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B3anmoBpb3kKa Mexay copTa, MexaypenoBoTo
pa3CcTossHMe 1 Bb3pacTTa Ha /IioLepHOBUTE NOCEBU U
nospegara ot slapBarta Ha JIloLepPHOBUSA CEYKO
(Plagionotus floralis Pall.) (Coleoptera: Cerambycidae)
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PE3OME

MouepHaTa (Medicago sativa L.) e
OCHOBHa TpPeBHO-DypaxHa Kyntypa B
Bbnrapusa. KopeHoBata U cuctema e roc-
TONPUEMHUK Ha ronisiM 6poli HaCceKoOMHMU
HenpuaTenu, cpef KOUTO C  BaXHO
WKOHOMWYECKO 3HaAYeHne e NIoLEepPHOBUAT
ceuko Plagionotus floralis (Pallas 1776)
(Coleoptera: Cerambycidae). lNpe3 ne-
pvoga 2010-2015 r. B ONMUTHOTO NoOJie Ha
N3C ,0O6pa3uoB unank” Pyce ca
n3BefeHn TMOJICKW ONUTU C JIoLepHa,
KOUTO BKNOYBAT Tpu copta: ,llieseH 67,
Jlpucta 3 n  MHoronMctHa 17 Ha
Bb3pacT OT efHa [0 4YeTupu roguHu npu
MeXaypenoBo pasctosHune 12,5 n 70 cm.
BpoAT Ha pacTeHusaTa CbC 3apasu U MNo-
BpeAeHN KopeHu e onpejesnieH B nabopa-
TOPHW YCNOBUA Cfef pa3psa3BaHeTo UM.
Llenta Ha u3cnegsaHeTo e fda ce onpe-
Aenv KonuyectsoTo (%) Ha nospeneHuTe
pacTeHus B 3aBUCUMOCT OT copTa JoLep-
Ha, Bb3pacTTa Ha pacTeHusiTa U mexay-
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SUMMARY

Alfalfa (Medicago sativa L.) is a
major grass-fodder crop in Bulgaria. Its
root system is the host of a large number
of insect pests, among  which
economically important is the alfalfa
longhorn beetle Plagionotus floralis (Pallas
1776) (Coleoptera: Cerambycidae). During
the period 2010-2015, field experiments
with alfalfa were carried out in the
experimental field of the IASS "Obrazcov
Chiflik" - Rousse, which included three
varieties: ,Pleven 67, ,Prista 3" and
.Mnogolistna 1" at ages one to four years
at distance between rows of 12,5 and 70
cm. The number of plants with healthy
and damaged roots is determined in the
laboratory after their cutting.

The aim of the study is to determine the
amount (%) of the damaged plants
depending on the alfalfa variety, the plant
age and the distance between rows. It



pefoBOTO pasCTOsHME. YCTAHOBEHO e, ve
(pakTopuTte copt nwouepHa (,MneseH 67
Jpucta 3” n ,MHoronmctHa 1”) n mexay-
penoBo pasctosHue (12,5 cm u 70 cm),
He okasBaT 3HauYuMOo BAWSHUE BbLPXY
OTHOCUTE/NIHOTO KOMMYECTBO Ha nospepe-
HUTE pacTeHWs OT flapBUTE Ha NIOLEPHO-
BMS CeYKO. KommyecTBOTO Ha NoBpeAEHU-
Te pacTeHus 1 Npu TpUTe copTa HapacTea
C NOBMLIABAHE Ha TAXHaTa Bb3pacT.
Kntoyosu LyMu: nouepHa,
Plagionotus floralis, noBpega, copr,
Bb3pacT, MeXAypenoBo pasCcTosHue

yBO/[,

Plagionotus floralis e cpeg no-
B&XHUTE HACEKOMHW HENPUSATENN MO ft0-
uepHaTa B paiioHuTe Ha CapartoB u Kpac-
Hopap B Pycusa (Sakharov, 1923; Koval et
al., 1998) u B ronsima cTeneH e oTroBOpeH
3a paspexgaHeTo Ha cTapute JIloLepHOBU
nocesn B PymbHus (Mitrjuskin, 1940) wn
Cobpbusa (Buki¢ and Eri¢, 1995).

Mofo6HO € MHEHMETO U Ha Apyru
aBTOpU, crnopeg KouTo Mno-ctapute u 3a-
nseBenieHn MLEPHOBM NOCEBM Ce Mpes-
nounTaT, 3aWoTo UbdTAWNTE pacTeHNS B
TAX ca M3TOYHMK Ha XpaHa 3a Bb3pacT-
HUTe Hacekomun. B [ynoso (o6nact
CwnucTtpa) B ABe-TpUroguilHa nuepHa
Popova (1968) HabnwogaBsa 20-30%
nospefa OT JIOLEPHOBUS CEYKO, a cnep
Tpetata rognHa — 60-80%. 3a nospega
[o 100% ot napsute Ha Pl. floralis B no-
cTapuTe NouepHn B cenata MapkoBo u
OnbnuyeHey (YupnaHcka okonus) u 3a
cpefHu 3ary6u B HanagHatute palioHn Mex-
ay 10 n 30% cbvobuwasa u Chorbadjiev
(1930, 1932). NHdopmauusa 3a 70-80%
noBpefeHn pacteHus B 6-7 - roguiHa
nouepHa B Kybpar pgaBa u Makarov
(1968).

Nikolova and Kertikova (2008)
YyCTaHOBSIBAT, Y€ C HUCBK MPOLEHT Ha
noepefa OT JfapBata Ha JOLEepPHOBUS
ceuko ca coptoseTte Japa” (17,4%) u
JllpucTta 2" (28,6%). Mo-cnnHo HanagHatn
ca WHAMBUAYaNHUTE pacTEeHUsl, OTINeX-
JaHn Ha no-ronsma XpaHutenHa naow,
npu KOMTO HanageHueTo e cpeHo 62,0%,
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was found that alfalfa variety (,Pleven 67,
JPrista 3" and ,Mnogolistna 1”) and
distance between rows (12,5 cm and 70
cm) factors did not have a significant
effect on the relative amount of the
damaged plants from the alfalfa longhorn
beetle larvae. The amount of damaged
plants in all three varieties increases with
increasing their age.

Key words: alfalfa, Plagionotus
floralis, damage, variety, age, distance
between rows

INTRODUCTION

Plagionotus floralis is one of the
most important insect pests in alfalfa in
the areas of Saratov and Krasnodar in
Russia (Sakharov, 1923; Koval et al,
1998) and is largely responsible for the
dilution of the old alfalfa crops in Romania
(Mitrjuskin, 1940) and Serbia (Puki¢ and
Eri¢, 1995).

Similar is the opinion of other
authors, according to which older and
weedy alfalfa crops are preferred because
the flowering plants in them are a source
of food for adult insects. In the village of
Dulovo (Silistra region) in two-three years
old alfalfa Popova (1968) observed 20-
30% damage from the alfalfa longhorn
beetle, and after the third year — 60-80%.
For damage up to 100% of the larvae of
Pl. floralis in the older alfalfa in the
vilages of Markovo and Opalchenets
(Chirpan district) and for average losses
in the attacked areas between 10 and
30% reported also Chorbadjiev (1930,
1932). Information  about  70-80%
damaged plants in 6-7 - years of alfalfa in
Kubrat also gives Makarov (1968).

Nikolova and Kertikova (2008)
found that with a low percentage of
damage from the larvae of the alfalfa
longhorn beetle were the varieties Dara
(17,4%) and Prista 2 (28,6%). More
strongly attacked are the individual plants
grown in the larger food area, in which the
attack is on average 62.0%, while the



[okato npy noceBuTe € 3HAYNTESTHO Mo-
HUcko — 27,3%. CoptoBeTe ,[Jdapa” wu
Jipucta 2" ca C YycTaHOBeHa HUCKa
CTeneH Ha CMeceHa nospea OT NOYBEHU
HenpuaTenu n morat ga 6baar noaxoas-
Wa 3apoauiiHa nnasmMa 3a TosiepaHTHOCT
kbM PI. floralis.

LlenTa Ha HacTOALOTO U3cnenBaHe
e onpejensiHe KOMMYEeCTBOTO Ha MoBpe-
[eHNTe pacTeHns OT napearta Ha nwuep-
HoBusa ceuko (Plagionotus floralis Pall.)
npv Tpu copTa NoLepHa B 3aBUCUMOCT OT
MeXAypeaoBoTO pa3CcTosiHME 1 Bb3pacTTa
Ha nocesuTe.

MATEPWNAN N METO4WA

EkcnepumeHTasiHaTa pabota e
n3BbpLUeHa npe3 nepuoga 2010-2015r. B
ONUTHOTO Nose u naboparopuaTa No eH-
Tomosorms Ha N3C ,,06pa3yoB Ynpank” -
Pyce. Nonckute napuyenHu onutu ca npo-
BefleHN C Tpu copTta nwuepHa: ,lieseH
6” (ctaHgapT), ,Mpucta 3" (eAvH OT Haii-
pas3npocTpaHeHnTe COPTOBE B MPOU3BOSA-
CTBOTO) U ,MHoronuctHa 1” (copt nouep-
Ha C MHOrofiesieH TUN NINCTa) Ha Bb3pacT
OT efiHa [0 yeTupu roguHn (Tabnuua 1).

Tabnuya 1. Cxema Ha nMosckuTe

onntn

crop is significantly lower — 27.3%. The
"Dara" and "Prista 2" varieties have a low
degree of mixed damage from soil pests
and may be suitable for plasma tolerance
to PL. floralis.

The aim of this study is to
determine the quantity of plants damaged
from the larvae of alfalfa longhorn beetle
(Plagionotus floralis Pall.) in three alfalfa
varieties depending on the age and
distance between rows of crops.

MATERIAL AND METHODS

The experimental work was carried
out during the period 2010-2015 in the
experimental field and laboratory of
entomology of IASS "Obraztsov Chiflik" -
Rousse. The field parcel trials were
conducted with three alfalfa varieties:
.Pleven 6" (standard), ,Prista 3" (one of
the most common varieties in production)
and ,Mnogolistna 1" (multifoliolate type of
alfalfa variety) aged one to four years
(Table 1).

3a u3cnegBaHe BJ/IMAHMETO Ha

MEXIYypPeloBOTO Pa3CTosiHNE U Bb3pacTTa Ha /IIoLEepPHOBU COPTOBE BbPXY BpeaHata

perHocT Ha Plagionotus floralis Pall.

Table 1. Scheme of the field trials to study the effect of the distance between rows
and the age of alfalfa varieties on the harmful activity of Plagionotus floralis Pall.

MoanHa MexaypefoBo pasctosiHme/Distance between rows
Year Bb3pacT Ha nouepHata/Age of alfalfa
12,5cm 70 cm
1 BapuaHT/1 variant | 2 BapuaHT/2 variant | 3 BapuaHT/3 variant
2010 |ceutbal/sowing
2011 [2-roguwHa/2-year old [cenT6a/sowing centba/sowing

2012 [3-roguwiHa/3-year old

2-rogvwHa/2-year old

cent6a/sowing 2-rogvwHa/2-year old

2013 |4-roguwiHal/4-year old

3-roguwHa/3-year old

2-rogvwHa/2-year old 3-rogmwHa/3-year old

2014

4-rognwiHa/4-year old

3-roguwHa/3-year old 4-rogmwHa/4-year old

2015

4-rognwHal4-year old

Mpn onuta cbeC cnat noces (12,5
cm MexaypeLoBO pasCTosiHUE) BCeku
BapuaHT BK/OYBa ceuTba Ha TpuTe cop-
Ta B 4 noBTOpeHua. EgHa onuTHa napLe-
na e ¢ naow, 2 m? (3,25 m x 1,6 m).
OThenHnTe napuenu ca pasnosiokeHn no
nepneHavKynsspHMS MeToj C paHaoMu3a-

In a trial with thick sowing (12.5 cm
distance between rows), each variant
involves sowing the three varieties in 4
replications. An experimental plot has an
area of 2 m2 (1,25 m x 1,6 m). The plots
are situated in the perpendicular method
with  randomization  (Shanin, 1977;
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yma  (Shanin, 1977; Dimova and
Marinkov, 1999) n ca oTgeneHn eguH ot
ApYr ¢ oxpaHu wupokn 1 m (durypa 1).

Dimova and Marinkov, 1999) and are
separated from each other by security
strip of 1 m wide (Figure 1).

11l noBTOpeHme/lll replication IV noBTopeHune/lV replication
WIpucta 3" +MHoro- LrneseH 6” »,MHoro- Jlpucrta 3” LrneseH 6”
LPrista 3" nmcTHa 17 .Pleven 6” nmcTHa 17 ,Prista 3" .Pleven 6”

“Mnogo- ,Mnogo-
listha 1” listna 1”
L,rneseH 6” JMpucta 3" +MHoro- Jpucta 3" JJneseH 6” +MHoro-
.Pleven 6” JPrista 3" nnctHa 1” JPrista 3” +Pleven 6” nnctHa 1”
,Mnogo- ,Mnogo-
listna 1" listna 1"
| noBTOpeHwue/l replication Il noBTOpeHue/ll replication

dur. 1. Cxema Ha onuT ¢ Mexaypeane 12,5 cm (2010-2015)
Fig. 1. Scheme of field trial with 12,5 cm distance between rows (2010-2015)

lNpe3 okToMBpU-HOEMBpU, OT 4-Te
MOBTOPEHUSA Ha BCEKM COPT  npes3
nepuojga Ha uscnefBaHeTo, ca n3BafeHu
pacteHusata ot 0,25 m® Ha AbnboymHa
15-20 cm, KOpeHuTe Ha BCUYKM pacTeHns
ca paspsHu B nabopatopHa o6CTaHOBKa
N e oT4eTeH 6POAT pacTeHns CbC 34pasu
1 MOBPELEHN KOPEHMU.

OnuTbLT ¢ Wupokopesos noces (70
CM MeXAypejoso pa3cTosiHWe) e ¢ obLia
nnouy 23,8 m° (11,9 m x 2 m) 1 BKIKOYBA
18 pepa (no 6 pega OT TpuTe uscned-
BaHW copTa, HapeAeHW No TPOIiKKn), BCEKN
C [AbMKvHa 2 JiMHedHn m.  [pes
OKTOMBPW-HOEMBPW OT BCEKW COPT ca
n3BafeHn pacteHusaTa oT 1 nMHeeH m Ha
AbnbéounHa 15-20 cm B Tpu NOBTOpPEHUSA
N ca paspsasaHu B nabopatopHa obcTa-
HoBKa. OTueTeH e OPOAT pacTeHus CbC
34pasun 1 NOBPeLEHN KOPEHM.

Cratuctnyeckata obpaboTka Ha
JaHHUTEe e u3BbplleHa C nporpaMara
SPSS 16.0 for Windows npu HMBO Ha
gocTtoBepHocT P<0,05.

PE3YJITATU N OBCBXXOAHE
MonydyeHnTe pesynTati nokassar,
ue npu cnAatTa ceutba HAMa AokKasaHa
pasnuka B KONIMYECTBOTO Ha NoBpeeHuTe
pacTteHus B 3aBMCUMOCT OT copTa. CTe-
neHTa Ha NoBpeAa HapacTBa OT efHOro-

In October-November, of the four
replications of each variety during the
study period, the plants of 0.25 m? were
removed at a depth of 15-20 cm, the
roots of all plants were dissected in a
laboratory conditions, and the number of
plants with healthy and damaged roots
was counted.

The trial with wide sowing (70 cm
distance between rows) have a total area
of 23,8 m?(11,9 m x 2 m) and include 18
rows (6 rows of the three tested varieties
arranged in triples) each with a length of
2 linear m. In October-November of each
variety were removed plants from 1 linear
m at a depth of 15-20 cm in triplicate and
dissected in a laboratory conditions. The
number of plants with healthy and
damaged roots was counted.

Statistical processing of the results
was performed using the program SPSS
16.0 for Windows (www.spss.com) at a
level of confidence P<0,05.

RESULTS AND DISCUSSION
The obtained results show that
there is no proven difference in the
quantity of the damaged plants depending
on the variety. The degree of damage is
increasing from one-year old to four-year
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OMWHUTE A0 vyeTmpuroguiiHiTe nocesu, B | old crops, where the highest percentage
KOUTO e yCTaHOBEH W Hali-BUCOKMAT npo- | of damaged plants is detected (Table 2).
LEeHT noBpeaeHn pacterns (Tabnvua 2).

Tabnuua 2. MNMpoueHT NnoBpeaeHn pacTeHUs oT siapBuTe Ha Plagionotus floralis Pall.
npuv Tpy copTa JiloLepHa B 3aBUCUMOCT OT MeXAypeaoBoTo pascTtosiHue (2010-2015)
Table 2. Percentage of damaged plants of the larvae of Plagionotus floralis Pall. for
three alfalfa varieties depending on distance between rows of crops (2010-2015)

Bb3pacT Ha |N MospeaeHun pactenusi/Damaged plants, %
noceesute ,ineBeH 6” Jlpucta 3” ~MHoronuctHa 1”
Age of crops ,Pleven 6” ,Prista 3" »Mnogolistna 1”

m+SE IRSE % |m+SE IRSE % |m+SE [RSE %

mexaypeamne 12,5 cm/distance between rows 12,5 cm
1-rog./1-year|l2 |0,28+0,11 |39,28 0,56+0,25 44,64 0,90+0,37 41,11 P=0,27*
2-ropn./2-year[12 14,18+1,30 [31,10 4,16+0,93 22,35 5,19+1,44 [27,74 P=0,79*
3-ron./3-yearl12 [7,63+1,08 |14,15 10,56+2,08 |19,70 7,79+1,30 [20,54 P=0,37*
4-ron./4-year(12 [18,64+3,54 (18,99 13,77+2,05 |14,89 19,15+3,88 20,26 P=0,44*
mexaypeame 70 cm/distance between rows 70 cm

1-rog./1-year3 |0,88°+0,45 51,13  [2,95%°+1,11 37,63 7,53°+1,19 [15,80 |P=0,03*
2-ropn./2-year3  [5,50+2,77 |50,36 1,81+1,07 |59,12 2,80+1,16 41,43 |P=0,40*
3-ron./3-year3  [25,07+5,17 [20,62 30,39+3,3 10,96 32,29+11,3 34,93 |P=0,78*
4-rog./4-yearl3  |20,50+4,01 [19,56 8,86+1,17 |13,20 16,79+4,47 28,41 |P=0,15*

N — 6poii nosTopeHus/number of replications; * -Te

ANOVA: LSD Post Hoc test; RSE% - oTHocuten

CT 3a CbLLIECTBEHOCT Ha pas3fiMKNTe Mexay cpegHuTe

apuTmMeTnuHn BenuumHu/Significance test of differences between mean arithmetic values: One way

b

Ha cTaHgapTHa rpeluka/relative standard error; ®

pasnukuTe AokasaHu npu P<0.05/the differences proved at P <0.05.

B agBe-, Tpu- 1 yeTUpUroguLHUTE
BapvaHTU Ha LUMPOKOpPedoBUA MOCeB
(Tabnuua 2) He ca ycTaHOBEHU Cbluec-
TBEHW pas3NKM B KOMMYECTBOTO Ha Mo-
BpeJeHUTe pacTeHus, KoeTo NOTBbPXAa-
Ba, Ye uscnefBaHuTe TpWU copTa oLep-
Ha He BMAAT BbPXY CTENeHTa Ha
nospefa oTr napsute. Cnegsa pfga ce
oT6enexu, ye 3a pasnimka oT nocesute
CbC cnATa ceutba, B LUMPOKOPESOBUS
noces JIOLEPHOBUAT CEYKO € Hail-onaceH
3a TPUroAMLLIHWUTE pacTeHUs, NPU KOUTO e
0T6eNs3aH0 U HaR-roNsAMo KOSIMYecTBO
nospeau — ot 25,07% (,llneBeH 6") go
32,29% (,MHoronuctHa 1”).

Jloka3aHo NO-CWIHO BAMSIHUE BbPXY
BPEJOHOCHOCTTA Ha JlapBUTE OKa3Ba Bb3-
pacTTa Ha nouepHosuTe nocesu (Tabnuua
3). Mpn mexaypeaoBo pascTtosiHue 12,5 cm
KONMYeCTBOTO Ha NOBPEAEHNTE pacTeHne 1
npu TpUTe copTa HapacTBa C TsXHaTa Bb3-
pact u e Haii-ronamo npu Tpu- (9,76%) n
yeTupuroguiHute (12,87%) nocesun Ha copT
Jlpucta 37, U YeTUpUroguLLHUTE Ha copT
JfineeeH 6” (17,84%) n copT ,MHOronmcTHa
1" (14,24%).

In the two-, three- and four-year old
variants of the wide sowing crop (Table 2)
no significant differences were found in
the quantity of the damaged plants, which
confirms that the three alfalfa tested
varieties did not affect the degree of
damage of the larvae.

It should be noted that, unlike thick
sowing, in the wide sowing crop the
alfalfa longhorn beetle is the most
dangerous for the three-year plants, with
the highest number of damages — from
25.07% (,Pleven 6" to 32.29%
(-Mnogolistna 1").

A proven effect on larval damage is
the age of alfalfa crops (Tabl. 3). At a
distance between rows of 12.5 cm, the
quantity of the damaged plants in all
three varieties increases with their age
and is highest for the three- (9.76%) and
the four-year old (12.87%) crops of
JPrista 3" variety; the four-year old of
.Pleven 6" variety (17.84%) and the
.Mnogolistna 1” variety (14.24%).
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Tabnuua 3. MNMpoueHT NoBpesieHN pacTeHUsa OT siapBuTe Ha Plagionotus floralis Pall.
npu Tpy copTa JiloLepHa B 3aBUCUMOCT OT Bb3pacTTa Ha noceBa (2010-2015)

Table 3. Percentage of damaged plants of the larvae of Plagionotus floralis Pall. for
three alfalfa varieties depending on the age of the crop (2010-2015)

Bb3pacTHa |N MospeaeHun pactenusi/Damaged plants, %
noceesute JneseH 6” Jpucta 3” ,MHoronncrtHa 1”
Age of crops LPleven 6” JPrista 3" ,Mnogolistna 1”
mediana  |Q25-Qrs mediana  |Q25-Q7s  |mediana  [Q25-Qrs
mMexaypeave 12,5 cm/distance between rows 12,5 cm
1-rog./1-year [12 |0,00% 0,00-0,79 10,00% 0,00-1,17 [0,27% 0,00-1,31
2-rop./2-year [12 [2,58° 1,56-6,49 [4,40° 0,65-6,53 14,60° 0,32-9,88
3-rop./3-year [12 8,11° 6,37-9,68 [9,76° 5,56-14,70 16,86° 3,69-9,29
4-rop./4-year [12 [17,84° 8,31-28,46 [12,87° 8,03-16,41 [14,24° 9,64-30,86
& " ° _ pasnumkmte® > ¢ - pasmukutel P ¢ - pasnukute
\nokasaHu npu P<0.03**/ [noka3aHu npu P<0.01**/ |noka3aHu npy P<0.03**
2 P C _ the differences®™™® - the differences®™® - the differences
proved at P <0.03** proved at P <0.01** proved at P <0.03**
mexaypeame 70 cm/distance between rows 70 cm
m+SE RSE % m+SE RSE % mediana  |Q25-Q7s
1-rog./l-year [3 [0,88°+0,45 [51,13 2,95%+1,11 [37,63 8,57% 5,15-8,86
2-rop./2-year |3 [5,50°+2,77 50,36 1,81°+1,07 59,12 1,67° 1,59-5,13
3-rog./3-year |3 [25,07°+5,17 [20,62 30,39°43,3 [10,96 21,67° 20,41-54,84
4-rop./4-year [3  [20,50°+4,01 [19,56 8,86°+1,17 [13,20 12,50° 11,54-26,32
® P _ pasnuknte pokazanu® > ¢ - pasnuute®™ ® © - pasnukute
npu P<0.05*/ \nokasaHu npu P<0.05* |poka3zaHu npyu P=0.05**/
2 P . the differencesf™ ¢ - the differences®™ © - the differences
proved at P <0.05* proved at P <0.05* proved at P <0.05*
N — 6poit nosTopeHusi/number of replications; TecT 3a CbLIECTBEHOCT Ha PasMKUTE MeXAy CpefHuTe
BesimunHu/Significance test of differences between mean values: *One way ANOVA test: LSD Post Hoc test; ** -
Kruskal-Wallis test: Mann-Whitney U test; RSE% - oTHOocuTenHa ctaHgapTHa rpelkal//relative standard error;
Q25 -Q75— NBbPBO (25%) 1 TpeTo (75%) HuBa Ha kBaHTUNUTE/ first (25%) and third (75%) quantile levels

LLinpokopen0BUAT MOCEB Ce OT/n-
YyaBa C MNo-rofiiMoO BapupaHe Ha u3cnep-
BaHWA MokasaTen Mo OTHOLIeHWEe Bb3-
pacTTa Ha pacTeHusiTa Npu OTAeSHWUTEe
coptoBe. C [poKasaHO Hai-ronsMm npo-
LEeHT Ha noBpefa ca TpW- U YeTUpwu-
roguLHUTE pacTeHusa ot copt ,l1neseH 6”
n ,MHorosmctHa 1", n TpuroguiHuTe oT
coprt ,lMpncTa 3”. XapakTepHo 3a BapuaH-
TUTe C LmMpokopenoBa ceutba e u no-
ronAamata OTHOCWUTENIHAa  CTaHgapTHa
rpewka npyv egHo- W ABerogulliHuTe
pacteHus Ha copt ,[1neseH 6" n [Mpucta
3", u npu ase-, TpU- N YETUPUTOQULLHUTE
pacteHusa Ha copT ,MHorosmcTHa 17,
HajguLLlaBalla 3HauynTenHo gonycrtmmara
U MakcumasnHa CTOMHOCT 3a MOJICKM
uscnegsaHns ot 25% (Dytham, 2003).
MpuunHa 3a TOBa Ca MasKUAT Opoi
uscnegBaHn npoéwu u no-roNsiMoTo UM
BapvipaHe 0KOJ0 cpeaHarta oLeHka.

The wide sowing crop is
distinguished by a greater variation on
the indicator for the age of plants of the
different varieties. The three- and four-
year old plants of ,Pleven 6" and
.Mnogolistna 1" varieties and the three-
year old plants of ,Prista 3" variety have
proven the highest rate of damage.

Characteristic of wide sowing variants is
also the larger relative standard error for
one- and two-year old plants of ,Pleven
6” and ,Prista 3" varieties and for two-,
three- and four-year old plants of
.Mnogolistna 1" variety, its exceed
maximum value for field studies of 25%
(Dytham, 2003). This is due to the small
number of samples tested and their
greater variation around the average
score.
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n3BOAN

1. ®dakrtopute cCOpT JilOLepHa
(,MneseH 6", ,Mpucta 3" n ,MHoronncTHa
1") n mexaypenoso pascrtosiHue (12,5 cm
n 70 cm) 3a nepuoga Ha um3cnegBaHeTo
He okas3BaT 3HauYuMO BNSHUE BBLPXY
OTHOCUTE/NIHOTO KOMIMYECTBO Ha Mnospefe-
HUTEe pacTeHus OT JflapBuUTe Ha Jsouep-
HOBUSA CeYKO.

2. ®aKkTopbT Bb3pPacCT Ha pacTeHus-
Ta 3a nepuofa Ha uscnefBaHETO OKasBa
[loKa3aHo B/IMAHME BbPXY BPeLOHOCHOCT-
Ta Ha napsute. KosmM4yecTtsoTo Ha nospe-
JeHuTe pacTeHua W npu TpuTe copTa
HapacTBa C TAXHaTa Bb3pacrT.

BJTIATOAAPHOCTWU

ABTOPBbT WM3Ka3Ba CBOWUTE Hali-
cbpaeyHn 6rarogapHocT Ha gou. A-p
XpuctnHa KpbcTesa 3a nomowra npu vH-
TepnpetaumaTa Ha nonyvyeHnTe pesyntatu.

CONCLUSIONS

1. The factors alfalfa variety
(,Pleven 6", ,Prista 3" and ,Mnogolistna
1") and distance between rows (12,5 cm
and 70 cm) during the study period did not
have a significant influence on the relative
amount of the damaged plants from the
larvae of the alfalfa longhorn beetle.

2. The plant age factor during the
study period has a proven effect on the
larval damage. The quantity of the
damaged plants in all three varieties
increases with their age.
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PE3OME

MpoyyBaHeTo e MNpPOBEAEHO B
nepuoga 2016-2017 r. B WHCTUTYT no
hypaxHuTe Kyntypu - NneseH. OueHeHa
e heHoTUNHaTa M3MEHYMBOCT MO NPOAYK-
TMBHOCT Ha cBexa 6nomaca u obycnass-
LMTEe KOMMOHEeTN npu 16 reHotuna 3Bes-
haH (Lotus corniculatus L.), npou3sxoxaa-
WM OT pasIMYHM  eKosioro-reorpadicku
paiioHn Ha EBpona u Bbarapusi ¢ uen
0TOOpP Ha eNUTHU pacTeHus 1 BKIKOYBaHe-
TO VM B CeJIEKUMOHHN nporpamu. YcraHo-
BEHO € HeJOCTOBEpPHO MnpesBuwasaHe Mo
KO/IMYecTBeHU napameTpu obycnassLm
NPoAYKTUBHOCTTA OT CBeXa 6uomaca npu
copT Leo, HO Cc oTyeTeHa no-masika npe-
XVBSAEMOCT.

C Hali-ronsiMa npoAyKTUBHOCT Ha
cBexa 6uomaca W NPexvMBAEeMOCT Mpu
uscnefsaHnTe copToBe  3Be3faH e
O6BArapckMAT COPT M3NON3BaH 3a CTaH-
JapT Tbprosuwe 1, a npy nonynauuure
aBcTpuiickute Stamm GHO1 u Stamm
GHO02, kakto un 6barapckute JlokanHu
nonynauum 1 n 2, eNUTHU pacTeHus oT
KOUTO UWe 6bAaT BK/IOYEHW  KaTo
POAUTENCKN KOMMOHEHTU Ha CUHTETUYHA
nonynauus. Haii-ronamo BnvsHve npu
hopmupaHe Ha gobuea npu reHoTunose-
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SUMMARY

The study was conducted in the
period 2016-2017 at the Institute for
Forage Crops - Pleven. The phenotypic
variability in productivity of fresh biomass
and the determinant components of 16
genotypes of Birdsfoot trefoil (Lotus
corniculatus L.), originating from different
ecological geographic regions of Europe
and Bulgaria are evaluated for the
purpose of selection of elite plants and
their inclusion in selection programs. They
are established unproven differences in
gquantitative parameters determining the
productivity of fresh biomass in variety
Leo, but reported lower survival.

The greatest yield of fresh biomass
and survival of the tested varieties
birdsfoot trefoil is Bulgarian variety used
for standard Targovishte 1, and in
Austrian populations Stamm GHO1 and
Stamm GHO02, as well as the Bulgarian
Local populations 1 and 2 elite plants of
which will be included as parental
components of synthetic population.

The greatest influence in the formation of
yield in genotypes birdsfoot trefoalil,



Te 3Be3faH, He3aBMCMMO OT roguHara Ha
npoyysaHe oOkasBa BuCOYMHATA Ha
cTbbnata, 0TKO/IKOTO TEXHUAT GPOA.

KntouoBu gymun: Lotus corniculatus,
cefiekuus, copToBe, nonynaumm

YBO/,

BoboBuTe pacTeHus Urpast BadkHa
pons KaTo KOMMOHEHTU Ha Ccmecute u
TpeBHUTE CbOOWECTBa 3a YCTONYMBO
3emegenve (Naydenova et al.,, 2013;
Vasileva, 2011; Vasileva and Vasilev,
2012; Bozhanska et al., 2016; Vasileva,
2017a). 3Be3pgaHbT (Lotus corniculatus L.)
e MHororoguwHa 6060Ba ypaxHa KynTy-
pa c 6anaHcrpaH XMMUYEH CbCTaB, KOATO
€ LLEHEeH KOMMOHEHT Npu Cb3[aBaHETO Ha
W3KYCTBEHM Macullia M NPOM3BOACTBO Ha
dypax (Churkova, 2006b, 2008, 2009,
2012, 2013; Valkov and Chiurazzi, 2016;
Vasileva, 2017b). MpoaykTMBHOCTTa, Ka-
4ecTBOTO M YCTONYMBOCTTA HA TPEBOCTOU-
Te 3aBWUCAT OT u3bopa Ha BuL U COpT
(Naydenova and Mitev, 2015).

3Be3gaHbT (Lotus corniculatus L.) e
LWMPOKO  pas3npocTpaHeH B  cpegu-
3eMHoMopckuA pernoH (Grant and Niizeki,
1999). MecTHuUTe nonynaummM ca C MHO-
)KECTBO Ba)XHW CTOMAHCKM Npu3Hauu, Kou-
TO ca fobpe NpPUCNoco6GeHN KbM MECTHU-
Te eKosorMyHn ycnosusa. Pakt e, uye
aknMMmatumsnpaHuTe ekoTUnoBe Ocuryps-
BaT no-gobpu Ao6mBM OT MHTpOAyuMpa-
HuTe nonynaumn n coptoe (Churkova,
2006a; Radi¢ et al., 2013).

BapunabunHoctTa Ha ronemus 6poii
CTOMaHCKN MpU3HaUM € MHOTO BaXHa 3a
naeHTugrLuMpaHe Ha Hal-NnpoayKTUBHUTE
reHOTUNOBE W M3MO/3BAHETO UM B MO-
HaTaTbLUHW CeneKunoHHU nporpamu (Gatari¢
et al.,, 2013). PasbupaHeTo Ha BpPbBb3KUTE
Mexay MopdonoruyHuTe, ekoreorpagicku-
T€ U XMMUYHUTE XapakTepUCTUKN Ha 3Be3-
JaHa, Moxe fa 6be nonesHo 3a ediek-
TMBHOTO M3MNOM3BaHE Ha Pas/INyHW TeHe-
TMuHM nnasmmn (Vuckovic et al., 2007).
N360pbT M xapakTepucTukaTa Ha reHe-
TMYHaTa nia3mMa 1 MbpBOHavasiHaTa reHe-
TMYHA Bapuauus npeacraBnssBar OCHOBa-
Ta Ha cenekumoHHuTe nporpamu (Prosperi et
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regardless of year of study proves the
height of the stems rather than their
number.

Key words: Lotus corniculatus,
breeding, variety, populations

INTRODUCTION

The legumes have important role
such as components of mixtures and
grassland ecosystem for sustainable
agriculture (Naydenova et al.,, 2013;
Vasileva, 2011; Vasileva and Vasilev,
2012; Bozhanska et al., 2016; Vasileva,
2017a). The birdsfoot trefoil (Lotus
corniculatus L.) is a perennial legume
grass species, which which is a valuable
component in the establishment of
artificial  pastures and for forage
production (Churkova, 2006b, 2008, 2009,
2012, 2013; Valkov and Chiurazzi, 2016;
Vasileva, 2017b). Productivity, quality and
resilience of the weeds depend on the
choice of species and variety (Naydenova
and Mitev, 2015).

The  birdsfoot  trefoil  (Lotus
corniculatus L.) is widespread in the
Mediterranean region (Grant and Niizeki,
1999). The local populations are with
great number of agronomically important
traits that are well adapted to local
ecological conditions. The fact is that
acclimated ecotypes provide better
production results than the introduced
populations and cultivars (Churkova,
2006a; Radic¢ et al., 2013).

Variability for the great number of
agronomically traits is very important in
order to identify the most productive
genotypes, and to introduce them into the
further breeding process (Gatari¢ et al.,
2013). Understanding the relationships
among birdsfoot trefoil morphological,
ecogeographic and chemical
characteristics may be useful for effective
utilizing of different germplasms (Vuckovic
et al., 2007). Collection and
characterization of germplasm and the
original genetic variation represent the
basis of plant breeding programs
(Prosperi et al.,, 1999). Therefore, the



al, 1999). ETo 3auy0, nogbopa Ha 3apoauLu-
Ha nnasma, KoATo LWe 6bAe BK/IYeHa B
CesfIeKLMOHHNUTE nporpamu, e BaXXeH etan oT
cenekunoHHusa npouec (Rumbaugh et al., 1988).

Llenta Ha mn3cnepBaHeTo e npoyu-
BaHe MnoTeHuuana Ha copToBe U nonyna-
UMM 3Be3faH C pas/iMyeH npowmsxon u
OTOOp Ha eNMTHW pacTeHus No NPoayk-
TMBHOCT Ha diypaX M AbArOoTpanHoOCT K
BK/TIOYBAHETO VMM B CEJIEKLUMOHHMW NPOrpamMu.

MATEPWNAN N METO4WA

B NHCTUTYT NO doypaxkHUTE KyNTypw -
MneseH npe3 2016-2017 roguMHa npy non-
CK/ yCnoBuA ca wuscneaBaHu 16 copTa u
nonynaumn 3Be3gaH (Lotus corniculatus) ¢
paznuueH npousxop, (Tabnuua 1).

selection of germplasm that will be
included in the breeding program is a very
sensitive stage of breeding process
(Rumbaugh et al., 1988).

The aim of the investigation was to
study the potential of varieties and local
populations of different origins and
selection of elite plants based on feeding
productivity and durability and inclusion in
future breeding programs.

MATERIAL AND METHODS

At the Institute of Forage Crops -
Pleven in 2016-2017, under field conditions,
a 16 variety and populations of birdsfoot
trefoil (Lotus corniculatus L.) of different
origins were investigated (Table 1).

Ta6bnuua 1. HaMmeHoBaHWe M NPOU3X0oA Ha copToBe W nonynauun 3ee3gaH (Lotus

corniculatus L.)

Table 1. Name and origin of variety and population from birdsfoot trefoil (Lotus

corniculatus L.)

Ne HanmeHoBaHue CopTt/Monynauns Mpownsxopn,
Name Variety/Population Origin

1 [Teprosuue 1/Targovishte 1  |Copt/Variety Bbnarapus/Bulgaria

2 |Leo CopTt/Variety KaHaga/Canada

3 [Taborac CopTt/Variety YHrapus/Hungary

4 |Gran San Gabriele Coprt/Variety Utanus/Italy

5 |Bosna Lotus CopT/Variety BocHa 1 XepuerosuHa

Bosnia and Herzegovina

()]

Natural population

NokanHa nonynauus
Local population

BocHa 1 XepuerosuHa
Bosnia and Herzegovina

7 |Stamm GHO1 NokanHa nonynauusa |ABCTpus
Local population Austria
8 [Stamm GHO02 NokanHa nonynauua |ABCTpus
Local population Austria
9 lokanHa nonynaumsa 1 NokanHa nonynauusa |UeHTtpasiHa CesepHa Bunrapus

Local population 1

Local population

Central Northern Bulgaria

10

MokanHa nonynauua 2
Local population 2

MlokanHa nonynayusa
Local population

LieHTpanHa CeBepHa bbrapus
Central Northern Bulgaria

11

MokanHa nonynaumna 3
Local population 3

MlokanHa nonynayusa
Local population

LieHTpanHa CeBepHa bbrapus
Central Northern Bulgaria

12

lokanHa nonynauusa 4
Local population 4

NokanHa nonynauus
Local population

LleHTpanHa CeBepHa bbirapus
Central Northern Bulgaria

13

lokanHa nonynauusa 5
Local population 5

NokanHa nonynauus
Local population

LleHTpanHa CeBepHa bbrapus
Central Northern Bulgaria

14

MokanHa nonynaumst 8
Local population 8

NokanHa nonynauus
Local population

LleHTpanHa CeBepHa bbrapus
Central Northern Bulgaria

15

MokanHa nonynaumst 9
Local population 9

NokanHa nonynauus
Local population

LleHTpanHa CeBepHa bbrapus
Central Northern Bulgaria

16

NokanHa nonynauymsa 10

Local population 10

NokanHa nonynauus

Local population

LleHTpanHa CeBepHa bbrapus

Central Northern Bulgaria
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Ceuntbarta Ha M3nMTBaHUTE COPTOBE
1 nonynauum 3sesfaH e n3BbplieHa npes
2015 roguHa B cbaoBe (anametsbp 0.12 m
n BucounHa 0.17 m) c obem ot 1 L™ Mpes
eceHTa  pacTeHuATa C  nofjyepraHa
NMPOAYKTUBHOCT OT BCEKU reHOTUN ca 3aca-
[JEHWN MpKU NOJICKN ycnoBus. 3a KOHTpoa e
M3MNon3BaH eAVMHCTBEHUSA MNpu3HaT CcopT
3Be3gaH y Hac Tobprosuuwe 1. Bceku
BapuaHT e 3as1araH B neT noBTOPEHUS.

B Havanoto Ha BeretauuaTa e
oTyeTeHa NPEXMBAEMOCTTA Ha pacTeHusaTa
cnep npesumMyBaHe. Npe3 Beretauuata ca
M3BBbPLWEHN  TPW  MOKOCSABAHUA  BbB
(heHopasza Havasio Ha Ub(Tex npes
uHTepsasn 20-25 pgHW. 3a BCeku OT
dopmmupaHMTe  OTKOCM  MPU  BCUYKK
BapuaHTu Ha onuTa ca OTYETEHU CrefHuTe
nokasarenu: BucounmHa W LWWpPUMHA Ha
Tychata, cm; BucouvHa cpegHo 3a efHo
cTb6M10, cm; CBexa n cyxa 6uomaca, g;
Bpoii cTbbna cpedHO 3a efHO pacTeHue;
CbOoTHOLLEHWE NucTa:cTbbNna:LBeToBe Npwu
cBexara u cyxa 6uomaca; OTHOLWEHMEe Ha
CYXOTO BeLecTBO B cBexara 6uomaca, %.

MonyyeHute pesyntartu ca
06paboTeHn MaTemMaTMKo — CTaTUCTUYECKU
C nporpamHute npoayktm STATGRAPHICS

Plus for Windows Version 2.1 u Statistica 10.

PE3YJITATU N OBCBXXOJAHE

B HauyanoTo Ha BTOpa BeretauusaTa
e ycrtaHoBeHa 100% npexuBsemocT Ha
pacTeHusATa MpuM  BCUYKW TEHOTUNOBE
3Be3faH. B HayanoTo Ha TpeTa Beretauus
npu nogpacTeaHe Ha NbpPBU OTKOC NPexu-
BAEMOCTTa Npu OTAesIHUTEe TeHOTUNoBe
3Be3gaH Bapupa ot 0 go 100 % (Purypa
1). PacTeHusiTa Npu COpToBETE 3@ UHTEH-
3MBHO u3nonsBaHe Leo, Taborac, Gran
San Gabriele n Bosna Lotus 3arnHaxa Ha
100% cnep nbpBoTO KOoceHe. C gobpa
YCTOMUMBOCT U NPEXUBAEMOCT A0 Kpas Ha
TpeTaTa Beretaumss ca nNOYTU BCUYKM
nonynauun, KOMTO Ce u3pasBHABAT WU ca
C MNO-BUCOKA MPEXMBAEMOCT OT COpT
Toprosue 1.

a7

The varieties and populations of
birdsfoot trefoil were sown in pots (0,12
m in diameter and 0,17 m in height) with
a volume of 1 L™ in 2015. In autumn,
plants with pronounced productivity of
each genotype were planted under field
conditions. The only registered variety
in Bulgaria, Targovishte 1, is used for
control. Each variant consists of five
replications.

At the beginning of the growing
season, the survival of the plants after
the wintering was taken into account.
During the vegetation, three cuts were
carried out in growth stage beginning of
flowering at interval of 20-25 days. In all
variants of the experiment for each
cutting, the following indicators were
taken into account: Height and width of
the tuft, cm; Mean height per stem, cm;
Fresh and dry biomass, g; Number of
stems; Ratio of leaves:stems:flowers in
fresh and dry biomass; Relative dry
matter ratio in fresh biomass, %.

All  experimental data were
statistically  processed using the
STATGRAPHICS Plus for Windows

Version 2.1 software and Statistica Ver. 10.

RESULTS AND DISCUSSION

At the beginning of the second
vegetation period, 100% survival of the
plants was detected in all birdsfoot trefoil
genotypes. At the beginning of a third
progeny, the survival rate of individual star
genotypes varies from 0 to 100% (Figure
1). Plants in intensive varieties Leo,
Taborac, Gran San Gabriele and Bosna
Lotus died 100% after the first cut. With
good resistance and survival by the end of
the third growing season there are almost
all the populations that are equalizing or
have a higher survival rate than the
Targovishte 1 variety.
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Fig. 1. Survival of varieties and populations birdsfoot trefoil at the beginning and

end of third vegetation period

deHoTMMHATA WM3MEHYMBOCT Ha
n3xogHuTe nonynauumn no nNpPoayKTMBHOCT
Ha cBexa buomaca no OTKOCU M CPesHOo
3a BeretaumdaTta OT pacTeHWe e SACHO
nspaseHa (Tabnuua 2). Mpu mnscnegga-
HUTE reHoTMNoBe 3Be3[aH ca HanpaseHu
4 otkoca npe3 2016 roguHa, a npe3 2017
rogMHa no 3 oTkoca npes3 uMHTepsBasl OT
20-25 gHw.

Mpes 2016 r. npu noseyeTo OT
BapuaHTUTe Ha onuTa MHTEH3UBHOCTTA Ha
HaTpynsaHe Ha 6romaca e C MakCMMyM BbB
BTOpU OTKOC. C HaR-rosIs Mo Ko/M4ecTBo
cBexa 6uomaca cymapHO 3a BeretaumoH-
HuA nepuopg Ha 2016 r. ce oTKposiBa copT
Taborac, koeTo Hagsuwasa ¢ 28,0% ToBa
npu KoHTponata. Mpu 103U COPT Konuyec-
TBOTO Ha hopmupaHarta bmomaca e ¢ Mak-
CMyM BBbB BTOpM OTKOC (48,8 % OT 06L10TO
Konunyectso hopmmupaHo 3a Beretauus). B
Kpas Ha Beretaumsita OT nonynauuurte ¢
nsnpaBeH xabutyc — JlokasiHa nonynauyus 2
HajBuLaBsa c 8,8% koHTponara, a npu Tesu
cbe cTenew, Tun (JlokasiHm nonynauuu 8, 9
n 10) e dopmmpaHO [AOKa3aHO MO-Masiko
KO/IM4ecTBO CBeXa 6uomaca 3a Bereta-
LMOHHMA nepuod, koeto e oT 32,7 no 59,4
% MO-HUCKO B CpaBHeHWe CbC COPT
Tobprosuie 1.

The phenotypic variability of the
yields of fresh biomass on slopes and on
average for plant vegetation is clearly
expressed (Table 2). In the tested
genotypes birdsfoot trefoil, 4 cuts were
made in 2016 and 3 cuts in 2017 at an
interval of 20-25 days.

In 2016, in most of the variants of

the trial, the intensity of biomass
accumulation is maximum in a second
cutting. The highest amount of fresh
biomass for the vegetation period in 2016
is Taborac variety, which exceeds 28.0%
of the control. In this variety, the biomass
formed with a maximum in the second
cutting (48.8% of the total for vegetation
period).
At the end of vegetation, the population of
erected habitus - Local population 2
exceeds the control by 8.8%, and in the
case of the straining type (Local
populations 8, 9 and 10), a lesser amount
of fresh biomass for the vegetation period
is from 32.7 to 59.4% lower than
Targovishte 1 variety.
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Ta6r||/|u,a 2. CBexa 6nomaca npun copTtoBe 1 nonynaunnm 3se3gaH Nno OTKOCU U

0610 3a BeretayumaTa (3a 2016-2017r.)

Table 2. Fresh biomass in varieties and populations birdsfoot trefoil, by cuts and

average for vegetation (for 2016-2017)

eHoTMnOBE | oTkOC Ilotkoc Il otkoc IV otkoCc CpepHo 3a Beretauus
Genotypes I cutting Il cutting 1ll cuting IV cutting Average for vegetation
2016
Targovishte 1 0,221abc 0,373bcd 0,159def 0,055bcde 0,807bcd
Leo 0,198abc 0,376bcd 0,194fg  0,064cde 0,823bcd
Taborac 0,257bcde 0,505cd 0,223¢g 0,043abc 1,033d
Gran San Gabriele 0,261bcde 0,358bcd 0,133bcde 0,031ab 0,783bcd
Bosna Lotus 0,354def 0,26labc 0,126bcde 0,022a 0,692bc
Natural population 0,258bcde 0,378cd 0,180efg 0,04labc 0,866¢d
Stamm GHO1 0,346bcde 0,461d 0,140cdef 0,054bcde 0,901cd
Stamm GHO02 0,238abcd 0,442d 0,147cdef 0,036 0,863cd
Local population 1 0,256bcde 0,308bcd 0,134bcde 0,072e 0,771bcd
Local population 2 0,367ef 0,357bcd 0,108bcd 0,041labc 0,878cd
Local population 3 0,357def 0,314bcd 0,123bcde 0,043abc 0,765bcd
Local population 4 0,386f 0,272abc 0,096abc  0,038ab 0,792bcd
Local population 5 0,297cdef 0,317bcd 0,122bcde 0,070de 0,646bc
Local population 8 0,112a 0,211ab 0,044a 0,043abc 0,328a
Local population 9 0,148ab 0,285abc 0,078ab 0,032ab 0,543ab
Local population 10 0,112a 0,138a 0,040a 0,037ab 0,261a
CpegHo / Average 0,261 0,335 0,128 0,045
2017

Targovishte 1 0,487i 0,261e  0,101def 0,849e
Leo 0,141ab  0,000a 0,000a 0,141a
Taborac 0,128ab 0,000a 0,000a 0,128a
Gran San Gabriele 0,102a 0,000a 0,000a 0,102a
Bosna Lotus 0,217bc  0,000a 0,000a 0,217a
Natural population 0,306cde 0,161cd 0,086cde 0,553cd
Stamm GHO1 0,294cde  0,349g 0,169h 0,812ef
Stamm GHO02 0,320def  0,355g 0,126fg 0,800de
Local population 1 0,343efg  0,140bc  0,060bc 0,543c
Local population 2 0,425hi 0,308f 0,139¢g 0,872ef
Local population 3 0,641 0,272e 0,075cd 0,987f
Local population 4 0,581] 0,202d 0,039b 0,823de
Local population 5 0,390fgh  0,290ef 0,117efg 0,796de
Local population 8 0,310de 0,123bc  0,032b 0,464bc
Local population 9 0,391gh  0,101b  0,085cd 0,577c
Local population 10 0,249cd 0,106b 0,041b 0,396b
CpegHo / Average 0,333 0,167 0,067

3a pasnvka OT BTOpa Beretauus, Unlike the second vegetation
npes Tpetara roguHa npu reHotunosete | period, in the third year the largest

Hali-ronam gan o1 doopmupaHara 6uoma-
ca 3a BereTauuaTa ce naga Ha Nbpsu
OTKOC. M3KkntoyeHne npaBAaT aBCTPUIACKM-
Te nonynauyum Stamm GHO01 u Stamm
GHO02 c AcHO u3paseHa fiaTHa NPOoAyK-
TMBHOCT U MO-TOMIAAM A1 HA BTOPU OTKOC
OT 06LL0TO KO/IMYeCTBO BMomMaca 3a Bere-
Tauus. MNpy TAX UHTEH3MBHOCTTA Ha Ha-

TpynBaHe Ha 6rnomaca e ¢ MakCMMyM BbB

proportion of the formed biomass for
vegetation period is in the first cut. The
exception is the Austrian populations
Stamm GHOl1 and Stamm GHO02 with
pronounced summer productivity and a
larger share of the second cutting of the
total biomass for vegetation. In these, the
biomass accumulation intensity s
maximum in second cutting (respectively
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BTOPU OTKOC (CbCTaBnsABallM CbOTBETHO
43,0 n 44,3% OT 06WOTO KO/IMYECTBO
cBexa bumomaca 3a Beretauusita), a Cy-
MapHOTO KO/IMYECTBO 3a Beretaumsta He
Ce pas/iMyaBa CbLUECTBEHO OT KOHTPOISI-
HWs BapuaHT. OT 6barapckuTe nonyna-
UMM C um3paseHa NsaTHa NpoAYyKTUBHOCT
npe3 2017 roguHa ca Ne 2 n 5, ¢ gan Ha
BTOPU OTKOC cboTBeTHO 35,3 u 36,4%.
Mpu 6barapckute nonynauumn 3 u 4
nogyepTaHo Hali-ronsam e gsana Ha Mbpeu
OTKOC (CbOTBETHO C 64,9 u 70,7%). C
Hall-roNs Mo Kosim4ecTBo ceexa buomaca
CyMapHO 3a BereTauuoHHWS nepuopg ce
OTKposiBaT 6barapckute nonynauymm 2 n 3
HajBMLWaBalln CbOTBETHO € 2,8 1 16,3%
copT Touprosuie 1.

CpepHata Ob/XKMHA Ha cTbbnata
npy copToBe U nonynauun 3sesgaH sapu-
pa no oTkocu n no reHotun (Ta6nuuya 3).
B 3aBUCMMOCT OT 6pOosi Ha HanpaBeHuUTe
OoTKOCK, ce Habnwpasa TeHAeHUMA 3a
dopMMpaHe Ha cTbbna ¢ Hai-ronsma
Ob/XKNHA Npu BTOPU OTKOC, CriefiBaHa oT
nbpBKW, TPETU U  YETBBPTU  OTKOC.
M3kntoueHne ca Habnwpgasa npu Bosna
Lotus, kbaeto ctbbnara hopmupaHm B
nbpBM OTKOC Hagsuwasatr ¢ 21,8%
ObxnHaTa gocturHaTa npy BTopy OTKOC.

Mpn nbpBuM oTkKOC coptoBe Gran
San Gabriele, Bosna Lotus v nokanHu
nonynauun Ne 1, 2, 3, 4, 5, Natural
population n Stamm GHO02 dopmupar
[oKaszaHo no Abnry cTbbna, cnpsmMo copt
Toprosuule 1. Npu BTOpM OTKOC TEHAEH-
umata ce 3anassa npu nonynaumm Ne 1,
2, Stamm GHOl1 n Stamm GHO2, a B
TpeTn eguHcTBEHO npu Stamm GHO2.

CpefHo 3a BeretauuaTa npu cop-
ToBe Leo u nonynaymm Stamm GHO1,
Stamm GHO2 mn Ne 1 pgb/mkuHata Ha
cTbbnaTta gokasaHO HajBullaBa yCTaHo-
BeHara npuv copt Tbprosuwe 1 ot 2,7 oo
11,5% (P=0.05). Monynauun Ne 2, 3, 4, 5
N Tesn cbC cTenew, xabutyc (nonynawuum
8, 9 1 10) ca chopmupaniv cTaTUCTUYECKN
[oKa3zaHo No-kbCu cTebna B CpaBHeHue
CbC copT Toprosutle 1.

Mpu copt Tbprosuwle 1 Agb/mkMHA-
Ta Ha cTbbnata B MbpBU OTKOC € Hali-

43.0 and 44.3% of the total biomass for
the vegetation) and the total biomass for
vegetation does not differ significantly
from the control variant.

Of the Bulgarian populations with
pronounced summer productivity in 2017
are Local population 2 and 5 with a share
of second cutting, respectively 35,3 and
36,4%. In the Bulgarian populations 3
and 4 there is the largest share of the first
cutting (64.9 and 70.7% respectively).
With the greatest amount of fresh
biomass aggregated for the vegetation
period, the Bulgarian local populations 2
and 3 exceed respectively 2,8 and 16,3%
Targovishte 1 variety.

The average length of the stems in
the varieties and populations birdsfoot
trefoil by cuts and by genotype (Table 3).
Depending on the number of cuts, there
is a tendency for the formation of the
longest stems in the second cut, followed
by the first, third and fourth cuts. An
exception was observed with Bosna
Lotus, where the stems formed in the first
cutting exceeded by 21.8% the length
reached in a second cut.

In the first cutting, Gran San
Gabriele, Bosna Lotus and Local
populations 1, 2, 3, 4, 5, Natural
populations and Stamm GHO02 form long
stems compared to Targovishte 1 variety.
In the second -cutting, the trend is
maintained for Local population Ne 1, 2,
Stamm GHO01 and Stamm GHO02, and in a
third cutting only at Stamm GHO02.

On average for the vegetation in
Leo varieties and Stamm GHO1, Stamm
GHO02 and Ne 1 stems, the length of the
stems proved to exceed the established
in Targovishte variety 1 of 2.7 to 11.5%
(P = 0.05). Local population 2, 3, 4, 5 and

those  with  semi-prostrate  habitus
(populations 8, 9 and 10) have
statistically  proven  shorter  stems

compared to Targovishte 1 variety.
In Targovishte 1 variety the length
of the stems in the first cutting is highest
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BMCOKa N HamasisaBa BbB BTOpM C 12,8 n
23,2% B TpeTn OTKOC. 3a pas/ivka oT
KOHTPO/IHMSA BapuaHT npu nonynauum
Bosna Lotus, Natural population, Stamm
GHO1 n Ne 2 n 3 e oT4yeTeHa no-rosiamMa
Ob/MKMHA Ha cTbbnarta BbB BTOPM OTKOC
(ot 8,8 0o 28,1 %) B cpaBHEHUE C Tasn OT
MbpBM OTKOC. B TpeTu oTKoC BCUYKM MO-
nynaunmMte dgopmMmupart Hali-kbcu cTbbna
B CpaBHEHUE C NMPeaxXo4HNTE OTKOCHK.

and decreases in the second with 12,8
and 23,2% in the third cutting. Unlike the
control variant, for the populations of
Bosna Lotus, Natural population, Stamm
GHO1 and No 2 and 3, a greater length of
the stems in a second cutting (from 8.8 to
28.1%) was reported compared to the
first cutting. In the third cutting, all
populations form the shortest stems
compared to the previous cuttings.

Tabnuua 3. BucounHa Ha cTb6/10TO NMpu cOpTOBE U nonysiauun 3Be3gaH Mo
OTKOCW 1 CpeaHo 3a Beretaymsa (3a 2016-2017 r.)
Table 3. Height of the stem in varieties and populations of birdsfoot trefoil, by
cuts and average for vegetation (for 2016-2017)

eHoTMNOBE | oTKOC Il oTkOC Il oTKOC IV otkoc CpepHo 3a Beretaums
Genotypes | cut Il cut Il cut IV cut  Average for vegetation

2016
Targovishte 1 37,05cd 44,12bcd 31,80fgh 17,97ef 32,73d
Leo 38,38def  49,55f 33,00h 15,53c 34,13ef
Taborac 34,83bc 49,13f 32,10gh 15,93cd 33,00de
Gran San Gabriele 40,63fgi  42,30bc 28,20e 13,20b 31,08¢c
Bosna Lotus 50,71g 41,63b 30,37f 13,70b 34,10ef
Natural population 41,90gh  45,60de  31,00fg 17,80ef 34,08¢f
Stamm GHO1 34,98bc 52,679 32,40gh 17,43de 34,37f
Stamm GHO02 39,58efg 54,529 35,37i 16,53cde 36,509
Local population 1 44 45i 46,43ef  31,60fgh 13,03b 33,88def
Local population 2 42,70hi 47,20ef 22,97cd 12,63b 31,38¢c
Local population 3 42,40hi 41,22b 21,27c 13,07b 29,49b
Local population 4 39,60efg  37,07a 19,25b 10,67a 26,65a
Local population 5 41,83gh 41,18b 21,37cd 17,20de 30,40bc
Local population 8 25,83a 43,68bcd  16,63a 20,059 26,55a
Local population 9 38,20de 45,00cde 20,17bc 16,27cd 29,91b
Local population 10 32,82b 36,87a 15,97a 19,07fg 26,18a
CpegHo / Average 39,12 44,89 26,47 15,63

2017
Targovishte 1 37,63fgh 32,83bc 28,90 f 33,12 de
Leo 29,97 c 0,00 a 0,00 a 9,99 b
Taborac 18,53 a 0,00 a 0,00 a 6,18 a
Gran San Gabriele 2487 b 0,00 a 0,00 a 8,29 ab
Bosna Lotus 33,57 cdef 0,00 a 0,00 a 11,19b
Natural population 32,87 cde 40,28 f 28,70 f 33,95 efg
Stamm GHO1 35,13 defg 45,009 30,90 f 37,01 fgh
Stamm GHO02 38,63 ghi 47,53¢g 30,53 f 38,90 h
Local population 1 32,17 cde 33,68bcd 21,43e 29,09 cde
Local population 2 46,83 | 38,67 ef 30,00 f 38,50 gh
Local population 3 51,57k  38,93ef 18,53 cd 36,34 fg
Local population 4 48,90 jk 36,77def 16,10c 33,92 ef
Local population 5 32,57 cde 35,43 cde 19,40 de 29,13 ¢c
Local population 8 36,70 efgh 31,50 b 12,65b 26,95¢c
Local population 9 40,5 hi 31,63 b 18,20 cd 30,11 cd
Local population 10 32,27cd 3540cde 20,63e 29,43 c
CpegHo / Average 35,79 27,98 17,25
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CpegHo 3a BeretauusioHHUTe ne-
puoan Ha 2016 n 2017 roguHa, Ab/Ku-
Hata Ha cTbbnara npu nonynayunite
Stamm GHO01, Stamm GHO2 n Ne 2 n 3
[oKaszaHO npeBullaBaT Ab/hKUMHATA nNpu
copT Touprosuie 1.

Ha npaktvka reHepupaHus 3a
Beretaums Oo6vB € cymMapHa BennynHa
OT 06bpasyBaHWTe CTbOM1A OT €4HO pacTe-
HMe npes3 oTaesiHuTe nogpacTtu (Tabnmya
4). YcTaHOBEHUAT 6poii Ha cTbbnaTa dop-
Mupawm gobrea OT cBexa 6Guomaca 3a
€e[lHO pacTeHue, nokassa SICHO pasrpaHu-
YyaBaHe MexAy Npoy4YBaHMTE COPTOBE U
NlokasiHA nmonynauuyM 3Be3faH 1 Hanpa-
BEHUTE OTKOCK npe3 Beretauusata. pes
2016 1. ¢ Hali-ronsm 6poli cTbbna 3a Be-
retayms ce oTkposiBa JlokaslHa nonyna-
uus 2, Npy KOATO B MbPBU M BTOPU OTKOC
CTaTUCTUYECKM [OKa3aHOo npesuwasar
KOHTpasnaTta cboTBeTHO ¢ 80,5 1 65,0%, a
cpefgHo 3a BeretauudaTta ¢ 26,9% nosede
cTbbna. Copt Leo ce oTKposiBa ¢ popmu-
paHn c¢ 14,4% noseye cTbbNa cnpsmMo
Toprosuwe 1. CbOTBETHO npu nonyna-
uum 8, 9 1 10 (cTenewy TMN) € Han-MauTbK
6poAT Ha cTbbNata hopmupalin nobrea
CpepHo 3a Beretayus.

3a pasnvka OT BTOpaTta Beretauus
1 auncaTa Ha NpexmnBsemMocT Npu CopTo-
BEeTE 3BE34aH onpeaens HUCKMUA 6poi Ha
cTbbNarta nNpu NbPBOTO NokocssaHe. MNpu
aBCTpuiickuTe nonynauMm ce 3anassa
CpaBHUTE/NIHO BMUCOKMAT 6Gpoli  cbbna
CpefHo 3a BereTauuaTa, Kakto u npu
6barapckute nonynauum 2 un 3. lpu
NokanHa nonynauusa 5 e otyeteH ¢ 29,4%
Nno-BUCOK 6poii cTbb1a cnpsimo
Toprosuwie 1. Mpu nonynauunte 8, 9 n
10 ot crenew, TUn, ce MNOTBbPXAaBa
TeHAeHUMATa 3a pegyunpaHe 6pos Ha
cTbbnarta B creggawute  OTKOCK, a
CyMapHoO 3a Beretaumdatra ca ot 22,3 A0
28,4% 0T KOHTPOIHUA BapuaHT.

Average for vegetation period in
2016 and 2017, stem lengths in the
Stamm GHO01, Stamm GHO02, and 2 and 3
populations proved to exceed the length
at variety Targovishte 1.

The yield generated for vegetation
is a sum of the stems formed from one
plant through the individual cuttings
(Table 4). The number of stems that
produce the yield of fresh biomass per
plant shows a distinction between studied
varieties and local populations starved
and the cuttings made during vegetation.

In 2016, with the highest number of
stems for vegetation, there is a Local
population 2, where in the first and
second cuttings statistically proved
exceed the control by 80,5 and 65,0%
respectively and the average for the
vegetation with 26,9% more stems. Leo
variety stands out with 14.4% more stems
than Targovishte 1. Accordingly, in Local
populations 8, 9 and 10 (straining type)
the number of stems forming the average
yield for the vegetation is the smallest.

Unlike the second vegetation and
the lack of survival in varieties, the star
determines the low number of stems at
the first decay. In the Austrian
populations the relatively high number of
supernatants averaged for vegetation, as
well as for Bulgarian populations 2 and 3.
In the local population 5, 29,4% higher
number of stems was observed
compared to Targovishte 1. In
populations 8, 9 and 10 from the
tendency to reduce the number of stems
in the subsequent slopes is confirmed,
and the total for the vegetation is from
22.3 to 28.4% of the control variant.
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Tabnuua 4. bpoii cTbb1a Ha e4HO pacTeHne Npu CopToBe M Nonynauum 3Be3faH
Mo OTKoCK 1 cpefHo 3a Beretaumsa 2% rogmHa (3a 2016 1.)

Table 4. Number of stems per plant in varieties and populations starved in
slopes and average for vegetation Year 2 (for 2016)

FeHoTunoBe/ Genotipes | oTKOC Ilotkoc Il otkoc IV oTkoc CpegHo 3a Beretauus
| cut Il cut Il cut IV cut Average for vegetation
2016
Targovishte 1 62,8bc 118,8abc 181,2bcde 117,2bcd 120,0bcdef
Leo 66,2bcd  139,0bcd 191,4cde 152,6d 137,3def
Taborac 95,75de  119,0abc 227,75e 112,8abcd 121,9bcdef
Gran San Gabriele 63,2bc 150,4cde 136,4abc 90,6abc 110,2abcde
Bosna Lotus 56,75abc 99,4ab 130,2ab 72,4ab 86,9ab
Natural population 76,4bcd 144,6bcd 163,8bcd 111,4abcd 124,1bcdef
Stamm GHO1 76,0bcd 173,2de 146,6abcd 111,4abcd 126,8cdef
Stamm GHO02 63,4bc 135,2bcd 132,2ab 84,4abc 103,8abcd
Local population 1 78,4bcd  146,8bcd 161,8bcd 100,8abc 122,0bcdef
Local population 2 113,4e 196,0e 169,0bcde 130,6cd 152,3f
Local population 3 70,25bcd 116,2abc 165,2bcd 92,4abc 107,5abcd
Local population 4 71,8bcd 133,4bcd 182,2bcde 105,8abcd 123,3bcdef
Local population 5 85,75cde  179,0de 199,5de 135,8cd 150,0ef
Local population 8 24,5a 77,75 a 98,0a 100,3abc 75,1a
Local population 9 53,6ab 139,0bcd 135,0abc 84,2abc 91,6abc
Local population 10 61,0bc 145,5bcd  88,75a 64,5a 89,9abc
CpepfiHo/ Average 70,0 136,0 156,8 104,2
2017
Targovishte 1 150,3def 173,3ef 142 bcd 155,1e
Leo 79,8 ab 0,0a 0,0 a 26,6 a
Taborac 76,8 ab 0,0a 0,0 a 25,6 a
Gran San Gabriele 63,3 a 0,0a 0,0a 21,1a
Bosna Lotus 94,0 abcd 0,0a 0,0a 31,3a
Natural population 109,3 abcde 112,5bc 106,0 bcd 109,3 bc
Stamm GHO01 141,6 def 144,8cde 158,0cd 148,1 cde
Stamm GHO02 85,8 abc 103,0b 108,0 bcd 98,8b
Local population 1 97,4 abcde 121,0 bcde 80,7 b 99,7b
Local population 2 145,4 def 138,4 bcde 161,0d 148,1 de
Local population 3 151,4 ef 143,4 bcde 135,0 bcd 143,1 cde
Local population 4 144,0def 160,2de 87,6b 130,6 bcd
Local population 5 168,0 f 208,5f 2250e 2005 f
Local population 8 140,8 cdef 133,3 bcde 69,5 ab 114,5 bcd
Local population 9 166,8 f 1145bc 80,2b 120,5 bcd
Local population 10 122,5 bcdef 118,3bcd 92,3 bc 111,0 bc
CpepgHo/ Average 121,1 104,5 90,3
YcTaHOBEHM ca  KopenaunoHHU Correlations between the biomass

3aBUCUMOCTU Mexay 6uomaca OT efHo
pacTeHve W BUcCOYMHATA U 6poOST Ha
cTbbnata OT egHO pacteHue (Tabnuua
5). Hait-ronamo BnaunsiHue npu doopmmpa-
He Ha [Jo6uBa oOkasBa BUCOYMHATA Ha
cTbbn1aTa OTKOMIKOTO TEXHUAT 6pOit He3a-
BMCMMO OT rofAuHata Ha npoyyBaHe
(r=0.703).

of a plant and the height and number of
stems from one plant are established
(Table 5). The greatest influence in the
formation of the yield is the height of the
stems than the number of stems
regardless of the year of study (r=0.703).
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Tabnuua 5. KopenaunoHHM 3aBUCUMOCTU MexXay rnapamMeTpute Ha NpoAyKTUBHOCTTA
OT cBexa buomaca npu copTose u rnonynaummn 3sesgaH (2016-2017 r.)

Table 5. Correlation between the parameters determining the productivity of fresh
biomass in varieties and and populations of birdsfoot trefoil (2016-2017)

MapameTpun Ceexa 6buomaca, g BucoumHa ctbbna, cm  Crbbna, 6poit
Parameters Fresh biomass, g Height stems, cm Stem, count
2016
Csexa 6uomaca, g 0
Fresh biomass, g
BmgquHa cTbbna, cm 0.703 0
Height stems, cm
Cre6/1a, 6poit 0,627 0,311 0
Stem, count
2017
Csexa 6uomaca, g
Fresh biomass, g 0
BucounHa cTb61a, cm
Height stems, cm 0,918 0
C1b6na, 6poi
Stem, count 0,887 0,844 0
N3BOAN CONCLUSIONS

YctaHoBeHO e 100% 3armBaHe Ha
pacteHusiTa cfnef MbPBOTO MNOKOCSABaHe
Ha TpeTara roguHa npu copToBeTe 3a
WHTEH3VBHO u3non3saHe Leo, Taborac,
Gran San Gabriele n Bosna Lotus.

Haii-ronsgmo BnvsiHMe npu dhopmMu-
paHe Ha go6uBa OkasBa BMCOYMHATA Ha
cTbbnarta OTKOMKOTO TEeXHMAT  Gpoi
He3aBNCKMMO OT roguHaTa Ha npoy4yBaHe
(r=0.703 n r=0,918). Mpwn JlokasHK1 nony-
naumm 8, 9 n 10 (cTtenew, xabutyc) ce
hopmupaT AokasaHO MO-KbCWU CTbbONa B
CpaBHEHWe C KOHTPOJIHUSA BapuaHT copT
Tbproeuule 1, a no-gbnrn cTbbna cpegHo
3a nepuoga Ha wmscnepsaHe ca Natural
population, Stamm GHO01, Stamm GHO02,
Ne 2 n 3.

YcTaHOBEHA € MOJIoXUTEe/IHA Kope-
NauMoHHa 3aBUCUMOCT Mexay 6uomaca
OT efHO pacTeHue n 6posiT Ha cTbbnaTa
OT e[HO pacTeHune U npe3 ABeTe roAnHU
Ha npoyyBaHe (cboTBeTHO r=0.311 nu
r=0,844). MNpun nokanHa nonynauus 5 e
OTYEeTEH MO-BUCOK Opoli cTbb/1a cnpsimo
Tbproeuule 1 cboTBETHO ¢ 25,00% (2016
roguHa) n 29,27% (npes 2017 rognHa).

C Hait-ronsima npogyKTUBHOCT Ha
cBexa Ovomaca M NpexuBsaemMocT npu
u3cneABaHNTe COPTOBE 3Be3fdaH € Obi-
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In the third year after the first crop
of varieties Leo, Taborac, Gran San
Gabriele and Bosna Lotus 100% plant
death was detected.

The greatest influence of the yield
has the height of the stems than their
number regardless of the year of study (r
= 0.703 and r 0.918). In local
populations 8, 9 and 10 (straining type),
stems are proven shorter than the control
variant variety Targovishte 1, and longer
stems on average for period of study are
Natural population, Stamm GHO01, Stamm
GHO02, Bulgarian Local populations 1 and
2.

A positive correlation between
biomass from one plant and the number
of stems from one plant was established
in both study years (r = 0.311 and r
0.844 respectively). In the case of local
population 5, a higher number of stems
compared to Targovishte 1 was recorded
with 25,00% (2016 years) and 29,27% (in
2017).

The greatest yield of fresh biomass
and survival of the tested varieties trefoil
is Bulgarian variety used for standard



rapckmsit CopT wu3nos3eaH 3a cTaHgapTt | Targovishte 1, and in Austrian populations
Tbproeuuie 1, a npu nonynaymmTte aBc- | Stamm GHO1 and Stamm GHO02, as well
Tpuiickute Stamm GHO1 n Stamm GHO02, | as the Bulgarian Local populations 1 and
KakTo 1 6barapckute JlokanHu nonynaumm | 2 elite plants of which will be included as
1 n 2, eNnTHN pacTeHns OT KouTo uwle | parental components of  synthetic
6bOar  BK/OYEHWM KaTo  poauTesncku | population.

KOMMOHEHTWN Ha CUHTETUYHA Nonynaums.
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PE3HOME

BkntouBaHETO Ha MHOTOrOAWLLIHUTE
6060BM TPEBM B CbCTaBa Ha CEHOKOCHUTE
MU nacuHW TPEeBOCTOM gdonpuHacs 3a
CbLLECTBEHO MOBULLABAHE HA KA4ecTBOTO
UM. VI3BECTHO €, Ye Te3n pacTUTesIHW BU-
[l0BE CUHTE3MpaT U CbAbpXaT BTOPUYHU
MeTaboMTK, KOMTO MoraT Aa NoBAUSIAT
BbpPXY BKYCOBWTE Ka4yecTBa, HMBOTO Ha
KOHCymauusl, CMUIaeMoCTTa U XpaHuTen-
HaTa CTOWHOCT Ha dpypaxa, Kakto 1 Aa
npean3BMkaT MeTaboIMTHN HapyLLIEHU 1
TOKCMKO3W TMpPU  CEJICKOCTOMNaHCKUTE XW-
BOTHW. B cTaTuATa e HanpaBeH 0630p Ha
HalWn W 4YyXau MpoyyBaHMsATa OTHOCHO
CbAbPXaHNETO Ha CamnoHWHW, LUaHOI/IM-
KO31auW, TaHUHW 1N PUTOECTPOreHN B TPEB-
HUA ypax OT JoLepHa, YepBeHa gete-
NvHa, 6ana geTenvHa v 38e3gaH. Cnopeg
ny6nvkyBaHuTe fAaHHW, KOHUEeHTpauuuTe
Ha Te3n BellecTBa KOpecnoHAMpaT CUHO
C BMAOBaTa 1 reHoTUNHa NpUHaANEXHOCT
Ha TpeBuTe, pasaTa Ha peKkonTupaHe W
abnoTuyHnTe hakTopu Ha cpegata. ToBa
NnoTBbPXAAaBa HEOGXOAUMOCTTa OT Npeg-
BapuTe/IHa OLEeHKa Ha edhekTa OT U3xpaH-
BaHETO Ha Te3n (ypakHW BUAOBE MO
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SUMMARY

The inclusion of perennial legumes
in the composition of hay and pasture
grasslands contributes to a significant
increase in their quality. It is well known
that these plant species synthesize and
contain secondary metabolites that may
affect the palatability, consumption,
digestibility and nutritional value of forage
as well as causing metabolic disturbances
and toxicosis in farm animals.

The paper reviews Bulgarian and foreign
studies on content of saponins,
cyanoglycosides, tannins and phyto-
estrogens in forage from alfalfa, red
clover, white clover and bird’s-foot-trefoil.

According to published data, the
concentrations of these substances
correspond strongly with the species and
genotype affinities of the legumes, the
harvesting phase and the abiotic factors
of the environment. This confirms the
need for a preliminary assessment of the
effect of feeding with these forage species
in the form of grazing or freshly cut green



cdhopmarta Ha nmawa Wam MpsICHO OKOCeHa
3e/leHa mMaca.

KnouoBn Aymu: MHOToOroguLLHu
6060HN TPEBM, BTOPUYHN MeTabonntun

BkilouBaHeTO Ha MHOroroavLIHUTE
6060BU TPEBU B CbCTaBa Ha CEHOKOCHUTE
M NacuHW TPEBOCTOU AOMpPUHAcCA 3a Cb-
LLLeCTBEHO MOBMLIABAHE Ka4yecTBOTO WM.
3BeCTHO €, Ye Tesn pacTUTesTHU BMOoBe
CYHTE3MpaT 1 CbAbpXaT BTOPUYHN MeTa-
6011TK, KOMTO MoraT Aa NOB/VSASIT BbPXY
BKYCOBWTE KayecTBa, HUBOTO Ha KOHCyma-
uus, CMWIaemMocTTa W XpaHuTesHarta
CTOMHOCT Ha hypaxa, KakTo 1 ga npeams-
BMKaT MeTabo/IMTHN HapYLUEHUA U TOKCU-
KO3M NpW CENICKOCTNAaHCKUTE XMBOTHU. Ta-
KMBa ca BellecTBa ca CanoOHWHW, LuuaHo-
rAUKO3NAW,  TaHWHKW,  (PUTOECTPOreHU
(llieva et al., 2001), yniATO CUHTE3 MOXE
Ja ce npueme 3a ajanTtMBeEH MEXaHU3bM,
a KOHUEeHTpauusaTa MM KopecnoHampa c
BMAOBaTa W TEHOTWMHA peakyuss KbM
(hakTopuTe Ha cpegaTa.

CanoHnHu

JouyepHaTa, KoATO e 6060oBaTa oy-
paxHa KynTypa C Hali-ronsiMo 3HayeHue u
pasnpocTpaHeHne B bbrapusi, ce xapak-
Tepu3npa ¢ OTHOCUTESIHO BUCOKM HMBA Ha
cbabpxaHue Ha canoHuHu (Kertikova et
al., 2000). Kato canoHvH¥ nNpu TO3K BUA
ca onucaHu 12 Trna 6e3a30THU TNNKO3M-
1, KOUTO ca OTKPUTW B pas/iMyHUTe yac-
TW Ha pacTeHneTo (/McTa, KOpeHu, ceme-
Ha) M KOWUTO Ce pasfuMyaBar Mo cBoATa
6uonoruyHa akTtmMBHocT (Voutquenne et
al., 2002). YacT oT NouepHoBUTE canoHu-
HU ca JeTepeHTn, KOMTO MHXubupar xpa-
HEeHeTo, Konynauusta u AliuecHacsHeTo
Ha duTocparmnte (Golawska, 2012). Hsikon
umaTt u anenonatnyHa (Oleszek et al.,
1992), aHTUMUKpobuanHa (Zehavi and
Polacheck, 1996), doyHructatnyHa (Czaban
et al.,, 2013) n ecTporeHHa akTMBHOCT.
CWHTE3BbT Ha CcanoHWHW B JIIOLEPHOBOTO
pacTeHve Bapupa OHOBHO MOf, B/USHUE
Ha reHeTuyHuTe pakTopn (Vetesi, 1986;
Rotili, 1989; Small et al., 1990; Macuha,
1991), kaTo 3aBUCK CbLLO M OT Ce30Ha Ha
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The share of perennial legumes in
the composition of hay and pasture
grasses contributes to a significant
increase in their quality. It is well known
that these plant species synthesize and
contain secondary metabolites that can
affect the palatability, consumption,
digestibility and nutritional value of the
feed, and cause metabolic disturbances
and toxicosis in farm animals.

These  substances are  saponins,
cyanoglycosides, tannins, phytoestrogens
(llieva et al., 2001) whose synthesis can
be considered for an adaptive mechanism
and their concentration corresponds to the
species and genotypic reaction to the
environmental factors.

Saponins
Alfalfa is the legume forage crop
with  the highest significance and

distribution in Bulgaria. It is characterized
by relatively high levels of saponin content
(Kertikova et al., 2000).

12 types of nitrogen free glycosides are
considered as saponins, which are found
in different parts of the plant (leaves,
roots, seeds) and differ in their biological
activity (Voutquenne et al., 2002). Some
of the alfalfa saponins are detritus, which
inhibits nutrition, copulation and egg
production of phytophags (Golawska,
2012).

Some of them have also an allelopathic
(Oleszek et al., 1992), antimicrobial
(Zehavi and Polacheck, 1996), fungistatic
(Czaban et al, 2013) and estrogenic
activity. The synthesis of saponins in
alfalfa plant varies under the influence of
genetic factors (Vetesi, 1986; Rotili, 1989;
Small et al., 1990; Macuha, 1991), and
also depends on the growing season



oTpacTBaHe (CbOTBETHO OT TemnepaTypu
W CcnabHYeBa paguaums), Bb3pacT Ha
TpeBocTosA (Pecetti et al., 2006) n cTteneH
Ha HanageHwe oT 6onectn (llieva and
Blazhev, 1991).

AHTUXPAHUTENHUTE U TOKCUYHU
edekT Ha MOLEePHOBUTE CanOHUHK Bbp-
Xy CEJICKOCTOMAaHCK/TE XMBOTHW ca ycTa-
HoBeHM B peauua uscnegsaHusa (Plhak,
1983; Price et al.,, 1987; Oleszek, 1996;
Timbekova et al., 1996). Mpu nTUunTe U
MOHOTraCTPUTHUTE >KMBOTHW, XPaHEHM C
NOLEPHOBO 6paLlHO, IMCTHUTE NOLEPHO-
BUTE canoHu HebnaronpuaTHO NosnusBat
TemnoBeTe Ha pactex. Te nogTuckar
KoHCcyMaumaTa Ha dypax (Ueda et al.,
1996), Tbii kato My npuaaBaT ropunB
BKkyc. Cnopep Gee et al. (1997) nocoue-
HUAT eqhekT ce Ab/MKU MMaBHO Ha CanoHU-
Ha Zanhic acid tridesmoside, konTo npe-
OV3BMKBA [pa3HEeHe Ha /vraBvuata Ha
ycTarta u XpaHocMmuiatesnHms TpakT. 3a
NMPEXUBHMUTE  XXMBOTHW,  JIOLEPHOBUTE
CanoHWHU HAMAaT OT6/MbCKBAL, BKYC, HO
MHXMOMpaT MUKpOOHaTa oepmMeHTauus u
CUHTE3 B TbpbOyXa M MPOMEHAT MecTaTa
Ha XxpaHocmunaHeTo (Lu and Jorgensen,
1987; Klita et al., 1996). Ta3n 6uonornyHa
aKTMBHOCT Ha NOLEPHOBUTE CanOHWHU B
Hali-HOBU M3cfiefBaHuns ce npoy4vBa KaTto
Bb3MOXHOCT 3a Bb3eicTeme Bbpxy hep-
MEHTaLMOHHMTE Mpouecn B Tbpbyxa Ha
efpuTe MPEXUBHN XMBOTHU U CbOTBETHO
KaTo NOTEHUMAsIEH HAYMH 3a HamasiBaHe
Ha MeTaHoBUTe emucum ot Tax (Malik and
Singhal, 2009; Morgavi et al., 2011). Jlo-
LEepHOBWTE CanoHWHM MoraTt ga npeaus-
BMKaT WHTpaBasa/iHa Xemo/su3a Ha epu-
TPOLUTUTE CbC CHOTBETHUTE K/IMHUYHU U
napakivHnyHM n3meHexHns (Jurzysta and
Waller, 1996; Tava and Pecetti, 1998;
Simeonov et al., 1999; Munro, 2009).
XemMonuTnyHaTa akTMBHOCT Ha CanoOHWHW-
Te Bapupa B 3aBWCMMOCT OT TsAXHaTa
cTpyktypa (Oleszek, 1990; Massiot et al.,
1991; Tava et al.,, 2000; Voutquenne et
al., 2002), kakTo 1 OT BMAA 1 KaTeropusTa
Ha npuemaLgute rm XnBoTHU. CBUHE, KOHE
M 3aiumM ce oT/iMyaBaT CbC 3HAYUTENHO
Nno-BMCOKa YyBCTBUTE/IHOCT, B CpaBHEHNe
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(respectively on temperatures and solar
radiation), age of grassland (Pecetti et al.,
2006) and degree of disease attack (llieva
and Blazhev, 1991).

The anti-nutritional and toxic effects
of alfalfa saponins on farm animals have
been identified in a number of studies
(Plhak, 1983, Price et al., 1987, Oleszek,
1996, Timbekova et al., 1996). In poultry
and monogastric animals fed on alfalfa
flour, leaf alfalfa saponins adversely affect
growth rates.

They suppress forage consumption (Ueda
et al., 1996) as they give it a bitter taste.
According to Gee et al. (1997), the effect
is mainly due to Zanhic acid tridesmoside,
saponin that causes irritation of mucous
membrane of the mouth and the digestive
tract.

For ruminants, alfalfa saponins don't have
a repulsive taste but inhibit microbial
fermentation and synthesis in the rumen,
thus changing digestive sites (Lu and
Jorgensen, 1987; Klita et al., 1996).

This biological activity of alfalfa saponins
in the latest studies is investigated as an
opportunity to influence fermentation
processes in the rumen of ruminants and
as a potential way to reduce their
methane emissions (Malik and Singhal,
2009; Morgavi et al., 2011).

Alfalfa saponins can cause intravascular
haemolysis of erythrocytes with
appropriate  clinical and paraclinical
changes (Jurzysta and Waller, 1996; Tava
and Pecetti 1998; Simeonov et al., 1999;
Munro, 2009). The haemolytic activity of
saponins varies both according to their
structure (Oleszek, 1990; Massiot et al.,
1991; Tava et al.,, 2000; Voutquenne et
al., 2002) and the species and category of
host animals.

Pigs, horses and rabbits are significantly
more sensitive than ruminants — sheep



C MPEeXvBHUTE XMBOTHN — OBLE U roBeja
(Cheeke, 1971). OT 3HayeHMe e u 34paBo-
C/NIOBHUAT CTATyC Ha XXWBOTHWUTE — MNpu
Bb3MNa/INTENIHN CbCTOSIHAS Ha CTOMALIHO —
ypeBHa /wuraBuLa W onapasuTAaBaHUs,
canoHvHuTe ce pesopbupar no-secHo,
KaTo oKa3BaT 6bp30 TOKCMYHO AelicTBUE.
YcTaHOBEHO €, 4Ye JIIoUEPHOBUTE CanoHu-
HUTE Morat Ja MoBAUAAT HuBaTa Ha
nuaHva  Metabonmsbm M BMoCUHTE3a
Ha xonectepon (Ueda et al., 1996).
UepBeHaTa M 6sna pgeTtenMHa ca
6060BUTE hypadkHN TpPEeBWU, KOUTO cneg-
BaT NO pas3npocTpaHeHVe fuepHaTa B
Bvnrapua. Crnopef NpoBeAeHUTE y Hac
uscnefBaHns, YepBeHata [deTesnuHa,
oTrnexgaHa B Npean/iaHUHCKUTE paiioHn
Ha CcTpaHaTa He CcbAbpxa OMOMOrMYHO
akTnBHU canoHuHn (llieva et al., 2001). B
YyXXAW NPOy4YBaHWsA ca yCTaHOBEHW HAKON-
KO canoHunHa BbB hypaxka 0T e4pOoSIUCTHU
opmmn 6sna petenuHa (Fievez et al.,
2001), KouTo ce cBbp3BaT C npoueca Ha
nofyBaHe Mpu egpuTe MPEXUBHU XUBOTHW
(Sakamoto et al., 1992; Lane et al., 2000).

LinaHornmkoangm

LLinpoko pasnpocTpaHeHute B na-
CULHWTE TpeBOCTOM Yy Hac 6ana getenu-
Ha u 3Be3gaH (Churkova, 2012; 2014)
cbabpxart ynaHoravkosnam (Wilson, 2008),
npv xugposausata Ha KOUTO Ce 0CBOOOX-
pasaT umnaHosogopos — HCN (Hart, 1987).
ToBa cTaBa Npu cMaykBaHe U KbCaHe Ha
pacTuTenHNTe ThKaHU NO BpPeEME Ha nawa
n KoceHe. N npu gBata Buga umaHoreHe-
3aTa e reHetTuyHo obycnoseHa (Collinge
and Hughes, 1982; Paplauskiené and
Sprainaitis, 2003; Annicchiarico, 2012) n
KopecnoHaupa ¢ NpexnBseMocTTa U ycToii-
ysBocTTa Ha nonynauyumnte (Caradus,
1997). YcTaHOBEHO €, 4ye npu 3Be3gaHa
CblLECTBYBa €HAOTEHEH MeXaHu3bM 3a
JeToKcuKaumusaTa Ha uuwaHuga (Smit and
Urbanska, 1986). MNpn 6sanata getenvHa
nonysayunTe nokaseart agantuBHa ande-
peHuMauns No OTHOLIEHNE CNOCOGHOCTTa
Ja npou3BexaaT BOAOPOAEH UMaHug
cnepf yepexgaHe Ha TbkaHute (Kooyers
et al.,, 2014). B Hawu wu3cneaBaHus e

60

and cattle (Cheeke, 1971). The animal

health status is also important — in
inflammatory conditions of the
gastrointestinal mucosa and
verminousness, saponins are more

readily absorbed and have a rapid toxic
effect. It has been established that alfalfa
saponins can influence lipid metabolism
and cholesterol biosynthesis (Ueda et al.,
1996).

Red and white clover is legumes

that come after alfalfa distribution in
Bulgaria. According to research
conducted in Bulgaria, red clover

cultivated in the foothills of the country
does not contain biologically active
saponins (llieva et al., 2001).

In other studies, several saponins have
been identified in the forage of large-leaf
white clover (Fievez et al.,, 2001) that
relate to the swelling process in the
ruminants (Sakamoto et al., 1992; Lane et
al., 2000).

Cyanoglycosides

The widespread white clover and
bird's-foot-trefoil (Churkova, 2012; 2014)
in pasture grasslands in Bulgaria contain
cyanoglycosides (Wilson, 2008), during
their hydrolysis is released hydrogen
cyanide — HCN (Hart, 1987). This occurs
when crushing and tearing plant tissues
during grazing and mowing. In both
species, the cyanogenesis is genetically
determined (Collinge and Hughes, 1982;
Paplauskiené and Sprainaitis, 2003;
Annicchiarico, 2012) and corresponds to
the survival and sustainability of the
populations (Caradus, 1997). It has been
found that bird's-foot-trefoil has an
endogenous mechanism for detoxification
of cyanide (Smit and Urbanska, 1986).

In white clover, populations show adaptive
differentiation in the ability to produce
hydrogen cyanide after tissue damage
(Kooyers et al., 2014). It has been found
in our studies that white clover species of



yCTaHOBEHO, Ye copToBeTe 6sna agetenu-
Ha OT APeBGHOMNCTHMAT MopdoTMn ca no-
HWCKO LMaHOreHHu (CbC CbAbpXaHue Ha
HCN — 19.4 mg/100g DM) B cpaBHeHue
CbC COpPTOBETE OT CpefHO W efposIuCT-
HuTe hopmn (pecnektnBHo 28.4 n 29.2
mg/100g DM), kakTO u TOBa, 4e enpo-
NMCcTHaTa reHnnasMa ot npegnnaHnHCKn-
Te palioHn Ha Bbarapus € ¢ MHOro HUCKO
CbAbpXaHue Ha umaHornmkosngun (Michovski
and Goranova, 2006) — 7mg HCN/100g DM.

LinaHoBogopoabT MMma NpsK TOKCU-
yeH edekT BbpXYy XMBOTHUTE, KOrato e B
KOHUeHTpauua Hag 50-75 mg/100g DM.
OTpaBsHEeTO Ha XMBOTHUTE NpoTMYa 6bp-
30, CbC Cnasmu, TPYAHO AuLlaHe, YCKOpeH
nysc U napanusa Ha Avwadeto. Noema-
HETO Ha cBeX hypax oT 6sn1a getenunHa
N 3Be3jaH pALKO MOXe Aa npeau3Buka
TakoBa [OUPEKTHO OTpsiBaHe, nopaau
TOBa, Ye CbAbPXAHWETO Ha uuaHornu-
Ko3uan e noj MocoYBaHUTE KPUTUYHMU
HMBa 1 Nopajun ToBa, Ye Te3n TpeBn 0OMK-
HOBEHO He ce OTrexaar CaMoCTOATESHO,
a B TpeBHuM cmeckn (Churkova, 2000;
2008). Cnopepn, HAKOW NpoyyBaHus, CUs-
HUAT abMOTUYEH CTPEC MO BpeMe Ha Bere-
TauMaTa, Kakto M npu BUCOKO [03M Ha
MVHepanHo TOpeHe MoXe [a [oBefe [0
HapacTBaHe KOHLeHTpauuaTa Ha LumaHo-
rMMKo3uau B nocoyeHute Bugose. B
noBeyeTo u3cseaBaHUsA ce cboblliaBa 3a
TOKCMYEH edpekT Ha MeTabonutute OT
pasrpaxgaHeTo Ha uuaHosBogopoga (Majak
and Cheng, 1984; Carlsen and Fomsgaard,
2008). JeTokcukaums Ha LuMaHoBOAOpOAa
cTaBa B Tbpbyxa mnn yepHus Apod, B
3aBMCUMOCT OT BMAa Ha noemaiiure ro
XWBOTHKU, KaTo ce o6pasyBa TuouuaHat
(thiocyanate - SCN-) (Crush and Caradus,
1995; Majak et al., 1987; 1990). Tuouyna-
HaTbT € MoTeHuManeH WHXMeUTop Ha
CBbp3BaHEeTO Ha ioja B WuTOBMAHATA
Xnesa u npuemMaHeTo Ha Te3n 6060BU
TpeBM C nawara MoOxe Ja npenussuka
yBEMMYaBaHe Ha pasmepa i npu oBUE
(Crush and Caradus, 1995). OcBeH TOBa,
unaHugHUTe MeTabonmMTu morat ga oka-
XaTt eekT 1 BbpXy cesieHoBMs MeTabonu-
3bM MPU XUBOTHUTE.
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small-sized leaf morphotype is less
cyanogenic (with HCN content — 19.4
mg/100g DM) compared to medium and
large-sized leaf varieties (respectively
28.4 and 29.2 mg/100g DM) as well as
the fact that the large-sized leaf gene
plasm of foot-hill mountain regions of
Bulgaria is very low in cyanoglycosides
(Michovski and Goranova, 2006) - 7mg
HCN/100g DM.

Hydrogen cyanide has a direct toxic
effect on animals when it is in a
concentration above 50-75 mg/100g of
DM. Poisoning of the animals is fast, with
cramps, difficulty  breathing, rapid
heartbeat and paralysis of breathing.
Taking fresh forage of white clover and
bird's-foot-trefoil rarely can cause such
direct poisoning because the
cyanoglycoside content is below critical
levels and because these grasses are not
normally grown independently, but in
grass mixtures (Churkova, 2000; 2008).

According to some studies, strong abiotic
stress during vegetation as well as high
doses of mineral fertilization can lead to
an increase in the concentration of
cyanoglycosides in these species. Most
studies have reported a toxic effect of
metabolites of hydrogen cyanid
dissolution (Majak and Cheng, 1984,
Carlsen and Fomsgaard, 2008).

Detoxification of hydrogen cyanid occurs
in the rumen or liver, depending on the
animal species that take it, forming
thiocyanate (SCN) (Crush and Caradus,
1995; Majak et al, 1987; 1990).
Thiocyanate is a potential inhibitor of
iodine binding in the thyroid gland, and
when these legumes are taken during
grazing they can cause an increase in
sheep size (Crush and Caradus, 1995). In
addition, cyanide metabolites may also
have an effect on selenium metabolism in
animals.



TaHuHKN

KoHAaeH3npaHute TaHWHK CT
(proanthocyanidins) ca knac thnasoHoua-
H/ nofvMepW, KOWUTO ce CbAbpxaT B
3Be3faHa, ecnapsetata (Berard et al,
2011) ” B NO-HWUCKN KOHLIEHTpaLMM B Cb-
uBeTMaTa Ha uyepBeHa U 6ana getenvHa
(Burggraaf, 2003; 2008). BuonornyHus
ehekt Ha  KOHAEH3UpaHWTe  TaHWHU
3aBUCK OT KOHLIEHTpauuaTa UM B CBEXMS
dhypax. Korato cbabpxaHNETO M e Haf
50-60 g/kg DM, Te ce sBsABaT aHTUXpaHu-
TeneH dakTop, Tbil kKaTo peayumpaT KOH-
cymMaumsaTa u cMuiaemMocT-Ta Ha doypaxa
1 NOHWXaBaT npupacra Ha TesiecHa maca
N Jenpecupar pactexa Ha Bb/Harta npu
oBuete (Aerts et al.,, 1999; Wen et al,,
2003; Min et al., 2003). Korato cbabpxa-
HMeTo um e B rpaHuuute 20-40 g/kg DM,
KOHAEH3VpaHuTe THWHU peayuupaTr pas-
rpaxgaHeTo Ha npoTemHa B Tbpbyxa Ha
npexvBHUTE U NpeaoTBpaTsABaTr nodysa-
HETO U OnapasuTABaHETO Ha XMBOTHUTE
(Athanasiadou un Kyriazakis, 2004; Arrigo
et al, 2009; Escaray et al, 2011). O6uk-
HOBEHWS 3Be3[aH, KOWTO ce KynTusupa B
Bbarapus e ¢ oNTMMasIHN HMUBA Ha CbAbP-
XaHne Ha TaHuHu (25 g CT/kg DM). Mo
BMCOKM KOHLIEHTpaLMn ca XapakTepHu 3a
ecnap3seTtarta (45 g CT/kg DM) u TO BbB
hasute npean ubgTEXA HA pacTeHusTa
(Berard et al, 2011).

PUTOECTPOreHn

MHororoguwHuTe 6060BUTE TPEBU
CbAbpXaT U N30(h1aBOHOBN CbeaNHEHMS,
KOUTO uMMaT ecTpOoreHHa akTWBHOCT B
XMBOTWHCKMA OpraHn3bM M MoraT 3Hauu-
TeNIHO fa pasCTPOAT  PenpoayKTUBHUTE
My DyHKUMKW. TakMBa CbefnHeHus ca
coumestrol, apigenin, luteolin and
quercetin B nouepHata (Seguin et al.,
2004); daidzein, genistein, formononetin n
biochanin A B uepBeHa pgeTenuHa
(Steinshamn, 2010). CbabpxaHUeTOo Ha
hmTOECTPOreHun B SilOLEPHATA € Pa3/IMYHO
B pa3/IMyHMTE YaCTM Ha pacTeHUeTo, kaTo
Hall-BMCOKM KOHLleHTpauuM Ha apigenin,
luteolin n quercetin ca oTKpUTK B LIBETO-
BeTe. To Bapupa CbLo 1 cnopep, asuTe
Ha pasBuTWE, KaTo Hali-HUCKO € BbB
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Tannins
Condensed tannins - CT
(proanthocyanidins) are a class of

flavonoid polymers contained in bird's-
foot-trefoil, sainfoin (Berard et al., 2011)
and in lower concentrations in red and
white clover racemes (Burggraaf, 2003;
2008). The biological effect of condensed
tannins depends on their concentration in
fresh forage. When their content is above
50-60 g/kg DM, they are antinutritional
factors because they reduce the
consumption and digestibility of forage
and reduce the growth of body mass and
depress wool growth in sheep (Aerts et
al.,, 1999; Wen et al. et al., 2003; Min et
al., 2003).

When their content is in the range of 20-
40 g/kg DM, condensed tannins reduce
protein absorption in ruminants’ rumen
and prevent swelling and verminousness
of animals (Athanasiadou and Kyriazakis,
2004, Arrigo et al, 2009, Escaray et al,
2011). The ordinary bird's-foot-trefoil
cultivated in Bulgaria has optimal levels of
tannin content (25 g CT/kg DM). Higher
concentrations are characteristic for
sainfoin (45 g CT/kg DM) and in the pre-
flowering phases of plants (Berard et al,
2011).

Phytoestrogens

Perennial legumes also contain
isoflavone  compounds that have
estrogenic activity in the animal organism
and can significantly disrupt its
reproductive functions. Such compounds
are coumestrol, apigenin, luteolin and
quercetin in alfalfa (Seguin et al., 2004);
daidzein, genistein, formononetin and
biochanin A in red clover (Steinshamn,
2010). The content of phytoestrogens in
alfalfa differs in different parts of the plant,
with  the highest concentrations of
apigenin, luteolin and quercetin being
found in the flowers.

It varies also according to developmental
phases, as the lowest is in the beginning



(heHohasza Havano Ha ubgTex (Seguin et
al., 2004). ®OpPMOHETWHBLT, KOWTO Cce
cpella B HaW-BUCOKU KOHLEHTpauuu npu
yepBeHaTa feTenmnHa uma BMCOKa Hacre-
[OAeMOCT, KaTto He ce Bnusie OT €eKoso-
TMYHUTE YCNOBUSA N CTaans Ha passBuTue.
Bb3 ocHOBa Ha TOBa ca Cb3fafeHu cop-
TOBE YepBeHa AeTeNIMHA C HNCKa KOHLEH-
Tpaumsa Ha chopmMoHeHUTH (Boller, 1994).
YCTaHOBEHO €, Ye /IIUEepPHOBUTE U AeTe-
JIVHOBM M30¢0/1laBOHN HapylwaBaTt (IyHK-
uusita Ha SAYHMLMTE NpU KpaBu U OBLE,
HamansaBsar npoLeHTa Ha 3an1o4AaemMocCT U
yBenuyaBat eMmbpuoHasHaTa CMbPTHOCT
(Adams, 1995), kaTo moraT ga npemuHart
W B M/IAKOTO Ha NakTtupawuTe Kpasu
(Mustonen et al.,, 2009). [detenvHoBute
MToeCcTporeHn Morat ga npeaussukart
noBulLIaBaHe YecTtoTaTa Ha Ob6pasyBaHe
Ha ypaTHu KambHK nNpu oBueTe (Hall, 2007).

N3BOAN

HanpaBeHnsi 0630p Ha npoy4yBa-
HMATA OTHOCHO CbAbPXAHMETO Ha cano-
HWHW, LUMaHOTNNKO3MAWN, TaHWHU U UTO-
€CTPOreHn B TPeBHUSI dhypax OT MHOro-
roguwiHm 6060BM TPEBU, NOKA3BA, Y€ KOH-
LeHTpauunTe Ha Tesn BelyecTBa Kopec-
noHAMpa CUHO C BMAOBaTa M reHoTUnHa
NpUHaAeXHOCT Ha TpeBuTe, dhazata Ha
pekonTupaHe 1 abnoTuyHuTe hakTopn Ha
cpepata. ToBa NOTBbpXAaBa Heobxoam-
MOCTTa OT MpeaBapuTesiHa OLUEHKA Ha
echbekTa OT 13xpaHBaHETO Ha Te3N oypax-
HM BMAOBe noj cdopMata Ha nawa unu
NPsSICHO OKOCEHA 3e/ieHa maca.

of flowering phenophase (Seguin et al.,
2004). Formononetin, which occurs at the
highest concentrations in red clover, has a
high inheritance and is not affected by
environmental conditions and
developmental stages. Based on this, red
clover cultivars were created with low
concentration of formonetin (Boller, 1994).

Alfalfa and clover isoflavones have been
shown to impair ovarian function in cows
and sheep, reduce fertility rates and
increase fetal mortality (Adams, 1995),
and may also pass into milk of lactating
cows (Mustonen et al., 2009).

Clover phytoestrogens can cause an
increase in the frequency of urate stones
in sheep (Hall, 2007).

CONCLUSIONS

The survey of studies on the
content of saponins, cyanoglycosides,
tannins and phytoestrogens in grass
forage from perennial legumes shows that
the concentrations of these substances
are strongly correlated with the species
and genotypic affinities of the grasses, the
harvesting phase and the abiotic factors
of the environment. This confirms the
need for a preliminary assessment of the
effect of feeding with these forage species
in the form of grazing or freshly cut green
mass.
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PE3IOME

OonTMn3MpaH e MeTo/, 3a eKCcTpak-
uus, 4ypes BK/IOYBAHE B TEXHOSOTNYHUSA
pes Ha eTanu Ha €H3MMHO CMuNaHe Ha
KNeTbyHUTE CTeHu, yntpaduarpauus Ha
oTAeneHaTa HaTaHTa M KPUOTEHHO KOH-
LUEHTpUpaHe 3a MojslydaBaHe Ha TeyeH
WM CyX eKCTPakT C BMCOKO CbAbpXaHue
Ha 6MOSIOTMYHO-aKTMBHM BellecTBa. Pas-
paboTeH e oNTMMasIeH aJIropUTHLM 3a Npu-
naraHe Ha pas/IM4yHUTE noaxoanm 3a €eH-
3UMHO CMWNaHe, ynTpaduntpayms, Kpuo-
reHHO KOHLUEHTpUpaHe 1 cylleHe B TemMne-
patypeH auanas3oH -50°C go 30°C. Kpaii-
HaTa Len 3a npunaraHe Ha TO3W anropu-
TbM € 3anas3BaHe Ha TepMonabunHuTe
CbeaMHEHUs 3a NOoCTUraHe Ha Makcumasl-
Ha 6MOIorMYHa akTMBHOCT U YnCcTOTa 6€e3
ocTaTbUyu OT OpraHWyHW pasTBOpPUTENN B
KpaiiHusa ekcTpakT. KaTo usxogHa cypoBu-
Ha e 13nosi3BaHa /1abopaTtopHO oTrieja-
Ha MULEeNHa KyITypa Ha BUCLUM Meauum-
HCKM bbu oT Buag Ganoderma lucidum,
oTrnefaHn B cpepa ot Potato Dextrose
Agar (PDA) ¢ pobaBka Ha ApOXAEB eKC-
TpakT. MyuenHarta KynTypa e nog/ioxeHa
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SUMMARY

An extraction method has been
optimized by incorporating in the
technological order steps of cell wall
enzyme grinding, ultrafiltration of the
separated supernatant fluid and cryogenic
concentration to obtain a liquid or dry
extract with a high content of biologically
active substances. An optimal algorithm
has been developed to implement the

different approaches for enzymatic
grinding, ultrafiltration, cryogenic
concentration and drying at the

temperature range -50°C to 30°C. The
ultimate goal of applying this algorithm is
to keep thermolabile compounds to
achieve maximum biological activity, and
a frequency with no residual organic
solvents in the final extract.

Laboratory-grown micelle culture of higher

medical mushrooms of the species
Ganoderma lucidum grown in Potato
Dextrose Agar (PDA) medium

supplemented with yeast extract was
used as a starting material. The mycelial



Ha obpaboTka cBexa (kuBa) 6e3 npepBa-
puUTENHO M3cCylaBaHe CypOBWHA, KaTo e
cTapTupaH TEXHONOTMYHUA pep, C LLIOKOBO
3amMpassiBaHe 3a MakCMMasiHO 3anasBaHe
(oyHKLUMOHaNHaTa cTabunHocT Ha 61oorMyHo-
aKTMBHUTe BellecTBa. [loka3aHo pasrpax-
[AHeTo Ha KneTbyHaTa CTeHa 4ypes npo-
BeXJaHe Ha MWKPOCKONCKO HabnwgeHue
n e HanpaseH HPLC aHanus3 3a getektu-
paHe Ha NpoAyKTUTE NOoJTyY4eHn cnep xua-
ponuza Ha xutuHoBwusa cnoii (Krishnendu
Acharya et al., 2015).

KniouoBn  gymu:  MeauLMHCKM
rL6u, eHsum, nuodunusauns, NaHogepma
nyumaym, Peliwn, ekcTpakT, KneTbyHa
CTeHa, [/1I0KO3aMUWH, eH3MMEH XUAponun3,
XpomaTorpagckm aHanus, MUKPOCKOMNCKO
HabnaeHne

yBO/[,

B npon3BoACTBOTO Ha GMOOTMYHO
aKTMBHM MNPOAYKTN npefHasHayeHun 3a
n3non3saHe B meguuuHaTta, pyHKumnoHan-
HOTO XpaHeHe 1 Ko3MmeTukata, efuH oT
OCHOBHUTE Npo6G/eMn 3a pelleHne e
ocurypsiBaHe Ha BellecTBata M3oampaHu
OT M3Xo4HaTa CypoBMHA C Makcumaso
3anaseHa 6uon0rMYyHa akTMBHOCT. [pwu
pasiMyHMTEe METOAM Ha eKCcTpakuus, ce
HabwgaBa pa3IMYHO HMBO Ha TO3M MoKa-
3aten. MNpu MacoBO U3MOM3BAHUTE METO-
OV V3N0N3Baly pasTBOpPUTENN pasTUYHU
OT Bofa (a/Ikoxonu, rukonun, etepu, 6ex-
31H, XeKcaH, macna, napadmHu n T.H.) ce
KOHCTaTupaT 3aMbpcsiBaHWs OT OCTaHa v
KonmyecTBa OT pa3TBopuTens. 3a oTcTpa-
HSABAHETO Ha pasTBopuTENs OBWKHOBEHO
ce 13non3ea nosuLlaBaHe Ha Temneparty-
parta, npu KOWTO NpoLec ce oTymTa paspy-
LWaBaHe Ha HSAKOW TepMosiabunHun 6uoso-
TMYHO aKkTMBHW BelwlecTBa. PeluiaBaHeTo
Ha TO3M npobsieM U3MCKBA Mpouecute,
yyacTBally B MeTofa Ha o6paboTka ga ce
ocblUecTBsBaT MpU No-HUCKa Temnepary-
pa OT TasW, KoATO O6u paspywmna
uenesute 6MONOTMYHO aKTMBHU BeLLecTBa
HamupalLy ce B n3xogHata CypoBuHa.

G. lucidum e wmeauumHcka rbb6a,
MacoBO 13MoJsi3BaHa 3a Npov3BOACTBO Ha
pasiMyHM NPoAyKTW 3a npodmnakTuka u
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culture is subjected to fresh (live)
processing without prior drying, by
running the shock freezing process line to
maximally preserve the functional stability
of the biologically active substances.

Proven degradation of the cell wall by

microscopic  observation and HPLC
analysis to detect the products obtained
after hydrolysis of the chitin layer

(Krishnendu Acharya et al., 2015).

Key words: medicinal mushroom,

enzymes, lyophilization, = Ganoderma
lucidum, Reishi, extract, cell wall,
glucosamine, enzymatic hydrolysis,
chromatographic analysis, microscopic
observation

INTRODUCTION

One of the main problems in the
production of biologically active products
for use in medicine, functional nutrition
and cosmetics, is to provide the
substances isolated from the raw material
with maximum biological activity.

In the different extraction methods, a
different level of this indicator is observed.
In the commonly used methods using
solvents other than water (alcohols,
glycols, ethers, gasoline, hexane, oils,
paraffins, etc.) contaminations of residual
amounts of solvent are observed.

Removal of the solvent usually involves
raising the temperature at which a
process is reported to destroy some
thermally  labile  biologically active
substances.

Solving this problem requires processes
involved in the processing method to be
carried out at a lower temperature than
would destroy the target biologically active
substances present in the feedstock.

G. lucidum is a widely used medical
mushroom for the production of various
products for prophylaxis and functional



(PYHKUMOHANIHO XpaHeHe. ToBa € Hali-
npunaraHata ro6a 3a MeauLMHCKK Lesnmn ¢
pasiMyHu TepaneBTUYHM CBOICTBA: Mpo-
TMBOpaKoBa aKTMBHOCT, aHTUOKCUMAAHTHM,
NPOTUBOBbB3NA/IUTENHU, aHTUANEPTUYHN U
HEBPONPOTEKTMBHM CBOWCTBA, MMa 6aro-
npuaTeH edekT Bbpxy 4epHus p[pob u
6b6peumnTe, NokasBa aHTUBMPYCHa U aHTU-
6akTepuanHa akTMBHOCT. EKCTpakTu ¢ BUCO-
KO CbAbpXaHWe Ha OMOSIOTMYHO aKTUBHU
BELeCcTBa Ce M3Mon3BaT 3a yKperBaHe Ha
MMyHHaTa cucTema, 3a npodyuiakTuka npu
CbpAeyYHO-CboBUTE  3abonsBaHusA,  xunep-
TOHUSA, AnabeT, pecnmpaTtopHU M CTOMAaLUHO-
UpEBHW HapyLUeHWs, UMYHOAEMNLNTHU CbC-
ToAHUA 1 gp. (Solomon P. Wasser, 2014).
3a ocBoboxgaBaHe Ha 6MON0rNMYHO
aKTMBHWTE BewecTBa OT kfeTkata WU
KneTbyHaTa CTeHa, 6e3 ga e Heo6xoaAnmo
N3Mnon3BaHe Ha OpraHU4yHN pasTBOpUTENU
€ NMPUIOXEH EH3MMEH METO/, 3a pasrpax-
JaHe CTpPyKTypuTe Ha Knetkata, KOWTO
npotuya B TemnepaTypeH AauanasoH
18-20°C (Johanna Rytioja, 2016). Mpu 1031
MeTof pasTBopuTens e Boja, Heobxoau-
MaTa KMCE/IMHHOCT Ha pa3TBopa € NocTur-
HaTa 4ype3 HaTypajiHa KucenmHa u ycrio-
BMATa Ha 06paboTka 3anasBaT Hernpome-
HEHW OUOJSIOTMYHO aKTUBHUTE BELLECTBA,
Taka KakTo npoTuyaT ecTecTBEHO MpoLe-
cuTe B NpupogHuTe cuctemu. OTCTpaHs-
BaHeTO Ha pas3TBOpuTEeNs npu TO3W MoA-
XO[, Ce U3BbPLUBA B YCNOBUSA HA BakyyMm u
HMCKa Temneparypa ypes NpoLec Ha smo-
ounuzauus, NpuM KOMTO € rapaHTMpaHo
3anasBaHe Ha fieTnnBuTE U Tepmonabus-
HUTEe Monekynu. Mpu nuodunusauymata
BoJaTa NMpemMvHaBa B TBbPAO arperatHo
CbCTOSIHME MO BPEME Ha 3aMpb3BaHETO,
cnep KOeTo B YC/I0BUS Ha BaKyym cy6nu-
Mupa MpeMUHaBaiku OUPEKTHO B raso-
06pasHO CbCTOAHME 6e3 ga npemMuHaBa
npe3 TEeYHO CbCTOSAHWE, KaTto Mo To3u
Ha4MH He MOXe Ja nosfedye cbe cebe cu
pasTBOpPEHN BeLLlecTBa, KOUTO OocTaBaT B
cyxata (ppakuums. MNonyyeHata mscylleHa
cybCcTaHuma octaBa € 2-3 % BMaXHOCT,
KOeTo YycnoBue cnvpa pasBuMTMeTO Ha
MaTtoreHHn npoLecu W ako MNosayvyeHus
NPOAYKT € OoMakoBaH C MaTepuas cnvpaLy
NpeMrHaBaHETO Ha BOAa, ra3 U oHW3W-
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nutrition. This is the most commonly used
mushroom for medical purposes with
different therapeutic properties: anticancer
activity, antioxidant, anti-inflammatory,
antiallergic and neuroprotective
properties, has a beneficial effect on the
liver and kidneys, shows antiviral and
antibacterial activity.

Extracts with a high content of biologically
active substances are used to strengthen
the immune system, to prevent
cardiovascular diseases, hypertension,
diabetes, respiratory and gastrointestinal
disorders, immunodeficiency states, etc.
(Solomon P. Wasser, 2014).

For the release of biologically active
substances from the cell and the cell wall
without the need of organic solvents, an
enzymatic method for degradation of the
cell structures is applied which runs in the
temperature range of 18-20°C (Johanna
Rytioja, 2016).

In this method the solvent is water, the

necessary acidity of the solution is
achieved by natural acid and the
processing conditions retain the

unchanged biologically active substances
as naturally occurring processes in the
natural systems. Removal of the solvent
in this approach is carried out under
vacuum and low temperature by a
lyophilization process in which the
conservation of volatile and thermolabile
molecules is guaranteed.

During lyophilization, the water passes to
a solid state during freezing, then
sublimates in vacuum conditions by
passing directly to the gaseous state
without passing through a liquid state,
thus not being able to drag with it
dissolved substances that remain in the
dry state fraction. The resulting dried
substance remains with 2-3% humidity,
which prevents the development of
pathogenic processes and if the resulting
product is packed with material that stops
passing of water, gas and ionizing



palio NbyeHne ce NocTura MHOro Ab/br
CpOK Ha cbxpaHeHue (Pal, 2017).

MATEPVAJT U METOOU

B HacTosiwaTta paboTta e pa3paboTeH
MeTOZ, 3a nosyyaBaHe Ha GMOMOrMYHO aKTu-
BEH EKCTpaKT, Mpu KOWTO anroputbMa Ha
U3NbAHEHVE BKOYBA MPOLLECU OTroBapsLLy
Ha TemnepaTypHUsi PeXnM CbINacHo 3aja-
[JeHVTe ycnosua 3a 3anasBaHe Ha TepMmo-
NabwHUTE CbeAVMHEHUs,, Taka KakTo e
nokasaHo Ha durypa 1.

radiation, a very long shelf life is achieved
(Pal, 2017).

MATERIAL AND METHODS

In the present work, a method for
producing a biologically active extract is
provided wherein the process algorithm
includes processes responsive to the
temperature regime according to the
preset conditions for the thermally-labile
compounds as shown in Figure 1.

Growing of micelle culture in laboratory Mechanical cutting of separate micelle and
conditions in PDA . mushroom bedy
-
Addition of the enzymes Cellulase, Lactase, Mixing the cutted starting material with 1%
Alfa amylase and Lipase and mixing for 24h. <—1| water solution of citric acid, mycronization in
\ 600 rpm. blender for 2 min., 10000 rpm.
ﬂ >
faf i : Z = i
Shock freezing -50° C Unfreezing to 20 ° C, addition of Chytinase,
—» mixing for 48h., 600 rpm.
Lo W, ﬂ
Liofilization -30 ® C
Separation of the extract of the heavy and
light fraction by centrifugation at 10000 rpm,
| 7 ° C for 10 min. ﬂ
=
Grinding the dried product
-\ (granulation if necessary)
Liofilization of dry Liofilization of dry
fraction -30° C fraction -30° C ﬂ
Packaging the dry extract in
a package with increased barrier
_,/I properties

7

Grinding the dried product

{granulation if necessary)

ﬂ

Packaging the dry extract in

-

a package with increased barrier

properties

Expedition of
packed dry extract

dur. 1. bnokoBa cxema Ha eTanuTe Ha 06pa60TKa 3a nosiydaBaHe Ha CyxX €H3UMHO

TPeTUpaH eKCTpakT

Fig. 1. Block scheme of the stages of treatment to obtain dry enzyme treated

substance
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M3xogHa cypoBMHa B Hactosiarta
paboTa e 13non3BaH XUB MuLEen 1 naog-
HO Tan0 oT Ganoderma lucidum. M36pa-
Ha e Ta3u CypoBMHa 3aLl0TO TH € C MHOro
6orata GMONOrMYHO aKTMBHA HaUIMYHOCT
cbabpkawa Hag 400 Buga Takusa
BelllecTBa. [pyrusa nokasartesn no KOMTo e
n3bpaHa Tasy CypoBuHa € Ha/IMYMeTo Ha
NAbTHA W TpyAHA 3a pasrpaxgaHe kie-
TbYHa CTeHa CbAbpxalla XMTUH. 3a pas-
rpaxgaHeTo Ha kneTbyHaTa CTeHa ca
13Mnon3BaHu cnegHute eHsumn: Denilight
(Naka3a), Lipopan (Jlunasa), Fungamyl
4000 SG (Andha amnnasa), Celluclast 1,5
L (Uenynasa), Chitinase B konmyecTsa no
0,5 g Bcekn. CypoBumHaTa OT XuUBKUA
MuUen n nnogHoto Tsaa0 ot G. Lucidum
6ewe oTrnegaHa 3a nepuog OT LWecCT
mMeceua B 1abopaTtopHU YC/OBUA B
VKXT-Codmsi. belwe nanonssaHa xpaHu-
TefiHa cpefa OT KapToheHO AEeKCTPO3eH
arap (PDA) c pobaBka OT eKCTpakT,
nosydyeH OT aBTONM3MPAHU  [APOXAM
Saccharomyces cerevisiae. CypoBuHata
3a ekcnepumeHta Oelwe oTaeneHa B
eTana Ha MbpBOHa4YasHO obpa3yBaHe Ha
nAoAHo TA10. MNbpBOHAYasIHO OTAENEeHA-
Ta rbbHa Maca 6elle MexaHW4YHO Haps-
3aHa 1 noctaseHa B 1% p-p Ha /IMMOHe-
Ha kucenuHa B H,O. Taka nosny4veHus
pa3TBop belle MWKPOHW3MPaH ype3 Me-
XaHW4YHO CMUMaHe B 6rieHaep cHabaeH ¢
pexewy pesum npm 20000 06./MyH. 3a 2
MUHYTU. KbM NOSy4eHUs MUKPOHU3MPAH
pa3tBop 6sxa [pfob6aBeHU eH3uMuUTe
DeniLight (Jlaka3za), Lipopan (Jlunasa),
Fungamyl 4000 SG (Anda amwnnasa),
Celluclast 1,5 L (Uenynasa) B konudyec-
1Ba 0,5 g BCEKM U B NpoAb/IKEHNE Ha 24
yaca Oewe pasdbpkBaH C MarHWTHa
6bpkasika ¢ 600 06./MVH. Npu Temnepary-
pa 20°C. Ha cnepgpauusi etan pastesopa
6eLle LWOKOBO 3aMpaseH 0 Temneparypa
-50°C, cnep koeTo belle pasmpaseH u
npu pocturaHe Ha Temnepatypa 20°C
6ewe gobaeeH eH3nma Chitinase B Konu-
yectBo 0,5 g. U MUKCUpaH C MarHuTHa
6bpkasika 3a 48 4. npu 600 06./MUH.
Cnep u3TMyaHe Ha MPOLUECHOTO Bpeme

The starting material used in this
work is a live mycelium and a body from
Ganoderma lucidum. It is selected
because it is very rich in biologically
active substances, containing over 400
kinds of them. The other indicator for
selecting this starting material is the
presence of a dense and difficult to
degrade chitin-containing cell wall. The
following enzymes were used to break
down the cell wall: DeniLight (Lipase),
Lipopan (Lipase), Fungamyl 4000 SG
(Celiac Amylase), Celluclast 15 L
(Cellulose), Chitinase in 0.5 g quantities
each.

The raw mycelia and body of G. lucidum
was grown for six months in laboratory
conditions at ICFT in Sofia. Potato
Dextrose Agar (PDA) broth was used with
the addition of extract from autoclaved
yeast Saccharomyces cerevisiae. The
starting material for the experiment was
separated in the initial stage of the
development of the body.

The initially released mushroom was
mechanically cut and placed in 1% citric
acid in H,O. The solution thus obtained
was micronized by mechanical grinding in
a blender equipped with cutting bits at
20 000 rpm. in 2 minutes.

The enzymes DenilLight (Lipase), Lipopan
(Lipase), Fungamyl 4000 SG (Alpha
amylase), Celluclast 1.5 L (Cellulose)
were added to the resulting micronised
solution in amounts of 0.5 g each and for
24 hours was stirred with a magnetic
stirrer at 600 rpm. at a temperature of
20 ° C. In the next step, the solution was
shock-freezed to -50°C, then unfreezed,
and at the temperature of 20°C was
added the Chitinase enzyme at 0.5 g and
stirred with a magnetic stirrer for 48 h at
600 rpm.

Upon expiration of the process time, a
sample was separated for microscope
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6elle oTAeneHa MocTpa 3a HabnwaeHve
nof, MUKpPOCKON. TloflyyeHuss ekcTpakT
bewe pasgeneH Ha pABe 4vactu. Kowm-
MN/IEKCHUSA eKCTpakT OT mnbpBara 4acT
6elle OMPEKTHO M3CyLUeHa 4pe3 npouec
Ha nMohunusauns, KaTto Taka nosyyeHuns
npaxoo6paseH NPOAyKT e roToB 3a ona-
KOBaHe 1 ekcrneguums. Broparta vacTt ot
pa3TBopa 6Gelle cenapvpaH Ha Texka M
neka pakuus upes LeHTpydyrupaHe
npu 10000 o6./mMuH. 1 Temnepatypa 7°C
3a 10 muH. OT nosiyyeHarta cynepHa-
TaHTa 6elle oTAesieHa MOCTpa 3a Xxpoma-
Torpadpcko nscnegsaHe. Jlekara n Texka-
Ta pakumsa oT MoSTyYeHUs KOMIMJIEKCEH
eKCTPaKT 6sxa U3CyLLIEeHN Ypes3 npoLec Ha
nvodhunusauma. Taka nonyvyeHuTe Ccyxu
NpoAyKTM ca rOTOBM 3a OfakoBaHe |
ekcneanums.

HanpaBeHn 6sixa ABe u3cnegsa-
HMA 3a YCTaHOBABaHe pasrpaxgaHeTo Ha
KneTbyHaTta cTeHa. MNbpPBOTO M3cneaBaHe
6eLle HanpaBeHO Ype3 MUKPOCKOMNCKO Ha-
6n4eHmne Ha nNpobu B3eTW OT pas3TBopa
B HAYasI0TO Ha TEXHO/IOTUYHUA pef u oT
npoba oTgesnieHa oT NoslyvyeHus KOMMJIeK-
CeH eKCTpakT npeau cenapvpaHe Ha
TeXka M neka dpakymsa. Xpomatorpad-
CKOTO M3crieBaHe 6eLle HanpasBeHo KaTo
3a uenTta e M3nonseaHa npoba oTaeneHa
OT MofnydyeHaTa cynepHataHTa cneg
cenapupaHe Ha KOMM/IEKCHUS EKCTPakT.
MpobaTta Gewe paspeneHa ¢ MeOH B
CbOTHOLWEeHWe 1:5, cnef Koeto ob6pabo-
TeHa C YynTpa3BykoBa BaHa 3a MbJIHO
pasTBapsiHe. MonyyeHus p-p Gelwe npe-
YMCTEH Ype3 MHOrocTeneHHa unTpauns
KaTo 3a uenTa 6sxa 13nonissaHy noetarn-
HO MATbpPHa XapTusi C rosiemMmHa Ha
nopata 100 pym, CTbKNeH UNTLP C rose-
MuUHa Ha nopara 40 pm, CTbk/1eH UATBLP
C rosieMrHa Ha noparta 1 pm,, kKapTpuax
3a CMpVHUOBKA C rofleMMHa Ha nopata
0,45 uym un KapTpuzx 3a CMpPUHLOBKA C
rosieMunHa Ha nopata 0,2 ym.

Xpomartorpadcknss aHanns 6ewe
HanpaseH MNpu cfiefHUTe YC/oBUA: ana-
pat HP Agilent 1260 Infinity Quaternary
LC, DAD [A=270 nm], RP-C18 [250 mm],
N30KpaTeH pexum K TeyHa hasa CbC

observation. The resulting extract was
divided into two parts. The complex
extract of the first part was directly dried
by a lyophilization process, the powder
product thus obtained being ready for
packing and dispatching.

The second part of the solution was
separated into a heavy and light fraction
by centrifugation at 10000 rpm. and a
temperature of 7°C for 10 minutes. A
sample for chromatographic analysis was
removed from the obtained supernatant.
The light and heavy fraction of the
resulting complex extract was dried by a
lyophilization process. The dried products
thus obtained are ready for packing and

shipping.

Two studies were carried out to
determine cell wall degradation. The first
study was done by microscopic
observation of samples taken from the
solution at the beginning of the
technological order and from a sample
separated from the resulting complex
extract prior to separation of the heavy
and light fraction. Chromatography was
done using a sample separated from the
supernatant obtained after separation of
the complex extract.

The sample was diluted with MeOH in a
ratio of 1:5 then treated with an ultrasonic
bath for complete dissolution.

The resulting pH was purified by multi-
stage filtration using a 100 pym pore size
filter paper, a 40 um pore size glass filter,
a 1 um pore size glass filter, a pore size
syringe cartridge 0.45 pym and a syringe
cartridge with a pore size of 0.2 ym.

Chromatographic analysis was
performed under the following conditions:
HP Agilent 1260 Infinity Quaternary LC,
DAD [A = 270 nm], RP-C18 [250 mm],
isocratic mode and liquid phase with
composition: (A) 1% : ACN [70:30], (B)
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cbeTas: (A) 1% OueTHa kucenunHa (H,0) :
ACN [70:30], (B) MeOH, A:B (90:10). 3a
CTaH4apT e HanpasBeH pasTBOp CbAbp-
Xaw,, Caffein (1000 mg/ml) Glucosamin
HCL (100 mg/ml), N-Acetil-D-Glucosamin
(200 mg./ml) pasTBopeHn B MNOABMXHA
haza (A) n untpyBaH C KapTpumx c
rosiemMunHa Ha nopute 0,2 pm. 3a NpPoBeX-
JaHe Ha aHa/nM3a e HanpaBeHO pa3pex-
paHe ¢ MeOH B cboTHOLWweHKe 1:10.
MMKPOCKOMNCKOTO HabnwgeHne Ha
npoba ogeneHa OT MUKPOHU3MpPaHUSA
pasTBOp B HayasHMA eTtan u  OT
KOMMN/IEKCHUA EeKCTPaKT B KpalHus eTtan
Ha MeToJa € HanpaBeHO C MWKPOCKOnN
Accu-scope 3012 ¢ MOHTMpaHa Ha Hero
Kamepa 3a 3acHemaHe Micrometrics SMP.

PE3SYNTATU N OBCBbXOAHE

MpunoxeHata MeToAuKa [fokKasa
Bb3MOXHOCTTa rbOHaTa K/eTbyHa CTeHa
ha 6bae paspyweHa 6e3 n3non3BaHe Ha
OpraHW4yHn  pasTBoOpUTENIM U BUCOKA
TemnepaTypa. ToBa cTaBa 6narogapeHuve
Ha wu3nonssaHute eH3umyn Denilight
(Naka3a), Lipopan (J/lnnasa), Fungamyl
4000 SG (Anda amunasa), Celluclast 1,5
L (Uenynasa) u Chitinase B kombuHauus
C M3M0/3BaHe Ha MexaHn4yHa MUKPOHU3a-
LUS 1 LLOKOBO 3aMpassiBaHe.

Ha ®urypa 2 e nokasaHa CTPYKTY-
pata Ha rb6eH opraHu3bM U KneTbyHaTa
CTeHa Ha rbbHaTta knetka. Ha nsobpaxe-
HMETO ce BWkAa, Ye usanara CTpyktypa e
ob6xBaHaTa OT BJ/lakKHeECTM o6pasyBaHus,
HapeueHn xuncm (Carmen Sanchez, 2017).

MeOH, A: B (90:10). A solution
containing  Caffein (1000  mg/ml)
Glucosamine HCL (100 mg/ml), N-Acetyl-
D-Glucosamine (200 mg/ml) dissolved in
the mobile phase (A) of pores of 0,2 um.
An 1:10 dilution of MeOH was performed
to perform the assay.

Microscopic observation of a
sample separated from the micronised
solution in the initial step and of the
complex extract in the final step of the
method was done with an Accu-scope
3012 microscope with a Micrometrics
5MP capture camera mounted thereon.

RESULTS AND DISCUSSION

The applied methodology proved
the possibility of the fungal cell wall being
destroyed without the use of organic
solvents and high temperature. This is
due to the enzymes DeniLight (Lipase),
Lipopan (Lipase), Fungamyl 4000 SG
(Cellulase), Celluclast 1.5 L (Cellulose)

and Chitinase in combination with
mechanical micronization and shock
freeze.

Figure 2 shows the structure of the
fungus and the cell wall of the fungal cell.
The image shows that the whole structure
is covered by filamentary formations,
called the hyphi (Carmen Sanchez, 2017).
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B-(1,3)-glucan & . _Phospolivid bil
(] polipid bilayer
synthase Cytoplasm Ergosterol of the fungal cell

membrane

dur. 2. CTpyKTypa Ha MbOHO TA10, rb6eH MuLen n rbbHa kKneTbyHa cTeHa
Fig. 2. Structure of mushroom body, micelle and cell wall

FACHO ce BMXAA U CTABUTHUS XUTU-
HOB C/I0/ Hamupal, ce HenocpeacTBEHO
BbPXY AWNENUOHWUS CNoi. Buwxaar ce u
OONMBAHWUTENHU CTPYKTYPU Hagd, XWUTUHO-
BMS C/OA 3awuTaBaliikn LOMb/IHUTESTHO
KneTbyHaTa cTeHa. 3a ga ce pasrpagar
BCUYKMTE C/I0EBE Ha KfeTbyHaTa CTeHa B
pa3paboTBaHusA MeTon e 1u3bpaH noaxop,
NP KOMTO Ha HSKOJIKO eTana ce pasrpax-
JaT oTAenHWTe cfioeBe MNpu KOeTo ca
M3MbJIHEHN eTanuTe:

. MexaHM4yHO MWKPOHU3MpaHe npu
KOMTO eTan MMame 4acTW4YHO HakbCBaHe
Ha BnakHecTaTta CTpyKTypa.

The stable chitin layer directly on
the dyslipidic layer is clearly visible.
Additional structures over the chitin layer
are also seen, further protecting the cell
wall. In order to decompose all the layers
of the cell wall in the process developed,
an approach is chosen in which the
individual layers are broken down in
several stages, in which the following
steps are performed:

. Mechanical micronization — at
that stage partial tear of the fibrous
structure was observed.
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. MbpBOHAYaNIHO E€H3UMHO cMuNa-
He npwu KOWTO eTan nMame oCcBOb6OXaaBa-
He OT rOpHUTE CNOEBE Hamupaluy ce Haj,
XUTUHOBUS CMIOW, KaTto MO TO3U HayuH
XUTUHOBUS CMOK CcTaBa [OCTbNEH 3a
eH3uma Chitinase.

. PaskbcBaHe Ha ocTaHanarta kne-
TbYHa USAMOCT Ype3 LIOKOBO 3ampassiBa-
He. MMpu TO3M nNpouec Hamupawata ce
BbTPE B K/IeTKaTa BoAa ps3KO MpemMuHa-
Ba B TBbPAO CbLCTOSIHME 06pa3yBaiku
KpucTanu ¢ ocTpu pbbose. OcTpute pb-
60Be Ha 06pa3yBaHNTE KPUCTa/IM pa3KbC-
BaT oOCTaHanara 4acT OT K/leTbyHarta
CTeHa, KaTto npu pasmpassiBaHe ce nosy-
YyaBa pa3TBOp CbAbpxall BbTPekneTby-
HW enemMeHTn 1 doparMeHTn OT ocTaHa-
nata KeTbyHa cTeHa.

. KpaiiHoO €eH3MMHO cmunaHe c
BK/TIOYEHUS1 B CbCTaBa Ha pas3TBopa Ha
eH3uma Chitinase. Mpu TO3M npouec
HaMupawmaT ce BbB (parMeHTUuTe OT
KfeTbyHaTa CTeHa XWUTUH Ce pasrpaxia
Ha XWTMHas3sa, cfef KoeTo XuTuHasara ce
pasrpaxga Ha N-Acetil-D-Glucosamin un
JONBAHWUTENHU  [/1IIOKO3aMUHOBU  dhpak-
uun. Tesn NosyvyeHu BeLlecTBa OT €H-
3UMHNS XUAPONU3 Ha XUTUHA Bsxa oTde-
TEHW Ype3 XpoMaTorpachCcKoTo n3cnesBaHe.

Ha ®durypa 3 e nokasaHo 3acHeTta
oTgeneHa npoba oT NPOBEAEHOTO MUKPO-
CKOMCKO HabnwgeHve Ha um3xogHarta
CypOBMHA Cnef eTana Ha MbpBOHaYan-
HOTO MEXaHW4yHO MUKpOHM3MpaHe. Ha
N3006paXKeHNETO ACHO ce BUXAAT KNeTby-
HW CTPYKTYpY BbB BUA HA BJIAKHECTU
Xutu ot rbbHata matepus. OT MUKPO-
CKOMCKOTO HabnogeHne cTaBa SICHO, ye
KNEeTKNTE B Havas/HUS eTan cfief, MUKpo-
HM3MpaHe ca B cBosTa UAMocT 6e3
paspyLleHn KNETbYHU CTEHMN.

- Initial enzyme grinding — at that
stage release from the upper layers
located above the chitin layer, thus
making the chitin layer available to the
Chitinase enzyme was performed.

. Breaking the remaining cellular
integrity by application of shock freezing.
In this process, the water inside the cell
sharply passes into a solid state forming
sharp-edged crystals.

The sharp edges of the crystals tear the
rest of the cell wall. Thus, when
unfreezing a solution is formed,
containing parts of the cell wall.

. Ultimate enzyme digestion with
the Chitinase enzyme inclusion. In this
process, the chitin found in the cell wall
fragments is broken down into chitinase,
after which the chitinase is degraded to

N-acetyl-D-glucosamine  and  further
glucosamine fractions.
The obtained substances from the

enzymatic hydrolysis of chitin were
recorded by the chromatographic assay.

Figure 3 shows a captured sample
of the microscopic observation of the
feedstock after the initial mechanical
micronization step. The image clearly
shows cellular structures in the form of
fibrous hyphae from mushroom matter.

From microscopic observation it is clear
that the cells in the initial stage after
micronization are in their entirety without
destroyed cell walls.
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dur. 3. 3acHeTO 3pUTE/IHO MOJie OT MUKPOCKOMNCKO Hab/tgeHe Ha npenapar oT
M3XoJHaTa CypoBeHa crief eTana Ha MexaHN4HO MUKPOHU3MpaHe

Fig 3. Coined field of view from a microscopic observation of a preparation from
the raw material after the mechanical micronization step

Ha durypa 4 e nokasaHo 3acHeTta
oTAeneHa npo6a oT NPoBEAEHOTO MUKPO-
CKOMNCKO HablogeHne Ha nosyyeHns KoM-
NIEKCEH eKCTPaKT B KpailHua eTan cnep
€H3MMHOTO pasrpaxjaHe Ha KneTbyHaTta
cTeHa. Ha n3o6paXeHneTo SICHO ce BWX-
[a OTCLCTBMETO Ha Lenn CTPYKTypu OT
KIeTKM C HepasrpajeHa KneTbyHa cTeHa.
ToBa nokassa, Ye KIeTbyHUTE CTeHM ca
pasrpafieHn 1 BbTpeKneTbyHUTE Bellec-
TBa ca NpemMvHan B pa3TBopa, kaTo no
TO3U HauYMH ce € MOoSy4YusT GUOMOTNYHO
aKTUBEH eKCTpakT CbC 3anaseHu 6uono-
TMYHO aKTMBHW BELLECTBA KakBaTo e
KpaliHaTa uen Ha mMetoda. AKTUBHOCTaA e
HannyHa GnarofapeHne Ha HUCKOoTeMne-
paTypHUS pPexuMm Npu KOWTO e npoBefeH
ekcrnepvMeHTa.

Figure 4 shows a captured sample
of the microscopic observation of the
resulting complex extract in the final step
after the enzymatic cell wall degradation.

The image clearly shows the absence of
whole cell structures with a non-degraded
cell wall. This indicates that the cell walls
are degraded and the intracellular
substances have passed into the
solution, thereby obtaining a biologically
active extract with preserved biologically
active substances as the ultimate target
of the method.

The activity is available due to the low-
temperature mode in  which the
experiment was conducted.
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dur. 4. 3acHeTO 3pUTE/THO MOJie OT MUKPOCKOMNCKO Hab/tgeHe Ha npenapar oT
KOMMJ/IEKCEH €KCTPaKT B KpaWHUA eTan cfnef eH3MMHOTO pasrpaxjaHe Ha
KneTbyHaTa cTeHa

Fig. 4. Captured field of view by microscopic observation of a complex extract

preparation at the final stage after enzymatic cell wall degradation

Ha ®urypa 5 e ca nokasaHu xpoma-
TorpammTe Ha cTaHjapTa W oTAaeneHara
npoba Ha cynepHaTaHTaTa Ha eTana cnej
cenapmpaHe Ha KOMMNMEKCHUS ekcTpakT. Ha
nbpBara xpomartorpama ce oTuuTar
nvkoeeTe Ha cTaHgapTuTe Glucosamin HCL
n N-Acetil-D-Glucosamin. Ha xpomaTo-
rpamaTa oT npobata c nekara gpaxkumsa ot
eKcTpakTa ce oTuMTaT OTHOBO NWKOBE 3a
pakumm Ha Glucosamin B obnacta Ha
BpeMeHaTa Ha cTaHfapTuTe, KOeTo e
JOMbHUTENHO [0Ka3aTescTBO 3a pasrpax-
[JaHe Ha XUTUMHOBMWS C/I0A OT KNeTbuyHaTa
cTeHa. XpomaTorpaBckoTO M3cnensaHe e
NpoBefleHO C Or/iefi KayecTBeHO onpeje-
nsaHe 6e3  KOMWMYECTBEHHW  U3UUC/IeHUs,
KOUTO He ca 06eKT Ha HaCTOSILUMA MPOEKT.
Llenta Ha ToBa n3cneasaHe € eMHCTBEHHO
[JoKa3BaHe pasrpaxiaHeTo Ha XUMTUHOBMSA
CNOW Ha rbOHUTE KNeTKU.

Figure 5 shows the chromatograms
of the standard and the separated sample
of the supernatant at the stage after
separation of the complex extract. The
peak of the first chromatogram is the
Glucosamine HCL and N-Acetyl-D-
Glucosamine peaks. On the chromatogram
of the sample with the light fraction of the
extract, the Glucosamine fractions are
again read in the times of the standards,
which is further evidence of degradation
of the chitin layer from the cell wall. The
chromatographic study was conducted
with a view to qualitative determination
without quantitative calculations not
covered by this project. The purpose of
this study is the only demonstration of the
degradation of the chitin layer of the
fungal cells.
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dur. 5. XpomaTtorpamum oT npoBedeHO uscriegBaHe ¢ HPLC, Agilent 1260 Ha
otaeneHa npoba OT cynepHataHTa c/ief, cernapvpaHe Ha eH3UMHO TpeTupaH
eKCTpaKT OT Muuen 1 NoAHOo Ta710 Ha G. Lucidum
Fig. 5. Chromatograms from an HPLC assay, Agilent 1260 on a separate
supernatant sample after separation of enzyme-treated mycelial and fruit-derived
extract of G. Lucidum.



N3BOAN CONCLUSIONS

OT HanpaBeHVsl eKCNePUMEHT MOXe From the experiments made, it can
fla ce HanpaBu U3BoA, Ye npu usnonssaHe | be concluded that using this method
Ha To3u meToj ce mocTura nonydasaHe Ha | produces extracts in which all the active
€KCTpakTn npu  KOUTO BCUYKM aKTUBHW | substances remain preserved because
BEllectBa ocTaBaT 3afaseHn  3alloTo | the process algorithm performance takes
W3MB/IHEHNETO HA MPOLECHNA alropuTeM | nlace at low temperatures which suppress
npoTnta npu HUCKN TeMneparypu Walil | the piological activity of the thermolabile
6uonornyHata akTMBHOCT Ha Tepmanabun- compounds. The method can be adjusted
HUTE cbeauHeHusi. MeTofa mMoxe aa 6bae depending on the need to maximally
perynvpaH B 3aBWCUMOCT OT Heo6xoanmoc- preserve  target  biologically  active

Ta 3a MakKCMMa/lHO 3ana3BaHe Ha uefieBun substances b chanain the steps
OMONOTMYHO AaKTUBHU BeuwecTtea 4Ypes npo- | . vi y ti g gt I P
MAHa Ha eTannte C BK/KOYeHa €eH3MHa Involving an e.nzyma IC reaction as we _as

the use of different enzymes depending

peakuyna, Kakto 1 N3no13BaHETO Ha pas/iny- ;
HU EH3UMM B 3aBMCMMOCT OT o6paboTea- | ON the vegetable matrix treated of the raw

HaTa pacTuTenHa MaTpuua Ha wusnonssava- | material used.
Ta CypoBUHa.
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PE3IOME

MpubnusanTenHo epHa Tpeta oOT
naowTa Ha NOCTosAHHUTE nacuvwa B Crio-
Bakusi He ce usnonsea. lMacua Ha noy
ot 350 000 ha (n30ocTaBeHn) ca noasioxe-
HMW Ha nocnepoBaTesiHA  NPOMEHU OT
BTOPUYHA pacTuTenHa nokKpvBka Ao
nbpBUYHA — ropn (0OCOBEHO Ha UrNOANCT-
HW ropu). OT rnegHa Toyka Ha 3emefe-
nMeTo wunnm  ypakHOTO NpPOU3BOACTBO
TOBa He e xenartesiHo. Llenta Ha ekcne-
pYMeEHTa e fa ce Bb3CTaHOBU (DypPaxXHOTO
NpPOM3BOACTBO BbPXY M30CTaBEHN Nacuila
B MJI@HUHCKUTE paiioHn Ha CroBakus.
BbBefoxa ce OTHOBO pas3U4Hu hopmm
Ha ynpaB/ieHNe Ha U30CTaBEHWUTE TPEBO-
cTon. EkcnepumeHTBbT ce Hamupa B Ceno
JNiunToBcka Tennnyka (1.005 M H.B.) BbpXy
anyBumasiHa nueaga (peka YepHu Bax) ¢
Picea abies (L.) H.Karst, Alnus glutinosa
(L.) Gaertn. n HaBnu3aHe Ha Rosa canina
L. Bb3cTaHOBsIBaHETO Ha pas3nuyHu (OT
€KCTEH3UBHU [0 WHTEH3MBHW) hOpMM Ha
yrnpaB/ieHne He3abaBHO NoTuCKa AbpBec-
HUTE W XpacToBugHuTe Bugose. [lpu
M3MOM3BAHETO Ha HAKOM METPUKM 3a
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SUMMARY

Approximately  one  third  of
permanent grassland area of Slovakia is
not utilized. These 350,000 ha

(abandoned) grassland are underwent
succession changes from this secondary
vegetation cover to the primary one —
forests (coniferous forest, especially).
From agricultural or forage production
point of view it is not desirable. So the aim
of the experiment is to reinstate forage
production on abandoned grassland in
mountainous area of Slovakia. We have

reintroduced different forms of
management on abandoned grassland.
Experiment is located in Liptovska

Teplicka village (1,005 m a.s.l.) on alluvial
meadow (Cierny Vah River) with Picea
abies (L.) H.Karst, Alnus glutinosa (L.)
Gaertn. and Rosa canina L.
encroachment. Reinstatement of different
(from extensive to intensive) forms of
management have suppressed tree and
shrub species. But, when we used some
metrics to characterizes a degree of



XapakrepusnpaHe cTeneHTa Ha nocnepo-
BaTeNIHOCT (aHa/M3 Ha BpemMeBus npome-
XOYTHK), TPEBOCTOAT HEOYaKBAHO Mokasa
cTabuneH cbctaB. CaMo Haii-MHTeH3MBHaTa
obpaboTka (npunaraHe Ha NPK Topose n
pesntéa Tpu NbTU  FOAULLHO) ce
npeHacoysBa KbM MO-HavYasHa pasa Ha
nocnefoBaTtenHoCT XenaHa TpeBHa
naouy ¢ npeobsagaBally XXUTHU 1 6060BU
TpeBW, C MasTbK A1 pasHOTpeBU. HawwvTe
pesynTtaTtu npegnonarar, 4e Bb3CTaHOBSA-
BaHETO Ha ynpas/fieHVETO OTHEMa Bpeme
3a noslyyaBaHe Ha BMCOKOE(DEKTMBHU nacu-
LLa, CbCTOSILLM CE OT XUTHM U 6060BU TPEBU.
KnwouoBu gymun: m3octaBeH TpeBoO-
CTON, TpeBu, 6060BM pacTeHusi, pasHo-
TpeBW, aHa/IM3 Ha BPEMEBUSI MPOMEXAYTHK,
nocnefoBaTesHOCT, ynpaBneHne

yBO/[,

MoBeyeTo OT MO/YecTeCTBEHUTE
nueBaan B LleHTpanHa EBpona ca c BTO-
PUYHO pacTUTEeNIHO MOKPUTUE U 3aBUCAT
OT YOBELLKUTE AEeNHOCTM B YNpaBnieHneTo
um (Jancovi€ and Vozar, 2004). B ymepe-
HaTa KnMMaTtmyHa 30Ha, YOBEK e Cbh3as U1
noaAbpxa TPBOCTOM, HO npupogaTta e
crnasBa COOCTBEHUTE CU 3aKOHW M NpaBu-
na. MNonyyeHnTe TPEBOCTOU He ca ecTec-
TBEHW, @ MOJy-eCTECTBEHN EKOCUCTEMM,
cbCTaBeHn oT ameu Bugose (RuZiCkova
and Kalivoda, 2007). Tyk TpeBocTouTe
npeactaBnsBart Haii-6oratute ekocucre-
MW C Hail-ronsiMo pasHoobpasue OT pac-
TUTENIHW BUAOBE BbPXY 3eMefesicka 3emMs
(Fiala, 2002; JanCovi¢ and Vozar, 2004).

KakTo WHTEH3MBHOCTTa, Taka W
yrnpaB/IEHNETO Ce OTpassBaTt BbpXy BUAO-
BV CbCTaB Ha MOJTlyeCTeCTBEHUTE TPEBO-
ctou (Bluthgen et al., 2012). Mpu ontu-
Ma/ilHa WMHTEH3MBHOCT M NOAXO4AWO0 yn-
paB/fieHNe, MO3aeyvyHO PasnosioKeHne Ha
3emsATa (MO-EKCTEH3VBHW U WHTEH3UBHU
METOAM Ha KOCeHe M nawa), ce noaabp-
Xart 6orati Ha BMAoOBe 06LeCTBa C MHOIO
pefkn 1 3acTpalleHy BuAoBe, YA3BUMMU.
KoraTo eguH paiioH e nsoctaseH nav npu
HMCKa MHTEH3MBHOCT Ha M3MNof3BaHe, nva
CMOHTaHHa nocsiefoBaTeNIHOCT, KOATO ce
nposiBsiBa 4pe3 HaBnM3aHe Ha AbPBECHU
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succession (Time-lag analysis), we were
surprised that grassland has shown stable
composition. Only the most intensively
treatment (application of NPK fertilizers
and cutting three times a year) is shifting
to younger phase of succession — desired
grassland with dominance of grasses and
legumes, with little proportion of herbs.

Our results suggest the reinstatement of
management is time-consuming in regard
to obtaining high-performing grassland
consisting of grasses and legumes.

Key words: abandoned grassland,
grasses, legume, herbs, time-lag
analyses, succession, management

INTRODUCTION

Most of the Central European semi-
natural  grassland are  secondary
vegetation cover and depend on human
activities in their management (Jancovi¢
and Vozar, 2004). In temperate climatic
zone, man has created and maintains
grassland, but the nature has complied
with its own laws and rules. Resulting
grassland ecosystems are not natural or
de-natural, they are semi-natural
ecosystems, composed of wild species
(Ruzickova and Kalivoda, 2007). Here
grassland represents the richest terrestrial
ecosystems with the highest diversity of
plant species on agricultural land (Fiala,
2002; Jancovi¢ and Vozar, 2004).

Both intensity and management are
reflected in the species composition of
semi-natural grasslands (Bluthgen et al.,

2012). At the optimum intensity and
appropriate use, mosaic use of land, as
well (more extensive and intensive
methods of mowing and grazing
alternating with), species rich
communities with  many rare and
endangered, vulnerable species are

maintained. When abandoned the area or
at low intensity of utilization, there is a
spontaneous  succession, which is
manifested by encroachment of woody



pacTuTenHn BUOOBE WM Ha  HAKOM
€KCMaH3MBHN TpeBM B CbLIOTO Bpeme
(Slavikova and KrajCovi¢, 1998).

Mpu npucbeanHaBaHeTo Ha Peny6-
nmka Crnosakua kbM EC, ce yctaHOBM
Ha/MuMe Ha T. Hap. M30CTaBeHW TPEBO-
ctoun. MNpobnem, KOWTO € CbliecTByBal
npean, HO HeroBuAT Mawadé e 6un
HeunsBecTeH. [lo 2004 r. Ctatuctnyeckara
cnyx6a Ha Cnosawkata peny6svka
u3non3ea WHcopmauns wn gaHHuM  oT
Cnyxbata no reogesusi, kaptorpadms u
KagacTtbpa (C nHopmaums 3a pasnpege-
NIEHNEeTO Ha oTAeNHuUTEe KyNTypw, Hanpu-
Mep ropu, TpeBoCcToM, 06paboTBAEMMU
3emu, esepa 1 gp.) ¢ pe3osnumsa oT eauH
KBagpateH MeTbp. Tasum uHhopmauus
U3MecTu cTaTUCTMYeckus goknag Ha
3emegernckara areHuus (4pes pasnnyHu
npasuaa nony4yaeart MH)OpMauus nosede
ot 0.30 ha). Cera gBeTe opraHusauum
oTynTaT pas/sivki Ha pasHuLle oT 41% ot
obuiaTta naoLy, Ha NoslyecTecTBeHUTe Tpe-
BocTon (kagactbp 880 000 ha u 3eme-
Jerncka pasnnawaresiHa areHuua 520 000
ha) (Britafidk et al., 2015). 3HauuTenHa
4yacT OT Te3n TPeBOCToM (He camo 3aLoTo
ca usoctaBeHn ob6paboTBaemMu 3emun) ce
Hamupa B ceBepomsToyHaTa yacT Ha Crio-
Bakusl. I30CTaBAHETO Ha 3eMefenckn 3e-
MW B MOMEHTa Cce AoKa3Ba OT oTpuuaren-
HOTO Jgemorpadpcko pasBuTUE B Tasu
o6nacT. [87bT Ha HEeu3nos3BaHu wun
BPEMEHHO U3MO0/I3BaHN MOCTOSIHHN TPEBO-
CTOM [aBa Bb3MOXHOCT 3a €KCNepuMEHTH,
Bb3feicTBMsATA HA KOMTO MoraT fga 6baat
OoTpaseHy B pas/iMyHM 061acT: MKOHOMW-
Yecku, coumasiHu, EeKOsIOTUYHM, CENCKOCTO-
NaHCKW, pasBfekaTesiHi U 3aKOHOAATE THN.

MpekpaTsaABaHEeTO Ha ynpaBfieHNeTo
Ha TPEeBOCTOMTE WM U30CTaBAHETO Ha
CEeJICKOCTOMAaHCKa 3eMs HambJ/IHO Cb3faBa
YCNOBMSA 3a BTOPMYHA CMsSHA Ha pacTu-
TenHocTtTa. Cnopep Zaplata et al. (2013),
CMsiHaTa Ha pacTUTeNIHOCTTa € KOHTPO/u-
paHOTO pasBUTWE Ha pacTUTESTHUTE BULO-
BE Ha fdafeHa ob6nacT npe3 onpefenex
nepuog oT Bpeme B OTrOBOP Ha NPOMEHs-
lMTe ce YCNOBMSA Ha MecToobuTaHus u
B3auMogencTBusATa Mexay Bugosete. B
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plant species or time some expansive
grasses at the same time (Slavikova and
Krajcovi¢, 1998).

The Slovak Republic joining to the
EU has revealed so-called abandoned
grassland. A problem that had existed
before, but its scale was unknown. Until
2004 Statistical Office of Slovak Republic
used information and data from the Office
of Geodesy, Cartography and Cadastre
(informing about the distribution of
individual cultures, e.g. forests, grassland,
arable land, lakes, etc.) with the resolution
of one square meter.

And this information has been replacing in
statistical reporting from Agricultural
Paying Agency (and with different rules
obtaining information more than 0.30 ha
only). Now, the two organizations are
reporting difference at level of 41 per cent
of total semi-natural grassland area
(Office of Cadastre 880,000 ha and
Agricultural Paying Agency 520,000 ha)
(Britaniak et al., 2015). Considerable part
of these grasslands (not only, because
abandonment occurs on arable land) are
found on North-East of Slovakia.

Abandonment of agricultural land is
currently documented by negative
demographic developments in this area.
The volume of unused or sporadically
used permanent grassland thus provides
scope for experiments, the impacts of
which can be reflected in different areas:
economic, social, environmental,
agricultural, recreational and legislative.

Cessation of management on
grassland or abandonment of agricultural
landscape completely has been creating
conditions for secondary succession.
According to Zaplata et al. (2013) plant
succession is the directional development
of the vegetation of a given area over a
certain time period in response to
changing habitat conditions and species
interactions. In  this respect, a
“successional phase” is a floristic and



TO3M CMUCB/I, "nocrnenoBaTesniHa ¢asa” e
donopuctmyHa 1 PU3NOHOMUYHA YacT OT
nocnefoBartesiHOCTTa, Xapakrepusupalia
ce CbC CMsHa Ha BWOOBMSA CbCTaB.
Pa3BuTneTo Ha broueHo3aTa 3aBbpLuBa C
KNMMaTtuyHa unu egadumyHa KynMmuHaums,
KOATO ce m3passiBa B Hail-ronsamoto 6uo-
IOTMYHO pas3Hoobpasne M Hal-ronsiMoTo
MexayBnaoBo B3anmogelictene (Terek
and Vostal, 2009). NocneposaTenHocTTa
ce npugpyxasa OT YyBeNMyaBaHe Ha
Npon3BOAMTENIHOCTTA Ha ekocucTemara.
Cnepf MHOTO rogvHu (XMNsgam uav Muamo-
HW) TS MOXe [Aa NpeTbpnu 3Ha4yuUTeNHo
HamansBaHe Ha Nnpou3BOAWUTENHOCTTa U
ha ce cturHe go ynaawbk (Peltzer et al.,
2010). Ho, Ha no-paHHMTE dhasu, Haxsy-
BaHeTO Ha HOBW AbPBECHM BUOOBE, KaTo
Picea abies (L.) H.Karst, Alnus glutinosa
(L.) Gaertn. n Rosa canina L., ce cnyysa
€ TpeBOCTOMW, Hail-Beye B MNJIAHWUHCKU
paiioHun (Maloch, 1952).

3a pga ce 060bpHe HeraTuBHaTa
TeHOEeHUMA nan ga ce crpe MpouecsT K
Ja ce BbpHe KbM (IypPaXHOTO Npowus-
BO/ZCTBO, € HeobxoaumMo Aa ce ocurypu
JonbfHUTEeNHa eHeprnsa (nog dopmaTa
Ha ps3aHe, MynyupaHe WM TOpPeHe) Ha
TpeBOCTOSA. Tbli KATO NOCTOAHHUTE TPEBO-
CTOW MMaT KakTo NpOM3BOACTBEHA, Taka U
Henpomn3BoAcTBeHa (DYHKUWS, € HeobXxo-
AVMO CbLO Taka fa ce M3BbpLIM MbpPBUY-
Ha Hameca, KoATO ga gosede A0 6BbP30TO
UM Bb3CTaHOBSIBaHE.

Lienta e ga ce onpegenu Koniuyec-
TBEHO MOC/eAoBaTENHOCTTA Cfief, Bb3CTa-
HOBSIBaHe Ha ynpaB/IeHMETO Ha U30CTaBEHU
TPeBOCTOM B MNMAHMHCKMA  palioH Ha
CnoBakus. MNpegnonarame, 4ye Bb3CTaHOBA-
BAHETO Ha YNpaB/IEHUETO e NOAMNOMOrHe
XUTHUTE N 6060BM pacTeHns 3a CMeTKa Ha
ObpPBECHU U  XpacTOBMAHM BuAOBE, a
N30CTaBEHUAT TPEBOCTON Le Bb3CTAaHOBM
cbCTaBa CuW, MoKasBaiku npusHauu 3a no-
paHHWUTE eTanu Ha NPUEMCTBEHOCT.

MATEPWNAN N METO4WA

MoneBnsT ekcnepuMeHT C Bb306-
HOBSIBaHe Ha Pa3/IMYHO ynpaB/ieHVe Ha
M30CTaBeH TPEBOCTOI € M3BBLPLLEH B N/a-

84

physiognomic section within succession
characterized by shifts in species
composition.

The development of biocoenosis ends
either climatic or edaphic climax, which is
represented by the greatest biodiversity
and the greatest amount of interspecific
relationships (Terek and Vostal, 2009).
And succession is accompanied by an
increase in productivity of an ecosystem.
After many years (thousands or millions) it
can undergo substantial declines in
productivity and retrogression will happen
(Peltzer et al., 2010). But, in the earlier
phases, encroachment of pioneer woody
species, like Picea abies (L.) H.Karst,
Alnus glutinosa (L.) Gaertn. and Rosa
canina L., has occurred on grassland in
mountainous areas, especially (Maloch,
1952).

In order to reverse the negative
trend, or to stop the process and to bring
it back to forage production, it is
necessary to provide an extra energy (in
form of cutting, mulching, or fertilization)
to the grassland. Since permanent
grassland are represented by both
production and non-production function, it
is also necessary  to perform
pratotechnical intervention that will lead to
its rapid restoration.

The aim of the contribution is to
quantify succession rate after reinstate-
ment of management on abandoned
grassland in mountain area of Slovakia.
We hypothesise that reinstatement of
management will promote grasses and
legumes at the expense of tree and shrub
species, and this abandoned grassland
will restore its composition showing signs
of the younger stages of succession.

MATERIAL AND METHODS
The field experiment with
reinstatement of different management on
abandoned grassland was established in



HUHCKa o6nacTt (CnoBakus) npe3 2013 r.
Ha TeputopuaTa (1005 m) B 3eMNULLETO
Ha c. JIMNnToBCKa Tensauyka uma NnocTosH-
Ha cyma Ha BasiexuTte oT 925 mm roaui-
HO (525 mm 3a nepuoga Ha pacTex) u
NocTosiHHa cpefHa TemnepaTtypa ot 4.5°C
(9.5°C B nepuoga Ha pactex). Bbpxy
anyBuasieH TPEBOCTOW, KOMTO HE € M3MosI-
3BaH oT 15 roauHu, ¢ npeobnagasalim
o6unkn (Alchemilla xanthochlora Rothm.,
Cruciata leavipes Opiz, Hypericum
perforatum L.), ca HaBnesnu cnegHute
ObpBecHu Bugose: Picea abies (L.),
H.Karst, Rosa canina L. Bbpxy cyxu
MecTOo06uTaHnsa n Salix sp. L. n Alnus
glutinosa (L.) Gaertn. Ha no-BNaXHMU.
Mpe3 nponetrta Ha 2013 1., TPEBOCTOAT Ce
CbCTOM OT 41 BMAA BacKynapHu pacTteHus
(C M3KIKYEHME Ha AgbpBeTa U XpacTu).
Tabnuua 1 npencrass ynpassieHve Ha 06-
paboTkUTe, Taka 4e MNpencTaB/isiBa BCUYKM
BM0BE M3M0/I3BaHE OT EKCTEH3MBHA hopma
[0 WHTEH3MBHA (hopMa B Tasu M/iaHUHCKA
o6nacT (nacvwaTa He ca BK/IoYeHN).

a mountain area (Low Tatras Mts.) of
Slovakia in 2013. At the site (1005 m
a.s.l.) in cadastre of Liptovska Teplicka
village is long-term sum of rainfall 925 mm
annually (525 mm over growing period)
and long-term average of temperature is
4.5°C (9.5°C in growing period). On
previously 15 years non-utilized, alluvial
grassland with dominance of herbs
(Alchemilla xanthochlora Rothm., Cruciata
leavipes Opiz, Hypericum perforatum L.)
there was encroachment of woody
species: Picea abies (L.), H.Karst, Rosa
canina L. on drier microhabitats and Salix
sp. L. and Alnus glutinosa (L.) Gaertn. on
wetter one. In the springtime of 2013 the
grassland consisted by 41 vascular plant
species (excluding trees and shrubs).

Table 1 presents management
treatments, so it represents all types of
utilization from extensive to intensive form
in this mountainous area (grazing was not
included).

Tabnuuya 1. OnncaHme Ha NbPBUYHNTE 06PaABOTKM HA N30CTaBEH NOJTyeCTeCTBEH

TPeBOCTOW
Table 1. Description of pratotechnical treatments on abandoned semi-natural
grassland
O6paboTka Onucanune/Description
Treatment
1 HukakBa — M30CTaBeH TPEeBOCTOW OCTaBeH Ha mocTeneHHa nocnegosateniHocT/None —
abandoned grassland left to gradual succession
2 EauH oTKOC roaumwiHo/One cut a year
3 1Ba oTKkoca ¢ npunoxeHue Ha Top/Two cuts a year with fertilization of P3o and Kgo kg.ha™
4 [1Ba oTKoca roguHo/Two cuts a year
5 MynuupaHe BeAHBbX rognwHo/Mulching once a year
6 [lIBa oTKOCa roguLIHO ¢ TopeHe /Two cuts a year with fertilization of Nys kg.ha'+ PK
7 [IBa oTKOCca roguLHo ¢ TopeHe/Two cuts a year with fertilization of Ngo kg.ha'+ PK
8 Tpu oTKoca rovLLHO ¢ TopeHe/Three cuts a year with fertilization of Ngo kg.ha™'+ PK

3abenexka: uudpute B MHAEKca NpeacTasnaBar 403K
Note: numbers in subscript represent doses of nutrients

Huwe kaptorpadmpaxme pacTtuten-
HOCTTa npeau BCSAKO TpeTupaHe, 3a Aa
perucTpupame HsKov NPOMeHu B 60TaHu-
yeckaTa CbCTaB 4Ype3 HamasIeHO Mpoek-
TUBHO npeobnagasaHe (Maloch, 1952).
Bugosete ca ob6eanHeHW B OCHOBHa
pactutenHa rpyna OT >XUTHU, 6060BM
pacteHuss U Apyru pasHoTpesu. W3non-
3Baxme metoga TLA (time-lag analysis —
aHa/I3 Ha BpemeBUS MPOMEXAYTHK)

OT XpaHuTesiHu BellecTea

We mapped the vegetation before
each treatment to record some changes
in botanical composition by of reduced
projective dominance (Maloch, 1952).
Species were aggregated to main
botanical group of grasses, legumes and
other herbs, subsequently.

We applied TLA method (time-lag
analysis) (Collins et al., 2000), it is a
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(Collins et al., 2000), koinTO € MeTpuyeH
noaxofd, v3non3saH 3a um3cnefsaHe Ha
BpemeBara guHamuka Ha €eKOSIoTMYHUTE
o6LecTBa Ypes WINMUHMPaHe Ha pas/u-
yuATa B O6LLHOCTTa W yBesMyaBaHe Ha
BpEMEBUA MPOMEXAYTHbK (efHOroAuLleH
NPOMEeXAyTbK, ABYroAuEH MNPOMEXay-
TbK W TPUrOQULLEH MPOMEXAYTbK —
M3MOM3BaHN B HacToswara crtatusi). Tol
M3MepBa CKOpocTTa W Mpousxoga Ha
npoMsiHaTa Ha pacTuTesiHata OO6LIHOCT,
nonyiayusta wau  BugoBarta  rpyna
(Collins et al., 2000, Kampichler et al.,
2012). BpemeBuTe npomMexayTbum ca
TpaHcopmupaHm B KBaapaTHU KOPEHW.
Pesyntatute, KpuBata Ha perpecuoH-
Hata /VHWA, umaT TPWU CbCTOSHUS:
nonoxuTenHa — pasvuveTo B lag o3Ha-
yaBa, 4Ye CbOOLECTBOTO MpeTbpnsBa
nMpoMsiHa Ha Mnocokata; oTpuuaresHa —
CbOOLEeCTBOTO Ce BpblWa KbM MO-
PaHHOTO CbCTOSHME Ha XPOHO/OTUATA; U
Hyna — CcbobLecTBOTO e cTabuiHa
(Kampichler et al., 2012). Bcuukn gaHHu
ce npepaboTBat upe3 TpaHcdopmauus
Ha Hellinger (Euclidean pasctosHue) N'ij
= sgrt (Nij / ZN + j), kbgeto Nij e
pasmMepbT Ha nonynauyuaTa Ha Buaa |
npes roguHa j 1 CN + j e cymata OT
WHAVBUANTE BbB BCUYKM BUAOBE MNpe3
roguHa j. (Legendre and Gallagher,
2001). Ta Mma nNpeanmcTBOTO Aa CbCTa-
BS 6asa AaHHU AMPEKTHO CbMOCTaBUMU,
He3aBNCMMO OT BWAOBOTO 6OraTtcTBo U
nzobunue (Kampichler et al., 2012).

Bcuukn paHHM ca ob6bpaboTeHu ¢
Statit Custom QC.

PE3SYNTATV N OBCBbXOAHE
Tyk ca npefcrtaBeHu pesynratute

OT yeTupuroguiHma nepuog ot 2013 r.
fo 2016 r. boTaHM4YeckMAT CbCTaB Ha
OCHOBHaTa chnopucTnyHa rpyna ot
TPEBOCTOSAA B HA4yanoTo W B Kpas Ha
eKcrnepumeHTasiHusa nepuos e fAafeH B
Tabnuua 2. MNbpBaTta onepauus ypes pssa-
He WM MynuMpaHe noTMUCKa nosiBata Ha
ObpBECHU pacTeHus (gaHHWTe He ca
npegoctaseHn). YectoTata Ha M3nonssaHe
(BKMIOUUTENIHO MUHEPasSIHOTO TOpEeHe) Mo-

distance- based approach used to study
temporal dynamics of  ecological
communities by regressing community
dissimilarity over increasing time lags
(one-year lags, two-year lags, and three-
year lags — used in this paper).

It measures the rate and origin of the
change of the plant community,
population or species group (Collins et
al., 2000, Kampichler et al., 2012).

Time-lags are square-root transformed.
Results, the slope of the regression line,
have three state: positive — dissimilarity
on lag implies that the community is
undergoing directional change; negative —
the community returns to an earlier state
of the time series; and zero — community
is stable (Kampichler et al., 2012).

All data were transformed by the
Hellinger  transformation  (Euclidean
distance) N’ = sqrt(N;/=N,;), where Nj is
the population size of species i in year j,
and XN, is the sum of individuals across
all species in year j. (Legendre and
Gallagher, 2001).

It has the advantage of making
assemblages directly comparable
independent of their species richness and
abundance (Kampichler et al., 2012).

Data was processed by Statit
Custom QC.

RESULTS AND DISCUSSION

Here, we present the results of
four-year period from 2013 to 2016.
Botanical composition of the main floristic
group of grassland at the beginning and
end of experimental period are given in
Table 2. The first usage by cutting or
mulching has suppressed the occurrence
of woody plants in the grassland (data not
shown). Frequency of utilization (including
mineral fertilization) has influenced
botanical composition. Non-parametric
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B/MsiIBa 60TaHU4Yeckusi cbcTaB. HenapaveT-
puyHuAT meTtog 3a aHanu3 Kruskal-Wallis
ANOVA paskpy CcTaTMCTUYECKU He3Hauu-
TesIHN pPa3Nvkn Mexay yectotara Ha M306m-
NINETO Ha XWUTHWU TpeBwu (x2 = 7.02, Df = 3,
P 0.07). HabnwogaBaHo € 3HA4YMTENHO
HapacTBaHe Ha NPUCHCTBMETO HAa XWTHU B
TPEBOCTOSI C HapacTBalla 4ecToTa Ha W3-
nonseaHe (Spearman kopenauus: p = 0.47,
P = 0.007). AaHHuTe 3a 6060BUTE pacTeHus
JaBaT nofo6HM pe3yntaTy Kato XWTHUTE,
HO C no-ronsiMa CTaTUCTUYEecKa 3HaYMMOCT
(HenapameTpuuHa ANOVA: ¥ 12.20,
Df = 3, P = 0.007 n paHroea kopenauyus: p =
0.54, P 0.001). YBenuueHusaT pan Ha
XUTHU 1 6060BK pacTeHusi Mpy Mo-BMCOKA
yecToTa Ha M3Mnon3BaHe ca 3a CMeTka Ha
Apyru TpeBu. Pasnnunata mexay yectotara
Ha M3MoN3BaHe ca CTaTUCTUYECKN 3HAYUMU
(Kruskal-Wallis TecT: x> = 17.67, Df = 3,
P <0.001). T[loBuweHaTa u4ecToTa Ha
U3nosi3BaHe HaMansiBa rpynata Ha Apyrure
TpBM (Spearman kopenauusa: p -0.54,
P <0.001). Pa3BuTMeTO B 6OTaHMYECKMSA
CbCTaB Ha TPEBOCTOS Ce oyakBalle 1 Tasu
TEeHAEeHUMs1 e K3BecTHa OT fuTepartyparta
(Hanpumep, Maloch, 1952; Frame, 1992;
Hopkins, 2000; Novak, 2008). Ho, cnopep,
Hollbek (2000), onTMMasHOTO CbOTHOLLE-
HVe MexXay Tesu rpynu B MOJlyecTeCTBEHU
TpeBocton  (kutHn  50-70%, 6060BK
pacTteHus 10-30%, apyru Tpesun 10-20%) He
€ yA0BNeTBOPUTESTHO.

Tabnuya 2. BboTaHMYeCcKM CbCTas,

Kruskal-Wallis ANOVA revealed
statistically marginal differences among
group of frequency on  grasses
abundances (x* = 7.02, Df = 3, P = 0.07).
There was significant increment of grass
presences in grassland with increasing
frequency of utilization (Spearman
correlation: p = 0.47, P = 0.007). Data
about legumes have provided similar
results as grasses, but with more
statistical power (non-parametric ANOVA:
x° = 12.20, Df = 3, P = 0.007 and rank
correlation: p 054, P 0.001).
Increased shares of grasses and legumes
under higher frequency of utilization were
at expense of other herbs. Differentiations
among frequency of utilization were
statistically significant (Kruskal-Wallis test:
x? = 17.67, Df = 3, P < 0.001). Increased
utilization frequency diminished the group
of other herbs (Spearman correlation: p =
-0.54, P < 0.001). Development in
botanical composition of grassland was
expected and this trend is generally
known from literature (e.g. Maloch, 1952;
Frame, 1992; Hopkins, 2000; Novak,
2008). But, optimal ratio among these
groups on semi-natural  grassland
(grasses 50-70%, legumes 10-30%, other
herbs 10-20%) according to Holubek
(2000) was not satisfied.

NnoBAUSH OT pas/iMyHarta 4ecToTa Ha
N3non3saHe N MMHEPasIHO TOPEHe B Ha4Yasl0TO M B Kpad Ha ekcnepumeHTta (D%).
[aHHnTe ca cpeHN CTOMHOCTM Ha YecToTaTa Ha KOCeHe U MynympaHe

Table 2. Botanical composition influenced by different frequency of utilization
and mineral fertilization at the beginning and ending of the experiment (D %).
Data are averages of frequency of mowing or mulching

pyna/Group O6paboTku/Treatments
2013
1(0) 2(1) 3(2 4(2) 5() 6(2) 7(2) 8(3)
XuTHn/Grasses 32.2 53.8 37.8 48.0 47.6 51.4 61.5 58.7
Bo6osw/Legumes 7.8 4.8 13.3 5.1 7.8 9.1 5.3 5.2
Pa3HoTpesu/Herbs 60.0 41.4 45.6 45.6 44.6 38.6 31.2 34.9
2016
XKXutHn/Grasses 38.3 318 33.7 47.5 33.1 47.9 63.3 53.2
Bo6osu/Legumes 3.3 6.9 45.8 18.3 8.5 29.6 13.3 15.9
PasHoTtpesw/Herbs 55.1 56.4 18.3 30.1 54.8 23.0 22.3 29.9

Note: In the parenthesis are shown frequency of utilization per annum.
3abenexka: B ckobu ce nokasea rogullHaTa YectoTa Ha 13nos3BaHe.
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Kampichler et al. (2012) nocouBar,
ye amnautygarta Ha HaknoHa Ha TLA
06uKHOBeHO e mexay 0,02 n 0,25. Bb3
OCHOBa Ha pesynrtatute, nokasaHu B
Tab6nuua 3, obpaboTKata ¢ efjHa YyecToTa
Ha wu3nonssaHe (o6bpabotka 2 u 5)
cTabunusvMpa TPEBOCTOA MO CbLus
HauuH, pa3nnyaBaikyi ce caMo Npy MaHu-
nynauusTa Ha 6uomaca. Te3n gBe obpa-
60TKM Ca MbPBOOUTHM CUCTEMU CMOPEf,
Kampichler et al. (2014). NonyectecTBeH
TPeBOCTON (Hal-MHTEH3UBHOTO TpeTupa-
He 8), KOWTO e KOCEH Tpu MbTK, NoKasea
yavBUTENHW Npu3HauM Ha obpartHaTa
nocnegosatesiHocT (He  peTporpecus
crnopep, Peltzer et al., 2010). C apyru
AymK, TPeBOCTOAT Npu Tasn obpaboTka
JocTura xenaHata no-HavanHa pasa Ha
nocnegosaresiHocT. Haii-ronsama npomsi-
Ha nokasa obpaboTkata C KOoceHe fBa
NbTW roguwHo. Apyrn o6paboTku, cno-
pen Kampichler et al. (2014), nokassar
yrnpaB/AsBaHW WIN HapyLeHN CUCTEMM.
ABTOpUTE M3MNON3BAT HAK/IOHA Ha JINHUA
Ha perpecusata b = 0.04 kaTto npar mexay
ectectBeHuss kpbroBpatr (b <0.04) un
cbobLecTBarta, NoaMOKEHN Ha aHTPono-
reHHo Bwb3geicteue (b> 0.04). Tyk 6oTa-
HMYeckaTa rpyna oT XWTHU TPEBU € Hail-
CTabUNHNA KOMMNOHEHT Ha ajlyBUas/IHOTO
CbOOLLEeCTBO Ha TPEBOCTOA C 6Genesn ot
no-HayasHa pasa Ha NPUEMCTBEHOCT
npy o06paboTKM, MOBAWSAHM OT HaW-
BMcOKaTta f03a Ha a3oT. boboBute pacte-
HWS Npy TpeTupaHe 6e3 M3nos3BaHe ce
nognarar Ha KOHTpo/siMpaHa npoMsiHa.
Mpn gpyrn o6paboTkn, Tasn yHKUMO-
HaslHa pacTuTeniHa rpyna wiu ce crabm-
nM3npa, WM nokassa no-HavasHa hasu
Ha MNpVMeMCTBEHOCT. [pynara OT Apyru
TPEBM HE € €e/IMMMHMpaHa [OCTaTbyHO.
TA e npefcTtaBeHa OT Hal-CeEpMO3HMSA
KpbroBpart Ha BuAOBETE, BOAEL, 40 Haii-
BMCOKUTE  HaK/MOHW Ha JIMHWA  Ha
perpecusita (NOANEXN Ha NpPOMSHA Ha
rnocokara, ocobeHo npu obpaboTka 7).
Britafidk et al. (2012) oTtkpuBaTt no-
ApacTUYHN NPOMEHM B NnocokaTa npu Tpu
BMa TPEBOCTOU: MOJSIyeCTeCcTBEHU, U30C-
TaBeHN U HeobpaboTeHn. BCMUKM Hako-

Kampichler et al. (2012) mentioned
the range of slope of TLA is generally
between 0.02 and 0.25. Based on results
shown in Table 3, treatment with one
frequency of utilization (treatments 2 and
5) stabilized grassland communities by
the same way, differing with biomass
manipulation only. These two treatments
represent a primeval systems sensu
Kampichler et al. (2014).

Three  times  mown  semi-natural
grassland (the most intensive treatment
8) shows unique sings of backward
succession (not retrogression sensu
Peltzer et al., 2010). In other words,
grassland under this manipulation gets to
the desired younger phase of succession.
The most dramatic change displayed
treatment with mown twice a year. Other
treatments, according to Kampichler et al.
(2014), show managed or disturbed
systems. The authors use the slope of
regression line b = 0.04 as a threshold
between natural turnover (b < 0.04) and
communities subjected to anthropogenic
impact (b > 0.04).

Here, botanical group of grasses are the
most stable constituent of alluvial
grassland community with marks of
younger phase of succession on
treatments influenced by the highest dose
of nitrogen application. Legumes on
treatment without utilization undergo
directional change. On other treatments
this functional plant group is either
stabilized or shows the younger phases
of succession.

Group of other herbs is not eliminated
enough and it is presented by the most
dramatic species turnover resulting in the
highest slopes of regression line (it
undergoes directional change, especially
under management on treatment 7).
Britanak et al. (2012) found more drastic
directional changes in three types of
grassland: semi-natural, abandoned and
ruderal. All slopes of regression line were
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HY Ha NIMHUA Ha perpecusita ca b> 0,1.

Karo usn0 Bb3CTaHOBSABAHETO Ha
M3MNoN3BaHEeToO Ha U30CTaBEHN TPEBOCTOM
nokassa u3BecTHa ctabwunHocT. Mopaam
TOBa € HeobXxoaMM MO-WHTEH3VBEH NoJ-
X0f, (Kato no-4ecto W3nos3BaHe, Mo-
BMCOKa [03a MUHepasHM TOpoBe, U3MOoJI-
3BaHe Ha OpraHW4yHW TOpPOBE, AUPEKTHO
COHAMpaHe WA opaH W npesacsiBaHe C
NPOAYKTUBHN pacTUTENHU BWAOBE) WK
no-A4b/Tbl MEPUOS Ha KOHTPOS.

B Hawwua ekcnepuMeHT, HepocTa-
TbKbT Ha TO3W MOAXOA € Mo-KpaTkuTe
BpeEMEBWN MepuvogM, Tbil KaTo MHOro
€KOJI0TMYHK MpoLecy npoTuyar no-AsLro,
BK/IIOUYUTENIHO pejKn CbouTus, enusoany-
HW ABJIEHUSA, MPOLLECU C rofIIMO roAULLIHO
HEMOCTOSAHCTBO, HEY/IOBUMU MpoLecn 1
C/IOXHWU SIBJIEHUS, OCTaBAT CUrHaNN npu
pasnuuHn BpemeBun 4yectoTu Kampichler
et al., 2014). ToBa 03Ha4yaBa, Ye Ce Hyxgaem
OT MHOTO NO-AbJ/TBI Nepuog, OT BpeMe.

Tabnuua 3. Peayntatun oT TLA meToaa.

b>0.1.

Overall, the reinstatement of
utilization on previously abandoned
grassland shows some  stability.

Therefore more intensive approach (like
more frequent utilization, higher dose of
mineral fertilizers, organic fertilizers use,
direct drilling or ploughing and reseeding
by productive plant species) or longer-
time period of monitoring are needed.

In our experiment a shortage of
this approach is a lower time periods
because many ecological processes take
place over longer one, including rare
events, episodic phenomena, processes
with  high annual variability, subtle
processes, and complex phenomena,
leave signals at different temporal
frequencies (Kampichler et al., 2014). It
means that we need much longer time
period.

HakfioH Ha nuHuATa Ha perpecus (6e3

eavHuLa)

Table 3. Results of TLA method. Slope of regression line (unitless)

pyna/O6paboTka 1 2 4 5 6 7 8

Group/Treatment

XnTHn/Grasses 0.028 | 0.010 | 0.034 | 0.007 | 0.017 | 0.007 | -0.024 | -0.014

Bo6oew/Legumes 0.064 | -0.015 | 0.022 | 0.039 | -0.017 | 0.024 | -0.005 | 0.011

PasHoTpesu/Herbs -0.030 | 0.009 | 0.032 | 0.057 | 0.007 | 0.052 | 0.087 | 0.000

Cbo6LyecTBa/Community 0.062 | 0.003 | 0.087 | 0.103 | 0.007 | 0.083 | 0.058 | -0.003
n3BOAN CONCLUSIONS

Bb3cTaHoBABaHETO Ha pas3nnyHu (OT
€KCTEH3VBH/ [0 WHTEH3MBHM) (hOpMM Ha
ynpas/ieH/e He3abaBHO NOTUCKA AbPBECHU-
Te u xpacTtosuTte BrgoBe. Ho, korato nsnosn-
3BaxmMe aHasiM3 Ha BpemMeBUs NPOMEXYTHK,
3a [a XxapakTepusupame CcTeneHta Ha
nocsiefjoBaTesIHoCT, 65XMe U3HeHadaHu, e
nacuuara nokassart ctabunieH cbcTtaB. Ca-
MO Hali-MHTeH3uBHaTa 06paboTka (Mpunara-
HeTo Ha NPK TopoBe ¥ pssaHe Tpu MNbTU
rofWLHO) Ce NpeHacoyBa KbM MO-HavyasHa
(haza Ha nocnefoBaTesIHOCT — HXenaH
TpeBOCTOM C npeobnagaBaliy >XUTHU U
6060BM pacTeHusi, C MaJlko KOJINYeCTBO
TpeBu. HalwuTe pesynrtatu npegnonarart, ye
Bb3CTAaHOBABAHETO Ha YMNpaB/ieHWEeTO OTH-
emMa BpeMe 3a nosiyyaBaHe Ha BUcCoKoedpek-
TUBEH TPEBOCTON, CbCTaBEH OT XWTHU U
6060BM pacTeHus.

Reinstatement of different (from
extensive to intensive) forms  of
management have suppressed tree and
shrub species immediately. But, when we
used time-lag analysis to characterize a
degree of succession, we were surprised
that grassland has shown stable
composition. Only the most intensively
treatment (application of NPK fertilizers
and cutting three times a year) is shifting
to younger phase of succession — desired
grassland with dominance of grasses and
legumes, with little proportion of herbs.
Our results suggest the reinstatement of
management is time-consuming in regard
to obtaining high-performing grassland
consisting of grasses and legumes.
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PE3IOME

Mpe3s nepuopga 2011-2013 1. B
paiioHa Ha CpegHa Ctapa njaHuHa npuv
NAaHWUHCKO-/IMBAAHN MOYBU N HaAMOpCKa
BucounHa 1400 ™M, BBpPXY MPUMPOAHO
nacuuwie ot kaptwsios Tun (Nardus stricta)
€ MPOYYeHOo B/IMAHMETO Ha OPraHM4HOTO
NINCTHO TOpeHe ¢ npenapara buoctum.

YcTaHoBeHM ca gobusa 1 60TaHNy-
HWS CbCTaB Ha eCTeCcTBEH TPEeBOCTON OT
Tvna Nardus stricta. W3nutaHn 6s5xa
cnegHute BapuaHTu: 1. HeTpetupaHo c
nncteH Top (KoHTpona); 2. buoctum 100
ml/da; 3. buoctum 200 ml/da; 4. Buoctum
300 ml/da; 5. Buoctm 400 ml/da.

Mpy BCUMYKM BapuaHTX Ha JIMCTHO
TpeTMpaHe e YCTaHOBEHO TMoBMLIaBaHe
NPOAYKTUBHOCTTA Ha Cyxa Maca OT TPeBO-
CTOA npe3 TpeTaTa rogvHa. Hali-Bucok
edekT cpefHo 3a ONUTHUA nepuog e oT-
yeTeH npu BapuaHT 2 (100ml/da) — npesu-
LUeHNe cnpsaMo KoHTponarta oT 28.75%.
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SUMMARY

During the period 2011-2013, the
impact of organic foliar fertilizing with
Biostim was studied on Nardus stricta
natural pasture in the area of the Central
Balkan Mountain in the conditions of
mountain meadow soils and 1400 m
above sea level.

The yield and botanical composition
of natural grassland of Nardus stricta type
were established. The following variants
were studied: 1. Nontreated variant
without any application of foliar fertilizing
(Control); 2. Biostim 100 ml/da; 3. Biostim
200 ml/da; 4. Biostim 300 ml/da. 5. Biostim
400 ml/da.

In all variants of foliar treatment, an
increase in the yield of dry matter was
found in the third year. The highest effect
average for the experimental period was
reported in variant 2 (100ml/da) — an
excess over the control with 28.75%.



JlnctHoTo TOpeHe ¢ buoctnm Bnuse
BbpXy OOTaHWYeCcKMs CbCTaB Ha TPEBO-
CTOS, KaTo NOoBULLABA 3HAYMMO YHacTUETO
Ha XXWUTHUTE TpPeBWM W pasHOTpeBUTe, W
Hamanssa ToBa Ha 6o6osuTe.

OCHOBHW W3MEHEHUS B TPEBHUSA
CbCTaB HacTbMBaT Mpe3 TpeTara rogvHa,
Korato onpegenswms TpPeBOCTOA BUA
Nardus stricta e n3mecTteH oT BUAOBETE
Agrostis alba , Agrostis capilaris, Festuca
ovina, Festuca rubra.

Kntoyosu AyMu:
TPEBOCTON, JIMCTHO TOpPEHE,
60TaHu4yeH cbCTas

ecTecTBeH
[o6uswy,

YBO/,

TunbT Ha TOPOBETE N METOAUTE Ha
TAXHOTO BHAcsHe ca BaxeH pakTop,
B/MSiELL, BbPXY Npoueca Ha onTuMu3auns
Ha TOPEHEeTO Ha ecTecTBeHUTe TPEBHU
naoLwwy.

HekonKkokpaTHOTO MoKocsABaHe WU
usnaceBaHe Ha TPEeBOCTOSA Npe3 nepuoga
Ha akTMBHa BereTauus M3UCKBa U CbOT-
BETHOTO MOAXpaHBaHe C MWHEPasTHU UIn
opraHnyHn Topose (Yakimova, 1977).
3BECTHO €, Ye C MpaBW/THO PEryMpaHo 1
6anaHcMpaHO OpraHU4yHO M MUHEpasHO
TOpeHe, ce cb3fjaBaTt Yyc/oBus 3a 6naro-
NPUATHN WM3MEHEHWS BbB huTOLEHOSO-
TMYHUS N Ka4YecTBeH Npodoua npu ecTecT-
BEHWTE TpPEeBHU cbobulecTBa (Stoeva and
Vateva, 2008; Tenz et al., 2010; Samuil et
al., 2013). B 3aBMCMMOCT OT M3MN0N13BaHM-
Te TOpOBE MOXe [Ja ce yBesimyaBa WUm
HamansaBa y4yacTMeTo Ha XapakTepHuTe
BM0BE KOMTO ONpeaenst MMBagHUTe nnu
nacuwTHUTE ekoTunoBe Marusca et al.
(2014).

Heobxoaumo e npunaraHeTo Ha
€K0/10rocbobpasHy TOPOBM HOPMU LLAAS-
LM OKOMHaTa cpefa oT efHa cTpaHa a ot
apyra BAvgewmy nonNoXUTESIHO BbPXY
[o6vBa 1 Ka4ecTBOTO Ha hypadk NosyyeH
OT Te3n ecTeCcTBeHW NPUPOAHM pecypcu
(Totev et al., 1998; Kolczarek et al, 2008),
KaKTO U HamupaHe Ha Heobxoaumus 6a-
laHC NpV NpunaraHeTo Ha Lenus CnekTbp
OT TEXHOJ/IOrMUTE 3a NOBbPXHOCTHO NOL06-
psiBaHe C Les1 onassBaHe Ha 61MoI0rMYHOTO
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Foliar fertilizing with Biostim had an
impact on the botanical composition of the
grassland, as it significantly increased the
share of grasses and motley grasses, and
decreased legumes.

The major changes in grass
composition occur in the third year when
Nardus stricta, which is specied that
determine the grassland, was replaced
from Agrostis alba, Aggrostis capilaris,
Festuca ovina, Festuca rubra.

Key words: natural grassland,
foliar  fertilizing, yields, botanical
composition

INTRODUCTION

The type of fertilizers and the
methods of their introduction are an
important factor influencing the process of
optimization of the fertilization of natural
lawns.

Several decay and grazing of the
grass during the period of active
vegetation also requires the
corresponding feeding with mineral or
organic fertilizers (Yakimova, 1977). It is
well known that with well-regulated and
balanced organic and mineral fertilization
conditions are created conditions for
favorable changes in the phytocenological
and qualitative profile of natural grass
communities (Stoeva and Vateva, 2008;
Tenz et al.,, 2010; Samuil et al., 2013).
Depending on the fertilizers used, the
participation of typical species that define
the grassland or grassland eco-types may
be increased or decreased by Marusca et
al. (2014).

It is necessary to apply both
ecofriendly fertilizing norms that are
environmentally friendly and on the other
hand that have a positive impact on yield
and forage quality obtained from these
natural resources (Totev et al.,, 1998;
Kolczarek et al, 2008), as well as to find
the necessary  balance in  the
implementation of the whole range of
technologies for upgrading in order to
preserve biodiversity and ecosystem



pasHoobpa3vne ” paBHOBECME B €Ko-
cuctemara.

OcBeH TPagUUMOHHOTO OPraHMYyHO
TOPEHE KaTo HOBa anTepHaTVBa 3a npak-
TMKata MOXe pga ce npwunarar JINCTHU
OpraHM4yHM TOpoOBe, Ypes3 TpeTupaHe Au-
PEKTHO BbpXy (PDOTOCMHTUTMYHMA anapart
Ha pacTtuTesiHuTe BMUAOBE, KOUTO obutaBaTt
ectecTBeHuTe TpeBHU nsowwm (Jankowski et
al., 1999; Jankowska-Huflejt, 2012), kaTo
TO3W HauMH Ha TOpeHe JonpuHacsa 3a
nosuaBaHe Ha gobvBUTE U BOAU OO Cb-
OTBETHUTE MKOHOMMYECKM nonsun (Bebawi
et al., 2011).

Upe3 UCTHO  TpeTuMpaHe Ha
eCTecTBEHUTE TPEBOCTOM ce Cb3fgaBa
rnocoka 3a U3MeHeHue Ha pIOPUCTUYHUS
CbCTaB B XXEeNaHO Hanpas/ieHWe, kaTo B
3aBMCMMOCT OT M3MO0/I3BaHMTE TOPOBE
MOXe fa ce NOAMOMOrHe pasBuUTUETO Ha
LEeHHMTEe BWAOBE OT IPYNUTE Ha XWUTHUTE
n 6o06oBn TpeBn (Jankowska-Huflejt,
2006), KakToO U ga ce NOATUCHe onpege-
leHa rpyna oT HexenaHuTe HUCKONPOAYK-
TUBHUW NPeLCTaBUTENN B TPEBOCTOUTE.

Cnopef HAKoV aBTOpMW C BHACAHETO
Ha JIMCTHU TopoBe, 6a3upaHn Ha XyMUHO-
BM KUCE/IMHW Ce CTUMY/iMpa HapacTBaHe-
TO Ha KOpeHoBaTa cucTeMa Ha pacTeHus -
Ta, yBe/nMyaBa ce KoedmuMeHTa Ha
N3MoN3BaHe Ha XpaHUTesIHUTE BeLLecTBa,
BK/TIOYMTENHO WU Ha NO-TPYAHOLOCTbMHUSA
ocpop (Armstrong, 1999; Lambers et
al., 2006; Magani and Kunchida, 2009;
Datta et al., 2011). Cnopeg Apyrv1 aBTopu
XYMWHOBUTE KWUCEJIMHWN, KOUTO ca OCHOBa
Ha /INCTHUTE OpraHW4HM TOPOBE, aKTUBHO
nogo6psiear M CTUMynNupaTt AuUAHETO U
poTOCMHTE3aTa Ha pacTeHuaTa , a30THMSA
" BbrnexungpareH MeTabosM3bM
(Ovcharhenko, 2001; Senn et al.,, 2003;
Sengalevich, 2007).

B npoy4yBaHe ¢ XyMUHOBU KUCESTUHU
Bbpxy souepHa Vasileva and Kostov
(2015a, b), yctaHOBsIBAT HaTpynsaHe Ha
no-rofIsMoO  KOJIMYECTBO CyXa KOpeHoBa
Maca, Mo-BUCOKO CbLOTHOLLUEHWE a3oT B
KOpeHoBaTa Maca/a3oT B Haja3eMHarta
Maca, MOo-ro/IIMO  KOJIMYECTBO YCBOMM
a30T, KaKTO M MO-BUCOKM U MO-CTabW/IHU
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equilibrium.

In addition to traditional organic
fertilizing, foliar organic fertilizers can also
be applied as a new alternative by treating
directly on the photosynthetic apparatus
of plant species inhabiting the natural
lawns  (Jankowski et al, 1999;
Jankowska-Huflejt, 2012). This fertilizing
method contributes to increased vyields
and leads to corresponding economic
benefits (Bebawi et al., 2011).

Foliar  treatment of  natural
grasslands gives a direction for changing
the floristic composition in a desired
direction. Depending on the fertilizers
used, it is possible to support the
development of the valuable species of
grass and legumes (Jankowska-Huflejt,
2006), as well as to suppress a certain
group of wundesirable low-productive
representatives in grasslands.

According to some authors, the
introduction of foliar fertilizers based on
humic acids stimulates the growth of the
root system of plants, increasing the
consumption rate of nutrients, including
phosphorus that is more difficult to reach
(Armstrong, 1999; Lambers et al., 2006;
Magani and Kunchida, 2009; Datta et al.,
2011). According to other authors, the
humic acids, which are the basis of leaf
organic fertilizers, actively improve and
stimulate plant respiration and
photosynthesis, nitrogen and
carbohydrate metabolism (Ovcharhenko,
2001; Senn et al., 2003; Sengalevich,
2007).

In a humic acid study on alfalfa,
Vasileva and Kostov (2015a, b), found a
higher dry root mass, a higher ratio of
nitrogen in root/nitrogen in above-surface
matter, a higher amount of digestible
nitrogen, and higher and more stable
yields of forage and seeds.



[o6uBK Ha pypax u cemeHa. MNpunaraHe-
TO Ha JINCTEH XyMaTeH TOp BbpXy ecTecT-
BEH TPEBOCTON CTMMynupa o6palyBaHeTO
Ha noBeve NPOTEVH M NOJO6PsBa XpaHu-
TenHata CTOMHOCT Ha doypaxa (Klimas
and Balezentiene, 2010). C yBenuuaBaHe
Ha y4yacTueto Ha 6060BUTE TpEBU ce
noBuIaBa KayecTBOTO Ha TPEBOCTOS
(Naydenova et al., 2013).

Jlvncata Ha nogo6HM nscneaBaHns
3a U3MNON3BaHE Ha JIACTHU XyMaTHU
TOpPOBE MNPV €CTeCTBEHMTE TPEBOCTOM B
cTpaHata HU BK/IYUTENIHO U B PErnoHa
Ha CpegHa Crapa nnaHuHa Hanara
Heo6XxoAMMOCTTa OT NPOBEXAAHETO UM.

Llenta Ha npoyuBaHeTo Gewe pga
Ce YyCTaHOBW B/IMSHWETO Ha €XEerogHoTo
TpeTvpaHe C JIMCTEH OpraHuyeH ToOp
BbpXYy GMOMPOAYKTMBHUTE MoKasaTenun Ha
€CTEeCTBEHO nacuwe OT KapTb/loB Tum,
pasnofsiokeHo B palioHa Ha CpegHa
Crtapa nnaHuHa (TPOSIHCKN pernoH).

MATEPWNAN N METO4WA

OnutbT Gewe un3BefeH npes
nepuoga 2011-2013 roguHa. Ha ecTecT-
BEH TPEBOCTOW — KapThJ/I0BO Macuiue (Tun
Nardus stricta) no 6nokoBuss metog B 4
MOBTOPEHUSI MpU MNOW, Ha pPeKonTHaTa
napuesika ot 5m-.

B npoav/mkeHne Ha 3 rognHu ce
npoyymxa cnegHute sapmnaHtu: 1. Hetpe-
TMpaHo ¢ nucteH Top (KoHTpona); 2.
IlnctHo TpetupaHe c¢ buoctum B pAo3a
100ml/da; 3. JIncTHO TpeTupaHe C
Bruoctum B po3za 200ml/da; 4. JInctHo
TpeTupaHe ¢ buoctum B go3a 300ml/da; 5.
JNnctHo TpetnpaHe ¢ buoctnm B fgo3a 400
ml/da.

JInCcTHOTO TpeTupaHe C OpraHuyeH
TOp Ce npunarawe egHoOKpaTHO npes
rogvHata, kato paboTHusA pasTBop ce
BHacsilWe c rpbbHa npbckayka no Bpeme
Ha aKTMBHaTa Beretauusa Ha TpesuTe.

CbCTaBbT Ha  NUCTHMA  TOP
Buoctum e cnegHus: peakums(pH) - 6.8,
coneBa KoHueHTpauusa 20.15, a3oT(N) -
2.1%, docdop (P) - 1.54%, kanuin (K) -
11.2%, kanuuin (Ca) - 0.15%, marHeswii
(Mg) - 0.01%, xenaszo (Fe) - 0.024%,
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The application of foliar humic fertilizer on
natural grassland stimulates the formation
of more protein and improves the
nutritional value of forage (Klimas and
Balezentiene, 2010). The quality of
grassland improves with the increasing of
share legumes in the grassland
(Naydenova et al., 2013).

The lack of studies on the use of
leaf humic fertilizers in natural grasslands
in Bulgaria, including in the Central
Balkan Mountain region, necessitates to
conduct them.

The purpose of the study was to
determine the impact of the annual
treatment with organic fertilizer on the
bioproductive indicators of natural pasture
of Nardus stricta type, located in the
region of the Central Balkan Mountain
(Troyan region).

MATERIAL AND METHODS

The experiment was conducted
over the period 2011-2013 on a natural
grassland — a pasture (Nardus stricta
type). The experimental design was block
method in 4 replications with 5 m? plot
size.

For 3 years, the following variants
were studied: 1. Nontreated variant
without any application of foliar fertilizing
(Control); 2. Foliar application with Biostim
100 mi/da; 3. Foliar application with
Biostim 200 ml/da; 4. Foliar application

with  Biostim 300 ml/da; 5. Foliar
application with Biostim 400 ml/da.
Foliar treatment with organic

fertilizer was applied once a year, and the
working solution was introduced with a
sprayer during active grass vegetation.

The composition of Biostim foliar
fertilizer is as follows: reaction (pH) - 6.8,
salt concentration 20.15, nitrogen (N) -
2.1%, phosphorus (P) - 1.54%, potassium
(K) - 11.2%, magnesium (Mg) - 0.01%,
iron (Fe) - 0.024%, zinc (Zn) - 0.037%.



UMHK  (Zn) - 0.037%. OpraHnyHo
CbabpkaHue - 2.25, XYMUHOBU KWNCENTMHU -
00 14%, dpynso-kucesnuHu go 7%.

PekontnpaHeto  Ha  OnNUTHUTE
naowy ce wm3BbpwBawe npu gasa
usKnacsBaHe - Hayano Ha Ub(pTex Ha
KapTbna.

Mpu npoBexgaHeTo Ha onuta ca
npocneaasaHu cnegHNTe nokasaresu:

1. Jo6uB Ha cyxa maca (kg/da) —
onpefeneH e ypes OKOCABaHe NoLuTa Ha
BCSAIKA PEKO/SITHa napuenka no nosTope-
HUA ¢ nocnejgallo nscylwasaHe B nabo-
patopHu ycnosus npu 105°C Ha pactu-
TesiHM npobu ot 1 kg 1 npeunsuncnasaHe
3a nnow, or 1 da Bb3 OCHOBa Ha
CbAbpPXaHNETO Ha CyX0 BELLECTBO.

2. BboTaHW4Yeckn MPOMEHW B TPEBO-
cTos (B %) — onpefeneHn ca TEr/TI0BHO Ypes
aHanu3 Ha TpeBHW Npobu, B3eTW Henocpesa-
CTBEHO npeau kocuTHaTa, YCTAaHOBEHO €
MPOLIEHTHOTO yyacThe Ha OCHOBHUTE 6oTa-
HUYECKMN Tpynn (KUTHU 1 6060BK TPEBK), HA
pasHoTpeBuTe (06L0), KakTO M yyacTueTto
Ha oTAeNHUTE BUAOBE Npe3 roAvHuTe.

Cratuctnyeckata obpaboTka Ha
JaHHWTe 3a Oo6MB e U3BbpLUBaHa 4pes
ancnepcuoHeH aHanms (Lidanski, 1988)

PE3YJITATU N OBCBXOAHE
JaHHuTe 3a KIMMaTu4HUTE YCno-
BMS TemMnepaTypa 1 BasieXxu ca NoCoYeHm
B Tabnvuya 1 u Tabnvua 2.

Tabnuua 1. TemnepaTypa Ha Bb3ayxa B

Organic content - 2.25, humic acids - up
to 14%, fulvic acids up to 7%.

The harvesting of the experimental
areas was carried out at the stage of ear
formation - the beginning of flowering of
Nardus stricta.

The following indicators were
studied in the experiment:
1. Dry matter vyield (kg/da)

determined by mowing the area of each
harvest plot in replications  with
subsequent drying under laboratory
conditions at 105 °C of plant samples of 1
kg and recalculation for an area of 1 da on
the basis of dry matter.

2. Botanical changes in grassland
(in %) - determined by weight analysis of
grass samples taken just prior to mowing,
percentage share of the main botanical
groups (grasses and legumes), motley
grasses (as a whole) and the participation
of separate species over the years.

The statistical processing of yield
data was carried out by dispersion
analysis (Lindanski, 1988).

RESULTS AND DISCUSSION
Temperature and rainfall data are
listed in Table 1 and Table 2.

°C, meTeocTaHUus rp. TposiH

Table 1. Air temperature in °C, meteorological station in Troyan

MeceL,
rognHa
Month
Year | Il 11l \% V VI il IX X Xl | Xl I-XI | IV-IX
2011 -02]1-03]149| 97 |147185| 21 | 202|182 | 88 |18 26 | 9,99 | 171
2012 -21|-54 156|122 |151|208|242|21,7 178|132 |76 |-0,4 | 10,86 | 18,6
2013 1,1 | 38 |54 | 12 |175|18,7 194 | 22,7 | 154 |12,1|7,7| 0,8 | 11,38 | 17,6
CpepHo
Average
2011-2013 -04 | -0,6 | 53|11,3 158193215 |215 171|114 |5,7| 10 | 10,74 | 17,8
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Ta6r||/|u,a 2. Mece4Ha v roguiiHa CyMa Ha BaJ/lexmte B mm, MeTeoCTaHUunA rp.

TposH
Table 2. Monthly and annual precipitation rate in mm, meteorological station in
Troyan
MeceL
roanHa
Month
FoanHa [ I Il IV v VI VIL | VIIE | IX X X[ X | =X | Iv-IX
2011 225 | 248417 | 68 | 69,1 | 984 | 729|968 | 68 | 109 | 2 | 34,3 | 646,3 | 412,0
2012 124,5 | 456 [ 355 | 36 | 174 | 51,8 | 7,2 | 39,1 | 30,8 | 43,6 | 11,8 | 79,1 | 679,0 | 338,9
2013 43,3 | 62,6 | 49,7 | 92,1 | 90,3 | 274,6 | 61,2 | 14,9 | 22,7 | 53,2 | 27,7 | 15 | 807,3 | 555,8
CpepgHo
IAverage
2011-2013| 63,4 | 44,3 | 42,3 | 65,4 | 111,1 | 141,6 | 47,1 | 50,3 | 20,1 | 68,6 | 13,8 | 42,8 | 710,9 | 435,6

MonyueHuTe fo6MBM Ha cyxa mMaca
Mo roAMHW 1 CPefHO 3a ONUTHWA Nepuog,
ca oTpaseHu B Tabnuua 3.

EdekTbT BbpXy A0OMBBLT Ha cyxa
mMaca npu JIMCTHOTO TOpeHe ¢ buoctum
npes nbpBuMTEe ABe roguHu e cnabo
n3paseH - TOpeHuTe BapnaHTV He HaaBU-
WwasaT MO MPOAYKTMBHOCT HeTopeHaTa
KoHTpona (Bap. 1, Tabnuua 3). MpuunHa
3a cnabaTta NpoAyKTUBHOCT OT KapTb/10B-
NSl TPEBOCTOW ca K/IMMaTUYHUTE YC/I0BUS.
Mpe3 2011r., cpefHOTO KOJSIMYECTBO
Ba/IeXn nNpe3 BeretauvoHHUA Mepuof,
(anpun-centemBpn) e 412,0 mm. [pes
2012 r. ce HabnwgaBa eKCTPEMHO 3acy-
LaBaHe OCOGEHHO Mnpe3 NeTHUTe Mece-
UK, KaTo Mpes3 1AM HUBOTO Ha Bnaroobes-
neyasaHe e KPUTUYHO OT 7,2 mm, cpes-
HOTO KO/MYeCTBO BasieXxu npes3 BereTa-
LuMoHHMA nepuog e 338,9 mm koeTto e
KpaiiHO HegocTaTbyHO (Tabnvuya 2). To-
Ba 3acyllaBaHe Heu36exHO MoBAMSA OT-
pyLaTesiHo BbpXy pacTexa u passutmeto
Ha TpeBHaTa pPacTUTE/NIHOCT, KakTo U
BbpPXY YCBOSIBAHETO Ha JINCTHUA TOp
Buoctum. [lpe3 TpeTta onuTHa roguHa
epekta OT NINCTHOTO TOpeHe e Bucok. C
MHOro go6bpu gobuBM Ha cyxa maca ce
xapaktepusnpa sap. 2 (386,18 kg/da). C
[obpn nobusu ca n BapmaHtute 3 1 4
(TopeHe B po3a 200ml/da w 300ml/da),
CbOTBETHO O0TbOensAsBaly npeBuLIEeHNe
oT 85,49% (Bap. 3) n 50,66% (Bap. 4).
Mpv Hail-BMCOKaTa [03a Ha TOpeHe OT
400 ml/da e OTYETEHO MWHUMASIHO

The dry mass yields per year and
average for the experimental period are
shown in Table 3.

The impact on dry mass in the
foliar fertilizing with Biostim in the first two
years is slightly expressed - the fertilized
variants do not exceed in productivity the
nontreated control (var. 1, Table 3). The
cause for the low productivity of Nardus
stricta grassland is climate conditions.

In 2011, the average rainfall during the
vegetation season (April to September)
was 412.0 mm. Extreme droughts
occurred in 2012 especially during the
summer months, with a moisture content
of 7.2 mm in July, the average rainfall
during the vegetation period was 338.9
mm, which was extremely low (Table 2).

This drought inevitably had a negative
impact on the growth and development of
grass vegetation, as well as on the
absorption of Biostim foliar fertilizer. In
the third experimental year the impact of
leaf fertilization was high. Variant 2 is
characterized by very good yields of dry
mass (386.18 kg/ da).

Variants 3 and 4 (fertilizing at a dose of
200ml/da and 300ml/da) had also good
yields, respectively, exceeding with
85.49% (var. 3) and 50.66% (var. 4). The
minimum exceeding of 5.07% (var. 5)
was reported for the highest fertilizing
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npesuweHne ot 5,07% (Bap. 5). Monyue-
HUTEe pes3ynTatu, xXapakrtepusnpaiim fo-
6mBMTE, MOraT Aa ce 06SCHAT C MOSI0XNU-
TENIHOTO Bb3AEWCTBME HA OpraHU4yHusA
TOp bBuoctum. Cuutame, 4ye TOBa Ce
peanv3upa B CbyeTaHue ¢ 6naronpusaT-
HUTE K/IMMaTUYHW YC/I0BUA Npe3 TpeTara
roguHa (06W/IHOTO KO/IMYECTBO BasieXu
Nno BpeMe Ha akTuBHaTa Beretauus Ha
TPEBOCTOA - MeceunTe Maid, FOHU U N,
ot 90,3 mm 274,6 mm, 61,2 mm n cpea-
HOMeceyHuTe Temneparypu ot 17,5 go
19,4°C). ToBa nokasea,ue edekra oT Tpe-
TUpaHeTO ¢ XYMUHOBUSI nNpenapat buoctum
BbpPXYy KapTb/IOBUSI TPEBOCTOW 3aBWCK
NpsiKo OT (hakTopuTe Ha OKOMHaTa cpefa.

CpegHo 3a nepuoga 2011-2013 r.
[OOMBBT Ha cyxa Maca e Hai-BUCOK npu
TOpeHe Cc fMcTeH Top Buoctum B fAo3a
100 mil/da (Bap. 2) - npeBuWwEHNe OT
28,75%. OcTaHasiMte BapuaHTh Ha
JINCTHO TOpPEHe He HaZMKHaBaT no Jobus
HeTopeHaTa KOHTpoa.

dose of 400 ml/da. These results, which
characterize the yields, can be explained
by the positive impact of Biostim organic
fertilizer. We consider this is implemented
in combination with the favourable
climate conditions in the third year (the
abundant rainfall during the active
vegetation in May, June and July, from
90.3 mm to 274.6 mm, 61.2 mm and the
average monthly temperatures from 17.5
to 19.4°C). This shows that the impact of
Biostim humic fertilizer on Nardus stricta
grassland is directly dependent on
environmental factors.

On average, for the period 2011-
2013, the highest dry matter yield was
obtained in the foliar fertilizing with
Biostim at a dose of 100 ml/da (var. 2) -
an excess of 28.75%. The other foliar
fertilizing variants did not exceed the
nontreated control yield.

Tabnuua 3. Jo6muB Ha cyxa Mmaca B Kg/da no roavHu n cpefHO 3a TpuUroguLleH
nepmnopg (2011-2013), oT ecTtecTBeH TpeBocTo Tmn Nardus stricta npu AUCTHO
TOopeHe ¢ buocTum
Table 3. Dry matter yield in kg/da by years and average over a three-year period
(2011-2013), from natural grassland of Nardus stricta type with foliar fertilizing
with Biostim

BapwuaHTtu/Variants 2011 2012 2013 CpegHo/Average 2011-2013
Kg/da % JokaszaHocT| kg/da % lokazaHocT| kg/da % [JokasaHocT| kg/da % [lokazaHocT
cnpavo K cnpamo K cnpsamo K cnpamo K
compared|  Proof compared|  Proof compared Proof compared Proof
toC toC toC toC
L.Hetpetvpao - K- 1517 941 100.0 - |173.43 1000 - 4032 1000 - h7723 1000 -
Non-treated - C
2. Buoctum/Biostim 1y g o7 7574 - 13332 76.87 - 8618 275.21 +++  [228.19] 128.75 -
(100 ml/da)
3. Buoctum/Biostim 1y 3 69 61 77 - 4223 8201 - [260.28 185.49 +++  [179.04] 101.02 -
(200 ml/da)
4. Buoctum/Biostim ) o9 5gl 59 45 - 14437 83.24 - [211.40 150.66 ++  [161.78] 91.28 -
(300 ml/da)
5. Buoctum/Biostim ;76 19 g g4 - leass 95.05 - 4744 105.07 - 6283 9187 -
(400 ml/da)
GD 5% 137.08] 62.74 133.61] 77.01 41.41] 29.47 87.22] 49.14
GD 1% 192.41] 88.06 187.54 108.09 58.13| 41.37 122.43 68.98
GD 0.1% 271.64] 124.32 264.76] 152.60 82.06] 58.41 172.85  97.38

BoTaHuyeH cbCTaB Ha TPEBOCTOSA
B kapTbnoBoTO nacuwe npu
NIUCTHO TopeHe c bBbuoctum Haii-ronam
OAn cpefHO 3a TpUroguHMA nepuoj
3aemMaTt XMTHUTE MHOrOroAvLIHN TPeBU —
56,97 % (Purypa 1). TAXHOTO y4yacTue e

Botanical composition of grassland
Perennial grasses took the highest
average share in Nardus stricta pasture
for the three-year period with foliar
fertilizing with Biostim - 56.97% (Figure
1). The highest share was found in the
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Hali-ronamMo npes BTopaTa rogmHa, kora-
TO gocturar 72,6%. lNpe3 Tpetara rogu-
Ha y4yaCTUETO Ha XWUTHUTe Hamansasa
MoyTK HarosIoBUHA B CpaBHEeHue c npes-
xofHara rognHa. Pa3sHOTpeBHUTE BUAOBE
3aemar cpegHo 3a nepuoga 41,75%.
MPOTUBOMOMIOXHO Ha >XUTHUTE BUAOBE
npu TAX ce HabsogaBa TeHOEHUUA KbM
HapacTBaHe OT nbpBaTa KbM TpeTara
rogvHa. Te 3aemar Hail-MauTbK AAn npe3
BTopara roguvHa - 25,32%, npu CU/HO
YBE/IMYEHO TMPUCHLCTBUE HA XKUTHUTE
BugoBe. bobosBuTe pacTeHus 3aemar
cpegHo 3,36%. Te ca masiko noseYe npes
BTOpata roAauHa. XuTHute BUAOBe
3aemart Hai-ronsm gsn B TPeTu BapuaHT
npu BTOpaTa [fo3a Ha TOpeHe OT
200ml/da (Bap.3), pasHOTpeBUTE ca Hail-
MaJ/IKO B CbLUUSI BapuaHT, a Hai-ronsm e
[enbT MM Korato He ce Tpetupa C
Brvoctm B nbpeBu BapuaHT (Bap. 1K).
Bo6oBnTe BMAOBE Ca Hali-MHOro npw
TpetnpaHe ¢ 400 ml/da (Bap.5), a Haii-
MaUIKO € TAXHOTO y4yacTue B NbPBU
BapuaHT (HETOPEH).

MpucbCcTBMETO HA  OTAE/IHUTE
BUAOBE B TPEBOCTOA NOA BNUSHME Ha
NINCTHOTO TOpeHe ¢ brnoctum e nNocoyeHo
Ha Tabnuua 4. OT aHanM3a Ha gaHHuUTe
npes nbpBa ONUTHa roAnHa ce BMxaa, ye
npy BCWUYKM BapuaHTU npeobnagasat
XUTHUTE BWUAOBE: OBYa Brlacatka, kap-
TbN, nonesuua. MNpu Bap.1 (K) oyara Bna-
catka e ¢ 17,2%, a kKapTbnbT 13,8%. Mpn
nbpBaTta gos3a Ha TopeHe oT 100 ml/da
(Bap.2) kapTbnbT € 13,0%, nonesnuarta —
13,0%, a oByara Bflacatka gocrtura
26,0%. lNpu TpetMpaHe Ha TPeEBOCTOA C
200 ml/da (Bap.3), oByaTa Bnacatka e c
Hali-BMCOK MNPOLEHT Ha Yyyactne OT
XutHute Ttpesun — 38,5%, cnegsaHa ot
Kaptbn — 19,2%. Cnep TpeTupaHe Ha
TpeBocTod B pfAo3a 300 mi/da (Bap.4),
nonesvuata W oBYaTa Bfacartka ca C
paBHO MpPOUEHTHO y4vactne -— 25,0%,
pasHoTpeBuTe Bb3NM3aT Ha 50,0%. BbB
Hali BUcokaTa [03a Ha INCTHO TpeTupaHe
(Bap.5), oBuarta Bnacatka U KapTb/ia ca
cboTBeTHO 36,8% n 15,8%, a nonesuya-
Ta 6,3% u TumoTeiikata 5,3%. PasHo-

second year, when they reached 72.6%.
In the third year, the share of grasses
decreased by almost a half compared to
the previous year. Motley grasses
occupied an average of 41.75%.

Contrary to grass species, their tendency
was to grow from the first to the third
year. They took the smallest share in the
second year - 25.32%, with a stronger
presence of grass species. Legumes took
an average of 3.36%. They were a bit
more in the second year.

Grass species occupied the largest share
in the third variant at the second fertilizing
dose of 200ml/da (var. 3), motley grasses
had the lowest share for the first variant,
while they had the highest share in the
nontreated first variant (var. 1C).
Legume species had the highest share in
the treatment with 400 ml/d (var. 5), and
the lowest share in the first variant
(nontreated).

The share of individual species in
the grassland under the impact of foliar
fertilization with Biostim is shown in Table
4. Data in the first experimental year
show that grass species prevail in all
variants: sheep fescue, Nardus stricta,
bentgrass. In var. 1 (C) sheep fescue is
17.2% and Nardus stricta is 13.8%. At the
first fertilizing dose of 100 ml/da (var. 2),
Nardus stricta is 13.0%, bent grass is
13.0% and sheep fescue reaches 26.0%.
When treating the grassland with 200
ml/da (var. 3), sheep fescue has the
highest percentage share of grass
species - 38.5%, followed by Nardus
stricta - 19.2%. After treatment of the
grassland with a dose of 300 ml/da (var.
4), bent grass and sheep fescue have an
equal percentage share - 25.0%, motley
grasses amounts to 50.0%. At the highest
dose of foliar treatment (lime 5), sheep
fescue and Nardus stricta were 36.8%
and 15.8%, respectively, bent grass was
6.3% and timothy grass was 5.3%.
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TpeBuTE ca C Hal-ronaMo ydactue npu
KOHTPOMHMA BapuaHT 58,7%, a npucobe-
TBME Ha 60060BU TPEBM MMaLLE CamMoO BbB
Bap.2 — 3Be3faH 2,6%. MNpeobnagasalim-
Te BUAOBE OT XWUTHUTE TPeBU 06LI0 3a
BCUYKM M3NUTAHU BapuaHTu ca: KapTb/,
OBYa BfacaTka, 0GMKHOBEHa MoseBuUa.
MpoueHTa Ha yyacTme Ha pasHOTpeBUTE
€ BMCOK NPW BCUYKN U3NUTaHN BapuaHTy.
Mop BNAUSIHME Ha TOpeHeTo ¢ Buoctum
npe3 BTopaTa roguHa ce BWXxAa, 4e npu
BCUYKM BapuaHTu Ha U3NUTBaHe AOMUHU-
pat OCHOBHO XWTHW BMAOBe kaTo: 6sna
nonesuua, OOWKHOBEHa nofesuLa u
KapTb/a. Hali-ronsamo npoueHTHO yyactue
Ha XWUTHWU TpeBK BeLle perncTpypaHo npu
TopeHe ¢ buoctum B pgosa 200 ml/da
(Bap.3), kaTo B TPEBOCTOS bsAnara nosne-
Buua pgoctura 45,0% ydactvne, a 06UKHO-
BeHarta nonesuua - 31,5%. Pa3HoTpeBu-
Te pJocturat Hali-HACKO YyyacTtue npu
nocoyeHus BapuaHT — 13,6% U Hait-
BMCOKO NMpu TopeHe B fo3a 400 ml/da,
(Bap.5) — 41,1%. OT 6060BUTE pacTeHust
Cce yCTaHOBWM Ha/MuneTo Ha 3Be3faH B
[Ba OT BapuvaHTUTEe Ha JIMCTHO TOpeHe,
Kato HeroBoTO yyacTue Bapupa oT 5,9%
0o 3,5% (BapnaHTtu 5 1 4). C Hali-ronsimo
NMPOLEHTHO y4yacTue Ha KapTbn e Bap.l
(K) — 6,7%, a c Haii-Hucko Bap.3 — 5,4%,
KaTo pasnukata Mexpgy Hali-BUCOKOTO M
Hali-HNCKOTO MPOLEHTHO yyacTne OT TO3M
BU4 BbB BapuaHTuTe Oewe 1,3%. B
cpaBHeHWe ¢ nbpBata roguHa (2011 r.)
ce Habnwogaesa BuAMMA peaykums ot
nonynayusata Ha To3u BUg,
BoTaHvnyeckuTe npomeHn npoTuya-
WM BbB TPEBHWS CbCTaB nNpes3 TpeTa
ONMTHa roguHa ce xapakrepusnpar Cbe
cnefHuTe ocobeHocTW. YyacTueTo Ha
pa3HoTpeBUTE € B rpaHuumte ot 65,6%
0o 56,8% (BapunaHTn 5 1 1). YctaHoBM ce
MOBULLEHO BMAOBO y4acTUE Ha XUTHUTE
TpEBW, KaTO AOMUHAHTBLT B TPEBHOTO
cbobuwectBo Nardus stricta L. He Gewe
yCTaHOBEH B TpeBocToA. [pe3 Tasn rogu-
Ha OOMKHOBeHaTa nosesuula e npeobna-
JaBalmAT  KUTEH BUL BbB  BCUYKK
BapuaHTu. MNpu TpeTnpaHe Ha TPEBOCTOSA
B go3a 100ml/da (Bap.2), y4actneto nm e

Motley grasses took the highest share of
58.7% in the control variant, while
legumes were found only in variant 2 -
bird's-foot-trefoil ~ with  2.6%.  The
predominant types of grasses in total for
all tested variants are: Nardus stricta,
sheep fescue, common bentgrass. Motley
grasses had a high percentage share in
all tested variants. During the second
year, under the impact of Biostim can be
seen that in all variants predominate
grass species, such as: white bentgrass,
common bentgrass and Nardus stricta.

The highest percentage of grasses was
recorded in fertilization with Biostim at a
dose of 200 ml/d (var. 3), as white
bentgrass reached 45.0% and bentgrass -
31.5%. Motley grasses took the lowest
share - 13.6% and the highest in
fertilization at a dose of 400 ml/da, (var.
5) - 41.1%.

The legumes were presented by bird’s-
foot-trefoil in two variants with foliar
fertilizing, ranging from 5.9% to 3.5%
(variants 5 and 4). The highest share of
Nardus stricta was found in var. 1 (K) -
6.7% and the lowest share in var.3 -
5.4%, as the difference between the
highest and the lowest percentage of this
type in the variants was 1.3%. Compared
to the first year (2011), there was a
visible reduction in the population of this
species.

The botanical changes occurring in
the grass composition during the third
experimental year are characterized by
the following features. The share of
motley grasses ranged from 65.6% to
56.8% (variants 5 and 1). There was an
increased share of grasses, as the
dominant species of Nardus stricta L. was
not found in the grassland. This year,
common bentgrass was a predominant
grass species in all variants. When the
grassland was treated at a dose of
100ml/da (var. 2), they had the highest
share and reached 42.3%. Cock’s foot,
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Han-BMCOKO 1 pgoctura 42,3%. B no-Hucka
CTeneH ca 3acTbleHu BUOOBETE KaTo
eXoBa rnasula, oBYa Bnacarka, annuiicka
TMMOTENKa. Y4yacTMeTo B TpeBHaTa NoKpuB-
Ka Ha annuiickata TMMoTelika e Hail-B1COoKO
npu Hali-BUcokaTa Jo03a Ha TOpeHe ¢
Buoctum o1 400 ml/da - 1,5%; a yepBeHaTa
Bnacatka e c yyactve ot 9,0% B cblwuA
BapuaHT (Bap.5). MNMpu TopeHe B posa 300
ml/da (Bap.4) npoueHTbLT Ha 4epBeHaTa
Brlacartka e Hai-Bmcok - 14,6%. OT 60608BK-
Te pacTeHus Gelle YCTaHOBEHO y4yacTueTo
Ha njaHWHCKa feTennHa, kato BbB (Bap. 3)
300 mi/da yyactneto um gocTturHa - 3,8%.
Mpe3 Ta3n roguHa nmnpasBu BhevyatsieHne
OoTnagaHeTo OT TPEBOCTOS Ha OCHOBHUA
BUZ, KapTb/ 1 NpeobnafaBaHeTo Ha CbNbT-
CcTBaWM BWAOBE OT XWUTHWTE TPeBM KaTo
obukHoBeHaTa nonesuua. lNpes roguHuTe B
KapTb/I0BOTO Maculle AoMUHMpaT 6snata
nonesuua, O6WKHOBeHatra  MoneBuua,
KapTbna un oByata Bnacartka (Tabnuuya 4).

B HutHu W Bobosu

sheep fescue and Alpine timothy-grass
took a lower share.

The highest share of Alpine timothy-grass
was found in the highest fertilization dose
with Biostim from 400 ml/da - 1.5%; while
red fescue share was 9.0% in the same
variant (var. 5). The highest percentage
of red fescue of 14.6% was found at a
dose of 300 ml/d (var. 4). The legumes
were presented by mountain clover as
they reached 3.8% share at a dose of
300 ml/da (var. 3). In this year, it is
striking that the main species of Nardus
stricta declined while some grass species
were predominant, such as common
bentgrass. Over the vyears, white
bentgrass, common wolves, Nardus
stricta and sheep fescue dominated in
Nardus stricta pasture (Table 4).

f~
/ PasHoTpesn

-

/
/ bobosn
/

i

/
/ WutHu

1 PazHoTpesu

dur. 1. botaHn4yeH CbCTaB Ha ecTecTBeH TpeBocTol OT Tuna Nardus stricta B
TernoBeH MPOLEHT NO rpynu, roagnHn 1 cpenHo 3a nepunoga 2011-2013r.

Fig. 1. Botanical composition of natural grassland of Nardus stricta type by
weight percentage per group, years and average for the period 2011-2013
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Tabnuua 4. boTaHMYeH cbCTaB Ha eCTeCcTBeH TpeBocTol oT Tuna Nardus stricta
B TEr/I0OBEH MNPOLEHT, N0 BUAO0Be, 3a nepmoga 2011-2013r.

Table 4. Botanical composition of natural grassland of Nardus stricta type in
weight percentage, by species, for the period 2011-2013

BapwnaHTun/Variants| Buaos cbcTtaB/Species 2011 2012 2013
Nardus stricta 13.8 6.7 -
Agrostis capilaris 10.3 20.0 30.9
Dactylis glomerata - - 1.0
1.KoHTpona/ControlTrifolium pratense - - 1.0
Festuca ovina 17.2 6.7 -
Agrostis alba - 33.3 -
Festuca rubra - - 10.3
\Weeds participate 58.7 33.3 56.8
Nardus stricta 13.0 6.3 -
Festuca ovina 26.0 12.5 -
Festuca rubra - - 1.9
Agrostis alba - 37.5 1.9
2.100ml/da Phleum alpinum - - 3.8
Agrostis capilaris 13.0 25.0 42.3
Lotus corniculatus 2.6 - -
\Weeds participate 45.4 18.7 50.1
Nardus stricta 19.2 5.4 -
Agrostis capilaris 3.8 31.5 39.0
Agrostis alba - 45.0 -
3.200ml/da Festuca ovina 38.5 4.5 9.5
Trifolium montanum - - 3.8
\Weeds participate 38.5 13.6 47.7
Nardus stricta - 5.6 -
Agrostis capilaris 25.0 21.0 29.2
Agrostis alba - 42.0 -
Festuca ovina 25.0 7.0 -
4.300ml/da Festuca rubra - - 14.6
Phleum alpinum - - 3.8
Lotus corniculatus - 3.5 -
\Weeds participate 50.0 19.9 50.1
Nardus stricta 15.8 5.9 -
Agrostis capilaris 6.3 11.8 23.9
Festuca rubra - - 9.0
5.400ml/da Festuca ovina 36.8 5.9 -
Agrostis alba - 29.4 -
Phleum alpinum 5.3 - 1.5
Lotus corniculatus - 5.9 -
\Weeds participate 36.8 41.1 65.6
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n3BOAMN

TopeHeTo C OpraHU4yHUA XYMUHOB
npenapat buocTuM e HazexaHO cpepn-
CTBO 3a MOBBPXHOCTHO nofobpsiBaHe Ha
KapTb/I0BUTE MNacuuia B paiioHa Ha
CpegHa Crtapa nnaHuHa. Te pearunpart
MOMIOXUTENHO Ha JIMCTHOTO TOpeHe ¢
opraHuMyeH TOp Hail Beuye npes TpeTtaTta
roavHa OT W3NUTBaHETO, Kato fobusute
OT cyxa maca gocrturat HuBO oT 386,18
kg/da npu TpeTupaHe Ha TPEBOCTOSA CbC
100ml/da BrnocTtm npu BTOpUS U3NUTBAH
BapvaHT. CpefHo 3a nepuoga nobusute
ce yBenMyaBaT Mpu JIMCTHO TOPeHe C
Buoctum B pgo3a 100ml/da go 28.75%,
ocTaHa/MTe BapnaHTW/[03M Ha TOpeHe He
HaaBuwWasar no [o6uBM HeTopeHarta
KOHTposa. [o-BMCOKUTE [03N Ha TOpPeHe
okasBaT ¥ no-cnab egpekt BbpXxy Aobuea
Ha cyxa mMaca. [lpoAoyKTMBHOCTTa Ha
TpeBocToute oT Tun Nardus stricta 3aBucK
OCHOBHO OT cneuuduyHUTE XapakTepuc-
TUKW Ha [OMUHUpalLMTe BUAOBE U OT
KNUmMaTU4HUTE YCN0BUA Npes rognHarta.

B pesyntar Ha JIMCTHOTO TOpEHe
HacTbMNBa MOMIOXUTENHO U3MEHEHNEe B TPEB-
HVSA CbCTaB. YBenmyasa ce Ha MbpBO MACTO
[enbT Ha MHOTOTOAULLHWTE XWUTHU TPEBU U
pasHOTpeBHNTE BUAOBE U Hamansea AenbT
Ha 6060BMAT KOMMOHEHT. ToBa BOAM [0 Cb-
LLeCTBEHN N3MEHEHUS BbB BUAOBKSA CbCTaB
Ha TpeBocTos, kKaTo eaucukaTopsT Nardus
stricta L. oTcTbNBa AOMMUHMpaLLaTa CY No3u-
umusa Ha Agrostis capilaris L n otnaga Hanbn-
HO OT TpeBocTos. [NoBuLWwaBa ce n BUA0BOTO
pasHoo6pasve ¢ TUNUYHW NpeacTaBUTeNU
OT MHOTOTOAULLHUTE >XUTHU TPEBW KaTo
Agrostis capilaris , Agrostis alba L., Festuca
rubra L., Festuca ovina L., Phleum alpinum
L. MpenapatsbT Brioctum okasea cnabo Bvs-
HVe BbpXy 6060BMTE pacTeHus], KaTo TAXHO-
TO y4yacTMe BbB TPEBOCTOA Ce He3Hauu-
TenHo. OcHoBHY npeaTaBuTenu ca Trifolium
montanum L., Lotus corniculatus L. n gp.

CONCLUSIONS

Fertilizing with the organic humic
fertilizer Biostim is a reliable means of
surface improvement of Nardus stricta
pastures in the region of the Central
Balkan Mountain. They respond positively
to foliar fertilization with organic fertilizer
during the third experimental year, as dry
matter yields reached 386.18 kg/da when
the grassland was treated by 100m/da by
Biostim in the second experimental
variant. Average for the period, the yields
increased with foliar fertilizing with Biostim
at a dose of 100ml/da to 28.75%, the
other fertilization  variants/fertilization
doses did not exceed the nontreated
control yield. Higher fertilizing doses also
had a lesser impact on dry matter
production. The productivity of grassland
of Nardus stricta species depends mainly
on the specific characteristics of the

dominant species and the climate
conditions of the year.
Foliar fertilization results in a

positive change in the grass composition.
The share of perennial grasses and
motley grasses increased while the share
of legumes decreased. This leads to
significant changes in the species
composition of grassland, as Nardus
stricta L. yielded its dominant position to

Agrostis  capilaris L and dropped
completely from the grassland. The
species variety with typical

representatives of perennial grasses such
as Agrostis capilaris, Agrostis alba L.,
Festuca rubra L., Festuca ovina L.,
Phleum alpinum L. was also increased.
The main representatives were Trifolium
montanum L., Lotus corniculatus L. and
others.
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