTBBbPTM OTKOC OT 7.27 po 13.07
tha™.

O6uwara 3eneHa maca n npo-
N3BOACTBO Ha CEHO, KakTo u Jobu-
BbT OT CeMeHa npu uHamMBuayarn-
HUTe CopTOBe Npe3 NbpBaTta roau-
Ha ca npegoctaBeHn B Tabnuua 1.
Coblo Taka ca onpefeneHn 3Ha-
YyAMUTE pPasnuKM Mexay uacnen-
BaHuTe copTtoBe. [obuBute oOT
3eneHa maca BapuvpaTt oT 61.6 go
80 t.ha™'. Hait-Bucok go6UB Ha
3erieHa Maca e rMoCTurHaT npu
copt "KeapTta", nocnegBaH oOT
"Mpamegn” n "Pecnekt". JobusbT
Ha ceHo Bapupa oT 11.89 oo 14.8
tha™', a Hait-ronsma npogykTuB-
HOCT e nocTurHata npu coptoBeTe
B crnegHua pen:  "Pecnekt",
"Cocpua" n "Huka". [JobmBbT Ha
cemMeHa e HUCbK npes3 2014, Bapu-
paLL oT 24.87 no 101.43 kg.ha™", a
Han-BUCOKNAT AOOUB OT cemeHa e
noslydeH OT YelKuTe copToBe
"Ctapt™ un "BntaBuH", cnegsaHu
oT 6bnrapckusa copt "Huka".

In all cuttings, analysis of variance
determined statistically significant
differences among the tested
varieties. With the exception of the
second cutting, the highest yields
were provided by the Kvarta
variety, while in the second cutting
the highest vyield was of the
Pramedi variety. In the first cutting,
green matter yields ranged
between 22.67 and 30.8 t.ha™’, in
the second cutting from 15.13 to
16.33 t.ha™', in the third cutting
from 15.27 to 25.4 tha™, and in
the fourth cutting from 7.27 to
13.07 tha™.

Total green matter and hay
production as well as seed yields
of the individual varieties for the
first year of use are provided in
Table 1. In all of these indicators,
too, significant differences were
determined between the tested
varieties. Green matter vyields
ranged from 61.6 to 80 t.ha ".The
highest green matter yield was
achieved by the Kvarta variety,
followed by Pramedi and variety
Respect. Hay yields ranged from
11.89 to 14.8 tha™', and the
highest production was achieved
by the varieties in the following
order: Respect, Sofia, and Nika.
Seed yields were low in 2014,
rangin%; from 24.87 to 101.43
kg.ha 'and the highest seed yield
were by the Czech varieties Start
and Vltavin, followed by the
Bulgarian Nika.
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Ta6bnuua 1.

O6wo npoM3BOACTBO Ha 3efleHa Maca, CeHO M ceMeHa OoT

n3crneaBaHUTe COPTOBE B MbpBaTa roauMHa Ha nsnonssaHe (P: 0.05)
Table 1. Total production of green matter, hay, and seed of the tested varieties in

the first year of use (P: 0.05)

3eneHa maca/Green matter

CeHo/Hay CewmeHa/Seeds

Copt/Variety

t.ha” t.ha” kg.ha'1
Crap /Start (CZE) 65,07% 12,97 101,43°
Temnyc/Tempus (CZE) 71,53 11,89° 24.87°
KeapTa/Kvarta (CZE) 80,00° 14,58% 45,03
Bnrasun/Vlitavin (CZE) 67,20% 12,50° 82,86
PecnekT/Respect (CZE) 73,00°° 14,80° 40,31
Huka (BI)/Nika (BGR) 69,67 14,59% 68,63°*°
Cocpusi (BIN)/Sofia (BGR) 61,60° 14,74° 53,09°%°
Mpamean /Pramedi (CZE) 76,80 14,37%° 25,79°

Banexute ca HegoCcTaTb4HU
BbB BereTauuMoHHata casa npes
215, u npe3 Tasn roguHa ca
HanpaBeHN CaMO TPU OKOCSIBaHUSI.
Jluncata Ha Banexu noBnusaBa
ocobeHo pobuBuTe OT TpeTus
OTKOC, KaTo caMo 32 mm Banexwu
ca oTdyeTeHu 3a nepuop oT 46 aHn
Mexay BTOPOTO U TpeTo oKocsBa-
He. OtpenHuTe pobuBKM 3eneHa
Maca, C Uen Mo-kpaTko W3rnoxe-
HWe, ca nocovYeHn BbB durypa 2.
Mpn BCUYKM OTKOCK, OMCNEPCUOH-
HUAT aHanua onpeaensi CTaTUcTu-
YeckM 3Ha4YMMUTe pasnuuns us-
Mexay wuscnenBaHUTE COPTOBE.
Mpn NbpBM M BTOPU OTKOC, COPT
"KBapTta" npepoctaBs Han-BMCOK
nobue pokaTo MNpu TpeTu OTKOC
Han-BMCOK Oo6uB Hocu Obnrap-
cknat copt "Huka". lNpu nbpeu
OoTKOC, nobmBUTE Ha 3eneHa maca
BapMPaT mexgy 22.8 n 36.13
t.ha ', npu BTOpUN oTKOC Mexay 20

Precipitation was insufficient
during the vegetation phase in
2015, and just three cuttings were
taken in that year. The lack of
precipitation affected especially
yields of the third cutting,
inasmuch as just 32 mm of
precipitation was recorded in the
46-day period between the second
and third cuttings. The individual
green matter vyields are for
brevity’s sake presented in Figure
2. In all cuttings, analysis of
variance again determined
significant differences among the
tested varieties. In the first and
second cuttings, the Kvarta variety
provided the highest yield while in
the third cutting it was the
Bulgarian Nika variety. For the first
cutting, green matter yields ranged
between 22.8 and 36.13 t.ha™, for
the second cutting between 20
and 32.07 t.ha™", and for the third
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n 32.07 tha™, v npu Tpet o1 5.73 | from 5.73 to 7.87 t.ha™".

p0o7.87 t.ha™.
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®ur. 2. [lo6usk 3eneHa maca (t.ha™') oT uscnegBaHuTe copToBe OT MHAUBUAYANHO

okocsiBaHe npe3 2015

Fig. 2. Green matter yields (t.ha™") of the tested varieties by individual cutting in 2015

O6uwara 3eneHa maca n npo-
N3BOACTBO Ha CEHO, KakTo 1 Jobu-
BbT OT CEMeHa npu uMHaMBUAyan-
HUTe copTOBE Nnpe3 BTOpaTa roau-
Ha Ha M3Mon3BaHe ca MOCOYEHUN B
Tabnuuya 2. 3HaunmuTe pasnukm
MeXay u3criegBaHuTe copToBe ca
onpegeneHn CbLyo Mo Te3u noka-
3aTtenu. ObwumTte gobusM OT 3ene-
Ha maca BapupaT ot 50.33 pgo
75.73 t.ha™', a Hal-BUCOKMTE CTOW-
HOCTM ce nocTurat npu copToBe
"Keapta", "BntaBuH" n "Temnyc".
[obueute OT ceHO BapupaT OT
10.97 go 14.19 t.ha™'. Hait-Buco-
KNAT JOOMB OT CEHO € nocTurHat
OT Yewkuns copt "PecnekT", noc-
negsaH ot copTtoBe "BntaBuH" 1
"KeapTa". [JobnBnuTE Ha cemeHa Ba-

Total green matter and hay
production as well as seed yields
of the individual varieties for the
second year of use are provided in
Table 2. Significant differences
between the tested varieties were
determined also in  these
indicators. Total green matter
yields ranged from 50.33 to 75.73
t.ha™', and the highest values were
achieved by the varieties Kvarta,
Vitavin, and Tempus. Hay yields
ranged from 10.97 to 14.19 t.ha™".
The highest hay vyield was
achieved by the Czech Respect,
followed by Vitavin and Kvarta
varieties.

Seed yields ranged from 103.97 to
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pupat ot 103.97 no 30.99 kg.ha™, | 30.99 kg.ha™', the highest yields
Hai-Bucokute Oobusu ca poctur- | being reached by the Czech
HaTK Npu Yewkus copT "Pecnekt" n | Respect and Bulgarian Nika

Gbnrapckvsi copT "Huka, cneapaHu | varieties, followed by the Czech
OT Yewkuns "BntasuH". VItavin.

Tabnuua 2: O6OWO nNpoM3BOACTBO Ha 3eneHa Maca, CeHo, U ceMeHa oT
u3cneaBaHu COpToBe Npe3 BTopaTta roguHa Ha ynoTtpe6a (P: 0.05)

Table 2: Total production of green matter, hay, and seed of the tested varieties in
the second year of use (P: 0.05)

3eneHa maca/Green matter CeHo/Hay CemeHa/Seeds

CopT/Variety
tha” tha” kg.ha'1

CrapT/Start (CZE) 63,80 11,63° 61,55
Temnyc/Tempus (CZE) 68,27%° 12,37 33,43°
Keapta/Kvarta (CZE) 75,73° 13,407 30,99°
BntaeuH/Vlitavin (CZE) 68,47%° 14,19° 63,23°
Pecnekt/Respect(CZE) 68,00%° 14,59% 103,97°
Huka/Nika (BGR) 56,73% 11,35° 91,20°
Codusi/Sofia (BGR) 50,33° 10,97° 55,41°
Mpameawn/Pramedi (CZE) 63,33 11,92 49,20
D; 0,05 8,45 1,6 27,15
D7 0,01 12,64 2,39 40,63

n3soau CONCLUSIONS

Hobusnte Ha 3eneHa maca u The vyields of green matter

ceHo oT 6bnrapckute copToBe | and hay the Bulgarian red clover
yepBeHa [feTenMHa B MecTHuM | varieties in the local conditions are
yCcrnoBusi He ca TonkoBa BMCOKM, | not so high like the Czech
KOMNKOTO Yelknte copToBe. [Jo6pwm | varieties. Good seed yields were
nobmen OT cemeHa ca otyeTeHu | recorded for the Nika variety. The
npu copt "Huka". MexagysnaoosusaT | interspecies hybrid Pramedi
xnbpug "lMpamegn" wma pobpwu | performed well for green matter
NOCTMXEHNA npu 3erneHata maca 1 | and hay, and it seems to be a
CeHo, u wusrnexga obewasauwa | promising fodder crop for the
dypaxHa kynTypa 3a ycnosusaTta | conditions of the Czech Republic.

Ha Yewkata Penybnuka. 3a
pasnuka OT 4epBeHata pfdetenuHa, | In contrast with red clover, its
HenHoTo npeumyllectso nexu B | advantage should lie in its ability to
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crnocobHocTTa W Aa npousBexaa
NOA3EMHU KOPEHMLLA, Ype3 KOUTO TS
ce Bb3npousBexga 3a BTOpPM MbT.
Taka ce ocurypsiBa no-gbnra npo-
ObIMDKUTENHOCT, BbNPEKM Ye NpoabI-
XUTENHOCTTa He € npeameT Ha
n3cnenBaHe B TO3N EKCNEPUMEHT.

BNNArOQAPHOCTHU |

Pesyntatute ca nonyyeHu c
nogkpena ot HaunoHanHaTta npor-
pama 3a 3anasBaHe W u3nonssaHe
Ha pacTUTENHW reHeTU4HU pecyp-
cun, puHaHcupaH ot MuHucTepcT-
BO Ha 3emegenueto Ha Penybnu-

generate underground rhizomes
though which it should secondarily
reproduce. This should ensure
longer stand persistence, although
persistence was not a subject of
testing in this experiment.
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PE3IOME

BbB Bpb3ka ¢ paspaboTBaHeTo Ha
duHaHcupaH ot EBponenckusa ¢oHa 3a
pervoHanHo pasBuTuE U OT AbpXaBHUS
fopxketr Ha Penybnuka Bbnrapusa, upes
OnepaTtuBHa nporpama “OkonHa cpefa
2007-2013 r." npoekt ,LeHTpaneH
BankaH — MNapk 3a sBcuykn® (DIR 5113325-
12-109), e n3BbpLUEHa OrpoMHa No obem
paboTa, BKMOYUTENHO M arpoHOMMYecKa
MU 300TEXHMYECKa XapakTepucTuka Ha
noabpaHn no onpegeneHu kputepumn 11
MogenHn Teputopunm C  obOwa nrouy
17405.35 da
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SUMMARY

In connection with development of
"Central Balkan — Park for everybody"
project (DIR 5113325-12-109) financed by
European Development Regional Fund
and the state budget of Republic of
Bulgaria, through the  Operational
Programme "Environment 2007-2013,
was carried out a great amount of work,
including agronomical and zootechnical
characteristic of 11 model territories
selected according to specific criteria with
a total area of 17405.35 da.



HacTtoswoTo npoyyBaHe wuMa 3a
uen Qa onpegenu HaToBapeHoCcTTa Ha
nacvarta c X1MBOTHK, 6e3 ToBa ga Bpeaun
Ha OWMOMOrMYHOTO pacTUTENHO pasHo-
obpasue. Ha Gaszata Ha OGoTaHuyeckus
CbCTaB, TPEBHOTO MOKTUTUE U XPaHUTEN-
HaTa CTOMHOCT Ha BWAOBETE Ca Hanpase-
HW HOpPMM 3a BCsika MOZENHa Teputopus,
KOATO onpegensi onTMManHoTO HaToBap-
BaHe C kpaBu (CYXOCTOMHW WU MNEYHM),
OBLIE, KO3M U KOHE.

KnioyoBn gymu: sawmteHn Tepu-
TopuW, Macuvua, 300TEXHUYECKa XxapakTe-
pucTuka

yBo[

EctectBeHuTE  exkocucTemu
ocurypsiBaT pecypcuTte 3a HaweTo
CbllecTByBaHe, Kato HM cHabaa-
BaT C XpaHa, Boda, Kucnopon,
nexkapctBa, ObpBecuMHa, a CbLO
Taka HM 3awuMTaBaT OT NpUpoaHUTE
KaTaknM3mu, crnomaraT 3a Hawarta
pekpeauma Uu ole MHOro Apyru
non3u. Hwe potomnkoBa npuemame
Te3an Onara 3a pafeHocT, 4Ye LWe
MOXeM [da OCb3HaeMm TaAxHaTa
Ba)XHOCT efjBa KoraTo rm usryoumm.

lNoHacToAWweM Han-ronsma
onacHocTt 3a ©6uopasHoobpasmeTo
npencrtaeBnsisa HeroBaTa 3aryba. B
MWHanNoTo TS Ce e AgbliKana OCHOB-
HO Ha NMPUPOAHM haKTopW, Npeanm-
HO Ha KIMMATUYHWUTE NPOMEHWN,
AoKaTo [dHeC OCHOBHa 3annaxa
npeacTaBnsiBa YoBellKkaTa AenHOCT.

Ha Bcekn 20 muHyTM OT nna-
HeTaTa u34ye3Ba Nno eguH pactuTe-
NeH unu XuBoTuHckM Bug. Camo B
Bunrapua npes nocnegHute 50-60
roguHu ca wmsdesHanu 30 pacTtu-
TenHu n 16 XUBOTUHCKM BUAA.

BnarogapeHue Ha cunHo pas-
HoobBpasHUTE KIMMaTU4HU, [eo-
NOXKKW, TOrnorpadckn N Xmaporiox-
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The present study aims to
determine the loading of pastures with
animals without harming the biodiversity
plant variety.Based on the botanical
composition, grass cover and nutritional
value of species were made norms for
each model territory, which determined
the optimal loading with cows (dry and
dairy cows), sheep, goats and horses.

Key words: preserved areas,
pastures, zootechnical characterization

INTRODUCTION

Natural ecosystems provide
resources for our existence, as
they supply us with food, water,
oxygen, medicine, wood, as well
as protect us from natural
disasters, help us for our
recreation and a lot of other
benefits. We take these blessings
for granted to such an extent, that
we will be able to realize their
importance only when we lose
them.

Currently, the greatest threat
to biodiversity is to lose it. In the
past, it was due to mainly natural
factors, primarily climate change,
while nowadays the main threat is
the human activity.

At every 20 minutes, one
plant or animal species becomes
extinct from the planet. Only in
Bulgaria, over the past 50-60 years
30 plant and 16 animal species
became extinct.

Due to highly diverse climate,
geological, topographic and
hydrological conditions, Bulgaria



kv ycnosus, benrapus nma 6orata
driopa n pasHoobpasne oT pacTu-
TenHu cbobulectBa. B cbcTaBa Ha
6bnrapckaTa ¢pnopa yyacrteat 170
Buga n 100 nogBmaa Gbnrapcku
eHgemutn (Petrova, 2006) u 270
6ankaHckn eHgemuta  (Petrova
and Vladimirov, 2010). TepwuTto-
puaTa Ha CTpaHaTa ce xapakTepwu-
31pa 1 CbC 3HAYUTENHO PACTUTENHO
pa3Hoobpa3ue, kaTo cnopep Anoc-
TonoBa M Cnaesosa (1997) 10 e
npeactaBeHo oT 2195 cMHTaKCOHO-
MWYHM eguHuumn. PasHoobpasHaTta
pacTutenHa gnopa e eCTeCTBEHOTO
NMOKpUTME Ha TPEBHUTE MIIOLLN,
M3NON3BaHN 3a nawla Ha OMaLUHU U1
AVIBU TPEBOMACHW XXMBOTHMW.

Cnopepf HauMHa Ha nonaBaHe
TPEBHUTE NIIOLWLM Ce OenAT Ha OBe
KaTteropuu: ueadu u nacuwia.

JinBagute ca TpeBHM NMOLM,
KOUTO ce pekonTupat npeanMHO
ype3 KOCeHe, a nacuwara — npe-
OUMHO 4pe3 wu3nacesaHe. O6LWo-
npuMeTo e onpeaeneHneTo 3a
nacuvwa, pageHo ot Peeters et al.
(2014), cnopepn kouTo noA Tepmu-
Ha nacuwe ce pasbupa TpeBHa
nnowy, npegHasHayeHa 3a Npowus-
BOACTBO Ha dbypakHa npoayKuus,
npubpaHa 4pe3 nawa, KOCeHe
nnu/vn gBeTte, UNU M3nNon3BaHa 3a
APYrn CEenckoCTONaHCKN Lienu, Ka-
TO Hanpumep Bb30OHOBSEM eHep-
MMNEH U3TOYHMK 3a norlydyaBaHe Ha
B6uoeHeprusa. Cnopepq Tax nacuila-
Ta 6uBaT MNOCTOSAHHMU U BPEMEHHMN
(catn). B 4yacTHOCT nnaHWHCKUTE
nacuila cnagaTt KbM eCTeCTBEHU U
NoslyeCTeCTBEHUTE TPEBHUN MNOLLM.
Te ca HMCKO NPOOYKTUBHU, HUCKO-
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has rich flora and diversity of plant
communities. Bulgarian flora
composition involves 170 species
and 100 Bulgarian endemic
subspecies (Petrova, 2006) and
270 Balkan endemics (Petrova and
Vladimirov, 2010).

The territory of the country is
characterized by significant plant
diversity, as according to
Apostolova and Slavova (1997), it
is represented by 2195
syntaxonomic units. Diverse plant
flora is the natural cover of grass
areas, used for grazing of domestic
and wild herbivora.

According to manner of
using, grass areas are divided in
two categories: meadows and
pastures

Meadows are grass areas,

which are harvested mainly by
mowing, and pastures - mainly by
grazing.
The definition of Peeters et al.
(2014) is generally accepted,
according to whom the term
‘pasture’ is understood as a grass
area intended for forage
production, harvested by grazing,
mowing or/and both, or used for
other agricultural purposes, such
as renewable energy sources for
production of bioenergy.

According to them, pastures are
permanent and temporary ones
(sown). In particular, mountain
pastures belong to natural and
semi-natural grass areas. They are



AOOMBHM MOCTOSAHHW TPEBHWU MNIIO-
WK1, B KOUTO [OMWHUPAT MECTHMU
€CTECTBEHM TPEBHU CbOOLLECTBA,
OpyrM TPeBHU BUAOBE, B HSAKOU
cnyyam xpactm w/wunu AabpeeTa.
YacT OT nnaHuHCKUTE nacuuia,
KakBUTO Ce cpewart Yy Hac, ca
€KCTEH3UBHO W3MOM3BaHW TPEBHMU
nrowmy 3a nawa, Kbaeto obuKHO-
BEHO MNacsuwmTe XUBOTHU ce npwu-
apyxasaTt OT nactup oB4ap,
Ko3ap unu rosegap. Te Bkno4BaT
ecTecTBEHa W nonyecTecTBeHa
TpeBHa pPacTUTENHOCT, annUUCKN
TpeBHM cboOLlecTBa, XpacTy,
3abnateHn nnaowM U rOpuUCTH
TakmBa. CbCTaBbT Ha TpeBHaTa
Maca OT nacuwarta onpegens
XpaHuTenHata U CTOMHOCT, a
HaNMYHOTO KOSIMYECTBOTO TPEBHA
Maca unu gobuBbT OT eauHULA
nnowy, onpegensa Bb3MOXHOCTTa 3a
3a0BONSABAHE HA EHEPrUUHUTE W
NPOTEUHOBU HYXOWN HA XUBOTHUTE.
EHepruiHata xpaHuUTENHOCT Ha
dypaxute y Hac 3a NpexuBHUTE
XMBOTHU Ce onpegens OT HeTo
eHeprysiTa 3a MISKO unM  3a
pactex (KpbMHM eguHuuM  3a
mnako — KEM n kpbMHM eguHnum
3a pactex — KEP). CbaobpxaHueTo
Ha eHeprust n NPoTEeMH B NaCULLHW-
Te TpeBOCTOM HamanaeaT C
HanpefBaHe Ha BereTauusita, HO
ce yBenuyaBa pgobuBa Ha cyxa
Maca. Hyxgute Ha pasnumyHuTe
BMOOBE W KaTeropum TPeBOMACHU
XMBOTHWN Ca pasfiMyHKU, CbOTBETHO
pasfiMyeH € n CboTBETHUS Bpon no
BUO N KaTeropusi >XMBOTHW, KOUTO
MoraT gda ce wu3xpaHBaT oOT
CbOTBETHOTO Nacuwe B 3aBUCU-

49

low-productive, low-yield
permanent grass areas, where
dominant are local natural grass
communities, other grass species,
in some cases shrubs and/or trees.

A part of the mountain pastures,
which could be seen in Bulgaria,
are extensively used rangelands,
where usually grazing animals are
accompanied by a herd a
shepherd, goatherd or cowherd.
They include natural and semi-

natural grass vegetation, alpine
grass communities, shrubs,
marshy areas and forests.

Composition of grasses in the

pastures determines its nutritional
value, and the available quantity of
grass matter or the yield per unit
area determines the ability to
satisfy the energy and protein
needs of animals.

Energy nutritive value of forages in
our country for ruminants is
determined by the net energy for
milk and growth (feed unit for milk -
FUM and feed unit of growth -
FUG).

Energy and protein content in
grazing grasslands decrease with
advancing vegetation, but it
increases the dry matter yield. The
needs of different various types
and categories of herbivora are
different, and the corresponding
number is also different by type
and category of animals, which
could feed themselves by the
particular pasture depending on



MOCT OT AobwuBa.

MATEPUAIT U METOOU

HauuoHaneH napk ,UeHTpa-
neH bankanH® e BTOpPUMAT nNO
roneMvHa HauuoHaneH napk B
Bbnrapus ¢ nnow ot 72021.07
ha., kaTo e obsaBeH 3a 3awmTeHa
Teputopusa npe3 1991 r. Pasnono-
XeH e B LUeHTpanHata 4acT Ha
Bbnrapua v e cb3gageH c uen
onasBaHeTo Ha BMoONorM4yHOTO pas-
Hoobpasne, MECTHUAT MOMMHBK U
Tpaguumm B CpegHa Ctapa nnaHu-
Ha. lMpe3 2012 r. ctapTupa NpoekT
.LUeHTpaneH bankaH — [lapk 3a
Bcuykn®  (DIR  5113325-12-109).
lMpoekTbT ce puHaHcupa oT EBpo-
nemckus oHa 3a pernoHasiHo

pasBuTMe U  OT  ObpXKaBHUSA
6rogpxkeT Ha Penybnuka bbvnrapus,
ypes  OnepaTtmBHa nporpama

“OkonHa cpepa 2007-2013 r."
OcHoBHaTa Len Ha nNpoekTa e

M3NbNIHEHWE Ha [OEeWHOCTU o
YCTPOMCTBO M YyMpaBreHue Ha
HaunoHaneH napk LleHTpaneH
BankaH wn ynpasnaBaHwte OT

[vpekumsaTta Ha napka pesepBaTtu.

Mpn paspaborBaHeTo Ha npo-
ekTa ca usbpanu 11 mogenHu Tepu-
Topun (MT) 3a HabniogeHve, kaTo
ca Mon3BaHu crieqHUTe KpUTepuu:

1. Ycnosua 3a npakTu-
KyBaHe Ha MacuLlHO XMBOTHOBbBA-
CTBO, Kato ca onpegeneHn 3
3a4bIMKUTENHN N3UCKBAHUSA:

> MecTaTta ga nonapgat B
MynTudgyHKUunoHanHaTa 3oHa Ha Ha-
LuMoHaneH napk ,LleHTpaneH bankan®;

> B wmecrata pga e
npoBeXxaaHa nawa npes3 nocneg-
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yield.

MATERIAL AND METHODS

Central Balkan National Park
is the second largest national park
in Bulgaria with an area of
72021.07 ha, which was declared
for a protected area in 1991. It is
located in the central part of
Bulgaria. It has been created with
the aim to preserve biodiversity,
local means of living and traditions
in the Central Balkan Mountain. In
2012, the project "Central Balkan -
Park for everyone"(DIR 5113325-
12-109) started The project was
financed by the  European
Development Regional Fund and
the state budget of Republic of
Bulgaria, through the Operational
Programme "Environment 2007-
2013."

The main objective of the
present project was to implement
activities for organization and
management of the Central Balkan
National Park and the natural
reserves, which are managed by
the Park Directorate.

During project development
were chosen 11 model territories

(MT) for observation, as the
following criteria were used:
1. Conditions for

applying of livestock grazing, as
three mandatory requirements are
defined:

> The sites should fall in
the Multifunctional area of the
Central Balkan National Park;

> Grazing should be
carried out in these sites in recent



HUTE FrOANHM;

> Teputopunte pa ca
TPaaVUMOHHM  (M3NON3BaHNM U B
MWHaroTO) MecTa 3a nallyBaHe Ha
AOMALLUHN XXUBOTHM.

2. Hanunune Ha wMecTa 3a
BOAOMNOW Ha OMALUHUTE XXMBOTHU

3. Hanuume Ha kno4oBMU
NPUPOAHN MeCcToobUTaHns

Moa knwyoBM MecToobUTa-
HUS ce pasbupaTt npuMpogHM Mec-
TOOOUTaHMA C BMCOKa KOHLEHTpa-
UM Ha nopmuCTUYHO BUOOBO GMO-
pasHooOpasne u 6esnecHu npu-
poaoHM MecTtoobuTaHusa B Hebnaro-
NPUSATHO CbCTOSIHWE. Ycrosue 3a
n3bop Ha mMoaernHa TepuTopusa €
HannM4MeTo Ha efHO WM HSAKOSKO
OT crnegHvTe NpUpoaHN MecToobun-
TaHus, KOMTO nNonagat B Npunoxe-
HMe 1 Ha 3akoHa 3a BUONOrMYHOTO
pasHoobpasne (2007) n [Oupek-
TmBa 92/43/EEC:

> [MnaHnHCKM ceHoKoc-
HWU nueaawn (6520);

> Opo-mu3unickn
aungo-unHu
cbobuecTra (62D0);

TPEBHU

> CunukaTHM annuncku
n BGopeanHn TpeBHM CbOOLLECTBA
(6150);

> Annunckn wn cyban-
MANCKN  BapOBUKOBM TPEBHU
cbobuiectra (6170);

> BoratTm Ha BuaoBe
KapTbfioBUM cbobLwecTBa BbpXy
CUNUKaTEH TepeH B NMAHUHUTE
(6230);

> MonyecTtectBeHu
Cyxu TPEBHU n XpacToBu
cbobuwectBa  BbpXy  BapoOBUK

(6210).
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years;

> Territories should be
traditional (used in the past) sites
for grazing of domestic animals.

2. Available sites for watering
of domestic animals
3. Available key/main habitats

Under key habitats is
understood natural habitat with
high concentration of floristic

biodiversity and treeless natural
habitats in unfavourable condition.

A condition for the selection of
model territory is the presence of
one or some of the following
natural habitats, which fall under
Annex 1 of the Biological diversity
act (2007) and Directive EEC:

> Mountain
meadows (6520)

> Oro-Moesian
acidophilous grasslands (62D0);

hay

> Siliceous alpine and
boreal grasslands (6150);

> Alpine and sub-alpine
calcareous grass communities
(6170);

> Species-rich Nardus

grasslands, on siliceous substrates
in mountain areas (6230);

> Semi-natural dry
grasslands and scrubland facies
on calcareous substrate (6210).



N36opbT Ha MoaenHu Tepwu-
TOPUWN € HanpaBeH B HAKOSKO MocC-
nepoBaTenHN CTbNKN U e 6asunpaH
Ha nbpBMYHATA WHdOpMauus oT
3agaHneTo Ha obliecTBeHa Nopbu-
Ka ,M360p Ha KOHCynTaHT HaTypa”
no npoekt ,LleHTpaneH bankaH —
napk 3a Bcuykn” (DIR 5113325-12-
109). Kato nbpBa cTbhka e Hanpa-
BeH MMC ananu3 Ha HanuyHata
MHopMaUUsa MO UINOXEHUTE MO-
rope kputepun. Llenta my 6e
noeHtTudnumpaHe Ha TepuTopum
ot HIM ,UleHTpaneH bankaH®, konto
NMOKpMBAT MaKCUMaIlHO KpUTepu-
nTe 3a nsbop. Cnen ToBa MHGpOpP-
MauusaTa belwe BepudmumnpaHa Ha
TEpeH B nepuoda aBrycr-centem-
Bpu 2014 r. Tpertata cTbhka e
n3bop 1 ovyepTaBaHe Ha rpaHnUUTE
Ha 11-Te MogenHn TepuTopuun.

O6wata nnowy, Ha n3dbpaHute
11 MOOEenHun  TepuTopuun e
17405.35 da, kato oTaenHuTe
Teputopumn Bapupat ot 311.14 da
no 5100.33 da. ObwaTa nnow, Ha
KIOYOBUTE  MEecToobOuTaHus 3a
onasBaHe e 10800.42 da.
MopgenHute nnowu  BKMOYBaT
obwo 15 nacuwHM panoHa, KaTo
BbB BCAKa eOHa  MopernHa
Teputopusa nacuwiarta ca ot 1 go 3.

MT ca cnegHute: lNMapagxu-
ka, [Mapapkuwkn yan, LWonos
erpek, bonosaHs, 'opHM noneHu-
un, MowH pgon, CuepuaTa, Nanko-
Bo, [laHoBcka nonsiHa, CuHaHuua
n Apancka mangpa (dwur. 1).
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The choice of model
territories was done in several
successive steps, based on the
primary information from the
assignment of public procurement
"Selection of Natura Consultant" in
the project "Central Balkan — Park
for Everyone" (DIR 5113325-12-
109).The first step was to make
GIS analysis of the available
information on the above criteria.
Its aim was to identify the
territories of the Central Balkan
National Park, which covered the
choice criteria at the most. After
that the information was verified on
a terrain in the period August-
September 2014. The third step
was the choice and contour of the
borders of the 11 model territories.

The total area of the chosen
11 model territories was 17405.35
da, as the separate territories
varied from 311.14 da to 5100.33
da. The total area of the key
habitats for preservation was
10800.42 da Model territories
included totally 15 grazing areas,
as the pastures were from 1 to 3 in
each of the model territories.

MT are the following: MT
were the following: Paradzhika,
Paradzhishki chal, Shopov egrek,
Bolovanya, Gorni polenitsi, Poin
dol, Sivriyata, Dapkovo, Danovska
polyana, Sinanitsa and Arapska
mandra (Fig. 1).
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1. bonyeansi / Boluvanya

2. nowH gon / Poin dol

3. Cuspusta / Sivriyata

4 paHoBcka nonsiHa / Danovska poly:
5 Apancka maHapa / Arapska mandr:
6. wonos erpek / Shopov egrek

7. CuHanuua / Sinanitsa

8. Mapamxuka / Paradzhika

ana
a

9. Mapamxuwwku yan / Paradzhishki chal

10 fankoso / Dapkovo
11 FopHu nonexuum / Gorni polenitsi

MogenHa Teputopus / Model territory

- Mogeara TepiTopnn

| Tpasinui #3 HIN "Usktpanen Bams™
Tpasinu nApKGE 80T

Mherwus
Morea

VpBasuanpasin TEpATOp

paHnum Ha HIM LleHTtpaneH bankaH / Borders of Central Balkan National Park

paHuua napkoB yyacTek / Border of park section
MbTuwa / Roads

MbTeku / Paths

Yp6aHuanparu Teputopun / Urbanized territories

B rpaHnuyuTe Ha Bcsika egHa
MT ca n3bpaHu TpaHCeKTH, pasno-
NOXEHN B MNPOCTPAHCTBOTO Taka,
Yye Ja ca nogxoaswm 3a cbbupaHe
Ha AaHHM 3a pasnuyHu Guonoruny-
HW rPpyNn U Aa AaBaT Bb3MOXHOCT
3a CbBMECTHOTO aHanuaupaHe Ha
OaHHUTE W WHTepnpeTupaHe Ha
pesyntatute. TpaHcekTute ce ¢o-
KycupaT B efHa Touka U OOMKHO-
BEHO crieaBaT OCHOBHWUTE reorpa-
dCKM MOCOKW, HO CbLIO Taka ca
cbobpaseHn C KOHKpPEeTHUTe Yycro-
BUSA Ha TepeHa 1 PasrnonoXeHNeTo
Ha kowapuTte. Mo ocnte Ha BCeKn
TpaHCeKT ca HanpaBeHn no 3
PUTOLEHOTUYHM ONUCaHUA, CbOT-
BeTHO Ha 100 m, 300 m n 500 m.
HanpaseHo e u egHo dutoue-
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Within the borders of each
MT were chosen transects, which
were situated in the space in such
a way to be suitable for collection
of data for the various biological
groups and to give opportunity for
common analysis of data and
interpretation of results. Transects
were focused in one point and
usually followed the main cardinal
directions, but they also complied
with the specific conditions of the
terrain and the location of the
pens. Along the axes of each
transect were made 3 phytocenotic
descriptions, relatively at 100m,
300m and 500m.

One phytocenotic description was



HOTUYHO OnNMcaHwe (HyneBo onu-
CaHune) B UEeHTbpa Ha BcCska Mnpo-
GHa nnowl, paBHOMEpPHO oTAane-
YeHO OT HayanoTo Ha BCeKU eauH
TPaHCeKT.

Ha Bcsika mogenHa TepuTo-
pusa B 10 noBTOpEeHUN e onpeaerne-
Ha CTeneHTa Ha TPEBHO MOKPUTUE,
BMAA Ha TpeBwTe, rpynupaHn Kato
XNTHKN, 6060BU N pasHoTpeBuKe. Ha
TasM OCHOBa W MO nNUTepaTypHU
AaHHW 3a pernoHa e onpejernex
nobvBa Ha nNacuHUTE TPEBOCTOM,
TAXHaTa XpaHUTenHa CTOMHOCT W
CbOTBETHO HaTOBapBaHETO Ha
nacuwieTo C pasnuyHn BUAOBE
XUBOTHM.

[JobuBbT OT ecTecTBeHUTe
nacuwia y Hac e Hucoek (“Arpocra-
TMcTuka“®  kbm  M3X), cpeaHo
160-180 kg/da. o Haww npoy4sa-
HUS NPW NNaHWHCKUTE Naculla Ton
e or 200 po 300 kg cyxa
maca/ceHo oT pekap (Todorova
and Kirilov, 2002). B HaweTO
npoyyBaHe ce no3oBaBaMe Ha
TogopoB n gp. 2007, kato cme
npuenn, 4e p[obu-BbT Ha cyxa
Maca OT npoy4BaHWTE MO MpoeKTa
MOAENHM Teputopun (nNacuwa) e
cpegHo 210 kg/da cyxa mac, a
CbAbpXaHMeTo Ha KPbMHU
eanHnum  3a mnako  (KEM) n
KPbMHU egmHmum 3a pactex (KEP)
ca cvoteeTHo 0,81 1 0,76 B 1 kg
cyxo BewectBo. Ha 6asa Ha
peanHo onpejerieHata 3aTtpeBeHa
NnoLw, Ha BCAKa MoAenHa TepuTo-
pus (nacviie) e u3vmcneH Teope-
TUYHMA O0BMB Ha cyxa Maca wu
CbOTBETHUS [[OOMB Ha KPbMHMU
eoVHMUM 3a MISKO U 33 pacTex.
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also made (zero description) in the
center of each test area, evenly
remote from the beginning of each
transect.

On each model territory in 10
replications was determined the
level of grass coverage, grass
species, divided into grasses,
legumes and motley grasses. On
that basis and according to data for
the region, the yield of pastures
from the region was determined,
their nutritional value and hence
the load on pasture with different
animal species.

The vyield from natural
pastures in Bulgaria is low
(Agrostatistics of Ministry  of

Agriculture and Food), it is 160-180
kg/da average. According to our
studies for mountain pastures, it
was from 200 to 300 kg dry
matter/hay per decare (Todorova
and Kirilov, 2002). We refer to
Todorov et al. 2007 in our study,
as we have accepted that dry
matter yield of studied model
territories (pastures) was averagely
210 kg/da dry matter, and content
of feed unit for milk (FUM) and
feed unit for growth (FUG) was
respectively 0,81 and 0,76 B 1 kg
dry matter.

Based on real determined grassed
area of each model territory
(pasture), the theoretical dry matter
yield and the respective yield of
feed unit for milk and growth were
calculated.



[MonyyeHuTe AaHHU ca U3nonssaHu
3a onpegernsiHe Bb3MOXHUAT Bpon
XWBOTHW, KOWTO MoraT pJa ce
N3XPaHAT Ha CbOTBETHOTO MacuLle
npes nacuviieH nepmnog ot 150 gHu,
Kato ca npuetm HopMuUTe 3a
XpaHeHe Ha CbOTBETHUS BUO W
KaTeropus >XMBOoTHW No TOAOPOB U
ap. (2007). WauucneHuata ca
HanpaBeHU 3a XMBOTHWU, obnYarHo
oTrnexgaHu B MiaHUHCKUTE pano-
HK: oBuUe ¢ 50 kg xuBa maca n 0,5 |
OHeBHa MrieyHocT, Ko3n ¢ 40 kg
XvBa maca un cpegHo 1 | gHeBHa
MIEYHOCT, KOHe CbC CpefHa XuBa
mMaca 350 kg, cyxoCTOMHWN KpaBu C
400 kg xuBa Maca M nakTupaiim
kpasu ¢ 400 kg »xwuBa maca n 10 |
OHEeBHa MNEeYHOCT.

PE3YJITATU N OBCBXOAHE
B pesynrtaTt Ha npoBegeHuTe
npoyyYBaHna ca ycTaHoBeHM 318
Buaa Bucwmn pacteHud. OT arpo-
HOMWYecKa rnegHa Todka, BugoBe-
Te B CbCTaBa Ha nacvwiarta B rpa-
HUumMTe Ha MT ca pasgeneHun Ha 3
rpynu — XuTtHun, 6060BM 1 BMaoBe
OT pasHoTpeBueTO. ToBa e Tpaau-
OLUMOHHO BB3NPUETO pasgensiHe,
koeTo e 6asmpaHo Ha pypaxHuTe
KayecTBa U ponsitTa Ha Tes3u rpynu,
KaTo xpaHuTenHa 6asa 3a cencko-
CTOMaHcKkuTe XMBOTHWU. [lpu aHa-
nmM3a Ha ycTaHoBeHUs riopuUCTu-
YeH CbCTaB Ha nMacuwarta ce
nony4aeaTt cnegHuTe pesynraTu:

bobosu pacmeHus — npeg
CcTaBeHu ca ¢ 16 Bnga ot 7 poga —
Trifolium (12 Bwpa), Anthylis (2

The resulting data were used to
determine the possible number of
animals that can be fed on the
respective pasture during the
grazing period of 150 days, as the
feeding norms of the respective
species or category of animals
were accepted according to
Todorov et al. (2007). Calculations
are made for animals, usually bred
in mountain regions: sheep with 50
kg body weight and 0.5 | daily milk
yield, goats with 40 kg body weight
and 1 | average daily milk yield,
horses with average body weight
of 350 kg, dry cows with 400 kg
body weight and lactating cows
with 400 kg body weight and 10 |
daily milk yield.

RESULTS AND DISCUSSION
As a result of the studies,
318 species of higher plants were
identified. From an agronomic
point of view, species in the
composition of pastures within the
borders of MT were divided in 3
groups — grasses, legumes and
species of motley grasses. It is a
traditional accepted division, which
is based on forage qualities and
the role of these groups, as
nutritional basics for the livestock.
In analyzing the established
floristic composition of pastures,
the  following results  were
gathered:

Legumes — represented by
16 species of 7 genera — Trifolium
(12 species), Anthylis (2 species),
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Buaa), a Medicago, Lotus, Vicia v
Coronilla ca npeactaseHn ¢ no 1
BUA.

XKumHu pacmeHusi -
BKJtouBaT 46 BMOa, OT KOUTO Ham-
Goratm Ha BMOOBe ca poJoBeTe
Poa (7 Bupa), Carex (6), Festuca
(5), Bromus v Luzula — ¢ no 3 Buaa,
Agrostis, Phleum, Cynosurus w
Koeleria — ¢ no 2, a ocTtaHanute
pogoBe (Danthonia, Dichantium,
Lolium, Brachypodium, Holcus,
Anthoxanthum,  Vulpia, Juncus,
Chrysopogon, Dactylis, Nardus,
Calamagrostis, Deschampsia v
Sesleria) ca c no 1 sug.

Bugose oT  rpynata Ha
pasHompesuemo, KOATO BKIHOYBA
216 Bupa. Ham-6oratute Ha

BugoBe ca pogosete: Potentilla (9
Buga), Centaurea (7); Viola,
Veronica, Ranunculus — ¢ no 6;
Achillea, Galium, Stachys n
Thymus — c¢ no 5; Alchemilla,
Geranium, Hieracium, Rumex w
Verbascum — ¢ no 4 n Campanula,
Cirsium, Euphorbia, Geum,
Hypericum, Leontodon, Plantago,
Potentilla, Sedum wn Silene ¢ no 3
Bunaa. OcTtaHanute poaoBe ca
npeacrtaBeHu ¢ no 1 unu 2 suga.

TpugeceT u cegem Buaa ca
XpacToBM W AbPBECHM M He ca
0beKkT Ha HacToAWOTO u3cnen-
BaHe.

and Medicago, Lotus, Vicia and
Coronilla were represented by 1
species.

Grasses — Included 46
species, the following genera had
the greatest diversity of species —
Poa (7 species), Carex (6), Festuca
(5), Bromus and Luzula — with 3
species, Agrostis, Phleum,
Cynosurus and Koeleria — with 2,
and the other genera (Danthonia,
Dichantium, Lolium, Brachypodium,

Holcus,  Anthoxanthum, Vulpia,
Juncus, Chrysopogon, Dactylis,
Nardus, Calamagrostis,

Deschampsia and Sesleria) had 1
species.

Motley grasses — Includes 216
species. The following genera had
the greatest number of species:
Potentilla (9 species), Centaurea
(7); Viola, Veronica, Ranunculus —
with 6, Achillea, Galium, Stachys
and Thymus — with 5; Alchemilla,
Geranium, Hieracium, Rumex and

Verbascum - with 4 and
Campanula, Cirsium, Euphorbia,
Geum,  Hypericum, Leontodon,

Plantago, Potentilla, Sedum and
Silene with 3 species. The other
genera were presented with 1 or 2
species.

Thirty-seven species were
shrub-like and wood-like, and they
were not a subject of the present
study.
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Fig. 2. Botanical composition of model territories

Mpn noseyeTo npoy4yBaHu
Teputopun npeobnagaesawm ca
XUTHUTE UNN Pa3HOTPEBHUTE BU-
poBe, a 6oboBuTe ca MHOro ma-
NbK npoueHT. o mopenHu Tepu-
TOPUN CLCTOAHMETO € OafdeHO Ha
dwur. 2.

[enbT Ha peanHoOTO TPEBHO
NokKpuUTME Ha BCAKO nacuule
onpegens gobuea Ha cyxa maca u
CbOTBETHO Ha KPbMHU €OUHNLM OT
eanHnya nnow, (Tabnmuya 2). C
Han-BUCOK Ao6MB Ha cyxa maca U
cboTBeTHO Ha KEM e mopgenHaTta
Teputopna [opHn noneHun. C
nogobHn ctomHoctn ca u Llonos
erpek, bonoBaHa u Apancka
MaHapa.

In most studied territories,
grasses or motley grass species
were predominant, and legumes
were a very small percentage. The

situation is presented for the
model territories in Fig. 2.

The share of real grass
coverage of each  pasture

determines dry matter yield and
respectively the feed units per unit
of area (Table 2). The highest dry
matter yield and hence FUM was
the model territory of Gorni poletsi.
Similar values had Shopov egrek,
Bolovanya and Arapska mandra.
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Ta6nuua 2. TeopeTnyeH Ao6UB Ha cyxa Maca u KEM n HatoBapeHOCT Ha nacwuwara c
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*BposT e onpegerneH Ha 6a3a 4o6MB cyxa Maca

*The number was determined on the basis of dry matter yield
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Tean Teputopumn ce xapaktepusu-
paT C Hau-ronam Agsan 3aTpeBeHa
nnoLy, ¢ KOATO ce obsAcHABa no-
BMCOKMS OOOMB Ha cyxa Maca U
KEM w©n cboTBeTHO no-rondamo
HaToBapBaHe C J>KMBOTHM Ha
eavHuua nnow, B CpaBHEHWE C
ocTaHanute Teputopuun. Nauncne-
HUATa ca TeOPETUYHU, HanpaBeHu
Ha 6a3a cpeaeH gobus, HO Ton 6K
MOIrbfl da € pasfiMyeH B 3aBu-
CUMOCT OT METEOpPOSIOrMYHUTE
yCroBusi npe3 cboTBEeTHaTa rogu-
Ha. Hawn-ToyHa oueHka 6u ce
noslyymna oT pearniHo OTYMTaHe Ha
nobuBa, XMMWYHUS CbCTaB U
CbOTBETHOTO CbAbpxaHue Ha KEM
n KEP B MOMeHTa Ha nawlyBaHe.

n3soau

Bbpxy npoydBaHute 11 Mmo-
aenuu teputopumn B HI1 LeHTpa-
neH bankan“ ca yctaHoBeHu 46
BNWOOBE XUTHW TpeBu, 16 Buga
6060BM 1 216 BUOa pasHoTpeBME.

C Han-pobpo TpeBHO MOKpU-
TMe n obuB, U CbLOTBETHO C MO-
TEeHUMan 3a Han-BMCOKa HaToBape-
HOCT C XWMBOTHM Ca MaculiHUTe
Teputopun OpHM NoneHun, cneg-
BaHu ot LLlonos erpek, BonosaHs 1
Apancka maHgpa.

N3cneaBaHuTe MogenHu Tepu-
TOopuM Mno3BonsiBaT Aa 6baaT HaTo-
BapBaHu, 0e3 ToBa [Oa BpeauM a
6uonornyHoTo pasHoobpasue, cpea-
HO C edHW OT cnegHuTe BUAOBE
XnBoTHM oBue 7,8 6pos Ha 10 da,
7,1 ko31/10 da, CyxoCTOMHWM KpaBwu
1,5/10 da, ponHu kpasu 0,8/10 da
nnun 1,7 6pos koHe Ha 10 da.

These territories are characterized
with the highest share of grassed
area, by which is explained the
higher dry matter yield and FUM
and respectively the greater load
with animals per unit of area in
comparison  with  the other
territories. Calculations are
theoretical, made on the basis of
average yield, but it could be
different depending on the
meteorological conditions in the
respective year. The most precise
evaluation could be obtained by
the actual reporting of yield,
chemical composition and hence
the content of FUM and FUG in
the grazing period.

CONCLUSIONS

For the 11 model territories in
Central Balkan National Park were
found 46 grass species, 16 legume
species and 216 motley grasses.

The following grazing
territories have the best grass
cover and yield, and respectively
with potential for the highest load-
bearing of animals: Gorni polentsi,
followed by Shopov egrek,
Bolovanya and Arapska mandra.

The studied model territories

allow load-bearing of animals,
without any harm on the
biodiversity, averagely with the
following animal species: 7.8

sheep on 10 da, 7.1 goats/10 da,
dry cows 1.5/da, milk cows 0.8/10
da or horses 1.7 on 10 da.
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PE3IOME

OnpegeneHn ca cbabpXaHMETO Ha
NNacTMgHM NMUIMEHTU M as3oT B Aobuea
Hag3eMHa Maca Ha Hsikom 6060BK hypax-
HA KynTypu B CbAOB ONUT, M3BEAEH B
UHCTUTYT no doypaxHute kyntypw, [ne-
BeH, bwnrapusa (2013-2014). 3es3gaH,
ecnapseTa W MOA3eMHa [JeTenuHa ca
oTrnexgaHn camoctostenHo (100%) v B
CMeCKM C NnacullieH pawrpac npu cnegHu-
T€ CbOTHOLWIEHMS: 3Be3faH + MNacuLleH
pawnrpac (50:50%), ecnap3eTa + nacuLieH
pavirpac (50:50%), nogsemHa getenvHa +
nacvweH panrpac (50:50%), 3BesgaH +
noasemMHa getenuvHa + nacuvueH panrpac
(33:33:33%), ecnapseta + nogsemHa fge-
TenuHa + nacuweH panrpac (33:33:33%).
CbObpKaHMETO Ha MAacTUOHU MUTMEHTU
B CaMOCTOSITENHO OTIMEXAAHUTE KyNTypu
e Kakto crnepgBa: ecnapseta (333.96
mg/100 g FW), sBe3gaH (172.54 mg/100 g
FW) u nopsemHa petenuHa (95.73
mg/100 g FW). B cmeckn ¢ nacuweH
pavrpac cbAbpXaHWETO Ha nnacTugHu
NUrMeHTH npu 6060BUTE KYNTYpU Cce yBe-
nnyaBa B CpaBHEHME CbC CaMOCTOATEN-
HUTE M HamarnsBa Npu nacueH panrpac.
Han-ronamo yBenuyeHne B CbAbpXKaHu-
€TO Ha MnacTUgHM NUIMEHTU e yCcTaHoBe-
HO B NoasemHa getenuHa - oT 64.5% 3a
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SUMMARY

Plastid pigments content and
nitrogen in dry mass yield in some forage
legumes crops were determined in a pot
trial carried out in the Institute of Forage
Crops, Pleven, Bulgaria (2013-2014).
Birdsfoot trefoil, sainfoin and
subterranean clover were pure grown
(100%) and in mixtures with perennial
ryegrass in the next ratios: birdsfoot trefoil
+ perennial ryegrass (50:50%); sainfoin +
perennial ryegrass (50:50%);
subterranean clover + perennial ryegrass
(50:50%); birdsfoot trefoil + subterranean
clover + perennial ryegrass (33:33:33%);
sainfoin + subterranean clover + perennial
ryegrass (33:33:33%). Plastid pigments
content in pure grown crops was found as
follows: sainfoin (333.96 mg/100 g FW),
birdsfoot trefoil (172.54 mg/100 g FW),
subterranean clover (95.73 mg/100 g
FW). Plastid pigments content in mixtures
with perennial ryegrass increased in
legumes as compared to pure grown

crops and decreased in perennial
ryegrass. In subterranean clover the
highest increase of plastid pigments

content was found, i.e. from 64.5% in
subterranean clover + perennial ryegrass
(50:50%) to 160% in birdsfoot trefoil +



cMeckaTa 1 ¢ nacuweH pawrpac (50:50%)
0o 160% 3a Ta3n cbc 3Be34aH U NacullieH
pavirpac (33:33:33%). CbabpxaHneTo Ha
asoT B pobuBa HagsemHa Maca npwu
camocTodaTtenHute 3Be3gaH (5.95 g/kg
cyxa Maca) u noasemHa getenuHa (5.86
g/kg cyxa maca) e 6nM3ko No CTOMHOCTH,
MU no-Hucko npu ecnapseta (5.43 g/kg
cyxa maca). CpegHO OT LBYKOMIMOHEHT-
HUTE CMEeCKM Ha 3Be3faH, ecnapseta u
noAasemMHa geTernvHa ¢ NaculleH panrpac
(50:50%) asotbT B agobuBa HaasemHa
mMaca e ¢ 25.7% no-BMCOK OT TO3W Ha
camocTodaTenHuTe 6060BK KyNTypu.

KniouyoBu ayMu: 3Be3[aH,
ecnapseTa, noasemMHa aeTenuHa,
nacvweH pavirpac, nracTugHu NUrMeHTw,
asoT B Jobusa

yBO[

MHTepecbT KbM CMeceHu
cuctemn, 6asmpallm ce Ha OTrnex-
AaHe Ha 6060BU N XUTHU KynTypU
HapacTBa npe3 nocnegHuTe roam-
HW, Nopaan ponsTa UM B U3rpax-
JaHe Ha YyCTOMYMBO U €KOJTIOrMYHO
yncto 3emegenue (Luscher et al.,
2014; Kusvuran et al., 2014).
A30TbT OT OuonormyHata asoT-
dukcauma e eguH OT OCHOBHUTE
M3TOYHUUM Ha a30T, KOWUTO ce
n3non3Ba AWPEKTHO OT pacTeHu-
ata (Graham, 2008; Solomon et
al., 2012). Bo6oBMAT KOMMOHEHT
ype3 asoT(uKkcupawata cnocob-
HOCT AonpuHacsa 3a noBuLlaBaHe
CbAbp)KaHMETO Ha a30T B CMecKa-
Ta (Scholefield and Titchen, 1995;
Peeters et al., 2006; Pozdisek et
al., 2011). CmeceHuTe nocesu ca
Nno-ePeKkTMBHMU OT CaMOCTOATENHU-
Te MO OTHOLWIEHWE U3Non3BaHe pe-
CypcuTe Ha OKofiHaTta cpepfa, no-
pobpe wum3gbpxkat Ha Hebnaronpwu-
ATHW YCNOBUSA N ca NO-NPOAYKTUBHU
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subterranean clover + perennial ryegrass
(33:33:33%). Nitrogen in dry mass yield in
pure legumes was similar in birdsfoot
trefoil (5.95 g/kg dry mass) and
subterranean clover (5.86 g/kg dry mass),

and lower in sainfoin (5.43 g/kg dry
mass).
An averaged from the mixtures of

birdsfoot trefoil, sainfoin and subterranean
clover with perennial ryegrass (50:50%).
Nitrogen in dry mass yield was found
25.7% higher as compared to nitrogen in
dry mass yield in pure legumes.

Key words: birdsfoot trefoil,
sainfoin, subterranean clover, perennial
ryegrass, plastid pigments, nitrogen in
yield

INTRODUCTION
Interest towards intercrops
based on growing legume and

grasses is rising in recent years
due to their role in development of
sustainable and ecologically
friendly agriculture (Luscher et al.,
2014; Kusvuran et al., 2014).

Nitrogen derived from biological
nitrogen fixation is the main source
of nitrogen utilized directly by
plants (Graham, 2008; Solomon et
al., 2012). The legume component
in such intercrops contributes to
increase of nitrogen content in the
mixture (Scholefield and Titchen,
1995; Peeters et al., 2006;
Pozdisek et al., 2011).

Mixtures are more effective than
pure grown crops in using
environmental resources, better
withstand adverse conditions and
are more productive (Albayrak et
al., 2011; Mihovski and Sabeva,



(Albayrak et al., 2011; Mihovski and
Sabeva, 2011; Chourkova, 2014).

EOnH oT Han-BaxxHUTe gpakTo-
pu, onpefensawn nNpoayKTUBHOCT-
Ta, € npouecbT OTOCMHTES],
ype3 KOWTO 3eNneHuTe pacTeHus
HaTpynBaT OpraHN4yHO BELLECTBO U
eHeprusa  (Nichiporovich, 1971,
Smirnova et al., 2013). lNMornbLa-
HETO W TpaHchopmauusaTa Ha
CnbHYeBaTa eHeprus ce ocblLecT-
BABa 4pe3  (POTOCUHTETUYHUTE
NMUrMeHTn — xnopodunn a n b, un
kKapoTuHonan. OCHOBEH Xropou
e xnopodwun a, komTo obeanevasa
No-BMCOKa e(PeKTUBHOCT Ha npoLe-
Cca Ha npeBpbllaHe Ha Auokcuaa
Ha Bbrnepoga W BogaTta B opra-
HUYHM cbeanHeHns. KapoTuHonam-
Te uM3NbfAHABaT W 3aliuUTHa
dyHKUMA npepoTBpartasart
OECTPYKTUBHOTO (POTOOKUCIISIBaHE
Ha OpraHM4yHUTEe CbeduHEeHUs Ha
npoTonsasmara B NPUCHLCTBME Ha
ceBobogeH kucnopon. Covabpxka-
HMETO Ha (OTOCUHTETUYHU NUr-
MEHTU e nokasaTten 3a peakuusTa
Ha pacTeHndTa KbM [POMEHUTE
BbB (pakTopuTe Ha BbHLHAaTA
cpefa W cTeneHTa Ha aganTtaumd
KbM HOBUTE EKOMOrMYHW YCroBUS
(Titova, 2010; Nurmakova, 2013;
Smirnova et al., 2013).

B cmecku yyactsaT pasnuyHu
KOMMOHEHTW, KOUTO BNM3aT B
KOHKYPEHTHMU OTHOLWEHNA ”n OT
PU3NONOTNYHNS UM CTaTyC 3aBUCK
NPOOYKTMBHOCTTA N Ka4yeCTBOTO Ha
dypaxa.

B HacTodweTo npoyyBaHe ca
BKIMHOYEHN TpagMLUMOHHU MacuLLHU
dypaxHn KynTypu (3Be3gaH, ec-
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2011; Chourkova, 2014).

One of the most important
factors determining productivity is
the photosynthesis process by
which green plants accumulate
organic matter and energy
(Nichiporovich, 1971; Smirnova et
al., 2013). Ingestion and
transformation of solar energy is
achieved by photosynthetic
pigments — chlorophyll a and b,
and carotenoids. A major
chlorophyll is chlorophyll a and it
provides higher efficiency of the
conversion of carbon dioxide and
of water in the organic compounds.

Carotenoids also have a protective
function - prevent destructive photo
oxidation of organic compounds of
protoplasm in the presence of free
oxygen.

The content of photosynthetic
pigments is an indication of the
response of plants to changes in
environmental factors and the
degree of adaptation to new
environmental conditions (Titova,
2010; Nurmakova, 2013; Smirnova
et al., 2013).

In mixtures involving different
components that come in
competition, and productivity and
quality of the forage depends on
their physiological status.

In the present  study
traditional pasture forage crops
(birdsfoot trefoil, sainfoin, perennial



napseTa, naculleH pawurpac), us-
NoN3BaHeToO Ha KOWUTO B nacuvuwaTta
Ha CTpaHuTe C yMepeH KnumaT e
no3Hata npaktuka (Vuckovi¢, 2004;
Katova, 2007; Chourkova, 2014).

lMoasemHata aeTenvHa
(Trifolium subterraneum L.) e wn-
POKO pa3npocTpaHeH KOMMOHEHT B
nacuwiata B ymepeHute obnactu
Ha CpegHa n CesepHa EBpona, u
Amepuka (Nichols et al., 2012), Ho
npoy4BaHUATa npe3 nocrnegHuTe
roguHn nokaseaT, 4e T9 WMma
npakTuyecka nNpUIOXMMOCT U 3a
KnumaTu4HUTE ycrnosusa Ha bunra-
pus (Bacunes, 2006; Vasileva and
Vasilev, 2012; llieva et al., 2015).

Llenta Ha HacTosiwaTta pabo-
Ta e Ja ce onpegenaTr Cbabpxa-
HMETO Ha nnacTMaHW MNUIMEHTU
(xnopocomnn 1 KapoTMHougun) u
asoTa B gobumBa HagsemMHa Maca
Ha 3Be3daH, ecrnapseTta 1 noasem-
Ha geTenuHa, OTrnexgaHm camo-
CTOATENHO U B CMECKM C NacuLleH
paurpac.

MATEPUAN W METOOU
OnuTbT € U3BeaeH BbB Bere-
TaUMoHHaTa Kbla Ha UHCTUTYT no

dypaxHute  Kyntypu, [lneseH,
Bvnrapua (2013-2014 r.), npwm
NONYKOHTPONMpaHu yCroBus.
O6GekT Ha nscnegsaHe ca: 3Be3aH
(Lotus  corniculatus L.) copTt
“Tbprosuwie 17 ecnapseTa
(Onobrychis Adans.) - MecTHa

nonyraumd, nog3emMHa AeTenuHa
(Trifolim Subterraneum SSp.
brachycalicinum) copT “Antas” wn
nacuvweH paurpac (Lolium perenne
L.) copt “XapmoHus - UOK”. KynTy-
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ryegrass) were included, the use of
which in the pastures of temperate

countries is known practice
(Vuckovi¢, 2004; Katova, 2007;
Chourkova, 2014).

Subterranean clover

(Trifolium  subterraneum L.) is
widely distributed in pastures of
temperate climatic regions of
Middle and Northern Europe and
America (Nichols et al., 2012), but
the studies in recent years showed
that it has the practical applicability
of the climatic conditions of
Bulgaria as well (Vasilev, 2006;
Vasilev and Vasileva, 2012; llieva
et al., 2015).

The aim of this work was to
determine plastid pigments content
(chlorophylls and carotenoids) and
nitrogen in dry mass yield of
birdsfoot trefoil, sainfoin and
subterranean clover, pure grown
and in mixtures with perennial
ryegrass

MATERIAL AND METHODS

The trial was carried out in
the greenhouse of Institute of
Forage Crops, Pleven, Bulgaria
(2013-2014) under semi controlled
conditions. Birdsfoot trefoil (Lotus
corniculatus L.) cv. “Targovishte 17,
sainfoin (Onobrychis Adans.) local
population, subterranean clover
(Trifolim Subterraneum SSp.
brachycalicinum) cv. “Antas” and
perennial ryegrass (Lolium
perenne L.) cv. “IFK - Harmoniya”
were used. The crops were grown
pure and in two and three



puTe ca NPoy4YeHn CaMOCTOSATESNTHO
N B OBY- U TPUKOMMOHEHTHN CMeC-
K/ B CrieQHUTe BapuaHTW: 3Be3adaH
(100%); ecnapseta (100%); noasem-
Ha petenunHa (100%); 3BesgaH +
nacuwieH paurpac (50:50%); ecnap-
3eTa + nacuweH pavrpac (50:50%);
nog3emMHa pAeTenuHa + nacuueH
panrpac  (50:50%); 3BesgaH +
nog3eMHa feTenuMHa + nacuuieH
panrpac (33:33:33%); ecnapseta +
nog3eMHa pfeTenvHa + nacuuleH
pawnrpac (33:33:33%).

3a onuTa ca 13nonsBaHu Cb-
JoBe ¢ BMecTMMmocT 6 |, HanbrnHe-
HW C noysBa (NOYBEH MOATUM U3NY-
XeH 4vepHoseMm). Ceuntbata e u3-
BbpLleHa Ha AbnboynHa 1-1.5 cm
3a 3Be3faH, nog3emMHa getenuHa u
nacuwieH paurpac, 1 3 cm 3a
ecnapseta. [loBTopHOCTTa Ha
BapuaHTUTe e YeTUpukpaTHa.

B cBexu pactutenHum npobwu
npw npubmnpaHe Ha NbPBKU NogpacT
3a oypax e onpefeneHo Ccbabp-
XaHWeTo Ha NNacTUAHW NMUTMEHTU
(xnopocoun  a, xnopocpun b,
KapoTuHouau, n obuio) no metona
Ha 3eneHckun n Morunesa (1980).
3a uenTta ca B3emMaHu pacTUTesHu
npobu OT pacTeHudATa, oTrnexaa-
HMW  CaMOCTOATENHO, a npu
CMECKUTE — OT BCEKU KOMIMOHEHT.
M3uncneHn ca CbOTHOLIEHNATA Ha
nNacTUgHUTE MUIMEHTU — XJOPO-
dun a/xnopocun b un xnopodwun
a+b/kapoTnHounan.

B cyxu pactutenHu npobu e
onpefeneHo CbAbpXaHWETO Ha
o6y asoT no Kengan (% ot abco-
MNIOTHO CYXOTO BELEeCTBO) B HaA-
3emHaTa maca (AOAC, 1990), asoT
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component mixtures in the next
treatments: birdsfoot trefoil (100%);

sainfoin  (100%); subterranean
clover (100%); birdsfoot trefoil +
perennial ryegrass (50:50%);
sainfoin + perennial ryegrass
(50:50%); subterranean clover +
perennial ryegrass (50:50%);
birdsfoot trefoil + subterranean
clover + perennial ryegrass
(33:33:33%); sainfoin +

subterranean clover
ryegrass (33:33:33%).
Plastic pots with capacity of 6
| were used filled with soil (leached
chernozem subtype). The sowing
was made on the depth of 1-1.5
cm for birdsfoot trefoil,
subterranean clover and perennial
ryegrass, and 3 cm for sainfoin.
Treatments were four replicated.

+ perennial

In fresh plant samples taken
from the first cut harvested for
forage plastid pigments content
(chlorophyll a, chlorophyll b,
carotenoids, and total) (mg/100 g
FW) was determined according
Zelenskii and Mogileva (1980). For
this purpose plant samples were
taken from plants grown both,
alone and in mixtures; for the
mixtures — samples were taken
from every component. Chlorophyll

a/chlorophyll b and chlorophyll
a+b/carotenoids ratios were
calculated.

In dry plant samples total
nitrogen content by Kjeldahl (as
percentage of absolute dry matter)
in  aboveground mass was
determined (AOAC, 1990), after



B pgobuBa cyxa HagsemMHa Maca
(npousBegeHne oT NPOAYKTUBHOCT-
Ta Ha cyxa HaasemHa maca U %
asoT), (N, g/kg cyxa HagsemHa
mMaca). EkcnepumeHTanHuTe gaHHu
ca o00paboTeHn CcTaTUCTUYECKN,
n3non3Banku coTyepeH MpoayKT
SPSS (2012).

PE3YJITATU N OBCBXOAHE

CbabpxaHMeTo Ha nnactua-
HW MUIMEHTM KaTo nokasaTten 3a
13MONOrM4YHNA cTaTyCc Ha pacTte-
HUSATa ce NPOMEHs nopg BrivsHUe
Ha pasnuyHu hakTopu.

[daHHnTe OT HaweTo npoyy-
BaHe ca oTpaseHun Ha Tabnuua 1 1
OT TAX Ce BWxAa, 4ye npu camo-
CTOATENHO OTrNexgaHuTe KynTy-
pW, Han-BUCOKO OOLWO CbabpXa-
HME Ha nnacTMgHW NUIMEHTN e
yCTaHOBEHO Mpu  ecnap3eTaTta
(333.96 mg/100 g FW) n nacuwi-
Hua panrpac (332.19 mg/100 g
FW). lNpwn 3Be3gaH ToBa Cbabpxa-
Hne e 172.54 mg/100 g FW, a npu
noasemMHaTa [fgeternvHa 95.73
mg/100 g FW.

B cmeckn cbabpxaHueTo Ha
nnacTuaHW NUrMeHTn Bapupa B no-
CWNHa CTeneH, nopagan KOHKy-
PEHTHUTE B3aMMOOTHOLUEHNS
Mexay KOMMOHeHTuTe. B aBy- M
TPUKOMMNOHEHTHUTE CMECKM Ha
3Be3daH, ecnapseta M noasemHa
AeTenuHa C nacuweH paurpac, ce
Habnogasa TeHOeHUUsa 3a yBenu-
YyaBaHe CbAbpXaHMeTo Ha nnac-
TUOHU NUrMeHTn npu B6o6osBute
KyNnTypu B CpaBHEHME CbC CaMo-
CTOATENHUTE W HamansiBaHe Ha
TOBa B NacuLLHWS panrpac.
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nitrogen in vyield of dry mass
(productivity of dry mass multiplied
by the percentage of nitrogen), (N,
g/kg dry mass). Data were
averaged and statistically
processed using SPSS (2012).

RESULTS AND DISCUSSION

The content of plastid
pigments as an indicator of the
physiological status of the plant is
changing under the influence of
various factors.

The data from our study are
shown in Table 1 and we can see
that in pure grown crops the
highest plastid pigments content
was found in sainfoin (333.96
mg/100 g FW) and perennial
ryegrass (332.19 mg/100 g FW).

Plastid pigments content in
birdsfoot trefoil was found 172.54
mg/100 g FW and in subterranean
clover - 95.73 mg/100 g FW.

Plastid pigments content in
mixtures strongly varied due to the
competitive relationships between
the components.

In the two- and three component
mixtures of birdsfoot trefoil,
sainfoin and subterranean clover
with  perennial ryegrass the
tendency plastid pigments content
to increase in legumes and
decrease in perennial ryegrass
was observed.



Ta6bnuua 1. CbAabpKaHMe Ha NNAacTUAHU NMUTMEHTU NPU HAKOUM 6060BM KynTypum,
CaMOCTOSITENTHO U B CMECKM C NaculleH paurpac
Table 1. Plastid pigments content in some legumes, pure and in mixtures with

perennial ryegrass

BapuaHTtun Xna Xn. b Xn.a/b Xn.a+b KapoTuHonam Xn.a+b/ Oo6wo % pure
Treatments Chl. a Chl.b Chl.a/b  Chl. atb Carotenoids KapoTuHoMAmn Total
Chl. a+b/
carotenoids
mg/100 g FW
B. trefoil 80.74  64.16 1.26 144.90 27.64 5.24 172.54 -
Sainfoin 155.1 126.21 1.23 281.31 52.65 5.34 333.96 -
Subclover 40.08  41.96 0.95 82.04 13.69 5.99 95.73 -
Ryegrass 150.78 127.95  1.18 278.73 53.46 5.21 332.19 -
SE (P=0.05) 22.98 21.84 0.07 49.76 9.77 0.18 59.53
+SD 55.97 43.69 0.14 99.53 19.55 0.37 119.06
cmecku/mixtures

B. trefoil + 131.52 106.05 1.24 237.57 46.20 5.14 283.77 +64.5
ryegrass 133.89 12441  1.08 258.30 46.29 5.58 30459  -8.3
Sainfoin+ 17214  141.84  1.21 313.98 60.21 5.21 37419  +12.0
ryegrass 147.66 129.00 1.14 276.66 55.74 4.96 332.40 +0.1
Subclover+  103.68  98.00 1.06 201.68 39.28 5.13 240.96 +151.7
ryegrass+ 126.72 11142  1.14 238.14 43.95 5.42 282.09  -15.1
B. trefoil 155.22 136.98 1.13 292.20 51.42 5.68 343.62 +99.2
subclover+  101.82 103.10  0.99 204.92 34.28 5.98 239.20 +149.9
ryegrass 1344 117.33  1.14 251.73 46.05 5.47 297.78  -10.4
Sainfoin+ - - - - - - -
subclover+  102.81 11046  0.93 213.27 36.09 5.91 249.36  +160.5
ryegrass 122.88 106.14  1.16 229.02 43.41 5.28 27243  -18.0
SE (P=0.05) 6.77 4.34 0.02 10.87 2.36 0.09 13.14
+SD 2247  14.42 0.09 36.07 7.86 0.33 43.59

0] ) 0oboBuTe KynTypwu In the legumes the strongest
nnacTtugHuTe MUTMEHTHN Ham- | increase of plastid pigments
cunHo ce  yeenuyaBaT  npwu | content was found in subterranean
nog3emMHaTta pgetenuHa (T.e. B | clover (i.e. in mixtures where
CMEeCKUTe, B KOUTO € BKIOYEeHa | subterranean clover was
nog3emMHa  getenuHa).  Taka, | included). So, plastid pigments
cbabpXaHMeTo Ha nnactugHu | content increased from 64.5% in

NUrMEHTU ce yBenuyasa oT 64.5%
3a noasemMHa getenvHa+ nacuvileH
panrpac (50:50%) po 160% 3a
3Be3faH + nogsemHa getenuHa +
nacuweH pavrpac (33:33:33%).
Mpn cmeckaTta Ha ecnapseTta
C nacuieH paunrpac cbabpxaHue-
TO Ha nnacTugHM MUIMEHTU ce
yBenuvyaBa npu ecnapseta cC
12.0%, a npu nacuLleH panrpac e
Ha HMBOTO Ha KOHTponara.
CbabpXaHMeTo Ha nnactma-
HU NMUTMEHTN B NacULHUA panrpac

subterranean clover + perennial
ryegrass (50:50%) to 160% in
birdsfoot trefoil + subterranean
clover + perennial ryegrass
(33:33:33%).

Plastid pigments content in
the mixture of sainfoin with
perennial ryegrass was found to
increase in sainfoin by 12.0% and
in perennial ryegrass was on the
level of the control.

Plastid pigments content in
perennial ryegrass decreased from
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Hamansiea oT 8.3% npu OBoMHaTa
cMecka cbec 3Be3gaH Ao 18.0% B
TponHaTta cCMecka C ecnapseta U
noagsemMHa pgetenuHa. Han-cunHo
€ HamareHueTo nNpu BapuaHTuTe C
yyacTne Ha nopsemMHa geTtenvHa
(¢ 15%-18%).

Bb3amoxHa npuyvHa 3a yBe-
nnyaBaHe  CbAbpXaHMETO  Ha
nnacTugHn NUrmMeHTn npm 606o0BuK-
Te U HamansaBaHe Mnpu nacuHus
panrpac, e oOMeHbT Ha asoT
mMexagy Kyntypute. [MacuwHuat
panrpac ctumynupa 6uonornyHa
domKkcauma Ha asoTa, nony4vyaBanku
ro ot 6o6osute (Davidson et al.,
1986; Rogers et al., 1998).

M3TOYHMK Ha eHeprna u
ernekTpoHn, HeobxoguMmn 3a npo-
LecuTe Ha asoTdukcauma e oTo-
cuHTe3aTa B pacTteHudata (Lvov,
1983; O’Donohue et al., 1991,
Kaiser et al., 1999). 3a crteneHTa
3a copmupaHe Ha OTOCUHTE-
TUYHMA anapat ce Ccban no
CbOTHOLLUEHNETO Ha Xxnopodun a
KbM xropodun b. ToBa CbOTHO-
LUeHNe e CBbpP3aHO C aKTUBHOCTTa
Ha OCHOBHMA xnopodwun a. To e
OTHOCUTENHO MOCTOSIHHA BeNUYK-
Ha W Cce cuMTa 3a reHeTU4HOo
netepmeHupaHa (Petkova and
Poryazov, 2007; Titova, 2010).
[MonyyeHuTe B HaweTo u3creaBa-
He CTOMHOCTM 32 CbOTHOLLEHME Ha
xnopodun a kbM xsfiopocun b Ba-
pupaTt B TECHWU rpaHULUM, CbOTBET-
HO npu 3Be3gaH (1.13-1.26),
ecnapseta (1.21-1.23), nogsemHa
petenvHa (0.93-1.06) u nacuwieH
panrpac (1.08-1.18).

8.3% in binary mixture with
birdsfoot trefoil to 18.0% in triple
mixtures  with  sainfoin  and
subterranean clover. The

strongest decrease was found in
the variants where subterranean

clover was included (by
15%-18%).

Possible reason for the
increase of plastid pigments

content in legumes and decrease
in perennial ryegrass is the
nitrogen exchange between the
Crops. Perennial ryegrass
stimulates biological fixation of
nitrogen, inheriting it from legumes
(Davidson et al., 1986; Rogers et
al., 1998).

Photosynthesis is a source of
energy and electrons needed for
the process of nitrogen fixation in
plants (JleBoB, 1983; O’Donohue
et al., 1991; Kaiser et al., 1999).
The degree of formation of the
photosynthetic apparatus was
assessed by the ratio of
chlorophyll a to chlorophyll b. This
ratio is related to the basic activity
of chlorophyll a.

It is a relatively constant and is

considered to be genetically
determined (Petkova and
Poryazov, 2007; Titova, 2010).

Values obtained for the chlorophyll
a to chlorophyll b ratio varied
within  narrow limits, i.e. in
birdsfoot trefoil (1.13-1.26),
sainfoin (1.21-1.23), subterranean
clover (0.93-1.06) and perennial
ryegrass (1.08-1.18).
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CboTHOWeHNeTO Ha cymara
Ha xrnopodunute KbM KapoTUHOU-
aute (xnopodun a+b/kapoTuHou-
ON) CbLO MMa BaXHO 3HaveHue
KaTO XapakTepucTuka Ha doTo-
CUHTETUYHMA anapaT W pearupa
Ha 3MeHeHnaTa Ha dpakTopuTe Ha
BbHWHaTa cpega. B Haweto
n3crieaBaHe CTOMHOCTUTE MY Mpu
CaMOCTOATENHO oTrnexaaHuTe
KynTypu ca B rpaHuymnte ot 5.21
npu nacuvueH paurpac go 5.99
npu noasemHa petenuHa. [lpu
CMecKuTe CTOMHOCTUTE ca 6nusku
A0 Te3an Ha CaMOCTOATEerHuUTe
Kyntypu v Bapupat ot 4.96 npu
nacuweH panrpac go 5.98 npwu
noAsemHa geTenuHa.

Mo oTHOWeHNe Ha cbabpXxa-
HMeTO Ha as3oT B gobusa npwu ca-
MocTodATenHuTe 6060BM KynTypw,
To e 5.95 g/kg cyxa maca npwu
3Be3gaH, 5.86 g/kg cyxa maca npu
noAseMHa geTenuHa, U Mno-HUCKO
npu ecnapseta - 5.43 g/kg cyxa
maca (dPurypa 1).

HaTtpynBaHeTo Ha a3oT npwu
nacuwHnsa paunrpac e pesynrar
€OVHCTBEHO OT acumunauusaTa Ha
HUTpaTEeH a3oT MNpe3 KopeHwuTe OT
HUTpaTpeaykTasaTta, a npu 6060-
BUTE € BKMIOYEH W NpouecbT Ha
cumbuoTuyHa asoTtdukcaums. MNpu
ycrnewHa KOHKYpeHUns  Mmexay
KOMMOHEHTUTE 3a AOCTbIMEH asor,
eduKacHOCTTa Ha W3Mon3BaHeTo
MYy € MO-BMCOKa.

Mvma paHHM 3a noTuckaHe
NPOOYKTMBHOCTTA Ha Ccyxa HaA-
3eMHa Maca B CMecka C HSKou
XUTHW KOMMOHEHTU. Taka e npwu
cMecka Ha 3Be3gaH c rpebeHuat

The chlorophyll
a+b/carotenoids ratio has also
important  significance as a

characteristic of the photosynthetic
apparatus and react to the
changes of the environmental
factors.

In our study the values of this ratio
in pure grown crops had ranged
from 5.21 in perennial ryegrass to
5.99 in subterranean clover.

In mixtures the values were close
to those of the pure crops and
varied from 4.96 in perennial
ryegrass to 5.98 in subterranean
clover.

Regarding nitrogen content
in vyield - in pure -cultivated
legumes it was 5.95 g/kg dry mass
in birdsfoot trefoil, 5.86 g/kg dry
mass in subterranean clover and
lower was found in sainfoin - 5.43
g/kg dry mass (Figure 1).

Nitrogen accumulation in
perennial ryegrass was the result
solely  of nitrate nitrogen
assimilation through the roots due
to the activity of nitrate reductase,
while in legumes the process of
nitrogen fixation was included.
After  successful  competition
between the components for the
available nitrogen, nitrogen use
efficiency in mixtures was highest.

It has been reported to
suppress the productivity of dry
mass in a mixture with some grass
components. That's mixture of
birdsfoot trefoil with wheatgrass
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xutHak (Vasileva, 2011). Macuw-
HUAT panrpac B HaLLeTO Npoy4YBaHe,
Makap W arpecvBeH KaTo Bua, He
OKa3Ba MOTMCKaLLO OENCTBUE BbPXY
NPOOYKTMBHOCTT@ Ha Cyxa Maca,
KOeTo ce oOTpassBa € BbpXy
CbAbpXaHMETO Ha a3oT B fobuBa.

(Vasileva, 2011). Perennial
ryegrass in our study although an
aggressive  species had no
depressing effect on the

productivity of dry mass which is
reflected on the nitrogen content in
the yield.

Sub+R (50:50)

]6.96

Sub (100%)

][5.86

S+Sub+R (33:33:33)

|p.80

S+R (50:50)

6.00

S (100%)

BT+Sub+R (33:33:33)

]7.07

BT+R (50:50)

]7.10

N, g/kg dry mass

BT (100%)

5.95

0.00

dur. 1.

6.00 8.00

CbAabpXaHne Ha a3oT B AobuMBa npu HAKOM 0606OBU KynTypwm,

CaMOCTOATENHO M B CMECKM C NacuLleH panrpac
Fig. 1. Nitrogen in dry mass yield in some legumes, pure and in mixtures with

perennial ryegrass

(BT - Birdsfoot trefoil, R — ryegrass, Sub — subterranean clover, S - sainfoin)

B cmeckn 6060BUAT KOMMO-
HEHT 4pe3 asoTduKcupaliaTa cu
CNocoBHOCT cHabasBa XUTHUS C
a30T, KOeTo MNOBNUsSBa BbPXY
NPOAYKTMBHOCTTA Ha CMecKarta.
BoboBuTe U XUTHM KOMMOHEHTU
MMaT pasnuyeH TUN KOpPEeHOoBa
cuctema. bobosute ca ¢ AbLNOOKO
NPOHUKBALLA, a >XWUTHUTE, O0pU
npy Te3an C no-gbnboka, no-
ronaMa 4act OT KOpeHuTe ca
KOHLIEHTPMpPaHW B ropHaTa 4acT Ha
noysarta Ha gbnoo4dnHa oo 20 cm.
BbamoxHocTTa XXUTHOTO aa
abcopbupa dukcmpaHms asoT oT
6060BOTO € pasnnyHa 1 3aBucK oT

The legume component
through  nitrogen-fixing  ability
supplying grasses with nitrogen,
which affects positively on the
productivity of mixtures. It is
known that legumes and grasses
have different type of root system.
Legumes have deep rooting
system but grasses even when
these which developed deeper
root system most of the roots are
concentrated in the top of the soil
to a depth up to 20 cm.

The ability grasses to absorb the
fixed nitrogen from legumes are
different for different grasses and
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aKTUMBHOCTTa Ha KopeHuTe
(Matsunaka and Takahasi, 2001).
[MpooykTMBHOCTTAa B CMECKM € Mo-
BMCOKa, cnepj ycBosiBaHe Ha 4acT
OT as3oTa ot 6o6oBarta KynTypa.
MopobHn ca 3aknyeHusiHa Ha
Ledgard and Steel (1992).

Taka, npy 3Be3gaH a3oTbT B
aobuBa e no-BMCOK B CMECKM C
npnbnuantenHo 20%, kaTto HAMa
AoKasaHa pasnuka 3a [ABy- MU
TPUKOMMNOHEHTHUTE MY CMECKW.

Mpn ecnapseta npesBule-
HMeTO € no-manko, nopagu no-
HMCcKaTa MPOAYKTMBHOCT Ha Tasu
KynTypa v LUSnocTHOTO 1 no-cnabo
pasBuUTME, KaKTO CaMOCTOSITESHO,
Taka u B cmeckn. Hume (1985) u
Hardarson and Atkins (2003)
cuuTaT, Ye rnaBHUAT dakTop 3a
dopmMmpaHe Ha pacTuTenHarta
Maca npu ecnapseTtata € asoTbT
OT noyBaTta 1 OT asoTdukcauuaTa.
Mpwu Tasu kynTypa obaye nma oco-
GeHocCT 3a hukcnpaHe Ha cpaBHU-
TEeNHO Marku KormyecTtsa as3oT OT
aTtmocdepaTta. ToBa e ycTaHoBe-
HO Npw NpoBeXxaaHe Ha nscnensa-
HAS C  pasnuyHM  metToam -
n3oToneH meToq N (Provorov
and Tikhonovich, 2003; Campillo
et al., 2005; Prosser et al., 2006),
KaKTo U No MeToda Ha pedepeHT-
Ha kynTtypa (Carlsson and Huss-
Danell, 2003; Hardason and
Atkins, 2003). B cpaBHeHne c
apyrm 6o6osu (6sna u yepBeHa
aeTenuHa, v niouepHa) aBTopuTe
n3amepBat  HWUCKM  KONmM4yecTBa
doumkeupaH asoT. Kato Bb3MOXHa
npuynHa Te nocoysBaTt pakra, 4e
ecrnapseTtaTa ce HyXgae OT OKOSo

depend on the activity of roots
(Matsunaka and Takahasi, 2001).

The productivity in mixtures is
higher due to absorption by grass
a part of the nitrogen of legume.
Similar conclusions are reached
and Ledgard and Steel (1992).

In birdsfoot trefoil's mixtures
nitrogen in yield was found
approximately 20% higher with
having no proven difference to
two- and three components
mixtures.

The enhance in sainfoin was
less due to the low productivity of
this crop as well as its overall
weaker development, both in pure
and in mixtures. Hume (1985) and
Hardarson and Atkins (2003)
considered that the main factor for
the formation of plant mass in
sainfoin is the nitrogen from the
soil and from the nitrogen fixation.

In this culture, however, has a
special feature for fixing of
relatively small amounts of

nitrogen from the atmosphere. It
was found in the conduct of
research with a variety of
methods, i.e. °N isotopic method
(Provorov and Tikhonovich, 2003;
Campillo et al., 2005; Prosser et

al., 2006), as well as by the
method of reference culture
(Carlsson and Huss-Danell, 2003;
Hardason and Atkins, 2003).

Authors measured low amounts of
fixed nitrogen in comparison to
other legumes (white and red
clover, and alfalfa). As a possible
reason they cited the fact that
sainfoin needs about 20 mol CO2
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20 mol CO2 3a cBbp3BaHe Ha 1
mol N2, 3a pasnuka oT gpyruTte,
BKITOMEHN B npoydBaHeTo 60608BM
KyNnTypu, Npu KOUTo ca Heobxoam-
Mu okono 10 mol. Ecnapsetarta e
M C No-marnka cnocobHOCT 3a YCBO-
siBAHe Ha BbIMepon, KakTo U C no-
Marika nuctHa noBbpxHocT (Hume
et al., 1985; Shakirov et al., 2010).

CbabpxaHMeTo Ha as3oT B
pobvBa HaglemMHa mMaca B
cMeckaTa Ha nogseMHa getenuHa
C nacuvueH paunrpac e no-BUCOKO
OT CaMOCTOATENHO oTrnegaHaTa
noasemHa getenuHa ¢ 18.7%.

YcTaHoBeHa e cunHa 3aBucu-
MOCT MexXay NpOAyKTUB-HOCTTa Ha
Cyxa Ha3eMHa Maca U CbabpXKaHu-
€TO Ha a3oT B gobuBa B npoy4yBa-
HUTE KynTypu n cmecku (r=0.961).

CpenHO OT cMecKkuUTe Cbabp-
XaHWeTo Ha as3oT B gobuBa e C
23.8% no-BMcoko OT ToBa B
CaMOCTOATENHUTE KYyNTypu, KaTo
NPEeBULLEHNETO € HaN-ronsiMo Npu
OBYKOMMOHEHTHUTE CMeCKHM
(25.7%).

n3soau

CbabpxaHueTo Ha nnactua-
HA MUIMEHTU MPU CaMOCTOSTESTHO
oTrnexaaHe Ha 3Be3faH, ecrnapse-
Ta W rnoA3emMHa AeTernvHa e KakTo
cnepga: ecnapseta (333.96
mg/100 g FW), 3Be3gaH (172.54
mg/100 g FW) wu noasemHa
aetenuna (95.73 mg/100 g FW).

B cmecku ¢ nacuweH panrpac
CbAbPXaHMETO Ha NIacTUaHWU nur-
MEHTU ce yBenu4yasa npu 606o0Bu-
Te KynTypu B CpaBHEHME CbC
CaMOCTOATENHUTE W Hamansea

for 1 mol N2, unlike others
legumes, included in the study
needed around 10 mol.

Hume et al. (1985) and Shakirov
et al. (2010) considered that
sainfoin has less ability to absorb
carbon, as well as smaller leaf
surface.

Nitrogen content in dry mass
yield in mixture of subterranean
clover with perennial ryegrass was
higher than pure grown
subterranean clover by 18.7%.

A strong correlation was
found between the productivity of
dry mass and nitrogen in dry mass
yield in pure crops as well
mixtures tested (r = 0.961).

Nitrogen content in dry mass
yield on averaged from mixtures
was found be higher than in the
pure grown crops by 23.8%, such
the enhance of the nitrogen in
yield was the highest in two
components mixtures (25.7%).

CONCLUSIONS

Plastid pigments content in
pure grown crops was found as
follows: sainfoin (333.96 mg/100 g
FW), birdsfoot trefoil (172.54
mg/100 g FW), subterranean
clover (95.73 mg/100 g FW).

Plastid pigments content in
mixtures of  birdsfoot trefoil,
sainfoin and subterranean clover
with perennial ryegrass increased
in legumes and decreased in
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npu nacvieH pawrpac. Han-ronga-
MO € yBENUYEHUETO B CbAbpXKaHu-
€TO Ha nnacTugHW MUrMeHTU 3a
noa3eMHa getenunHa — ot 64.5% (B
CMeckuTe U C nacuwieH paurpac)
no 160% (B Te3n cbC 3Be3gaH U
nacuLleH paurpac).

CbabpxaHueTo Ha a3oT B 0-
6vBa Hag3emHa maca npu camo-
croatenHute 3BesgaH (5.95 g/kg
cyxa maca) v noasemMHa getenvHa
(5.86 g/kg cyxa maca) e 6nunsko no
CTOMHOCT, N MO-HUCKO Mpu ecnap-
3eTa (5.43 g/kg cyxa maca).

B cmeckn cbabpkaHueTo Ha
a3oT B gobmBa Haa3eMHa Maca e C
25.7% no-BMCOKO OT TOBa Ha
CaMOCTOATENHUTE KYNTYpWU.
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grass. The highest increase of
plastid pigments content was found
in subterranean clover from
64.5% (for mixtures with perennial
ryegrass to 160% (for these with
birdsfoot trefoil and perennial
ryegrass.

Nitrogen in dry mass yield in
pure legumes was found be similar
in birdsfoot trefoil (5.95 g/kg dry
mass) and subterranean clover
(5.86 g/kg dry mass) and lower in
sainfoin (5.43 g/kg dry mass).

Nitrogen in dry mass yield
was found 25.7% higher as
compared to nitrogen in dry mass
yield in pure legumes.
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PE3IOME

lMpoydyeHo e nocnegencTBUeTO Ha
BuonoruyHnte npoayktn Hum Asan T/C u
Mupetpym ®C EK (BMONOrMYHN UHCEKTU-
unan) BbpXy XMMUYHUS CbCTaB, UH BUTPO
CMWNaeMOCT, KaKTO U BbpPXY XpaHUTernHa-
Ta CTOMHOCT Ha doypax OT nouepHara.

Kato craHgapT 3a cpaBHeHuMe e
M3Mnon3BaH CUHTETUYHUS NpoaykT Hypene
0 (vHcekTnump). EkcnepumeHTBbT ce

npose-ae B WHCTUTYT no dypaxHute
KynTypu, lNneeeH, bbnrapna B nepuoga
2012-2014. TpeTupaHeTo € U3BbpLUEHO B
Ha4yanoTo Ha UbdTexa Ha BTOpu nogpact
(10-20 toHK) 3a KOHTPON Ha HenpuaATenu-
Te No cemeHata Ha nouepHa. PesynTtatu-
Te nokaseart, Ye npuraraHeTo Ha uscnea-
BaHUTE GMONOrMYHU U CUHTETUYHU aKTUB-
HA CbeOWHEeHMs1 oOKasaT MoNOXUTENTHO
Bb34ENCTBUE BbPXY CbCTaBa, CMuMae-
MOCT U eHeprumHa xpaHuTenHa CTOMHOCT
Ha nouepHaTa. TpeTupaHeTo noBuLIaBa
CbObPXaHMETO Ha CypoB TMPOTEUH W
HamarnsiBa CbObPXXaHNETO Ha BNAKHUHW B
KNeTbYyHUTE CTEHU Ha pacTeHMEeTo — Kuce-
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SUMMARY

The after-effect of organic products
NeemAzal and Pyrethrum (biological
insecticides) on chemical composition and
enzyme in vitro digestibility, as well as on
energy feeding value of the dry mass of
alfalfa was studied. As a standard of
comparison, the synthetic products
Nurelle D (insecticide) was used. The field
experiment was conducted in the period
2012-2014 at the Institute of Forage
Crops, Pleven, Bulgaria. The treatments
were carried out at the beginning of the
flowering stage in the second
undergrowth (from 10-20 June) for control
of alfalfa seed pests. The results
demonstrate that application of studied
biological and synthetic active compounds
had a positive impact on composition,
digestibility and energy feeding value of
alfalfa.

The treatment increased crude protein
content and decrease plant cell walls fiber
components content — acid detergent



NVMHHO-AETEPreHTEeH TUMHWUH, KUCWITMHHO-
OEeTepreHTHNW  BMakKHUHW,  HeyTparHo-
OeTepreHTHN BrakHMHU U XeMULEenynosa.
OnTumanHa koMOuHauus OoT nogvyepTaHo
HamaneHne Ha CbObpXaHUEeTO Ha Kre-
TbYHUTE BNIAKHHWHW KOMMOHEHTU B pacTu-
TenHaTta Krnetka CbC 3HAYUTENHO YyBeENu-
YeHMe Ha CMWUIIaeMocTTa ce YCTaHOBsIBa
cnep npunaraxHeto Ha MNMupetpym. Cmuna-
emocTtTa goctura 65.05%, ¢ yBenunyeHue
oT 8.9% cboTBeTHO. Hal-BucokaTta eHep-
MiHa XpaHUTEeNHa CTOMHOCT Ce YCTaHo-
BSBa CbLO Crnea W3MNOn3BaHeTo Ha
Mupetpym (UFL - 0,732; UFV - 0,625;
PBD - 146.8; PDIN - 119.9 n PDIE - 96.0).
CuHTeTUUHMAT npoaykt Hypene [1 Boam
00 yBenvMyaBaHe Ha napameTpute, KOUTO
XapakTtepusupaT eHepruiHaTa XpaHuTen-
Ha CTOMHOCT Ha dypax, HO B OTHOCUTEN-
HO MO-HUCKa CTEMNEH.

KnioyoBn gymu: XMMmnyeH cbCTaB,
WH BWUTPO CMUITAEMOCT, €HepruiHaTta
XpaHuTernHa  CTOMWHOCT, 61onornyHo
aKTMBHMW CbedVHEHWs, NioLepHa

yBoa

dypaxuTe ca B OCHOBaTa Ha
XpaHUTeNHW gaxobu npu naxpaHea-
He Ha XXMBOTHWUTe. HannyHuTe xpa-
HUTENHUTE BeLLecTBa BbB pypaxa
BNUSAST BbPXYy NPOU3BOACTBO Ha
XMBOTUHCKA Npoaykuma (Hanpu-
Mep, nedanbaTta OT eOHO >KMBOT-
HO), a KONMU4ecTBOTO Ha nony4e-
HMUA dypax, ce BnNusie OT Mpo-
M3BOACTBOTO Ha e€duvH  aKkbp
(Newman et al., 2009).

KauecTtBOTO Ha dhypaxka moxe
Aa ce onpepgenn no MHOro Ha4dmMHu.
To e CBbp3aHO CbC CbAbPXaAHUETO
Ha XpaHUTENHWU BELLECTBa, eHeprug,
NPOTENHN, CMWUMNAEMOCT, BIIAKHUHN,
MUHEpanHu, BUTaMUHN, U NOHAKOra
C XNBOTUHCKaTa npoaykumna
(Newman et al., 2009).

Mpn onpepensHeTo Ha Ka-
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lignin, acid detergent fiber, neutral

detergent fiber and hemicellulase.

An optimal combination of expressed
decrease in plant cell walls fiber
components content with a considerable
increase of digestibility was established
after applying of Pyrethrum. Digestibility
reaches 65.05%, respectively with an
increase from 8.9%. The highest energy
feeding value was found after used of
Pyrethrum (UFL — 0.732; UFV — 0.625;
PBD - 146.8; PDIN — 119.9 and PDIE -
96.0).

The synthetic product Nurelle D led to an
increase of parameters which
characterize the forage energy feeding
value, but in a relatively lower degree.

Key words: chemical composition,

enzyme in vitro digestibility, energy
feeding value, biological active
compounds, alfalfa

INTRODUCTION

Forages are the foundation of
most rations in a forage-based
livestock diet. The available
nutrients in a forage influence
individual animal production (e.g.,
gain per animal), while the amount
of forage produced affects
production per acre (Newman et
al., 2009).

Forage quality can be defined
in many ways. Forage quality is
associated with nutrients, energy,
protein, digestibility, fiber, mineral,
vitamins, and occasionally animal
production (Newman et al., 2009).

In defining forage quality,



4YeCTBOTO Ha (pypax, nma pasnuka
MeXay KavyeCTBOTO Ha ypax wu
dypakHa XpaHuTenHa CTOWHOCT,
BbNpekn Ye Te3n TEPMUHU YecTo
ce m3nonseaT B3anMMO3aMeHSEMO.
Bbnpekn TOBa, XpaHuTenHata
CTOMHOCT Ha (pypaxa OBMKHOBEHO
Ce OTHacs 3a KOHUeHTpauuaTa Ha
HanuyHata eHeprus (obLio HecMu-
naemMn XxXpaHuTenHu BellecTBa) u
KOHLIEHTpaLMa Ha CypoB MPOTEMH.
3a pasnuka OT TOBa, KayecTBO Ha
dypaxa e no-LWMPOKO MOHATUE,
KOETO BKNOYBa HE CaMO XpaHu-
TenHa CTOMHOCT, HO U YCBOAEMOCT
Ha dypaxa (Adesogan et al.,
20006).

BucokokayecTBeHUTEe ypax
ca B CbCTOAHME Oda [OCTaBAT B
Han-rofiiMo  KOsiIM4ecTBO HeobXxo-
ANMUTE XpaHUTENHW BelecTBa U
e umaTt no-rondm MpoLeHT Ha
yyactme B gaxobuTe, OTKONKOTO Mno-
HUCKO KayecTBeHuTe pypaxu (Linn
and Kuehn, 1994).

dakTopuTte, KOUTO BRAUAAT
BbpPXy KayecTBOTO Ha dypax
BKIMOYMBAT pasnnyHu BUOOBE CbLOT-
HOLLUEeHMe Mexay nucTa u cTbbna,
drasa Ha pacTex, NOYBEHU areHTu,
knumat, ¢dasa Ha npubupaHe Ha
pekontarta, 6bonectn U BpeguTenu
(Arzani cbTp 2001 r.).

Niwinska n gp. (2005) ycra-
HOBSBAT, Ye CbCTaBbT Ha dhypaxa
no nogpactu npu rnouepHaTa ce
pasnuyaBa Mo CbAbpXaHue Ha
CyXO BELLEeCTBO KaTO Hal-BUCOKO €
OTYETEHO B TPETU nogpacTt, a Han-
HUCKO BbB BTOpM noapact. Crnopen
aBTOpUTE CbAbPXKaHMETO Ha CypoB
NPOTEMH B CYXOTO BELLECTBO Ha
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there is distinguishes between
forage quality and forage nutritive
value even though these terms are
often used interchangeably.

However, forage nutritive value
typically refers to the concentration
of available energy (total digestible
nutrients) and concentration of
crude protein.

By contrast, forage quality is a
broader term that not only includes
nutritive value but also forage
intake (Adesogan et al., 2006).

High-quality forages are able
to supply the most nutrients and
will have a larger inclusion rate in
diets than lower quality forages
(Linn and Kuehn, 1994).

Factors that affect forage
quality include different species,
leaf-to-stem ratio, stage of growth,
soil agents, climate, harvesting,
diseases, and pests (Arzani et al.,
2001).

Niwinska et al. (2005) found
that the composition of the alfalfa
cuts differed in dry matter content
as the highest was found in cut lll,
the lowest in cut II.

According to authors, the crude
protein content in the dry matter of
cuts | and Il was similar but lower



MbpBM M BTOPU NOAPACT € CXOOHO,
HO MO-HUCKO B TPETH.

HacekoMHute BpeauTenu,
MoraT ga MOoHmXaT Ka4yecTBOTO Ha
dypax, ocobeHO ako npean3BuK-
BaT 3Ha4yuTesnHa 3aryba Ha nucTHa
Maca. Han-BMCOKO Ka4yecTBO Ha
dypax ce nony4yaBa OT MnaguTte
pacTeHUss Ha JouepHata CbC
34paBo npukpeneHn nucta. Hace-
KOMUTE, XpaHewu ce C nucTHaTa
Maca (nouepHOB nuctosa, pas-
NWYHU BUOOBE JIUCTHM BBLUKA MO
nouepHarta), KOHcymupaT Hau-
COYHMTE NUCTA Ha nouepHaTa 1 B
pesynTaT Ha HaHeceHaTa noBpeaa,
npv nunca Ha KOHTpon, 3arybaTa B
poomBa poctmra po 0.5 ToHa
dypax / akbp (Alfalfa Production
Guide for the Southern Great
Plains, 2002). B ponbnHeHue,
Dellinger n agp. (2006) ycraHoBs-
BaT HSKOJKO CbLLECTBEHU Pa3rnKu
B gobuBa Ha Cyxo BeLLecTBO U
KayeCcTBOTO Ha dypaxa mexagy
TpeTUpaHn W  HeTpeTupaHn C
WHCEKTMUMON COpPTOBE oLEepHa,
KOeTO MokKasBa, Ye Henpuarenute
BNUAST HE CaMO BbpPXy Konm4yec-
TBOTO, HO U BbPXy Ka4yecTBOTO Ha
dypaxa.

Coblwo Taka, HenpusTenute
Kato BeKTopM Ha 6Gonectn no
pacTeHusiTa, MOXe [[a MNOBMUAAT
BbpPXy KayecTBOTO, B cry4vyauTe,
Korato passuBaluuTe ce 6HonecTtu
npean3BuKBaT NPOMsiHA BbB BUAO-
BUSI CbCTaB Ha NOCEBUTE Ha none-
TO, N Hacbp4yaBaT CTapeeHEeTO Ha
nuctata (Cherney, 2008). Cnopep
aBToOpa, Mexay BpeguTenuTe, Ha-
cekomute U 6onectute obukHoBeE-
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in cut Ill.

Insect pests can lower forage
quality, particularly if they cause
significant leaf loss. Highest quality
forage is obtained from young
alfalfa plants with healthy leaves
attached.

Foliar feeding insects (alfalfa
weevil, different species alfalfa
aphids) consume the most

succulent alfalfa leaves and as a
result, there was a loss of 0.5 tons
of alfalfa per acre when insects
were not controlled (Alfalfa
Production Guide for the Southern
Great Plains, 2002).

In addition, Dellinger et al. (2006)
found few significant differences
detected in dry matter yields or
forage quality between untreated
and treated with insecticides alfalfa
cultivars which showed that insect
pests influence not only the
quantity but also the quality of the
forage.

Also, insect pest as vectors of
plant diseases can affect quality
when the developing diseases
result in a shift in the species
present in the field and when they
promote leaf senescence
(Cherney, 2008).

According to author insects and
diseases generally have their
greatest impact on yield and



HO WMaT HaW-ronsiMo  BRUsIHME
BbpXy cTabunHoctTa un gobusa Ha
dypax. CneposaTtesniHo, 3a ga ce
nogabpXxaT BUCOKM OoBuBKM M Ka-
4ecTBO Ha doypaxa, BpeguTenurte
TpsibBa Aa 6bAaT KOHTPONUPaHM.

Buonectungute  (BkNoun-
TenHo 6GuouHceuTUUMANTE) MoraT
Aa 6baaT oTnuYHa anTepHaTuBa
Ha CMHTeTU4HUTE nectuumnan. MNpe-
AN3BMKATENCTBOTO Npea Hac € fa
ce paspaboTn HOBa Hayka, HOBW
TEXHOMOrMM, HOBUM YMeEHUs 3a
yrnpaBrieHue, KakTo U HOBU KOHLen-
UMK 3a KOHTPOM Ha BpeauTenure,
3a Ja ce 3alMTuK OKonHaTta cpeaa,
M ga ce ocurypu HeobxoaMmoTo
Hanu4ve Ha 6e3onacHa n nutarten-
Ha XpaHa B XWMBOTHOBBLACTBOTO U
3a xopaTta (Saini, 2014). C ornea
Ha HapacTBalms pasmep Ha 6uo-
NOrMYHOTO MNPOU3BOACTBO, KOETO
He nos3BonsiBa ynotpeba Ha
XUMUYHWM cpefacTBa, MMa Marsko
nHpopmaumna 3a edekrta Ha 6uo-
NOMMYHN  NPOoAYKTU  (BMONOrNYHM
WHCEKTULMOWN, OpraHuyHa peryna-
TOp, OpraHW4yHM TOPOBE) BBLPXY
XpaHuTenHata CTOMHOCT Ha (ypa-
Xa oT nouepHa.

Llenta Ha HacToAWOTO npoyu-
BaHe e Ja ce onpegenu nocnegen-
CTBMETO Ha BMONOrMYHUTE NPOAYKTU
Hum Azan T/C wn MNMupetpym ®C EK
(6MONOrMYHN  MHCEKTULMAN, W3MOon-
3BaHM 3a KOHTPOJS HAa HAcCeKoMM, Mno-
BpeXdallyM ceMeHaTa Ha nouepHa)
BBbPXY XMMWYHUSA CbCTaB, WH BUTPO
CMUITAaeMOCT, KakTO MU BbpPXy XpaHu-
TenHata CTOMHOCT Ha ypax oT
nouepHara.
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persistence of forages among
pests.

Therefore, to maintain high yields
and quality, pests should be
controlled.

Biopesticides (including
bioinsecticides) may be excellent
alternatives to chemical pesticides.

The challenge before us is to
develop new science, new
technology, new management
skills, and new concepts of pest
control in order to protect our
environment, and ensure a
continuous supply of safe and
nutritious food in abundance in
livestock and also for people
(Saini, 2014). In view of the
increasing scale of organic
production, which withdraws any
chemicals from use, there is little
information about the effect of
organic products (biological
insecticides, organic regulator,
organic fertilizer) on the nutritional
value of alfalfa forage.

The aim of present study was
to determine the after-effect of
organic products NeemAzal and
Pyrethrum (biological insecticides
used for alfalfa seed insect control)
on chemical composition and
enzyme in vitro digestibility, as well
as on energy feeding value of the
dry mass of alfalfa.



MATEPUAIT U METOOU

M3cnegBaHeTo e npoBedeHo
npe3 nepuoga 2012-2014r., Ha
OnutHoTO none Ha WHCTUTYT no
dypaxHute  KynTypu, [lneseH,
Bvnrapusa, ¢ nouepHa. OnuTsT €
n3BegeH No Metoda Ha AOblrurte
napuenun cbc centbeHa Hopma 25
kg ha”, ronemuHa Ha pekonTHaTa
napuenka 10.4m? (8*1.3m), B Tpu
NOBTOPEHNA U ecTecTBEH (DOH Ha
3anacsaBaHe Ha noyeata C
OCHOBHUTE XpaHUTESTHU BeLLeCTBa.
Mpu MeToda Ha AbNrnTe napuenu,
NOBTOPEHUATa ca nogpedeHn B
eOVH YyObIDKEeH y4vacTbK, T.e.
NOBTOpPEHUATA ca nogpeneH eqHo
cnep Apyro € uen nspaBHABaHE Ha
nnogopoaneTo Ha noysara.
OnuTHLT e pasnonoXeH Ha nnoLy, oT
130 m?.

lMpoyyeHo e nocnepencrene-
TO Ha OMONOrM4yHUTE NPOAYKTU
Hum Asan T/C un Mupetpym ®C EK
(BroNorMYHN NHCEKTULMAN, N3Non-
3BaHW 3a KOHTPOS&T Ha HacCeKoMMW,
noBpexaallM cemeHaTta Ha no-
LUepHa) BbpXy XUMUYHUSA CbCTas,
WH BUTPO CMUMAEMOCT, KaKTO U
BbpPXY XpaHuTernHata CTOMHOCT Ha
dypax ot nouepHaTta. Kato cran-
AapT 3a CpaBHEHWe e W3MNon3BaH
CUHTETUMYHUA npoaykT Hyperne [
(MHCEKTUUMA).

Humaszan-T/S® e npogykr ot

WHOWUNCKOTO ObpBO Hum
Azadirachta indica A. Juss:
Meliaceae.  Cbabpxa 1 %
asagmpaxTuH A+ 0,5%
aszagupaxtvH b, B, I, O n 2,5%
HUMcybCcTaHuuS.

MupeTtpym ®C EK e HaTtypa-

83

MATERIAL AND METHODS

Over the period 2012-2014 in
the experimental field of the
Institute of Forage Crops, Bulgaria
a trial was conducted with alfalfa.

The field trial was conducted using
a long plot design with a sowing
rate of 25 kg ha™', plot size of 10.4
m? (8*1.3m), in three replications
and a natural background of soil
supply with the major nutrients. In
the long plot design, the
replications are arranged in an
elongate strip, i. e. the replications
are arranged one after the other
with the aim of equalization of the
soil fertility.

The trial was occupied an area of
130 m?.

The after-action of organic
products NeemAzal and Pyrethrum
(biological insecticides used for
alfalfa seed insect control) on
chemical composition and enzyme
in vitro digestibility, as well as on
energy feeding value of the dry
mass of alfalfa was studied.

As a standard of comparison, the
synthetic products Nurelle D
(insecticide) was used.

NeemAzal-T/S® is a product
from the Indian Neem tree
Azadirachta indica A. Juss:
Meliaceae. Active substances: 1%
azadirachtin A + 0.5% azadirachtin
B,W,G,D and 2.5% neem
substance.

Pyrethrum FS EC is a natural



neH ekctpakt ot Chrysanthemum
cinerariefolium. Cobabpxa 32%
eKCTpakT oT nupeTtpym (25%
nupeTpuH); 36% cycamMoBO Macrio
n 36% npunenutenn  (Meku
Kanuesu canyHu).

Hypene O XnopcupuH 550 EK
(50 g/l umnepmeTtpuH + 500 g/l
xnopnupudoc eTun)
NMPeTPOMAEH MHCEKTULMA.

XUMUYHUAT CbCTaB Ha Hag-
3eMHaTa maca, pekonTupaHa BbB
¢dasa Havano Ha UuUbdpTeX e
onpegerneH  4Ype3  CTaHOapTHM
metoan no BeeHpe cuctemata
(AOAC, 2001) n BkntoYBa CypoB
npoTteuH/crude protein (Cl/CP), no
Keldahl (N x 6.25) u cyposu
BnakHuHu crude fiber (CB/CF).
CbabpXaHMeTo Ha  BNaKHWHHU
KOMMOHEHTM Ha KMEeTbYHU CTEHU
WNU  HeyTpanHo  AeTepreHTHU
BnakHuHn (HOB/NDF), kucenvuHHO
aetepreHTHU BnakHuHu (KOB/ADF)
N KUCENNHHO OeTepreHTeH NUrHUH
(KO/ADL) ca onpegeneHn no
cucTemMaTUYHNSA AeTepreHTeH
aHann3 Ha Goering & Van Soest
(1970), a cTeneHTa Ha
nurHndpumkaumsa—koeuUUNEHT =
KON/HOB x 100. EH3umHaTa
pasrpagumoct / cMmunaemocT in
vitro Ha cyxoTo BelectBo (DMD) e
onpegereHa kKaTo MpPOUEHT Mo
ABYCTENEHHNS NenCUH-LenynaseH
meTtoa Ha Aufrere, 1982 (Togopos,
2010).

OnpepnensHeTo Ha eHeprum-
HaTa XpaHuTernHa CTOMHOCT ce
OCbLUEeCTBSABA KaKTo cnesa:

1. OueHKa Ha XpaHuTenHaTta CTou-
HOCT Ha GasaTa Ha BNaKHWHHUTE
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extract of Chrysanthemum
cinerariaefolium. Components: 32
% extract from pyrethrum (25%
pyrethrin) +32% sesame oil + 36%
adhesives (soft potassium soap).

|-1

Nurelle D (50g a.i
cypermethrin  + 500g a.i. I
chlorpyrifos-ethyl) -  pyrethroid

insecticide.

The chemical composition of
aboveground mass harvested at
the beginning of flower stage was
determined by standard methods
at Weende system (AOAC, 2001)
and included crude protein (CP),
by Keldahl (N x 6.25) and crude
fiber (CF).

The content of plant cell walls fiber
components is analysed as neutral
detergent fiber (NDF), acid
detergent fiber (ADF) and acid
detergent lignin (ADL) according to
Goering and Van Soest (Goering
et al., 1970), and the lignification
degree is presented by coefficient
as ADL/NDF x 100.

Enzymes in vitro digestibility of dry
(IVDMD) and the organic (IVOMD)
matter was determined as two-
stage pepsin-cellulase method by
Aufrere (Todorov et al., 2010).

The energy feeding value
estimation was performed as

1. Evaluation of feeding value on
the basis of fiber components —



KOMMOHEHTUTE OTHOCUTENHa
Xpa-HutenHa - ctomHoct  RFV,
noTeH-unan npuemM Ha cMunaemo
cyxo BewectBo (Linn & Martin,
1991). OnpepeneHn ca CblO
CMUITaEMOCT Ha CYXOTO BeLLeCTBO
(DDM% = 88.9 - (0.779 x ADF%);
YCBOSIEMOCT Ha CyXOTO BeLLeCTBO
(DMI / % TenecHo Terno / = 120 /
NDF%) " OTHOCUTESNHa
XpaHutenHa crtonHoct (RFV
DDM x DMI / 1.29).

2. TlloTeHumanHaTa eHepruHa
XpaHUTeNnHa CTOMHOCT € OLeHeHa
no ®peHckata cuctema kato UFL-
UFV (INRA 1988), npeunsuyucneHa
no bvnrapckarta 3a KpbMHU eaNHN-
UK 3a MASIKO U KPBbMHW eQUHUUK 3a
pacTex 4pe3 koeduumeHTuTe,
nokasaHu oT Togopos (1997) KEM-
KEP/FUM-FUG) n no XonaHackata
cuctema (VEM-VEVI). NoTteHunan-
HaTa npoTenMHoBaTa XpaHuTernHa
ctonHocT (PDIN=PDIA+PDIMN n
PDIE=PDIA+PDIME) e oueHeHa
no ®peHckata cuctema (INRA
1988) upe3 nokasatenute: ob6Ly
cmunaem npotendH TDP/PBD
Total Digestible Protein/Protein
Brute Digestible, PDIN, cmunaem
NpoOTeMH B TbHKMTE 4YepBa B
3aBucumocTt oT asota u PDIE —

cMUriaeM npoTeMH B  TbHKUTE
YyepBa B 3aBMCMMOCT oT
eHeprudara.

HdaHHnTe ca npencraBeHu
cpegHo 3a nepuoga 2012-2014.
Ctatuctnyeckata obpabotka Ha
eKcnepuMeHTanHu AaHHU e
OCblLLEeCTBEHAa C nomoliTa Ha
coptyepHaTta nporpama

STATGRAPHICS Plus.
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Relative feeding value RFV;
potential intake of digestible dry
matter (Linn & Martin, 1991).

The Digestible Dry Matter (DDM%
88.9 - (0.779 x ADF%); Dry
Matter Intake (DMI / % body weight
/ 120 / NDF%) and Relative
Feeding Value (RFV= DDM x DMI
/ 1.29) were estimated.

2. The Energy feeding value was
calculated by French system: UFL-
UFV (INRA, 1988), recalculated in
Bulgarian - Feed units for milk and
Feed units for growth (FUM-FUG)
by coefficients, followed by
Todorov (1997) and Dutch (VEM-
VEVI) systems.

The Protein feeding value
(PDIN=PDIA+PDIMN and
PDIE=PDIA+PDIMN in the g kg
dry matter were established) was
performed by French system
(INRA 1988) by the parameters:
TDP/PBD Total Digestible
Protein/Protein  Brute Digestible
and a really digestible protein in
ruminant small intestine, PDIN
(Protein digestible in the intestine,
depending on nitrogen) and PDIE
(Protein digestible in intestine
depending on energy).

The data was presented on
average for the period 2012-2014.
The statistical processing of
experimental data was conducted
using the Statgraphics Plus
software program.



PE3YJITATU U OBCBXOAHE RESULTS AND DISCUSSION
[MpoTenHnTe CbBMECTHO C Proteins plus the energy of
eHeprusita Ha ypaxa ca Han- | the forage are the most important
BaXXHUTe XpaHuUTeNHW BewecTBa | nutrients for livestock.
3a XMBOTHOBBLACTBOTO. Te3n xpa-
HAUTENHN BellecTBa nogabpxart | These nutrients support rumen
MuKpobute B Tbpbyxa, KOMTO BMO- | Microbes that consequently
cneacrteme pasrpaxgart dypaxa. | degrade forage.
NCTUHCKNTE npoTeuHU CbCTaBnsd-
BaT 60%-80% o1 obwma pactute- | True proteins make up 60%—80%
neH asot (N), 3aegHo ¢ pasTtBopu- | of the total plant nitrogen (N), with
MUTE NPOTENHU U N3BECTHO Konu- | soluble protein and a small portion
4ecTBO OT BNakHWHHO cBbp3aHusa | of fiber-bound N making up the
a3oT, obpasyBaH B ocTaHanarta | remainder (Newman et al., 2009).
yact npoteumHn (Newman et al.,
2009). B nutepatypaTa ce nocou- | In the literature, it was stated that
Ba, 4Ye cbAbpXaHmeTo Ha cypos | the crude protein content in alfalfa
NpoTeuH npu nouepHata Bapupa B | varied in the range 18% -25%. In
rpaHvuata 18% -25%. B Hactos- | the present study, the variation of
LWOTO m3cnenBaHe, BapupaHeto B | crude protein (CP) content in
CbAbpXXaHMETO Ha cypoB npoTteuH | alfalfa forage was limited from
e orpaHnyeHo oT 164.4 go 190.8 g | 164.4 to 190.8 g kg™’ (Table 1).
kg (Tabnuua 1).

Ta6nuua 1. OcHOBeH cbCTaB, CbAbpXaHWe Ha BMAKHHUHUTE KOMMOHEHTU U
CMUIIaeMoCT Ha cyxa 6Momaca ot nwouepHa, 2012-2014

Table 1. Principal composition, fiber components content and digestibility of dry
alfalfa biomass, 2012-2014

Variants CP CF NDF ADF ADL Hemi Cellu Lignif IVDMD IVOMD
Control 168.2a 309.3 b 4427 b 349.2 b 78.0 a 93.4b 2712 a 176 a 59.7 a 589 a
NeemAzal 182.4ab288.2ab429.6 b 346.0 b 76.8 a 83.6ab269.1 a 17.9ab63.2 ab 62.2 ab
Pyrethrum  190.8 b 284.3 2 436.8 b 353.8 b 79.1 a 83.0ab274.7 a 18.0 b 651 b 64.5 b
Nurelle D 164.4 23079 b 398.8 a 3174 a 66.9 a 81.5a2504 a 16.7 a 629 a 61.9 a
LSDo,05% 20.715 23.178 17.21 21.313 12542 10.801 25.678 0.325 5.246 5.372

Legend: CP-CypoB npotenH/Crude protein; CF-CypoBu BnakHuHu/Crude fiber; HEMI —
Xemuuenynosa/Hemicellulose; CELLU-Llenynosa/Cellulose; LIGNIF-CreneH Ha
nurHndukaumsa/Degree  of  lignification = ADL/NDFx100; NDF-HeyTtpanHo-AeTepreHTHu
BnakHuHu/Neutral-detergent fiber; ADF — KucunuHHo-getepreHTHM BnakHuHW/Acid-detergent
fiber; ADL — KucenuHHo-geTepreHTeH nurHun/Acid-detergent lignin; % dry matter; IVDMD-
CmunaemocT Ha cyxo BellecTso / In vitro dry matter digestibility; %

CpegHuTe BbLB BCSIKa KOMOHA, MOCneABaHuW OT €4HU U CblumTe OYKBWM HAMAaT CTaTUCTUYECKU
pasnuku (P> 0.05) / Means in each column followed by the same letters are not significantly
different (P > 0.05)
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C Han-Bucoka CTOMHOCT ce OTNnu-
YaBa TpeTupaHe c NupeTpym, kos-
TO HajaBuvLWaBa [oOKa3aHO KOHTPO-
nata ¢ 13.4%. ObpaTtHa TeHaeH-
una ce Habnogasa cneq TpeTupa-
HEeTO MO OTHOLUEHUEe CbObpXXaHue-
TO Ha CypoBW BIakHUHU (284.3-
3079 g kg'), kouto 3aemat
CTOMHOCTW, MO-HUCKNU OT KOHTPO-
nata (309.3 g kg™).

BnakHnHuTEe ce oTHacAaT Ao
CbCTaBHUTE efIeMEeHTUN Ha KreTbu-
HaTa CTeHa Ha Xxemuuenynosa, ue-
nynosa n nNUrHuH. HamansBaHeTo
Ha KOHLUEeHTpauuaTa Ha BIlakKHUHU-
Te B KneTbyHaTa CTeHa MoOXe Aa
nogobpu npuemaHeTo Ha dypax,
M HapacTHanoTo YCBOsSIBAHe Ha
KneTbyHaTa CTeHa LWe nogobpu
Hanu4yHoCTTa Ha eHeprua (Jung u
Allen, 1995). CtoHOCTUTE Ha Xe-
MuLenynosa 1 uerynosa ca Huc-
KW, BapupaT B TECHU rpaHnLn U He
Cce ycTaHoOBsiBaT [OKa3aHW pasnu-
KA Mexay BapuaHTtute. Usknoye-
HWe ce Habntogasa cnea npunara-
He Ha Hypene [, kbaeTo cbabp-
XXaHWeTo Ha xemuuernynosa [oKa-
3aHO HagBwWLLaBa KOHTponara.

JIMTHMHBT e KOMMMEeKCHO
OpraHNU4yHO CbefunHeHue, KoeTo
CBbp3Ba LUENyno3HuTe BrakHa wu
ce BTBbpAsBa KaTo YyKpersa
KNeTbYHUTE CTEHU Ha pacTeHusTa.
To3n npouec ce yckopsiBa CbC
y3pABaHETO Ha pacTeHusTa WU
ocurypsiea CTPYKTypHa oropa 3a
pacTeHudaTa, KOMTO HapacTsaT Ha
BUCOYMHA. JlurHudukaumata e
Han-CUIMHO n3paseHa B No-crTapute
cTbbna Ha 3penu pacTeHns wu

The treatment with Pyrethrum
caused the highest CP value
(exceeding by 13.4%) and the
difference in compared with
control was significant. The
opposite trend after treatment was
observed in terms of crude fiber
content (284.3-307.9 g kg-1) which
had lower values than the control
(309.3 g kg-1).

Fiber refers to the cell-wall
constituents of hemicelluloses,
cellulose, and lignin. A reduction in
the concentration of cell-wall fiber
material may improve the intake of
forages, and increased digestibility
of the cell wall would improve
energy availability (Jung and Allen,
1995).

The values of hemicellulose and
cellulose were low, varied in a
narrow range and did not identify
significant differences between
variants. An  exception was
observed after application of D
Nurelle, wherein the content of
hemicellulose significantly exceed
the control.

Lignin is defined as a
complex organic compound that
binds cellulose fibers and hardens
and strengthens the cell walls of
plants. This process accelerates
as plants mature and gives
structural support to the plants as
they become taller.

This lignification is most
pronounced in older stems of
mature plants and least
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cnabo wu3paseHa npu mnagute
nogpacteawim pactenunsa (The first
low lignin alfalfa on the market,
2014). YBenn4eHneTo Ha fIUTHVH B
3psanaTta pactutenHa TbkaH Bnusie
HeraTMBHO BbPXY KayecTBOTO Ha
dypaxx M ce oTpassBa BbpXy
XpaHocmunaHeTo. JliouepHata 3a
dypax C HamarneHo CbAbpXaHue
Ha NUrHWH LWe ce XpaHocmura no-
6bp30 B Tbpbyxa Ha XMBOTHOTO U
kaTo pesynTaT, ycBOsiIBaHeTO U OT
XUBOTHUTE e HapacTHe
(Srinivasa Reddy et al., 2005).

B HacToswoTO npoy4yBaHe
cTeneHTa Ha nurHudukaumsa ce
noBnusiBa OT BMAa Ha M3nonaea-
HUTe npenapaTn kaTo npeobnapa-
Ba TeHAEHUMs Ha MoBMLIABaHE.
Han-6naronpuatHo ©  gokasaHo
Bb3eNCTBME BbpPXYy TO3U npouec
okasBa TpeTupaHeTo c [lupeTpym
(noBuwweHmve ot 2.3%). CamocTos-
TenHoTO npunaraHe Ha Hypene [
cnabo nogTuckat npoueca Ha
nUrHdmKaumakaTo pasnukiTe ca
HeJoKa3aHMu.

EkcTpakumsaTa Ha BnakHWHWU B
dypaxa, KOATO Ce OocbluecTBsiBa
ypes3 cucTema 3a AeTepreHTHN aHa-
nu3n, onpegeneHa oT CbObpXa-
HMETO Ha HeyTpanHo-AeTepPreHTHU
BnakHuHn (NDF) wn  kucmnuHHo-
aetepreHTHU  BnakHuHm  (ADF),
n3MepBa cMUNaeMocTTa.

3HaunmocTtta Ha NDF, ADF,
ADL wu uenyrnosa 3a oueHKa
KayecTBOTO Ha dypaxka e TAXHOTO
HUCKO CbObpXXaHWe, KOoeTo B
HaCTOALLMS eKCrepUMEHT OCHOBHO
3aeMa CTOWMHOCTU MO-HUCKU OT
KOHTponata. HeyTpanHo-getep-

pronounced in young developing
growth (The first low lignin alfalfa
on the market, 2014). The
increase in lignin in mature plant
tissue negatively affects forage
quality and interferes with animal
digestion rates.

Alfalfa forage with reduced lignin
will digest faster in the animal’s
rumen and as a result, the animal

intake will increase (Srinivasa
Reddy et al., 2005).
In  that  study, active

compounds influenced the degree
of lignification. It was found a
tendency for increase
predominantly. The treatment with
Pyrethrum had the most favorable
and significant influence on this
process (increase by 2.3%). The
independent application of Nurelle

D low suppressed the
lignification’s process as the
difference in compared with

control was insignificant.
Fiber extraction in forages,

which accomplished with the
detergent-analyses system, a
process defined by Neutral

Detergent Fiber (NDF) and Acid
Detergent Fiber (ADF) measures
the digestibility.

The significance of NDF,
ADF, ADL and cellulose for forage
quality evaluation was their low
content that in the following
experiment had values primarily;
lower than that of the control. The
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FEHTHUTE BNaKHWHM CbCTaBnsBaT
TOTanHOTO CbAbpXaHWe Ha Bnak-
HUHHUTE KOMMOHEHTU Ha KneTbu-
HUTE CTeHW, N3rpageHn oT FIUrHUH,
uenyrnosa v xemuuenynosa wu
Bapupat oT 399 pno 443 g kg'1.
Heobxogumo e ga ce otbenexw,
Yye [oKasaHO HamarneHue, fobnu-
xaBawo 10% cnpsiMo HeTpeTupa-
HUs BapuaHT (442.7 g kg') ce
yctaHossBa npu Hypene [ (c 43.9
g kg™"). HamanenneTo npu 6GUOUH-
cektnuyngute e B rpaHmuata 1-3%.
KucenvHHo-geTepreHTHUTE  Brak-
HUHU W KUCENWHHO-AETEPreHTHUS
NUrHUH onpegenaT cMunaemocTTa
Ha ypaxa N TAXHOTO CbAbp-
XaHne e  MNO-HUCKO  CnpsiMO
HeyTpanHo-geTepreHTHUTe Bnak-
HUHKU. CbabpxaHneTo Ha ADF npu
nouepHata e B rpaHuuarta
317.4-353.8 g kg' or cyxoto
BellecTBO Ha BbuomacaTta, a ADL —
66.9-79.1 ¢ kg'1. Tesn ppakumm ce
noesnusiBaT B no-cnaba creneH B
cpaBHeHne ¢ NDF kaTo pasnuknte
CNpAMO KOHTpofiaTa 3aemaTt no-
HUCKM CTOWHOCTU. M3knoveHne ce
HabnogaBa npu  GuonornyHus
nHcekTuumg, lupetpym, KOWTO
3aema Mo-BUCOKM OT KOHTponaTta
CTOMHOCTM MO OTHOLWEHWe Ha
dpakunmte ADF — 353.8 n ADL —
791 g kg'1 OT CyXOTO BeLleCTBO,
HO pasnukuTe ca HeJoKasaHMW.
[lokaszaHo BnMsiHME W HamarneHue
ot 14.2% 3a ADF ce ycTtaHoBsiIBa
cnep TpetupaHe ¢ Hypene [.
EH3umMHaTa cmwunaemoct in
vitro Ha cyxoTo BelectBo (DMD)
€ MsipKa Ha OTHOCUTENHOTO KOmnu-
4YeCTBO CMUMaeMn (KNeTbYHu pas-

Neutral detergent fiber comprises
the total amount of plant cell walls
fiber components (lignin, cellulose,
hemicellulose) and varied from
399 to 443 g kg™

It is necessary to mark that a
more significant decrease which
approaching 10% compared to
untreated variant (442.7 g kg™) it
was established in Nurelle D (by
439 g kg'). The decrease in
bioinsecticides was in the range 1-
3%. The Acid detergent fiber and
Acid detergent lignin determine
forage digestibility and their
content were lower than Neutral
detergent fiber. The ADF content
in alfalfa was in the referent limits
317.4-353.8 g kg dry matter of
bio1mass and ADL - 66.9-79.1 g
kg .

These fractions were influenced in
a lower degree than NDF as the
differences concerning the control
had low values. An exception
represented the biological
insecticide Pyrethrum, which had
the higher values concerning the
fiber fractions ADF — 353.8 and
ADL — 79.15 g kg of dry matter
but the differences to control were
insignificant. Strong influence and
decrease by 14.2% about ADF
was established even after
treatment with Nurelle D.

The pepsin-cellulase in vitro
digestibility  of  dry matter
(IVDMD/DMD) is a measure of the
relative amount digestible cell
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TBOPUMM BellecTBa, O6enTbyunHu,
Xemuuernynosa) ”W HecMunaemmu
(MrHvH, uenynosa) KOMMOHEHTU
BbB (pypaxa. [loBuweHaTa cmu-
naemMocT e nokasaTen 3a BUCOKO
KayecTBO Ha d@ypaxa. Cmuna-
€MOCTTa Ha CyxoTO BeLecTBO
(DMD) ce nosuwaBa nog Bb3aemn-
CTMBME Ha M3MNON3BaHUTE NPOAOYK-
TM N Bapupa B rpaHuuara 62.9-
65.1%. [okazaHO noBULLEHA CMU-
naemoct oT 9.0% ce ycTaHoBsiBa
cnen npunaraHe Ha [upetpym.
[MocoYvyeHnaT NpoayKT yBenvyasa v
cMuraemMocTtTa Ha obloTo Konu-
4YeCTBO BeLLeCTBO B HaW-BUCOKa
cTeneH.

[MpoyyBaHuTe NpOAYKTU
oKasBaT B pasnu4yHa CTeneH Brvs-
HWe BbPXYy eHeprunHaTa XpaHu-
TenHa CTOMHOCT Ha dyypaxa
(Tabnuua 2). CbaobpxaHMeTo Ha
CMUITAEMO CyXO BeELLEeCTBO € no-
BMCOKO CNpPsAMO  HeTpeTupaHus
BapuaHT KaTo MOBMULUEHNETO € OT
04 po 4.0% (u3knoveHne ce
Habnogasa npu  [upeTtpym).
CxogHa e TeHAeHUMATa OTHOCHO
DMI (noemaHe Ha cyxo BeLLecTBO)
CTOMHOCTUTE KaTO YBENUYEHUETO
€ MO-CUIMHO M3paseHo n Bapupa B
rpaHuyata 1.8-11.4%. OTHocuTen-
HaTa XpaHuTenHa CTOWMHOCT Ha
dypaxa crnep TpeTMpaHe CbC CUH-
TeTU4Hus uHcektTuuma Hypene [
AOKa3aHO HagBuLLaBa KoHTponarta
c 15.7%, pokaTo NOBULLIEHNETO
npy BUouHCeKTUUMAMTE € Heno-
KasaHo.

soluble matters, proteins,
hemicelluloses) and no digestible
(lignin, cellulose) components in
the forage. Increased digestibility
is the indicator for high forage
quality. The digestibility of dry
matter was increased influenced
by the biological active products
used and varied between 62.9-
65.1%. Increased digestibility
approaching 10% was established
after application of Pyrethrum as
the difference was significant. The
biological active compound
mentioned increased the
digestibility of the total dry matter
in the highest degree.

The implementation of
testing products influenced in
varying degrees the forage energy
feeding value (Table 2). The
content of digestible dry matter is
higher in compared with the
untreated variant as the increasing
ranges from 04 to 4.0%
(excluding is  observed in
Pyrethrum). A similar tendency
was observed according to DMI
values (Dry matter intake) as the
increase was a stronger and
varied within the range 1.8-11.4%.

The Relative Feeding Value of the
forage after treatment with
synthetic insecticide Nurelle D
significantly increased the control
by 15.7% while the increase at
bioinsecticides was insignificant.
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Ta6bnuua 2. EHeprumMHa XpaHuTenHa CTOMHOCT M NPOTEMHOBA XpPaHUTesNHa
CTOMHOCT Ha cyxa buomaca oT niouepHa, cpegHo 3a 2012-2014

Table 2. Energy feeding value and protein potential feeding value of dry alfalfa
biomass, 2012-2014

Variants DDM DMI RFV UFL UFV FUM FUG VEM VEVI PBD PDIN PDIE
Control 61.69a 2.71a 129.64a 0.680a 0.569a 0.564a 0.465a 843a 1796a 124.6a 105.6a 87.8a
NeemAzal 61.95a2.80a 134.30a 0.708a 0.598a 0.586a 0.488a 869a 1836ab138.6ab114.5b 92.8b
Pyrethrum  61.34a 2.76a 131.58a 0.732b 0.625b 0.606a 0.511b 892b 1872b 146.8b 119.9b 96.0b
Nurelle D 64.18a 3.02a 150.05b 0.698a 0.588a 0.578a 0.481a 854a 1814a 121.4a 103.2a 89.0a
LSDo,05% 5.201 2.054 19.432 0.051 0.054 0.101 0.044 47.32461.207 19.302 8.524 5.002

Legend: DDM — Cmunaemo cyxo B-Bo, %/Digestible Dry Matter, %; DMI - [NoemaHe Ha cyxo B-
BO, % OT TenecHo Terno/Dry matter intake, % of body weight; RFV — OTH. XpaHuT. CTOMHOCT, OTH
%/Relative Feeding Value, relative %; UFL (Fr) FUM, VEM (Dutch) — KpbmHu eg. 3a
mnsko/Feed units for milk; UFV (Fr) FUG, VEVI (Dutch) — KpbMHK ef.3a pactex g kg'1/Feed
units for growth, g kg'1; PBD (TDP) — O6w, cmunaem npoteuH (MpoTenH cMuUnaem B TbHKUTE
uepsa)/Protein brute digestible (Total digestive protein), PDIN, PDIE in g kg 5

CpeaHuTe BbB BCSIKa KOMOHA, NocreaBaHy OT edHW U CblynTe OYyKBM HAMAT CTaTUCTUYECKU
pasnukn (P> 0.05) / Means in each column followed by the same letters are not significantly

different (P > 0.05)

CbBpemeHHaTa oueHka 3a
KayecTBOTO Ha 6Ouomacata ce
M3roTBA rMnaBHO Bb3 OCHOBa Ha
eHeprumHarta XpaHuTenHa CTou-
HOCT 1 ce onpeferns Yypes3 KpbMHU-
Te eguHMUM 3a MNSIKO U pacTex
(MeTtkoBa u [llaenos, 2008). W3-
non3sBaHeTo Ha BMONOrMYHOAKTUB-
HUTe BeLlecTBa ornpeaens noBu-
lUeHa €eHeprniHa XpaHUTENHOCT
npy BapuaHTUTE B CpPaBHEHME C
KOHTponata. MakcumanHa cpegHa
CTOMHOCT C [JoKasaHW pasnukn
CNpsSAMO KOHTporiata ce pJoctura
cnen TpetupaHe ¢ [lupeTpym c
nosuleHune ot 7.6 n 9.8% 3a UFL-
UFV, kakTto n nosuweHue ot 7.4 n
9.9% no oTHoweHne Ha FUM-FUG
(nokaszaHoct nuncea npu FUM
CTOMHOCTTa). [loBuUlIEHNETO npwn
apyruTte oBa BapuaHTa e no-crnabo
N3paseHo 1 He e JoKasaHo.

OueHeHnTe cpeaHn CTOMHOC-
TW Ha eHeprunHaTa XpaHUTENHOCT
ypes  XonaHackata — cuctema

The contemporary assess-
ment for the quality of biomass
was indicted mainly on the base of
energy feeding value and
determined by the feed units for
milk and growth (Petkova and
Paviov, 2008). The wuse of
biological active substances led to
an increase in the energy feeding
value in compared with the control.
A maximum average value was
reached after treatment with
Pyrethrum with an increase of 7.6
and 9.8 percent for UFL-UFV, and
an increase of 7.4 and 9.9 percent
in terms of FUM-FUG as
differences to control were
significant (significance missing to
FUM value). The increase in the
other two variants was less
pronounced and it was missing a
significance.

The estimated energy
feeding values by the Dutch
system (VEM-VEVI) followed the
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(VEM-VEVI) cnegBat nocoveHute
no-rope 3aBUCUMOCTMW.

ObwmaT cmunaem npoTEMUH
(PBD) npu nouepHaTa nog Bnus-
HWe Ha BMONOrMYHNTE NPOAYKTUTE
ce nosuwasa ¢ 11.2 n 17.8% kaTto
AoKasaHa pasnuka ce Habniogasa
cnen wmsnonssaHe Ha [lupeTpym
(146.8 cnpamo 124.6 g kg ' npu
KOHTponata. HamaneHueTto oOT
2.6% e ycTaHOBEHO NpU CUHTe-
TUYHUA HCeUTUUnA,.

CxogHa e TeHaeHuusa no oT-
HOLLUEeHMe Ha CcMUnaemMmnsa NPoTenH
B TbHKUTE YepBa B 3aBUCMMOCT OT
asota (PDIN) u oT eHeprusata
(PDIE). C Han-Bucoka PDIN cTon-
HOCT, HaaBuLWaBalla KoHTponarta
¢ 13.5% ce oTkposiBa TpeTupaHe-
10 ¢ Mupetpym (119.9 g kg™).
MpeBuweHne ce HabniogaBa WU
npu unanonssaHe Ha Hum Asan c
8.4%. Pa3nukute cnpsiMO KOHTPO-
nata ca pgokasaHun. Hypene [ e
cBbp3aH c noHmwxeHne Ha PDIN
ctonHocTtTa € 2.3%.

Mo otHoweHne PDIE ce
yCTaHOBAIBa CXofHa TeHOeHuus
KaTo MnoBMLLEHWE Ce YCTaHOBSABa
npy TpUTE M3NON3BaHW MPOAYKTa
(1.4-9.3%), HO pOokasaHOCT cnps-
MO KOHTponata uMma camo cnep
npunaraHe Ha [NupeTpym.

Moxe pa ce 3akmwouu, 4e
TpetTupaHeTo C  OBuonornyHuTe
NPoayKTM BbB (pasa UbdTex Ha
nouepHata BNusde MNOMOXUTESNHO
BbpPXY Ka4eCTBOTO Ha pypaxa u e
CBbp3aHOo C nosuwasaHe Ha PBD,
PDIN n PDIE cTtonHOoCTUTE OoKaTo
pesyntatute npu Hypene [ ca
HeeQHOMOCOYHMW.

above-mentioned dependences.

The Total Digestible Protein
(PBD) of alfalfa under the
influence of biological products
increased by 11.2 and 17.8% as
the significant difference was
observed after used of Pyrethrum
(146.8 in compared with 124.6 g
kg -1 of control). Decrease by
2.6% was found after applied of
the synthetic insecticide.

Similar was the trend as
regards protein digestible in the
intestine, depending on nitrogen
(PDIN) and energy (PDIE). The
highest PDIN value exceeding
control by 13.5% stood the
treatment with Pyrethrum (119.9 g
kg'1 dry matter). An increase was
observed when using NeemAzal
by 8.4%. Differences relative to
the control were significant.
Nurelle D was associated with a
reduction in PDIN value by 2.3%.

Regarding PDIE, a similar
trend was established after the
used of the three products
(1.4-9.3%), but significance to
control was found only after
application of Pyrethrum.

In general, the treatment with
biological products in the flowering
vegetative  stage of alfalfa
positively affected forage quality
and was associated with an
increase in PBD, PDIN and PDIE
values while the results in Nurelle
D were not unidirectional.
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n3sogu

MpunaraHeTo Ha ©MOMNOrMYHK-
Te (Hum Aszan wn Tllupetpym) u
cuHteTndyeHo (Hypene [1) akTvBHM
CbedMHEeHUA oKasaT MNOMOXUTENHO
Bb34ENCTBUME BbpXy CbCTaBa, CMU-
naemocTTa W eHeprumHata XpaHu-
TenHa CTOWMHOCT Ha dypaxa oT
BTOPW OTKOC Ha niouepHa. TpeTtupa-
HeTO NoBMLUABA CbAbPXaHMETO Ha
CypoB  nNpoTeMH W  HamansBea
CbAbPXaAHMETO Ha BMAKHUHN B
KNETbYHUTE CTEHM HA pacTeHMeTo —
KMUCENUHHO-AEeTEepreHTeH TINTHWH,
KUCUINMNMHHO-OETEePreHTHN BRAKHUHW,
HeyTpanHo-4eTEepPreHTHN BIIakKHUHU
n xemuuenynosa.

OntumanHa kombuHaums oOT
nogyepTaHo HamarneHue Ha CbObp-
XaHMETO Ha KNeTbYHUTE BNAKHMHU
KOMMOHEHTWN B pacTuTenHaTa KneTka
CbC 3HAYUTENHO YBENUYEeHWe Ha
CMUNaemMocTTa ce yCTaHOBsBa cnef
npunaraHeTo Ha Nupetpym. Cmuna-
emocTTa goctura 65.05%, c ysenu-
yeHne ot 8.9% cwvorBeTHO. Ham-
BMCOKaTa €HeprumHa XpaHuTenHa
CTOMHOCT Ce yCTaHOBSsIBa CbLLO cnep,
nsnonssaHeTo Ha Mupetpym (UFL —
0.732; UFV - 0.625; PBD — 146.8;
PDIN — 119.9 n PDIE - 96.0).

CVHTETUMYHMAT npoaykT Hype-
ne [1 Boan 0o yBenuyasaHe Ha na-
pameTpuTe, KOUTO Xapakrepusupart
eHeprumHata xXpaHuTernHa CTOMHOCT
Ha (ypax, HO B OTHOCUTEITHO MNo-
HWUCKa CTeneH.
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CONCLUSIONS

The application of biological
(NeemAzal and Pyrethrum and
synthetic  (Nurelle D) active
compounds had a positive impact
on composition, digestibility and
energy feeding value of alfalfa.

The treatment increased crude
protein content and decrease plant
cell walls fiber components
content— acid detergent lignin, acid
detergent fiber, neutral detergent
fiber and hemicellulase.

An optimal combination of
expressed decrease in plant cell
walls fiber components content
with a considerable increase of
digestibility was established after
applying of Pyrethrum. Digestibility
reaches 65.05%, respectively with
an increase from 8.9%. The
highest energy feeding value was
found after used of Pyrethrum
(UFL — 0.732; UFV - 0.625; PBD —
146.8; PDIN — 119.9 and PDIE -
96.0).

The synthetic product Nurelle
D led to an increase of parameters
which characterize  the forage
energy feeding value, but in a
relatively lower degree.
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Ha MHOrOroguLUHU XXUTHU TPEBU Ype3 CreKTpaneH aHanus
B 6nu3kata nHdppavepseHa obnact (NIRS)
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Protein feeding value estimation
of forage perennial grasses by near infrared reflectance
spectroscopy (NIRS)
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Institute of Forage Crops, 89 General Vladimir Vazov Str., 5800 Pleven, Bulgaria

PE3IOME

OueHeHa e npoTeuHOBaTa XpaHu-
TenHa CTOMHOCT Ha exoBa rfaBuua
(Dactylis glomerata L.), TpbCcTMKOBMAHA
Bnacatka (Festuca arudinacea Schreb.),
Oesocunecta oBcura (Bromus inermis
Leyss.) u4pe3 cnektpaneH aHanus B
fbnuskaTta uHppayepBeHa obnact — near
infrared reflectance spectroscopy (NIRS)
npu pearneH cenekumoHeH npouec. Cb3-
JadeHn ca KanvbpauuoHHM mogenu —
rmobanHu, oOwWM 3a TpuTe BUZa
MHOFOrogULLIHU XUTHU TpeBM "
cneundunyHM 3a BCEKM pacTuTeneH Bug
Bb3 OCHOBa Ha eKCNepumeHTanHute
CTOMHOCTM Ha NpOTEMHOBaTa XpaHUTENHa
CTOMHOCT, oueHeHa no ®peHckaTa
cuctema. CnekTpuTe ca MOMyvYeHn KaTo
Log 1/R B obnactra 1100-2498 nm u4pes
CKaHupall MOHOXpoMaTop 6500
NIRSystem Inc.Silver Spring, MD, USA,;
crnekTpanHa maTemaTudecka obOpaboTka
ypes ISI NIRS 3, ver.4 Softwere /Infrasoft
International, Port Matilda, PA, USA/.
lMpunoxeH e aHanMM3 Ha OCHOBHUTE
KOMMOHEHTU 3a onpegensHe Ha Crek-
TpanHWTe  rpaHvuM;  npegBapuTenHa
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SUMMARY

The protein feeding value of forage
perennial grasses orchardgrass (Dactylis
glomerata L.), tall fescue (Festuca
arudinacea Schreb.), smooth bromegrass
(Bromus inermis Leyss.) in the real
breeding process is estimated by near
infrared reflectance spectroscopy (NIRS).

The global — common for the three
perennial grasses and specific — for each
perennial grass species calibration
models are develop on the basis of
experimental values of protein feeding
value, estimated by French system.

The spectra are obtained as Log 1/R in
the region 1100-2498 nm by scanning
monochromator 6500 NIRSystem
Inc.Silver Spring, MD, USA; spectral
mathematical treatment — by ISI NIRS 3,
ver.4 Softwere /Infrasoft International,
Port Matilda, PA, USA/.

The Principal component analysis is
applied for determination of spectral limits;
the previous math treatment: Detrend,



MaTemaTtudecka obpaboTtka — Detrend,
SNV, MSC, WMSC; wmaremaTtnyecka
Kopekuus — 4ype3 matemaTudecko aude-
peHuMpaHe N cerMeHT-obxBaTeH MeToa.
MpunoxeH e perpecMoHeH MeTod Ha
MoguduumpaHa perpecus Ha  Hal-
MankuTe cpegHu kBagpatu. OueHkata Ha
pPErpecuoHHUTE MOOEeNnM € Hal-BUCOKU
R2C n R2CV; Han-Huckn SEC u SECV,
Han-BMCOKO cboTHowleHne SD/SECV.
ToyHOCTTa Ha NpeaBWXOaHeTO e MHOro
Bucoka R2CV 0,96-0,99; SD/SECV e
>4,0. CrabunHocTTa Ha Mopenute e
BMCOKA (MHOrO HWCKW pPasfuku Mexay
SEC n SECV). To4dHocTTa n crtabun-
HOCTTa Ha mogenuTte e no-gobpa 3a PDIN

otkonkoto 3a PDIE. T[lnockoctHaTta
Kopekuusi Ha rnobanHute Mogenn e
BuHarm NSVD, a 3a cneuududHute

MoZenu e pasnuyHa. Pasnukute mexay
SEP n SECV ca MHOro Hucku, nopagu
KoeTo rnobanHuTe mMogenu morat ga ce
npunarat 3a OLUeHKa Ha npoTevHoBaTa
XpaHuTernHa CTOMHOCT Ha BCEKW eauH OT
TpUTEe pacTUTenHn Buaa MHOTOroAULLIHU
XWUTHW TpeBU BMeCTO chneumdpu4HuTe
KannbpaumoHHM Moaenu.

KnrouyoBu gymu: npotenmHoBa xpa-
HUTenHa CTOMHOCT, doypaK, MHOrorogmLl-
Hn xutHm  TpeBu, NIRS, Dactylis
glomerata L., Festuca arundinacea
Schreb., Bromus inermis Leyss.
CbkpaweHusa: NIRS near infrared
reflectance spectroscopy/cnektpaneH axHanus
B 6nuskaTta mHgppavepBeHa obnact; MPLS —
Modified partial least squares
regression/MognduumpaHa perpecus Ha Han-
mankuTe cpeanu ksagpatn; SNV and NSVD —
standard normal variate/CtaHgapTHO
HopmanHo BapupaHe w/ and standard normal
variate and Detrend/ CtaHgapTHO HOpMarHo

BapupaHe u [etpeHa; DET - Detrend/
Oetpena; MSC - Multivaiate  scatter
correction/MyntusapunavumoHHa NMoCKOCTHa

kopekuusi; WMSC — Weighted multiplicative
scatter correction/TernosHa myntusapvaLlmnoH-
Ha nnockoctHa kopekuus; R2C and R2CV -
coefficients of determination of calibration and
validation/koepyumeHTn Ha AgeTepMuHaUMsA
npu kannbpauusa u npoeepka, SD — standard
deviation/ctangaptHo oTknoHenne, SEC and
SECV - standard errors of calibration and
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SNV, MSC, WMSC; math correction — by
math differentiation and segment-gape
method. Regression model is Modified
partial least squares regression.

Evaluation of regression models is as
highest R2C and R2CV; lowest SEC and
SECV; highest SD/SECV. The accuracy
of prediction is very high R2CV 0,96-0,99;
SD/SECV is >4,0.

The stability of models is high (very low
differences between SEC and SECV).
The accuracy and stability of models are
better for PDIN than PDIE. The scatter of
global models is always NSVD but for the
specific models is different.

The differences between SEP and SECV
are very low, and that's why the global
models may be applied for estimation of
protein feeding value for the each one of
the three perennial grass species instead
the specific models.

Keywords: Protein feeding value,
forage grasses, NIRS, Dactylis glomerata
L., Festuca arundinacea Schreb., Bromus
inermis Leyss.

Abbreviations: NIRS - near infrared
reflectance spectroscopy;

MPLS - Modified partial least squares
regression;

SNV and NSVD - standard normal variate
and standard normal variate and Detrend;

DET — Detrend;

MSC — Multivaiate scatter correction; WMSC —
Weighted multiplicative scatter correction;

R2C and R2CV - coefficients of determination
of calibration and validation,

SD - standard deviation,

SEC and SECV - standard errors of calibration



validation/ctaHgapTHu rpelkn Ha kanubpauus
n npoeepka, SEP - standard error of
prediction/cTaHgapTHa rpeLuka Ha
npegswkaaHe, PDIN — protein digestible in
intestine depending on nitrogen/npoTtenH
CMUMaeM B TbHKUTE 4epBa B 3aBUCUMOCT OT
asota n PDIE — protein digestible in intestine
depending on energy/ NpoTeuH cMunaem B
TbHKUTE YepBa B 3aBMCUMMOCT OT eHeprusita, g
kg-1 dry matter/cyxo BewectBo; CP — crude
protein/CIN - cypoB npotemH u CF - crude
fiber/CBn - cypoBu BnakHuHu, % of dry
matter/cyxo Bewectso; IVDMD, IVOMD - in
vitro dry (organic) matter digestibility/un Butpo
CMUMAeMOCT Ha CyXO (OpraHu4HO) BELLECTBO,
%; DT — theoretic degradability/TeopetnyHa
pasrpagumoct; TDP/PBD - Total digestible
protein/Protein brute digestible/O6w cmunaem
npoTtevH, g kg-1 dry matter/cyxo BeLlecTBo;
GE - gross energy/obwa (6pyTo) eHeprusi
uw/and ME — metabolic energy/metabonuTHa
(o6bmeHHa) eHeprus B kcal kg'1 CyX0 BeLlecTBo

yBO[
lMpoTemHoBaTa XpaHWUTEmHa
CTOMHOCT Ha  MHOroroguLHuTeE

XUTHNW TpeBW e He3ameHuMMma Xa-
paKTepUCTMKA NMpU OLEHKa KavecT-
BOTO Ha doypaxa oT Tax. Todorov
(1997) nocoyBa chakTOopUTE, onpe-
Jensduwm npoteMHoBaTta XpaHuTer-
HOCT Ha dypaxuTe U Ha NbpBO
MSACTO KOSNIMYECTBOTO Ha CypOBMUS
NpoTeMH BbB ypaxa, Kakto WU
Han-BEPOATHUTE, BbB3NPUETU B
npoTeMHoBaTa cuctema Koeuum-
€HTM 3a npoTenMHOBa XpaHUTen-
HocT. Cnopepn bbnrapckarta cucrte-
Ma OCHOBEH MnokasaTen 3a oLeHKa
Ha MNpPOTEeMHOBA XPaHUTENHOCT €
npoTeMHa, CMUNaemM B TbHKUTE
yepsa, koedumumneHT 0,6-0,9, oTymn-
Talw, nooTAEeNHO JypaxHus w
MUKPOBHUA npoTenH. Bbnrapckata
NpoTEMHOBA CUCTEMa € aHanorny-
Ha Ha PpeHckaTa (INRA, 1978;
Demarquilly, 1989; Verite wu
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and validation,
SEP - standard error of prediction,

PDIN — protein digestible in intestine
depending on nitrogen and PDIE — protein
digestible in intestine depending on energy, g
kg-1 dry matter;

CP — crude protein and CF - crude fiber, % of
dry matter;

IVDMD, IVOMD - in vitro dry (organic) matter
digestibility, %;

DT — theoretic degradability;
TDP/PBD - Total digestible protein/Protein
brute digestible g kg-1 dry matter;

GE — gross energy and ME — metabolic energy
in kcal. kg'1 dry matter

INTRODUCTION
Protein feeding value of
forage perennial grasses s

essential characteristic in forage
quality evaluation.

Todorov (1997) show factors
determined protein feeding value
and crude protein content as first
important factor as well as the
most probable, accepted in protein
system, coefficients for protein
feeding value.

According to Bulgarian system the
principal parameter for protein
feeding value estimation is protein,
digestible in intestine, coefficient
0,6-0,9 counting separately forage
and microbial protein.

Bulgarian  protein  system is
analogous to French (INRA, 1978;
Demarquilly, 1989; Verite and



Peyraud, 1989). [lpoTtenHoBaTa
XpaHUTEeNHa CTOMHOCT Ha HSAKOU
©000BM MHOroroAuLLHN € oueHeHa

no ®peHckata PDI cucrema
(Petkova, 2006).
dypaxHUTe  MHOrOroAuLLIHM

XWUTHU TpeBu ca TydecTn, ¢ Abn-
boka KopeHOBa cucTema, AObIro-
TparHM MHOrOrOAULLHN pacTeHus,
pgocturawm BucodmHa 60-150 cm
(Tomov 1987, Pavlov 1996, Katova
2007, Ecocrop 2010, Ecoport
2010). KaTo MHororoguHn Tpesun
OT YMEepEeHUs KnNnMmaTU4eH Mnosc, Te
mMoraT pga 6ObaaT nokocsABaHu
YyeTUpWU MbTU Npe3 rognHata u ca
NPOAYKTUBHM B MNpOAbIDKEHME Ha
4- po 8 rogmHmn (Katova 2007,
GNIS 2011).

MHororoguiHUTE XUTHN Tpe-
BM ca Haun-boratute Ha NpPOTEMHO-
BO CbAbpXaHue TpeBW Ha ymepe-
HUS KNMMaTU4YeH MOSAC, KOWTO €
obukHoBeHO 15-20% OT cyxoTo
BELLEeCTBO, BbMPEKM 4Ye MOXe Aa
pocturHe  25% npoTenH  npu
MIagn pacTeHusi, Hamansisa npu
Cb3psiBaHe MNpe3 BereTauuaTta,
MoOXe fa e no-Hucko oT 10% ot
CyXOTO BeLWecTBO B Kpas Ha
ubdptexk (INRA 2007; Katova
2007; Katova 2016).

MHororogmwHuTe XUTHU
TpeBn exosBa rnasuua (Dactylis
glomerata L.), TpbCTUKOBMAHA
Bnacatka (Festuca arundinacea
Schreb.) n 6e3ocunecta oscura
(Bromus inermis Leyss.) ca Han-
BaXXHUTE (DYPaKHW XUTHU KyNTypu
B Bbbnrapua npm cb3gaBaHe Ha
yctonumBa ypaxHa 6asa 3a
NPEXMBHOTO >XMBOTHOBBACTBO MpU
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Peyraud, 1989). The protein
feeding value of some perennial
legumes is evaluated by French
PDI system (Petkova, 2006).

Forage grasses are strongly
tufled, deep rooted, long-lived
perennials reaching a height of 60-
150 cm (Tomov 1987, Pavlov
1996, Katova 2007, Ecocrop 2010,
Ecoport 2010).

As a cool season perennials they
may be harvested four times a
year and remains productive
during 4- to 8 years (Katova 2007,
GNIS 2011).

Perennial grasses are of the
richest temperate grasses as
measured by protein content,
which is usually 15-20% of dry
matter, although 25% protein is
possible in young plants, declines
with maturity and can be lower
than 10% of dry matter at the end
of flowering (INRA 2007; Katova
2007; Katova 2016).

Perennial grasses:
orchardgrass (Dactylis glomerata
L.), tall fescue (Festuca

arundinacea Schreb.) and smooth
bromegrass  (Bromus  inermis
Leyss.) are the most important
forage grass crops in Bulgaria in
development of stable forage base
for ruminant farming in marketing
conditions.



nasapHu yCroBMUS. Te ca
KOMMNOHEHTM Ha >KUTHO-606O0BMU
TPEBHU CMECKMW, NOAXOAdAWM 3a
n3nacBaHe unM MpuUroTBsiHe Ha
CeHo, cunax u ceHax (Tomov
1987; Peeters 2004, INRA, 2007,
Ecoport, 2010). 3a Bcekn oT TpuUTte
pacTUTenHM Buaa ca Cb3AajdeHu
MECTHM copTtoBe CbOTBETHO
.Jbopasa“‘, ,Anbena“, ,Huka“
(Tomov  1993). CwbyeTaBaiku
cenekunata  Ha  BereTaTMBHO
pa3MHOXaBaLLMTE Ce XXUTHN TPEBU
ypes ®eHoTMNHO npoyYeHn
reHoTUNoBe C OTOOpP MO KayecTBO
Ha cpypaxa — cbCTaB, CMUIAaeMOCT
MW XpaHUTeNHa CTOWHOCT, ce

Cb3daBa HOB WMU3XOOEeH MaTtepuan
3a cellekuna Ha copTtoBe C
I'IOLI,O6peHVI KavyeCTBEHU

xapaktepuctukm (Naydenova et al.
1998, 2001; Naydenova 2008,
2009, 2012; Naydenova and
Pavlov, 2005, 2009, Naydenova
and Katova 2013). lNpe3 Beretauu-
ATa Ha pypakHUTE TPEBU HaACTbI-
BaT NPOMEHW, BOAELM [0 PA3KO
MOHWXaBaHe Ha  XpaHUTEerNHuS
eqeKT OT OTrnexaaHe Ha pacTeHu-
ata (Paviov 1996). YcTtaHoBsABaHe-
TO My € CBbP3aHO C npunaraHe Ha
6bp3n, TOYHM M eBTUHK nabopa-
TOPHM MeToAM WU CUCTEMM 3a
OoLeHKa Ha XMMWYECKUsI CbCTaB,
CMUIIAaeMOCTTa UM XpaHUTenHaTa
ctorHocT. CmunaemocTtTa, onpe-
neneHa in Vifro 4pe3 eH3uMmun e
6bp3 M HagexaeH MeTod 1 nNpuno-
XEHMETO My Npu OTIMEXAAaHETO Ha
pacTeHndaTa, KbAeTo Marnku Konu-
yecTBa OT orpomeH 6pon npobu ot
BMOOBE, COPTOBE, [EHOTUMOBE,

They are the components of the
grass-legume mixtures for grass
production in grazing or as hay,
silage, haylage (Tomov 1987;
Peeters 2004, INRA, 2007,
Ecoport, 2010). For each of the
three perennial species are
developed country varieties
“Dabrava’, “‘Albena”, “Nika”
(Tomov 1993) respectively.
Combining breeding process of
vegetative reproducing themselves
perennial grasses by phenotype
established perennial grasses with
breeding for forage quality -

composition,  digestibility and
feeding value, the new initial
material for breeding of new
varieties with improved quality
characteristics are created
(Naydenova et al. 1998, 2001;

Naydenova 2008, 2009, 2012;
Naydenova and Pavlov, 2005,
2009, Naydenova and Katova
2013). The changes leading to
strong decreasing in nutritive effect
of plant growing, in forage grass
vegetation process, come on
(Pavlov 1996).

Their establishment is connected
with applying of rapid, accurate
and low cost laboratory methods
and systems for evaluation of
chemical composition, digestibility
and feeding value. Digestibility,
determined in vitro by enzymes is
rapid and promising method and it
application in plant-growing, where
small quantity of large number
accessions of species, varieties,
genotypes, cuts must be evaluated
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oTkocu TpsibBa ga 6baaT OUEHEHN
npy  CenekumoHeH npouec U
TEeXHONornyHn pewennsa (Buxton
and Redfearn, 1997; Casler et al.,
2000). CnekTpanHuaT aHanua B
6nunskata WHgpayepBeHa obnacT
(NIRS) kato O6bp3 M HagexaeH
MeTo4 Ce npunara 3a oueHka
KayecTBOTO Ha pypaxute (Shenk
et al.,, 1994; Atanassova, 1992) u
cbCcTaBa UM (Smith, 1988;
Lindgren, 1988; Garcia-Criado et
al.,, 1990; Amari et al., 1991;
Atanasova, 1988). Albrecht et al.
(1987), Reeves (1988) onpepensar
pasnn4HM KOMMOHEHTN Ha Kapbo-
Xxmapatnm N pacTUTENHN KIeTbYHM
CcTeHu ¢ Bucoka TouyHocT. Clark et
al. (1989) npegBwxgat mMuHeparn-
HMS  CbCTaB Ha  ypaxuTe;
Lecomte et al. (1992) n Coleman
et al. (1993) — cmunaemocTTa Ha
opraHu4yHoTo BellecTBo; Mizuno et
al. (1988) — noemaHeTo Ha hypa-
Xa OT XMBOTHUTE. XpaHuTenHaTa
CTOMHOCT Ha doypaxa e npensuae-
Ha C BMCcoKa ToyHocT oT Cottyn et
al. (1987), Bertrand et al. (1987),
Atanasova (1992). NIRS wmeToga
ce oueHsABa KaTo MO-TOYEeH OT
NPUNOXEHNETO Ha  eMMUPUYHU
koedMLUMEHTU NpU OueHKaTa Ha
XpaHuTenHata CTOMHOCT Ha dypa-
xnte (De Boever et al., 1994
Nordkvist et al., 1994), nopagu
KOeTO e  LWWMPOKO  npunaraH
(Roehrmoser, 1992). [llpunoxe-
HMEeTO My € CBbp3aHO C To4vHa
cTaHgapTMsauma u kannbpupaHe
Ha UHCTPYMEHTUTE.

Llenta Ha TOBa npoy4BaHe e
OLleHKa Ha NpoTenHoBaTa XpaHuTer-

in breeding process or
technological decisions (Buxton
and Redfearn, 1997; Casler et al.,
2000).

NIRS as a rapid and promising
method is applied for analysis of
forage quality (Shenk et al., 1994,
Atanassova, 1992): composition
(Smith, 1988; Lindgren, 1988;
Garcia-Criado et al., 1990; Amari
et al., 1991; Atanasova, 1988).

Albrecht et al. (1987), Reeves
(1988) determine different
components of carbohydrates and
plant cell walls with high accuracy.

Clark et al. (1989) predict forage
minerals; Lecomte et al. (1992)
and Coleman et al. (1993) -
organic matter digestibility; Mizuno
et al. (1988) — ingestibility.

The forage feeding value s
predicted with high accuracy by
Cottyn et al. (1987), Bertrand et al
(1987), Atanasova (1992).

NIRS method is evaluated and
stated as better than application of
empirical coefficients (De Boever
et al., 1994; Nordkvist et al., 1994)
and that why it is broad applied
(Roehrmoser, 1992).

The method application is
concerned with accurate
standardized and calibrated
instruments.

The aim of this study is
estimation of protein feeding value
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Ha CTOMHOCT Ha (pypax OT MHOroro-
OVLLHUTE XUTHU TPEBM €XOoBa rna-
Buua (Dactylis glomerata L.),
TpbCTMKOBMAHA Bnacatka (Festuca
arudinacea Schreb.), 6e3ocunecta
oBcura (Bromus inermis Leyss.) npu
CeneKkuMOHHUS UM NpoLec 1 ycTaHo-
BBaHe Bb3MOXHOCTUTE 3a npea-
BMXKOAHe 4pe3 oTpaxaTernHa crek-
Tpockonusa B 6nu3kata uHdpayep-
BeHa obnacr.

MATEPUAIT U METOOU

N3cnenBanmnat  pactuTerneH
mMaTtepuan 3a ToBa npoyyBaHe e
npeactaBeH OT HaA3eMHaTa 4acT
Ha Tpu dypaxHu Buga (copta)
MHOIOTOAULLHU XUTHU TPEBU: €XO-
Ba rmasuua (Dactylis glomerata
L.), copT AvbpaBa, TpbCTUKOBUAHA
Bnacatka (Festuca arundanacea
Schreb.), copt AnbeHa, 6esocu-
necta oscura (Bromus inermis
Leyss.), copT Hwuka, otrnexgaH
npu MOJICKU YCNoBUA B peareH
CenekuMoHeH npouec OT cenekum-
OHHaTa nporpama Ha WHcTutyTa
no doypaxHute Kyntypu, llneseH,
Bvnrapusa. CneundunyHmute copto-
Be OT BCEKM pacTuTeneH BuA ca
npu3HaTU B CTpaHaTa KaTo CTaH-
papTtHu. O6wo 502 reHoTunose,
oTrnexaaHu B KONEKLUMOHHM
NMMTOMHMLM ca Mpoy4YyBaHU B
npoabikKeHne Ha [fgeceTtuneTue.
PacteHnata ca nokocsiBaHu npu
nMbpBM nogpact BbB (pasa -
Ha4Yano Ha wu3MeTnaBaHe, nMpu
nosBa Ha 2-3 MeTnMuM Ha
pacteHne U1 BTOpU U  TpeTu
nogpactm (otaBa Ha 42 [HeBHa
Bb3pacT cnej nokocsiBaHe Ha

of forage perennial grasses
orchardgrass (Dactylis glomerata
L.), tall fescue (Festuca arudinacea
Schreb.), smooth  bromegrass
(Bromus inermis Leyss.) in plant
breeding process and possibilities
of it prediction by Near Infrared
Reflectance Spectroscopy.

MATERIAL AND METHODS

Plant material investigated is
present as aboveground part of
three forage perennial grass
species (varieties): orchardgrass
(Dactylis  glomerata L.) var.
Dabrava, tall fescue (Festuca
arundanacea Schreb.), var.
Albena, smooth bromegrass
(Bromus inermis Leyss.), var. Nika,
grown in field conditions in real
breeding process from the
breeding program of the Institute of
Forage Crops, Pleven, Bulgaria.

The specific varieties from each
one species are recognized in the
country as standard. The total 502
genotypes grown in collection
nurseries are study in a period of
decade.

The plants are harvested as first
cut in vegetative stage — beginning
of ear formation, appearing of 2-3
ears per plant and second and
third cuts (aftergrass aged 42 days
after harvesting of previous cut).
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npegxogHua nogpacrt). [poyyeHu
ca npoMeHWTe B MpoTeMHoBaTa
XpaHuTernHa CTOMHOCT Ha npeacTa-
BUTENHW 3a BUAOBETE ycnopenHu
Npobu B KONMEKUNOHHUTE MUTOMHU-
UM npe3 cegMUYHW nepuoan npes
BereTaLMoHHMA Npouec Ha BCEKM
OT TpUTe pacTuTenHu suga (copTta)
MHOFOrOAMLLIHM XUTHU TpeBu. 3a
Hayano Ha BereTauusaTa no nute-
paTypHu AaHHu Ha Barton (1976) e
npueTa yCroBHO YeTupy cegMnyHa
Bb3pacT Ha pacTeHusiTa, (pasa Ha
naculHa roToBHOCT crnepf Havano-
TO Ha akTMBHa Beretauus. [lpes
MbpBM nogpact ca wuscrneaBaHu
oceM CceMWUYHW nepuoga, a rnpes
BTOpW (OTaBa) LecCT.

CbObpxXaHUEmMoO Ha rnpomeuH
e ornpegeneHo Kato CypoB NPOTeEH
(CP) no BeeHpe cuctematnyHus
aHanm3 no Kengan wmeToga Ha
Kentek 1030 AsToaHanusaTop,
Weeuna (AOAC, 2010). EHaumMHa-
Ta in vitro cMUNaemMocCT Ha CyxoTo
n opraHuyHo Bewectso (IVDMD,
IVOMD) e onpepgeneHa no ABy-
CTerneHeH nencuH — LUenynaseH
meTtoq Ha Aufrere (Todorov et al.,
2010).

OueHkaTa Ha XpaHuTenHaTa
CTOMHOCT € u3BbpLleHa kaTo obLia
(6pyTo) eHeprus /GE/, meTabonut-
Ha (obmeHHa) eHeprua /ME/ Bb3
OCHOBa Ha YpaBHEHWSs, CbINacHO
eKcnepuMeHTarnHuTe CTOMHOCTU Ha
CYpOB MPOTENH, CYPOBMU BIIAKHUHMN
(AOAC 2010) u cmwunaemoct.
Koed1UMEHTBT Ha CMMUNAeMOCT Ha
opraHnyHoTo BewectBo dMOi, vivo
(Andrieu and Demarquilly, 1987) e
nonyyeH 4pes 3aBUCUMOCT Ha

The changes in protein feeding
value of the representative for the
species double samples from the
same collection nurseries at
weekly periods in the vegetation
process for each of the three

species (varieties) perennial
grasses are establish. At the
beginning of vegetation by

reference data of Barton (1976) is
accepted four week plant age,
pasture vegetative stage after
beginning of active vegetation.

Eight weekly periods at the first
growth and six at the second
(aftergrass) are studied.

The protein content s
determinated as crude protein (CP)
by Weende systematic analysis by
the Kjeldahl method on Kjeltec
1030  Autoanalyser,  Sweden.
(AOAC, 2010). The enzyme in vitro
digestibility of dry and organic

matter (IVDMD, IVOMD) is
determined by two-stage pepsin -
cellulase method of Aufrere

(Todorov et al., 2010).

The feeding value estimation
is performed as gross energy /GE/,
metabolic energy /ME/ on the basis
of  equations  according to
experimental values of crude
protein, crude fiber (AOAC 2010)
and digestibility.

The coefficient of digestibility of
organic matter dMOi, vivo (Andrieu
and Demarquilly, 1987) is received
by dependence on the basis of
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ocHOBaTa Ha eKcrnepuMeHTarnHo
ycTaHoBeHara in Vvitro cMunaemocT
Ha OpraHMYHOTO BELLECTBO.
[lpomeuHosama xpaHumeri-
Ha cmoUHoCm € oueHeHa no
HopMmuTe Ha ®PpeHckaTa cuctema
(INRA, 1988) kato gencTBuTENHO
CMUiaeM NpPOTEUH B TbHKUTE Yep-
Ba Ha NpexuBHUTE Mo nabopartop-
HO onpeaeneHns cypoB MPOTEVH.
CtonHoctute Ha PDIN n PDIE ca
onpeerieHn nNo crnegHnst HaunH.
Cmunaem npomeuH 8 MBbH-
Kume 4epsa om XpaHumerieH

rpou3xoo:

PDIA = 1,11 x CP(1-DT) x drax AA g kg'1 DM
KbOETO

CP B g kg'1 cyxo BewectBo; DT (TP-N) —
TeopeTnyHa pasrpagMMocT Ha MPOTEMHA BbB
ypaxa;

dra - [JenctBuTeNnHa  CMWUIAaeMOCT  Ha
aMUWHOKWCENUHUTE B TBbHKUTE 4epBa, nMpueTa
3a 0,73

Aaa — AMWHOKUCENUHHO CbAbpXaHue B
pasrpageHvTe asoTCbAbpXaly XpaHUTEn-HU
BELLeCcTBa, paBHO Ha 1;

1,11 — ®daktop Ha npeBpbLlaHe Mexay
uaMepeHaTa in sacco pasrpaguMMocT Ha
npoTerHa 1 Tasu, uamepeHaTa in vivo

PDIA = 0,3652 x CP

Cmunaem MukpobuarneH
npomeuH 8 mMbHKUME 4Yepsa

us4yucrieH om pasapaaumu,q a3som
PDIMN = CP {1 —[1,11 x (1-DT)]} x drm x AAn,
KbOeTo

AAn - AMUWHOKMCENWHHO CbAbpXaHWe B
a30THMTE BellecTBa OT MuKpobuaneH npo-
n3xop 0,8;

drm - [OenctBuTenHa  CMUMaeMoCT  Ha
MUKpoOManHuTe ammHokmcenuim 0,8, T.e.
PDIMN =0,2752 x CP

CmMmunaem
rMPOMeuH,

eHepausama:

PDIME = MOF x efficiency* x dr x AA n
KbOETO

MOF — KonmMyecTBOTO Ha (hepMeHTUPaLoTO
OpraHM4yHO BeLLecTBO B Tbpbyxa u cnepgosa-
TENHO OMOM30TBOPSEMO OT MUKPOOPraHW3Mu-

MukpobuarneH
usyucreH crioped

experimentally determined in vitro
organic matter digestibility.

The protein feeding value is
estimated by the norms of the
French System (INRA, 1988) as
really digestible protein in intestine
of ruminants on the base of
laboratory ~ determined crude
protein. The PDIN and PDIE
values are estimate in the following
way.

Digestible protein in intestine
of dietary origin:

PDIA = 1,11 x CP(1-DT) x drax AA g kg'1 DM
where

CP in kg'1 dry matter; DT (TP-N) — theoretical
degradability of protein in forage;

dra - True digestibility of amino acids in
intestine considered 0,73 and

Aaz — Amino acid content in degraded nitrogen
nutrients, equal to 1;

1,11 — conversation factor between measured
degradability in sacco of protein and the
measured in vivo

PDIA = 0,3652 x CP

Digestible microbial protein in
intestine calculated from

degradable nitrogen:

PDIMN = CP {1 — [1,11 x (1-DT)]} x drm x AAn
where

AAn - Amino acid content in nitrogen matters
of microbial origin, 0,8;

drm - True digestibility of microbial amino acids
0,8, i.e.
PDIMN = 0,2752 x CP

Digestible microbial protein

calculated according to energy:
PDIME = MOF x efficiency* x dr x AAm where

MOF — quantity of fermentable organic matter
in the rumen and therefore used by
reproducible microorganisms and amino acid
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Te 3a pa3vHOXaBaHe W obpasyBaHe Ha
MWKPOGHN aMWUHOKWUCENWHU, U3YUCIIEHO KaKTO
cnepgsa:

MOF = MOD — MGB - CP (1-DT), kbgeTo
MOD - KOnMM4yecTBO CMWUIIAEMO OpraHW4HO
BeLlecTBO B g kg'1,

MGB (06K MasHWHW) - CYpOBU Ma3HMWHMU,
npuetn 3a 18,5 g kg'1 CyX0 BeLlecTBo

DT (TeopeTunyHa pasrpagnmocT) — TeopeTuyHa
pa3rpagMmocT Ha asoTHWUTe BellecTsa, npueTa
3a 0,53.

edbekTBHOCT*: noTeHumanHo obpasysaHe Ha
MUKpoBUaneH NPoTemnH.

[MokasaTtenute 3a [gencTsu-
TENHO CMUMaeM NpoTENH B TbHKU-
Te 4vepBa npu npexusHute PDIN
(MpoTenH cmunaem B TbHKUTE
YyepBa B 3aBMCUMOCT OT asoTa)
PDIN = PDIA+PDIMN wn PDIE
(MpoTenH cmunaem B TbHKUTE
YyepBa B 3aBMCUMOCT OT eHeprus-
Ta) PDIE = PDIA+PDIME B g kg
CyXO BELeCTBO Ca OUEHEHU W
npoTeMHoBaTa XpaHuUTernHa CTown-
HOCT e onpegenexa.

CnekmparnHa 6asza om OaHHU
3a ompaxamersiHa CrieKmpoCKonus
8  bnuskama UHGbpayepseHa
obrnacm NIRS (Near Infrared
Reflectance  Spectroscopy) ca
nony4YeHn OT uUenus pacTuTeneH
matepyan — npobum ot 502
FEHOTUMNOBE MHOMOTOOMULLIHM XXUTHU
TpeBU 4Ype3 OBYKPATHO CKaHUpaHe
N cnekTpuTe ca cbbpaHu kato Log
1/R B obnactra 1100-2500 nm, 2
nm CTbNka Ha MOHOXpOMAaTop,
mogen 6500, NIRSystems Inc.,
Silver Spring, MD, USA. Cnek-
TpanHuTe U matemaTndeckm obpa-
BGOTKM Ca M3BbPLUEHN NPU Non3Ba-
He Ha ISI NIRS 3, ver.4 Software
(Infrasoft International, Port
Matilda, PA). Cnen ocpepgHsiBaHe
Ha [OBOMHWTE CMNEKTpPU 3a BCHAKa

production, calculated as follows:

MOF = MOD — MGB - CP (1-DT), where

MOD is quantity digestible organic matter in g
kg'1, MGB (total Fat), i.e. crude fat considered
18,5 kg'1 dry matter and

DT (theoretical degradability) — Theoretical
degradability for nitrogen matters, considered
0,53.

The efficiency*
microbial protein.

is potential productivity of

The parameters of really
digestible protein in ruminant small
intestine — PDIN (Protein digestible
in intestine, depending on nitrogen)

PDIN = PDIA+PDIMN and PDIE
(Protein  digestible in intestine
depending on energy) PDIE =

PDIA+PDIME in g kg™ dry matter
are established and forage protein
feeding value is evaluated.

Spectral data bases for NIRS
(Near Infrared Reflectance
Spectroscopy) are obtained from
all plant material of 502 genotypes
perennial grass samples by
scanning twice and the spectra are
collected as a Log 1/R in the
region 1100-2500 nm, 2 nm step
on the monochromator, model
6500, NIRSystems Inc., Silver
Spring, MD, USA.

The spectral and mathematical
treatments of data are performed
using the ISI NIRS 3, ver4d
Software (Infrasoft International,
Port Matilda, PA).

After averaging the duplicates the
spectral boundaries of sample
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npoba ca onpeneneHn crnekrpar-
HUTEe rpaHuuM Ha nonynauusaTa oT
npobu, npunaranku meTtoga Ha
aHarnu3 Ha OCHOBHUTE KOMMOHEHTH
PCA (Principal Component
Analysis). CblMAT € NpUNoXeH n
3a OUeHKa Ha crnekTpanHute pas-
CTOSIHUSA MexXAay TpuTe pacTUTEnHU

BMAOa (copTa) MHOrOroaunLLIHN
XUTHWU  TpeBu (Shenk  and
Westerhause, 1995). Cnektpute

ca CbXxpaHeHu crnopen TAxHaTa
Mahalanobis guctaHuma (H cra-
TMcTuKa). OCbLEeCTBEH € U CKpU-
HWHI 1 nogobpsiBaHe Ha npeacra-
BUTENHOCTTA Ha BCSIKa pacTuTernHa
npoba u4pe3 u34YuCnABaHe Ha
Mahalanobis aguctaHumaTa Ha
BCAka npoba NO OTHOLEHME Ha
octaHanute (Dardenne, 1990).
Cb3gageHn ca KanvbpauuoHHM
MoZenu C npenBapuTenHa maTte-
MaTtmnyecka obpaboTka Ha cekTpar-
HATE [daHHW 4pe3 MNSI0CKOCTHa
(Scatter) kopekums  HopwmarnHo
cTaHOapTHO BapupaHe u HeTpeHa
(NSVD) n nbpBa 1 BTOpa Npowus-
BOAHW 4Ype3 CerMeHT-rern meton
(Shenk and Westerhause, 1995).
KanubpauumoHHute mogenu ca
nonyyYeHn 4pes npwunaraHe Ha
Moanduumpana MHOXeCTBeHa
perpecus Ha Han-mankute cpegHu
kBagpatn (MPLS) kato perpecuo-
HEH MEeTO4 W nNpoBeEpeHU uype3
BbTpellHa MpoBepka Mpu Makcu-
MarneH Gpon perpecuoHHn cakrto-
pu  (TepmuHun).  CnektpanHute
n3crnedBaHUs ca WU3BbPLUEHUM B
CRA, SHB - Libramont, benrus.
ToyHoCcTTa Ha KanubpaunmoHHUTE
mMogenn wn  pesyntatute  OT

population are determined by PCA
(Principal Component Analysis)
method.

It is applied also for evaluation of
spectral distances between three
perennial grasses, varieties (Shenk
and Westerhause, 1995). The
spectra are stored according to

their Mahalanobis distance (H
statistics).

The screening and improving
representation of each plant
sample are performed by
calculation of Mahalanobis

distance of each sample in relation
to all others (Dardenne, 1990).

Calibration models are developed
with a pretreatment of the spectral
data by Scatter correction NSVD
and a first and second derivative
by segment-gape method) (Shenk
and Westerhause, 1995).

The calibration models are
obtained by using a MPLS as a
regression method and tested in

cross validation at maximum
number of regression factors
(terms).

Spectral studies are performed in
CRA, SHB - Libramont, Belgium.

The accuracy of calibration models
and cross-validation results for
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BbTpellHaTta HanpevHa npoBepka
3a BCEKM MokasaTen ca OLEeHeHU
Ha OCHOBaTa Ha HaW-HUCKM CTaH-
AApPTHU rpeLlkn Ha kanubpaumsa u
npoeepka (SEC n SECV) u Han-
BMCOKO CbOTHOLUEHWE Ha CTaH-
AAPTHO OTKINOHEHWE Ha OpurMHan-
HUTE eKCNepUMEHTarnHW OaHHU U
CTaHAapTHaTa rpeLlka Ha BbTpeLl-
Ha nposepka (SD/SECV), koeto
He3aBMUCU OT MEPHUTE eOUHULUN U
NO3BOMsiBa CpaBHEHUE Ha pasnuy-
HW KanMbpaunoHHM Moadenu.

PE3YJITATU U OBCBXOAHE
MHororoguiHuTe XUTHU
TpeBn exoBa rnaesuua (Dactylis
glomerata L.), TpbCTUKOBUAHA
Bnacatka (Festuca arudinacea
Schreb.), 6esocunecta oBcura
(Bromus inermis Leyss.) ocuryps-
BaT Ha MNPEXWBHOTO XWBOTHOBbBA-
CTBO (pypax C BMCOKa NpOTEenHOBa
XpaHuTenHa CTOWHOCT, npubpaH
BbB (pa3a Hayano Ha uameTtnsasa-
He: PDIN 76-144; PDIE 84-112 un
CpedHo 3a reHepaTuBeH U BereTta-
TUBEH cTaguu Ha passutne PDIN
74-143; PDIE 81-111 g kg " cyxo
BELLECTBO.
Cb3gageHn ca n ca cpasHe-
HW rnoBanHu NUHENHN perpecuoH-
HW KanMbpaunoHHM Moaenu, obm
3a TpuTe BMAa (copTa) MHOroro-
ONLLIHW XUTHW TPEBM U cneunduny-
HA 3a TreHOTMNOBETE Ha BCEKM
pactuteneH Bug (CopT) uypes
MoguduumpaHa perpecuss Ha Hau-
MarnkuTe cpegHu KBagpaTtu
(MPLSR). Mogpenute ca ontumu-
3MpaHn Ype3 MpUNoXeHne Ha LecT
BMOa npegBapuTenHa maremartude-

each parameter are evaluated on
the base of the lowest standard
errors (SEC and SECV) and the
highest ratio of the standard
deviation of the original data by the
SECV (SD/SECV) which are
independent of the measurement
units and allows a comparison of
different calibration models.

RESULTS AND DISCUSSION
Perennial grasses
orchardgrass (Dactylis glomerata
L.), tall fescue (Festuca arudinacea

Schreb.), smooth  bromegrass
(Bromus inermis Leyss.) assure in
ruminant nutrition high protein

feeding value forage, harvested in
early flowering stage:

PDIN 76-144; PDIE 84-112 and
mean for the generative and
vegetative stages PDIN 74-143;
PDIE 81-111 g kg ' dry matter.

The global linear regression
calibrate models, common for the
three perennial grass species
(varieties) and specific ones for the
genotypes of each plant species
(variety) by MPLSR are developed.

The models are optimized by six
kind of  previously applied
mathematical treatment of spectral
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cka obpaboTka Ha cnekTpanHuTe
AaHHW Ha pacTuTenHuTe npobw.
OTKMNOHEeHNsiITa Ha CNekTpute ca
ONTMMM3UPaHM Ype3 MpomsiHa Ha
cermMeHTUTEe U obxBaTa Ha npoyu-
BaHUTe cnekTpu. Cb3gageHn ca u
ca cpaBHeHW rnobanHn u cneuu-
du4HM KannbpaumoHHM mMoaenu 3a
OLeHKa Ha XpaHuTenHaTa CTOMHOCT.

3a BcCekuM nokasaten Ha
XpaHuTenHarta CTOMHOCT — obua,
mMeTabonutHa M npoTemHoBa ca
cb3gageHn 60 kanmbpaunoHHU
Mogenu u ca nogbpaHu Ham-go-
O6puTe KanMbpaunmoHHN moLenu 3a
npeaBwxgaHe Ha XpaHuTenHarta
CTOMHOCT. CTaTUCTMYECKUTE UM
nokasaTtenu ca npeacTaBeHn Ha
Tabnuya 1 3a reHoTunoBeTe Ha
TpuTe BMaa (copta) MHOroroauLLIHN
XUTHW TpeBu M Ha Tabnuua 2 3a
reHoTUNoBeTEe Ha BCEKU pacTuTe-
neH Bug (copr).

3a npoyyBaHe Ha cTaTUCTU-
YeckuTe KpUTepum B aHanusa Ha
BCUYKM Npobu (reHoTunoBse) 4pes
rnobanHuTe kanubpauuoHHU MO-
Aenn e yCTaHOBEHO, Ye TOYHOCTTa
Ha onpegensiHe U NpegswxaaHe e
MHOro pgobpa 3a nokasatenure
GE, PDIN n PDIE: R2CV>0,96 wu
SD/SECV >3,0; n pgobpa 3a ME
R2CV 0,87 n SD/SECV 2,78. Te3un
CbOTHOLLEHNSA Ha NokKasaTenuTe ca
CbLUMTE M MpU cneumduyHUTE Ka-
nnbpaumoHHn wmogenun. OTHowe-
Hue no-Bucoko ot 3,0 nokasea, 4ye
Cb3dafeHuaT kannbpaumoHeH Mo-
Jen e AocTaTb4HO TOYEH 3a TOYHO
onpegensiHe Ha u3cneaBaHus Mno-
kasaten, a ctomHoct Ha SD/SECV
ot 2,5 po 3,0 nokasBa, 4ye mopae-

data source.

The deviations of the specters are
optimized by changing the
segments and ranges of the
specters studied. Global and
specific calibration models for
feeding value estimation are
developed and compared.

For each parameter of
feeding value — gross, metabolic
and protein, 60 calibration models
are developed and the best
predictive model and its statistical
parameters are presented at Table
1 for the genotypes of three
perennial grass species (varieties)
and in Table 2 for the genotypes of
each plant species (variety).

In terms of studying statistical
criteria in analysis of all samples
(genotypes) by global calibration
models it is establish that the
accuracy of determination and
prediction is very good for the
parameters GE, PDIN and PDIE:
R2CV>0,96 and SD/SECV >3,0;
and good for ME R2CV 0,87 and
SD/SECV 2,78.

These relations of the parameters
are the same at specific calibration
models.

The ratios higher than 3,0 show
that the developed calibration
model is accurate enough for exact
calculation of the investigated
parameter, but the value SD/SECV
ranged from 2,5 to 3,0 shows that
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NbT € C TOYHOCT, Nno3BonsBalia
CKPUHWHI Ha npobuTte (reHoTuno-
BeTe) 4Ype3 BUCOKA W  HUCKU
ctonHocTn (Edney et al., 1994).

Pasnukute wmexagy SEC wu
SECV ca manku 3a uscnegBaHute
nokasaTenu, KoeTo Aoka3Ba BWCO-
Ka CTabunHOCT Ha KanubpaumoH-
HUTe mogenun. OT npeacTaBeHUTE
ckateprpamu Ha rnobanHute wu
cneumunyHn KannbpaunoHHN Mo-
Jenu 3a nokasatenute Ha npoTte-
MHOBaTa XpaHWTENHa CTOMHOCT
PDIN un PDIE e facHo, 4ye BcuYku
npobu (reHoTMNoBE) ca pasnoso-
XeHU Ha unn 6nmM3o oo naeanHaTta
NUHEeNHa 3aBUCUMOCT MeXay oue-
HeHaTa NpoTeMHOBaA XpaHUTENHOCT
kato PDIN n PDIE cTtonHoctn Ha
OCHOBaTa Ha eKCrnepuMeHTanHuTe
AaHHW 32 CypoB MpPOTEMH MU
€H3MMHa in vitro cMunaemocT Ha
opraHnyHoTo BewectBo M NIRS
npeaBuaeHNTe  CTOMHOCTM  nop,
brb 45° KbM XOpU3OHTanHaTa oc
Ha KoOopAWHauMOHHaTa cucTema.
He ce HabniogaBa OTKIOHEHME
MNU OUCOHAHC B MO3vuMuTE 4pes3
KOHLUEHTpPaLMOHEH rpagueHT 3a
BCEKM MNokasaTern, Kakto U pactu-
TeneH Bua (copT). CbxpaHeHuTe
CreKkTpanHu JaHHW (CrnekTpanHu m
oueHeHn pedepeHTHM) B 6Gasa ca
A0Kas3aTerncrBo 3a KayeCTBOTO Ha
npobute Ha TPeBHWUTE reHOTUMNOBE
Ha BMAoBeTe (COPTOBETE) N TEXHU-
Te nabopaTopHN N OLIEHEHN OAHHU
AokassaT crtabunHoctTa U pedpe-
pPeHTHaTa CTOMHOCT Ha Kanubpa-
LMOHHMTE npobu.

the model has accuracy that
permits sample (genotypes)
screening by high and low values
(Edney et al., 1994).

The differences between
SEC and SECV are small for the
parameters studies which prove
the high stability of the calibration
models. From the presented
scattergrams of the global and
specific calibration models for the
parameters of protein feeding
value PDIN and PDIE, it is
obviously that all samples
(genotypes) are situate on or near
to ideal real relationship between
estimated protein feeding PDIN
and PDIE values on the basis of
experimentally data of crude
protein and enzyme in vitro
digestibility of organic matter and
NIRS predicted values on angle
45° to horizontal axis of the
coordinate system.

It is not mentioned dividing or
dissonance in  positions by
concentration gradient for each
parameter, as well as by grass
species (variety). Saving of all
bases spectral data (spectral and
estimated referent) is prove for the
quality of grass genotype samples
of species (varieties) and their
laboratory and estimated data are
condition for stability and referent
ability of the calibration samples.
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Ta6bnuua 1. Xapaktepuctuka Ha pecepeHTHUTe CTOMHOCTM UM Hamn-goopuTte
uamexny 60 ano6anHu KanubpaumoHHu wmopgenu upe3 MPLS perpecus,
u3cnegBaHU 3a BCEKU MOKa3aTen 3a npeaBuXAaHe XpaHWTernHata CTOMHOCT Ha
reHoTunoBeTe Ha TPM BuAa (copTa) MHOrOroauLLHU XXUTHU TPEBU

Table 1. Characteristics of the referent forage data bases and performance of the
best predictive model among 60 global MPLSR calibration models tested for
each parameter for prediction forage feeding value for the genotypes of three

perennial grass species (varieties)

[NokasaTen

Parameter N Mean SD T R2C SEC SECV R2CV SD/SECV Scatter Math
GE 418 4806 57 9 0.99 5.07 576 0.99 9.87 NSVD 1.5.5
ME 418 2258 206 12 0.90 65.47 73.73 0.87 2.78 NSVD 1.5.5
PDIN 418 93.61 1892 8 099 178 2.02 0.99 9.42 NSVD 1.5.5
PDIE 418 90.42 9.70 13 0.96 182 2.06 0.96 4.71 NSVD 1.5.5

GE, ME — kcal kg™ ; PDIN, PDIE — g kg™

Han-pobpute kanubpaumoH-
HW MoJenu ca cb3gageHu, npuna-
ravkv npeaBapuTtenHa marematu-
yecka o06paboTka Ha cnekTpute
ype3 NSVD 3a BCU4YKM MoKasaTe-
nn. OundepeHumpaHeTo Ha crek-
TpuTe Ype3 nbpBa NPou3BOAHA Ha
CreKkTbpa 3a BCUYKM NokasaTtenu e
JOCTaTbyHO 3a [Mofly4yaBaHe Ha
BMCOKA TOYHOCT Ha MofenuTe.
Mpn reHoTuMnoBeTe Ha exoBa
rnasuua (Dactylis glomerata L.) e
nocTturHata BWCOKA TOYHOCT 3a
BCUYKM nokasatenun npu gudepeH-
UupaHe Ha CrnekTpuTe 4Ypes BTOpa
npousBoAHa, a Npu reHoTunoBeTe
Ha TpbCTUMKOBMOHATA BracaTtka
(Festuca arundinacea Schreb.)
BTOpa MpPOM3BOAHA Ha CnekTpute
e Heobxoauma npu onpegensHe
Ha nokasatenute ME wn PDINE.
Bpoar Ha PLS dakTopute Ha
perecusi 3a cCb3gaBaHe Ha Haun-
nobpus kannbpaumoHeH MoLen Ha
npeaswxaaHe e mexay 6 n 13.

The best global calibration

models are developed applying of
previously mathematical treatment
of spectra NSVD for all
parameters.
The differentiation on the first
derivative of the spectra for all
parameters, as well as the first
derivative is sufficient for obtaining
the great accuracy.

For the genotypes of Dactylis
glomerata L. the accuracy is
obtain for all parameters at second
derivative and for the genotypes of
Festuca arundinacea Schreb., the
second derivative of the spectra is
necessarily for the parameters ME
and PDINE.

The number of PLS factors for
develop the best predictive model
is between 6 and 13.
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Tabnuua 2. Xapaktepuctuka Ha pedepeHTHUTe CTOMHOCTM M Hawn-gobpwute
namexay 60 cneyuguyHu kanubpaumoHHu wmopenu 4pe3 MPLS perpecus,
u3cnegBaHU 3a BCEKU MoKasaTen 3a NpeABWXAaHe XpaHUTenHata CTOMHOCT Ha
reHoTUNoBeTe Ha BCEKU pacTuTeneH Bug (CopT) MHOroroguiLHa XXuTHa TpeBa
Table 2. Characteristics of the referent forage data bases and performance of the
best predictive model among 60 specific MPLSR calibration models tested for
each parameter for predicting forage feeding value for the genotypes of each
perennial grass species (variety)

Mokasaten
Parameter N Mean SD T R2C SEC SECV R2CV SD/SECV Scatter Math
ExxoBa rnasuua (Dactylis glomerata L.), copt [ bbpaBa
Orchardgrass (Dactylis glomerata L.), var. Dabrava
GE 66 4808 70 6 099 8.0 11.18 0.97 6.24 WMSC 2.20.5
ME 66 2278 220 6 0.94 55.16 81.50 0.86 270 DET 255
PDIN 66 93.64 2290 6 0.99 271 4.04 097 5.66 WMSC 2.15.5
PDIE 66 9178 11.02 6 098 149 235 0.96 470 None 255
TpbcTUkoBMAHa Bnacatka (Festuca arundinacea Schreb.), copt AnbeHa
Tall fescue (Festuca arundinacea Schreb.), var. Albena
GE 228 4788 41 9 099 218 255 0.99 16.18 NSV 1.5.5
ME 228 2189 193 8 0.91 58.60 70.59 0.87 274 DET 255
PDIN 228 87.26 13.21 10 0.99 064 0.76 0.99 18.04 NSVD 155
PDIE 228 86.84 798 8 096 164 1.97 094 4.04 DET 255
Besocunecta oBcura (Bromus inermis Leyss.), copT Huka
Smooth bromegrass (Bromus inermis Leyss.), var. Nika
GE 124 4837 60 11 099 453 6.65 0.99 9.01 NSVD 1.20.5
ME 124 2372 160 13 0.85 58.64 69.97 0.81 229 NSVD 0.0.1
PDIN 124 105.27 1955 8 099 1.79 254 0.98 7.70 NSVD 1.55
PDIE 124 96.28 883 13 097 153 196 0.95 450 NSVD 15.5
GE, ME — kcal kg™"'; PDIN, PDIE — g kg™

B cenekumata Ha Bcska In plant breeding process for

KynTypa B HayanoTo Ha cenek-
LMOHHMSA npouec 6poat Ha npobu-
Te He BUHarn € JOoCTaTb4yHO BUCOK
3a cb3gaBaHe Ha cTabwunHu kanu-
OGpauMoHHN MOLEeNU U TOBa MOXE
Aa MnoBrnusie TOYHOCTTa Ha moae-
nute. 3aToBa Mpu cb3gaBaHe Ha
cneunduyHN KanubpaumoHHn Mo-
Aenun 3a BCsiKa KynTypa € Heobxo-
AMMO MbpBO Ja ce cb3gagar
KannbpaunoHHn moaenu, obwm 3a
KynTypu c 6nuska ©Owuonorus. B
TOBa nMNpoyyYBaHe € OueHeHa WU
CpaBHeHa TOYHOCTTa Ha NpeaBuX-

each crop in the beginning of
breeding process the sample
number is not always sufficient
high to develop stable calibration
models and this may influence
calibration accuracy. That’s why in
developing of specific calibration
models for each crop it is
necessary to develop calibration
models common for crops with
similar biology.

In this study it is estimate and
compares predictive accuracy of
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AaHe Ha obwute (rnobanHu)
KannoépauMoHHN MOAenu, Kakto u
Tasn Ha cneumdpuyHNTE 3a BCEKM

dypaxeH Bug (copr).
C uen pa ce ycraHoBu ganv

3a cneuMduyHUTE nokasaTtenu
WNN KOMMOHEHTU, KOWM BUA Kanu-
OGpaumoHeH Mogen — rnobaneH

NN cneunduryeH oT rnegHa Tovka
Ha cb3aBaHe Ha MoJen C BMCOKa
cTeneH Ha npegswxgaHe, € Han-
nobpe pa Obae npunoxeH ca
CpaBHEHN CTaHOAPTHUTE T[pPELLUKN
npu BbTpelwwHa nposepka SECV
Ha rnobanHute u cneunduy4Hn
mogenu. M3uucneHa e cranpapT-
HaTa Trpelka Ha npeasuxgaHe
SEP 3a Bcekum nokasaten npu
BCEKN TpeBeH BWUA B rrobanHure
KanubpaumoHHn wmogenu (Shenk
and Westerhaus, 1995). Tean
CTOMHOCTU Ca CpaBHEHW CbC CTaH-
AapTHaTa rpelwka npy BbTpeLLHa
npoBepka SECV 3a cblmte noka-
3aTenn Ha crneunuyHuTe Kanu-
B6paunoHHn mogenu. lNonyyeHa e
Mo-BMCOKA TOYHOCT Ha npenBuk-
AaHe npu rnobanHuTe mMoaenu B
CpaBHEHME CbC cneunuyHnTe 3a
in vitro cMnnaemocTTa, rnokasaren
yyacTBall B OLeHKaTa Ha npoTteun-
HOoBaTa XpaHuTeriHa CTOMHOCT 3a
Dactylis v Bromus. 3a octaHanute
nokasatenu SEP 3a cneunduyHun-
Te MoAenu ca Mno-HUCKKU, OTKOJSKO-
TO Te3un Ha rnobanHuTte. Pasnuku-
Te mexgy SEP crtomHocTuUTE ca
manku. ToBa nos3BonsiBa, Korato
ce mnscnegsaT HoBM Npobu (reHo-
TUNOBE) OT Te3N PypaKHNU MHOro-
FOOULHM XUTHWU TPeBW, T. €. OT
apyra rogvHa Ha oTrnexaaHe Aa

common (global) calibration
models as well as specific for each
forage plant species (variety).

In purpose to establish if for
specific parameter or component
which kind of calibration model —
global or specific in reason of
creating of high predictive model is
right applied, the SECV in global
and specific calibration models are
compare.

Standard error of prediction SEP
for each parameter and for each
grass species in global calibration
models is calculated (Shenk and
Westerhaus, 1995).

These values are compared with
Standard error in internal cross
validation SECV for the same
parameters of the specific models.
Higher accuracy of prediction is
obtained for global models in
comparison with specific ones for
in vitro digestibility, the parameter
participating in protein feeding
value estimation for Dactylis and
Bromus.

For other parameters SEP for the
specific models is lower than those
of global models. The differences
between SEP values are small.

That permit when investigate new
samples (genotypes) from these
forage perennial grasses, i.e. from
other year of growing to apply with
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ce npunoxaT ¢ Han-gobpa Tou-
HOCT Ha npeaBuxgaHe rnobanHu-
Te KanmbpauMoHHN MOAENN.

3a nokasartenure Ha npoTeun-
HOBaTa XpaHuTernHa CTOWHOCT
pasnukute mexay SEP n SECV ca
MHOMO HUCKW, KOETO Mokasea, Ye €
Bb3MOXHO Ja ce npunaraT ¢ Hawn-
BMCOKa TOYHOCT CbLO rrobanHuTe
KannbpaumoHHW mMoaenu 3a TpuTte
Buaa  (copta)  MHOroroauvLUHu
XWUTHU TpeBwu.

3a oueHKa Bb3MOXHOCTTa 3a
6bp30 onpegensHe Ha XpaHuTen-
HaTa cTonHocT 4pe3 NIRS BbB
BCEKM MOMEHT Ha BereTaunmoHHUS
npouec, KanmbpaunuoHHUTE Moae-
nn 3a oueHKa Ha npoTenHoBaTa
XpaHuTernHa CTOMHOCT ca Cb3fa-
AeHn 3a TpuTe Buaa TpeBwu nNpu
nbpBa NPOM3BOAHA 3a NokKasaTe-
nute ME, PDIN u PDIE u npwu
BTOpa — 3a GE (Table 3). Crah-
AAapTHUTE rpelKkn Ha BbTpellHa
npoeepka SECV 3a Bcu4ku npoyu-
BaHW [MoKasaTeNnu CcpaBHEHue ¢
Tesan Ha SECV Ha rnobanHute
MoZenn ca Mo-HUCKN unu 6nmnsku
po Tax. OTtHoweHneto SD/SECV
Ha kanubpauunoHHUTEe Moaenu 3a
OoLEeHKa AMHaMuKaTa Ha BereTauus
B CpaBHeHMe C Te3u Ha rnoban-
HUTE MOAENW € 3HaYMUTenHO no-
Bucoko: PDIN 21,58 u 9,95 3a
PDIN n PDIE cboTBeTHO (CpaBHe-
HU ¢ 9,42 1 4,71) 3a cbLuMTE NOKa-
3arenu npu rnobanHuTe Moaenw.

KoedumuneHtnte Ha petep-
muHauma R2C ca 0,98 n 0,99 npwu
MbpBa, KaKToO U Npu BTOpa Npous-
BOAHA Ha CneKkTbpa, OTHOLEHUETO
SD/SECV e BuHaru no-ronsimo ot

best predictive accuracy the global
calibration models.

For the parameters of protein
feeding value the differences
between SEP and SECV are very
close which indicate that it is
possible to apply with the best
accuracy also global calibration
models for three grass species
(varieties).

The possibility for the rapid
evaluation in feeding value

estimation by NIRS at each
moment in vegetation process, the
calibration models for protein

value estimation are develop for
the three grasses at first derivative
for ME, PDIN and PDIE and
second —for GE (Table 3).

Standard errors of internal
validation SECV for all parameters
study in comparison with those of
SECV of global models are lower
or close to them. The ratio
SD/SECV of calibration models for
evaluation of  dynamic in

vegetation in comparison with
those of global models s
significant higher: PDIN 21,58 and
995 for PDIN and PDIE

respectively (compared with 9,42
and 4,71) for the same parameters
in global calibration models.

The coefficients of
determination R2C are 0,98 and
0,99 in the first as well as the
second derivative of spectra, the
ratio SD/SECV is always more

113



5,0, T.e. NoKasaTenuTe 3a NPoTen-
HOBa XpaHUTeNnHa CTOWHOCT ca
npeaBuaeHn npeumnsHo. ToYHOCT-
Ta Ha npeaswxaaHe e sucoka R2CV
0,98 3a ME un 0,99 3a GE, PDIN and
PDIE. OtHoweHuneto SD/SECV e
BMHArn BUCOKO OCUrypsiBaLlo TOYHO
N NpeuunsHo npeasmxaaHe.

than 5,0, i.e. the parameters of
protein feeding value are predicted
precise. = The  accuracy  of
prediction is high R2CV 0,98 for
ME and 0,99 for GE, PDIN and
PDIE. The ratio SD/SECV is
always high providing accurate
and precise prediction.

Tabnuua 3. Xapaktrepuctuka Ha pecpepeHTHUTe CTOMHOCTM U KanuopauuoHHU
mogenu 4pe3 MPLS perpecus, wuscneaBaHM 3a BCEeKM [MokKa3aTten 3a
npeaBwXAaHe XpaHUTernHaTta CTOMHOCT Ha Tpu Buaa (copta) MHOrorogullHU
XXUTHU TpPeBU exoBa rnaBuua, TPbLCTMKOBMAHA Brnacatka, 6e3ocunecra oBcura
npes3 BeretauusaTa

Table 3. Characteristics of the referent forage data bases and performance of
predictive calibration models by MPLSR for prediction forage feeding value of
three perennial grass species (varieties) orchardgrass, tall fescue, smooth

bromegrass in the vegetation process

MNokasaTen

Parameter N Mean Min Max SD T

R2C SEC SECV R2CV SD/SECV Scatter Math

GE 84 11.59 11.21 1213 0.23 6 0.99 0.011 0.014 0.99 16.42 NSVD 2.5.5
ME 78 570 433 7.08 0.65 8 0.98 0.093 0.015 0.97 5.65 NSVD 1.55
PDIN 81 110.0 58.15 181.6 3245 7 0.99 122 150 0.99 21.58 NSVD 1.5.5
PDIE 79 971 67.11 131.9 16.88 7 0.99 1.29 1.70 0.99 9.95 NSVD 1.5.5

GE, ME — kcal kg™ ; PDIN, PDIE — g kg

CnepoBatenHo ¢ uen pas-
luMpsiBaHe obxBaTa OT CTOMHOCTU
3a BCEKM nokasaTten Ha XpaHuTen-
HaTa CTOMHOCT Mo Bpeme Ha Bere-
TaUMOHHMA NpoLec Ha ypakHUTe
BMOoBe (COpPTOBE) MHOrOrofuLLIHu
XUTHW TpeBW, B MNPOTUBOMOSIOXK-
HOCT Ha NpubupaHeTo Ha dypaxa
Npy TOYHO onpegeneHa BereTa-
TMBHa (pasa Ha pasBuTHE, TOY-
HOCTTa Ha npeaBwxaaHe 4pes
NIRS «kanubpaunoHuTe Moaenu
3Ha4YUTENHO Ce NoBMLIABA.

Consequently in reason of
enlargement the range of values
for each parameter of feeding
value in vegetative process of
forage perennial grass species
(varieties), in contrast of the plant
harvesting at definitive vegetation
stage, the accuracy of prediction
by NIRS calibration models
significantly increase.
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n3soau

MHororoguiiHuTE
TpeBn exosBa rnasvua (Dactylis
glomerata L.), TpbCTUKOBMAHA
Bnacatka (Festuca arudinacea
Schreb.), 6e3ocunecta oBcura
(Bromus inermis Leyss.) ocuryps-
BaT Ha MPEXUBHOTO XXMBOTHOBBLA-
CTBO (hbypaxx C BMCOKa NpOTEUHOBA
XpaHUTenHa CTOMHOCT, npubpaH
BbB (pasa Hayano Ha uametnsea-
He: PDIN 76-144; PDIE 84-112 n
CpefHo 3a reHepaTuBeH U BereTa-
TUBEH cTaguu Ha passutmne PDIN
74-143; PDIE 81-111 g kg ' cyxo
BELLEeCTBO.

Crtatuctnyeckute nokasaTte-
N1 Ha cb3gageHuTe Ham-gobpu ka-
nmépaumoHHn rnobanHu n cneum-
duyHn mMogenun B OnuskaTta UH-
dpayepBeHa oTpaxaTenHa obnact
Ha CnekTbpa NMpuM MaremaTudecka
obpaboTka 1 andepeHumaums Ha
CneKkTbpa [AEeMOHCTpupaT BMCOKa
TOYHOCT M cTtabunHoct 3a PDIN,
kakto n 3a PDIE — SD/SECV e
BMHarm no-encoko ot 4,0.

Mpn oueHka Ha BB3MOXHOC-
TUTe 3a npunaraHe Ha rnobanHuTe
KannbpaumoHHM MoAeNn yCneLwHo
3a OLEHsIBaHe Ha pasfiMyHuUTE BU-
nose (copToBe) XuTHU Tpesn, SEP
Ha rnobanHuTe MoAenu ca cpas-
HEHNW C Te3n Ha cneunduyHuTe.
Pasnuknte mexay SEP n SECV ca
MHOrO HWUCKW, NMopagn KoeTo rno-
GanHuTe mMoaenu moraT ychneLwHo
Ja ce npunarat 3a OUeHKa Ha
npoTeMHoOBaTa XpaHUTenHa CTOWn-
HOCT Ha BCEKW €dWNH OT TpUTe Bnaa
MHOTOrOANLLIHN XXUTHU TPEBM.

XKUTHU

CONCLUSIONS

Perennial grasses
orchardgrass (Dactylis glomerata
L.), tall fescue (Festuca arudinacea
Schreb.), smooth  bromegrass
(Bromus inermis Leyss.) assure in
ruminant nutrition high protein
feeding value forage, harvested in
early flowering stage: PDIN
76-144; PDIE 84-112 and mean for
the generative and vegetative
stages PDIN 74-143; PDIE 81-111
g kg " dry matter.

The statistical parameters of
the best calibration global and
specific models in Near Infrared
Reflectance  Spectroscopy  at
different mathematical treatment
and differentiation of the spectrum
studied demonstrate high degree
of accuracy and stability for the
PDIN as well as PDIE — SD/SECV
is always higher than 4,0.

For evaluation possibilities of

applying the global calibration
models successfully for assessing
of different forage grass species
(varieties), SEP of global models
are compared with SEP of specific
ones.
The differences between SEP and
SECV are very close, and that’s
why the global models may be
applied for estimation of protein
feeding value for the each one of
the three perennial grass species.
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C uen paswunpsiBaHe obxBaTa
OT CTOMHOCTW 3a BCEKW nokasarten
Ha npoTeuHoBaTa XpaHuTerHaTa
CTOMHOCT NO BpeMe Ha BereTa-
UWMOHHUSA npouec Ha dypaxHuTe
BMOoBe (COPTOBE) MHOrOroAuLLIHu
XUTHW TpeBWU, B MNPOTUBOMOSIOXK-
HOCT Ha npubupaHeTo Ha pypaxa
npuv TOYHO onpefeneHa BeretTaTue-
Ha ¢asa Ha passutne, NIRS kanu-
OpaunoHnTe Moaenu AeMoHcTpupar
NoBMLI@BaHe TOYHOCTTA Ha npen-
BMXKAAHEe, u3paseHa ypes Koepuum-
eHTuTe Ha pgetepmuHaums 3a PDIN
n PDIE 0,99; 3a GE 0,99 n ME 0,98.
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