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PE3IOME

MwHepanuTe ca Heobxogumu 3a
MOYMTU BCUYKM KM3HEHM Mpouecn B
opraHuama. Hepocturst Ha
HAKOMOCHOBHU Makpo nnu
MWUKPOMMHepanu npu XMBOTHUTE BOAWN OO
nosiBa Ha aHoManuu, KouMTO MoraTt fa
Obaatr KopurmpaHu uypes pobaBka Ha
HeobxoAUMUTE eneMeHT!.

dypaxnTe ca BaKeH M3TOYHUK Ha
MWUHEpanu 3a MNPEeXUBHUTE XUBOTHWU. B
HSIKOM Ccny4anm Te Morat ga Oocurypsit
[OCTaTb4yHM  KONMMYecTBa OT  BCUYKK

SUMMARY

Minerals are required for virtually
all vital processes in the body. A
deficiency of each essential

macrominerals or microminerals in
animals results in abnormalities that can
only be corrected by supplementation of
the deficient minerals.

Forages provide an important source of

minerals for ruminants. In some
instances, forages may provide adequate
quantities of all essential minerals
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OCHOBHM MMHepanu, HeobxoaMmm Ha
NpexvBHUTE XUBOTHWU. B gpyrm cnydau
npu HeOOCTUr Ha eauH WunM noseye
MUHepanu e Heobxoguma gobaekarta um,
3a ONTMMarnHoTo pasBuTHE Ha
KUBOTHUTE. Bpb3kata Ha  HsIKOuM
MWUHEpanu C BNakHWUHUTE WU Opyrn
Hepas3TBOPMMU PaCTUTENHMN KOMMOHEHTH,
MOX€ Ja Hamanu CKOpoCTTa W CTeneHTa
Ha ocBoboXOaBaHe Ha MUHepanu oT
dypaxuTe B CTOMAaLLUHO-YPEBHUA TPaKT.
Llenta Ha TOBa npoy4yBaHe e Ja ce
onpenensT NpoMeHnTe B
KOHLUEeHTpauusTa Ha MUHepanHuTe
BElleCcTBa B CyXOTO BeLeCTBO Ha
yepBeHaTta getenuHa — (coptose K 39 un
K 32) c HanpegBaHe Ha pactexa MU
pa3BMTMETO Ha pacTeHusiTa B MbpBU
nogpact, Kakto M [fga ce onpegenu
KONMUYecTBOTO Ha MUHepanHuTe
BELLECTBa, CBbpP3aHM C KOMMOHEHTUTE Ha
KnetTbyHuTEe CTeHW. bsxa w3cnegBaHu
Tpyn ¢dasn Ha pasBuTue Npu OBa copTa
yepBeHa pgeTenunHa — OyToHM3auwus,
Ha4yano Ha UubdTex U MacoB Ub(dpTEX B
nbpBu nogpacT. EkcnepMmeHTHT Gelue
npoeegeH no OnokoB MeTog B Tpu
paHOOMMU3NPaHN NMOBTOPEHMS.
KoHueHTpauusta Ha Fe, Zn, Cu n
Mn ©Gelle onpegeneHa 4pe3 aTomHa
abcopOunoHHa cnekTpodOTOMETPMUSI.
Cnopen ANCNEPCUOHHUSAT aHanus,
CblLLECTBYBaT  3HAYUMW  pasnMkn B
pa3BMTMETO Ha  pacTeHussiTa  npes3
pasnuyHnte a3 Ha passuTue no
OTHOLUEHne KOHLIEHTpauusaTa Ha
nacrneasaHnTe MuHepanu. Hai-Bucokarta
KOHUeHTpauusa Ha enemeHtute Cu n Mn
€ CBbp3aHa C KOMMOHEHTUTEe Ha

KNeTbYHUTE CTEHW Mpu  YepBeHaTa
JeTenuHa.
KnrovyoBu aymu: yepBeHa

petenimHa, KOMMOHEHTU Ha KrneTb4yHaTa
CTeHa, MUKpoeneMeHTun

yBO[

UepseHata petenuHa (Trifolium
pratense L.) e egHO OT Hamn-BaxHWUTE
0060OBM  pacTeHus, OTIMexngaHn B

required by ruminants. In other situations,
forages are deficient in one or more
minerals and supplementation is required
for optimal animal performances.

The association of certain minerals with
fiber or other insoluble plant components
could decrease the rate and extent of
mineral release from forages in the
gastrointestinal tract.

Objectives of this study was to determine
changes in minerals concentration in dry
matter of red clover — K 39 and K 32
cultivars with advancing plant growth and
development in the first cut, and to
measure the amount of minerals
associated with the cell wall components.

Three stages of red clover cultivars — mid
bud stage, early bloom and mid bloom,
were examined in the first cut. The
experiment was established as a
completely randomized block design in
three replications.

The concentration of Fe, Zn, Cu
and Mn were measured by atomic
absorbance spectrophotometry. Analyses
of variances revealed  significant
differences between stages of plant
development for investigated minerals.

The highest proportion of Cu and Mn

were  associated  with cell  wall
components of red clover.
Keywords: red clover, cell wall

componets, microelements

INTRODUCTION

Red clover (Trifolium pratense L.)
is one of the most important leguminous
plants grown in the temperate climate
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yMepeHns KknumatuyeH nodc. Ta ce
passuBa JOOpe BbpXy pasnuyHu BuOoBe
MoyBu, Mmma crnocobHOCTTa ga YCBOsiBa
aTmocdbepeH asoT 1 ce xapakrtepuaumpa ¢
BMCOKA  XpaHWTEnHa  CTOMHOCT  3a
NPeXuBHUTE  XMBOTHU. KaTto  uano
XpaHuTenHaTta CTOMHOCT Ha ypaxute
3aBMCK OT MHOro (0aKTopw, BKITKOYMTESTHO
erana Ha pasBuTMe, YCNoBMATA Ha
oKorHarta cpena, TOpPEHETO,
npubupaHeTto, copta u gp. CoprtoseTe
yepBeHa [eTenvHa ce pasnu4yaeaTr Mo
Ka4eCcTBO B 3aBMCMMOCT OT TOBa danum ca
OVUNNOMAHN UMM TeTpannongHv, Kakto u
OT MPOObIPKUTENHOCTTA Ha BeretauusaTa
(Drobna and Jancovi¢, 2006).

XpaHuTtenHara 7] eHepruHa
CTOMHOCT Ha dypaxa 3aBUCAT OT
cbcTasa 7] KONM4YeCcTBOTO Ha

MUHepanHuTe enemMeHTn, Heobxoammm 3a
pacTexa W 34paBOCMOBHOTO CbCTOSHUE
Ha uBoTHUTe (Emanuele and Staples,
1990; Kincaid and Cronrath, 1983). B
pesynTaTt Ha MHOrOOpoOWMHM M3cneaBaHus
€ YCTaHOBEHO, 4e KONMYecTBOTO Ha
MUKpOENIEMEHTUTE B XpaHUTENHWUTE
BELLlECTBA € HEPABHOMEPHO M 3aBUCK OT
pacTutenHusa Bua, pasata Ha passuTue,
arpoeKkorniorMyHuTe dakTopu,
KnumaTtudHuTe caktopm 1 T.H. (Harrison
et al.,, 1992; Ledoux and Martz., 1991;
Suttle and Jones, 1989). Tpabea ga ce
nogyeptae HeobxoamMmocTTa oT
onpeaensiHe Ha pedepeHTHNE CTOMHOCTHU
Ha MWKpPOENeMeHTUTe, KakTo W Ha
B3aMMHaTa Bpb3ka Mexay Tax. Hyxaute
oT MUHeparnHu BeLlecTBa 3a
nogabpXkaHe NPOAYKTUBHOCTTa Ha
XKMBOTHUTE He ca egHakBu. Hskon
eneMeHTn ca HeobxoaMMn B 3HAYUTENHU
KonuyectBa W KoraTo Te nunceaT B
XpaHaTta, XUBOTHUTEe 4ecto Oornepysar.
Mpeno3npaHeTo Ha HSAKOM  E€JIEMEHTM
CblLIO MOXe da MOoBnuse 3OpaBeTo U
NMPOAYKTMBHOCTTA Ha uBoTHUTE (Dunn
and Moss, 1992).

Bpb3kata Ha HAKOM MUHEpanu C
BNT@KHUHHNTE UNW AOPYrM HEPa3TBOPUMW
pacTUTENHN  KOMMOHEHTW, MOXe [a

zone. It grows well on different types of
soils, has the ability to fix atmospheric
nitrogen and is characterized by high
nutritional value for ruminants.

Generally, nutritive value of forages
depends on many factors including the
stage of development, environmental
conditions, fertilization, harvesting,
variety, etc.

Varieties of red clover differ in quality
depending on whether they are diploid or
tetraploid and the length of vegetation
(Drobna and Jancovic, 2006).

Therefore, all nutrients can be
characterized by energy or nutritional
value, but also by the composition and
amount of mineral elements necessary
for the animal growth and health
(Emanuele and Staples, 1990; Kincaid
and Cronrath, 1983).

Based on numerous tests, it was
established that the amount of
microelements in nutrients is unequal and
depends on the plant species, stage of
plant maturity, agroecological factors,
climatic factors, etc. (Harrison et al,
1992; Ledoux and Martz., 1991; Suttle
and Jones, 1989).

The necessity of studying the nutritional
limits of microelements as well as their
mutual relationship should be
emphasized. The minerals requirements
for maintenance and productivity of
animals are not equal.

Some elements are required in significant
gquantities and when they are lacking in
the diet, animals often get sick. An
excess of certain elements can also
affect the health and productivity of
animals (Dunn and Moss, 1992).

The association of certain minerals
with  fiber or other insoluble plant
components could decrease the rate and
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HamanM CKoOpoCcTTa W CTeneHTa Ha
ocBobOXgaBaHe Ha  MuHepanu  oT
dypaxuTe B CTOMAaLLUHO-YPEBHUA TPAaKT.
CnocobHocTTa Ha JdageH dypax pga
OCUTYpPU Ha >KMBOTHUTE [[OCTaTb4yHO
MWUHepanHu  BelwlecTBa  3aBuMCM  OT
TAXHOTO CbAbpXaHne u BMogOCTBMHOCT.
Crnopen O’Dell (1984) GuoHanu4yHocTTa
Ha [dadeH MuHepan ce onpegens oT
OenbT Ha NOrbfiHATUSI ENIEMEHT, KOWTO ce
abcopbupa, TpaHcnopTupa A0 MSCTOTO
Ha [JencTBue U ce nMpeBpblla BbB
U3MOoNorM4yHO aKTUBHa popma.
BrogocTbnHoOCTTa Ha
MWUHepanHMTe BellecTBa BbB ypaxa
Npy NPEXNBHUTE XNBOTHU MOXe Aa b6bae
MoBMMsiHAa OT  pasnpederneHneTo Ha
MUHepanHuTe BellecTBa BbB dypaxa u
OT XMMMU4YHaTa MM dpopma. YCTaHOBEHO e,
Yye peguua MWHepanu ca CBbp3aHu C
KNeTbYHUTE CTEHUW Ha pacTeHusaTa.
Crnopen pesyntatute MonydYeHn  oT
Whitehead et al. (1985), B knetb4HUTE
CTEHM C nMOo-MankM KomuyecTBa ca
enemMeHTn kato dpocdop, capa, Kanum m
MarHe3aun, [O0KaTo KanuusaT, MaHraHbT,
UMHKBT W MegTa ca B MO-ronemu
Konu4yecTBa. Paznukute mMexay
dypaxuTe CbLLUO ca o4yeBnaHU. [No-ronam
MPOLEHT OT OOLLOTO KONMYECTBO Karuuin,
MaHraH, UWHK W Me4 Cce Hamupa B
KNeTbYHUTE CTEHM Ha Osinata geTtenvHa
B CpaBHEHME C  TPbCTMKOBUOHATA
BracaTka. 3HayMTenHa 4vact OT o6LioTo
KONMM4YeCTBO Kanuumn, Mef, UMHK U Xenaso
B CEHOTO M TPEBHUSA CUMax OT fouepHa
Moxe ga 6bae cBbp3aHa ¢ bpakumsita
Ha HeyTpanHo AeTepreHTHUTE BMAakKHWHU
(HOB) (Kincaid and Cronrath, 1983).
PactutenHute KneTbYHM CTEHM ca
foratn Ha cbeguHeHus, KOMTO MoraT Aa
CBbpP3BaT OBY- M TPUBAINEHTHN METarHu
KaTUOHM. Monuaaxapugute urpast
pelwasawia pons B CBbpP3BaHETO MU
HaTpynBaHETO Ha MWKPOENIEMEHTU B
KNETbYHUTE CTEHW, HE3aBUCUMMO, 4e
CbeaVHEeHNs KaTo NEKTUHMW,
aMUHOKNCENMHM 1M EHONMM  CbLULO
yyactBaT B T03u npouec (Krzetowska,

extent of mineral release from forages in
the gastrointestinal tract.

The ability of a forage to provide animals
with an adequate supply of minerals is
dependent on the mineral content and
also the bioavailability of the mineral.

According to O’Dell (1984), bioavailability
of a mineral is defined as the proportion
of the ingested element that is absorbed,
transported to its site of action, and
converted to a physiologically active form.
Bioavailability of forage minerals to
ruminants may be affected by the
distribution of minerals within the forage
and the chemical form of the elements
present.
A number of minerals have been found to
be associated with the plant cell wall.
According to the results obtained by
Whitehead et al., (1985) only small
amounts of  phosphorus, sulphur,
potassium and magnesium were located
in the cell wall, while larger quantities of
calcium, manganese, zinc and copper
were present.
Differences among forages also were
apparent, with a much higher percentage
of the total calcium, manganese, zinc and
copper present in the cell wall of white
clover compared to tall fescue.

A significant amount of the total calcium,
copper, zinc and iron in alfalfa hay and
grass silage may be associated with the
neutral detergent fiber (NDF) fraction
(Kincaid and Cronrath, 1983).

Plant cell wall are rich in
compounds which are able to bind
divalent and trivalent metal cations.

Polysaccharides play a crucial role in
trace metal binding and accumulation in
the cell wall, although other compounds
such as pectins, amino acids and
phenolics also take part in this process
(Krzetowska, 2011).
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2011). MHoro aBtopu (Dronnet et al.,
1996; Kartel et al., 1999; Davis et al.,
2003; Pellow et al., 2007) noco4Bart, 4ye
cnocobHocTTa 3a  CBbp3BaHe  Ha
OBYBaneHTHW MeTanHW KaTMOHM 3aBuUCK
oT 6posi Ha (pyHKUMOHANHUTE TPYNKN KaTo
-COOH, -OH n -SH, kouTto ce Hamupart B
CbeAMHEHNsITA Ha KNeTbyHaTa CTeHa.
Cblwmte aBTopu ctmraT UM Ao
3aKMIOYEHMETO, ye CbLLECTBEHMAT
KanauuTeT Ha KreTbyHaTa CcTeHa 3a
CBbp3BaHe Ha ABYBaneHTHN "
TPUBANEHTHN METanHW KaTUOHW 3aBUCU
rnaBHO oT KONM4ecTBOTO Ha
nonusaxapvauTe, uM3obuncreawy  OT
KapOOKCUIHW Tpynu.

Llenta Ha ToBa m3cnegsaHe belue
a ce onpeaenaT obwuTe KOHLEHTpaumm
Ha Xensi3o, Mef, LUMHK U MaHraH B CyxoTO
BELECTBO Ha [Ba copTa 4epBeHa
petenvHa, npubpaHn B Tpu asmn Ha
pasBuTne npu nbpea KocnTha,
B3aMMOBPbB3KUTE MEXAY TAX, KakTo MU
KonuyecTBaTa Ha Te3W MUKPOENIEMEHTH,
CBbp3aHM C HeyTparHo [AeTEepPreHTHM
BMaKHWHU (HOB) n KMCENWHHO
aetepreHTHu BnakHnHn (KOB).

MATEPWAIT U METOOU

To3n ekcnepuMeHT e npoBedeH B
ONMMTHOTO none Ha WHctutyta no
dypaxHn kyntypu B Kpywesauy, P.
Copbusa (43° 34’ 58” N, 21° 19’ 35” E).
PanoHnbT Ha n3crnegBaHeTo e
pasnofniokeH Ha 166 M Hagmopcka
BucoumHa B HOromstouyHa Cobpbus.
Cnopeg  XMMU4HUTE CW  CBOWCTBA,
noysata nNPUHAANEXU KbM rpynara Ha
cnabo kucenute noysn (pH 6.5 BbB
BogeH pasteop 1 5.7 B N KCI), a cnopeg
CbabpXaHMETO Ha  xymyc  (2.6%)
BXYMYCHO-aKyMynmpaLimsi crow ce
oTHacsl KbM rpynara Ha cpegHo GoratuTe
nousn. CbabpxaHMeTOo Ha o6, asot
(0.16%) knacucpuumpa TasM novsa B
rpynata Ha cpegHo 6Goratute noysu C
MHOFO HWCKO CbAbpXaHWe Ha AOCTbMEH
docaop (4.9 mg P,Os /100 g noysa) u

Many authors (Dronnet et al., 1996;
Kartel et al.,, 1999; Davis et al., 2003;
Pellow et al., 2007) indicated that the
ability to bind divalent metal cations
depends on the number of functional
groups such as —COOH, -OH and -SH
occurring in cell wall compounds.

The same authors also concluded that
the essential capacity of the cell wall for
binding divalent and trivalent metal
cations depends mainly on the amount of
polysaccharides abundant in carboxyl
groups.

The aim of this investigation was to
determine the total concentrations of
ferrum, copper, zinc and manganese in
the dry matter of two cultivars of red
clover harvested at three development
stages in the first cut, their mutual
relationships, as well as the amounts of
these microelements associated with
neutral detergent fiber (NDF) and acid
detergent fiber (ADF).

MATERIAL AND METHODS

This experiment was carried out in
the experimental field of the Institute for
Forage Crops KruSevac, R Serbia (43°
34’ 58" N, 21° 19’ 35” E). The study area
was located 166 m above sea level in
South-East Serbia. According to its
chemical properties, the soil belonged to
the group of slightly acid soils (pH of 6.5
in aqueous solution and 5.7 in N KCI). In
the humus-accumulating layer, the
humus content was 2.6% and it belonged
to the group of mediumrich soils. The
total nitrogen content of 0.16% classified
this soil also in the group of medium-rich
soils. The soil had a very poor content of
available phosphorus (4.9 mg P,Os /100
g of soil), and a potassium content of
23.1 mg K,0/100 g of soail.
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kanmn ot 23.1 mg K,0/100 g nousa.
O6woTo cbabpxaHue Ha Fe, Zn Cu 1 Mn
B M04BATa & CbOTBETHO 411 mg kg™, 26. 1
mg kg™, 9.9 mg kg* v 243.8 mg kg

[ocTbnHOTO CbabpKaHue Ha Fe, Zn, Cu

u Mn e CBOTBETHO 91 mg kg 8.7 mg kg

' 52mgkg*n 1755 mgkg™

OnnTbT e npoBeaeH No GroOKoBUAT
METOA, B TPY MOBTOPEHUS MU cxema 2 x 3
Tpetupannsa (2 copTa M 3 etana Ha
passuTne). HanpaseHa e oueHka Ha ABa
copTa yepBeHa getenmHa (cv K39 n cv K
32) B Tpu ¢asm Ha pas3suTME Mpe3
NPONETHUS Nepuog Ha pacTex.

OnnnongHnsaT  copT  4epBeHa
petenmHa K 39 (2n) e cb3gageH ot
ronaMm Opon MecTHM nonynauumn 4pes
MHOrOOpOMHM LMKIM Ha pPEeKypeHTHa
heHOTMMHA cenekums 3a NpPoaYKTUBHOCT
n O1onornvyHo-mMopdonorMyHun
xapaktepuctuwm (FMA, 2001). Ton e
YCTOMYMB Ha 3acyllaBaHe W  HUCKK
TemnepaTypu, KakTo U Ha Han-3HaYuMuTe
MKOHOMMYeckn Bonectn. Tol e OTnu4eH
M3TOYHMK Ha M4YenHa nawa u uMa ronam
noTeHuMan 3a NpPouM3BOACTBO Ha CeMeHa
nopagy ObArMS CUM UUKBIT Ha UbQTEX.
TeTpannonHNAT copT YepBeHa AeTennHa
- K 32 (4n) e cb3gageH 4Ypes3 U3KyCTBEHO
YOBOSIBAHE (C MOMOLLTA Ha KONXULWH) Ha
XpOMO30OMUTE Ha Tpu oTdenHu copta: K
17, Changins u Viola (FMA, 1993).
Xapaktepusmpa ce C ronemm nuicra u
XM3HeHW uBeToBe. TO3M COpT YepBeHa
JeTennHa e yCTOMYMB Ha MKOHOMWYECKH
BaXXHM BONECTU M HENPUATENU, KakTo U
Ha  HUCKM  Temnepatypu, HO e
YyBCTBMTENEH KbM 3acywaBaHe. B
FOOMHW C JOCTaTbyHO Banexu wn npu
HanosiBaHe Mma BWCOKa MNPOAYKTUBHOCT
Ha cyxa maca. Cbabpka BUCOKa
KOHLEHTpaumusa Ha MpOTEMHUM U HUCKa
KOHLEHTpauusa Ha BMakHWHW MNopagu
ronemMus osn Ha nucrara.

PacTteHusTa ot uicTuTe noceeun ce
OTpS3BaT PBbYHO C HOXMULA HA OKOMo 5-7
Cm Hag MNOBBPXHOCTTAa Ha no4sara.
MbpBUAT n3cnensaH eTan Ha pasBuTue e
dasa OytoHusaums (B), npu  KOMTO

The total content of Fe, Zn Cu and Mn in
the soil was 411 mg kg™, 26.1 mg kg™,
99 mg kg* and 2438 mg kg,
respectively. The available content of Fe,
Zn, Cu and Mn Was 91 mg kg, 8.7 miq
kg', 5.2 mg kg' and 1755 mg kg™,
respectively.

The experiment was set up as a
randomized complete block with three
replications and in a 2 x 3 arrangement of
treatments (2 cultivars and 3 stages of
development). Two cultivars of red clover
(cv K 39 and cv K 32) were evaluated at
three stages of development in the spring
growth.

The diploid red clover cultivar - K
39 (2n) was developed from a large
number of domestic populations through
numerous cycles of phenotypic recurrent
selection for productivity and biological-
morphological  characteristics  (FMA,
2001).

It is drought and low temperature tolerant,
as well as resistant to the most
economically significant diseases. It
makes an excellent bee pasture and has
a strong seed output potential due to its
long flowering cycle.

The tetraploid red clover cultivar - K 32
(4n) was made by artificially doubling (by
colchicine) the chromosomes of three
separate varieties: K 17, Changins, and
Viola (FMA, 1993). It is characterized by
big leaves and vigorous plants.

This red clover cultivar is resistant to
economically important diseases and
pests, as well as to low temperatures,
however, it is drought sensitive.

It produces high DM vyields in years with
sufficient precipitation and irrigation. It
has high protein and low fibre
concentrations due to its high proportion
of leaves.

Plants from a pure stand were cut
manually with scissors at about 5-7 cm
above the soil surface. The first studied
stage of development was mid bud (MB)
where plants were harvested after a
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pacTeHusiTa ca pekonTupaHu  creg
nepmog Ha pactex ot 62 gHu (7 man),
BTOPUAT € Hadano Ha ubdTex (HLU) - npu
ubdprex  10-15%  (pacTteHusiTa ca
pEeKoNTMpaHu crnep nepuod Ha pacTtex ot
77 pHY - 21 man), a TpeTUSaT e MacoB
ubdprex (ML) - 50% oT ubdTexa, npu
KOWTO pacTeHusaTa ca peKkonTupaHu creg
nepuog Ha pactex oT 85 gHu (29 man).
®PypakHuTe npobu ca u3cylweHun [o
NoCcTosIHHO Terno npu 65°C 3a 48 yaca un
crnen ToBa ca CMIEHM C MnomowTa Ha
nabopaTtopHa menHuua PX-MFC 90 D
(KINEMATICA, Luzern, Leenuapus)
npes cuto ¢ pasmep 1 mm. Bcuukn
aHanua3n ca W3BbPLUBAaHM BbBPXY [ABe
napanenHu npobu, a KOHUEeHTpauunTe Ha
KOMMOHEHTUTE Cca M34YUcreHn Ha Gasa
105°C CB.

O6wuTe KoHUeHTpauun Ha Fe, Zn,
Cu n Mn, KakTO ¥ Kommu4yecTBata MM,
CBbpP3aHM C HeyTpanHo [EeTEepreHTHU
BMaKHWHM (HOB) " KNCEMWHHO
aetepreHtHm  BnakHmHu  (KOB), ca
n3MepeHn 4pes3 artomHa abcopOumoHHa
cnektpocotometpusa (PERKIN ELMER
1100 B).

EkcnepumeHTbT € npoBedeH Mo
ONokoOB MeTog C TpU MOBTOPEHUSA W
hakTopHa nogpenoda Ha wect
TpeTvpaHnss  (gBa copTa  YepBeHa
OeTenvHa 1 Tpy eTana Ha passBuTue, N =
18). OaHHuTe 6sxa oOpaboTeHn uypes
ONCNEPCMOHEH aHanMM3 C nomoliTa Ha
STATISTICA 6. Pasnuknte mexagy
eTanuTe Ha pasBuTME NpWU pacTeHusTa
Oaxa cpaBHeHuM 4pe3 TecTa Ha Tukey.
Pesyntatute ce cumTaxa 3a
CTaTUCTMYECKM 3Ha4YumMm npu p <0.05.

PE3YNTATU N OBCBHXOAHE

3emepencknte no4su ce
pasnuMyaBaT 3Ha4yMTeNHO Nno o6LLoTO
CbObpXaHWEe Ha MUKPOENEMEHTU MU
crnocobHocTTa aa ocurypsisat
MUKpPOENEMEHTH B KOnM4ecTBa,
JOCTaTb4yHM 3a ONTMMarneH pacTex Ha
kyntypute (White and Zasoski, 1999).

growing period of 62 days (7 May), the
second was early bloom (EBL) at around
10-15% of flowering where plants were
harvested after a growing period of 77
days (21 May), and the third was mid
bloom (MBL) at around 50% of flowering
where plants were harvested after a
growing period of 85 days (29 May).
Forage samples were dried to constant
weight at 65°C for 48h and then ground
using a hammer grinding laboratory mill
PX-MFC 90 D (KINEMATICA, Luzern,
Switzerland) through a screen size of 1
mm. All analyses were done in duplicate
and component concentrations were
expressed on a 105°C DM basis.

The total concentrations of Fe, Zn,
Cu and Mn, as well as their amounts
associated with neutral detergent fiber
(NDF) and acid detergent fiber (ADF)
were measured by atomic absorbance
spectrophotometry (PERKIN ELMER
1100 B).

The experiment was established as
a randomized complete block design with
three replications and a factorial
arrangement of six treatments (two red
clover cultivars and three stages of
development, n = 18). The data were
subjected to an analysis of variance using
the STATISTICA 6. Differences among
treatments were tested using Tukey's
test. The results were considered
statistically significant when p< 0.05.

RESULTS AND DISCUSSION

Agricultural soils vary widely in
their total micronutrient content and in
their ability to supply micronutrients in
quantities sufficient for optimal crop
growth (White and Zasoski, 1999).
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HepocTnrbT Ha XpaHUTENHW BellecTsa
npu pacTeHusiTa, CBbp3aH C HUCKOTO
cbaobpxanHne Ha Fe, Zn, Cu u Mn B
3eMefenckuTe MoyYBu, € PSOKOCT. HO
O6woTo MM cbabpXaHMe B ModBaTta
JaBa npubnusMTenHa npeactaBa  3a
TAXHaTa YCBOSIEMOCT UM OT pacTeHusiTa.
ToBa e Taka, 3alloTO HanNMYMeTo Ha
XpaHUTENHN BelllecTBa 3aBucu oT pH Ha
rnoyesata, CbAbPXXaHWETO Ha OpPraHU4YHU
BELLECTBA U APYrM (PU3UYHN U XUMUYHM
ycrnoBusi B pusoccdeparta (Govasmark et
al., 2005).

B Tabnuua 1 e npeacrtaBeHo
BIMSHMETO Ha copTa W eTana Ha
pa3BMTME Ha pacTeHusiTa OT uYepBeHa
JeTennHa BbpXy KOHUEHTpauusaTa Ha Fe,
Zn, Cu n Mn B cyxoTo BeLLecTBO, Mnpu
pekonTupaHe Ha NPONeTHUS nogpact.

Nutrient deficiency in plants related to a
low total content of Fe, Zn, Cu and Mn in
agricultural soils is rare, but total soil
levels are only roughly indicative of plant
availability.

This is because nutrient availability
depends on soil pH, organic matter
content and other physical and shemical
conditions in the rhizosphere (Govasmark
et al., 2005).

Table 1 shows the impact of red
clover cultivar and stage of plant
development on Fe, Zn, Cu and Mn
concentration in the dry matter of red
clover harvested in the first growth —
spring vegetation period.

Ta6bnuua 1. CoabpxkaHue Ha Fe, Zn, Cu u Mn B cyxaTo BewecTBO Ha 4YepBeHa

fAeTenuHa, B nbpBu oTkoc, mg kg™ CB

Table 1. Content of Fe, Zn, Cu and Mn in the dry matter of red clover harvested in

the first cut, mg kg™ DM

ETtanu Ha Fe Zn Cu Mn
passutne R _ R _ R _ R _
Mreatments K-39 K-32 K-39 K-32 K-39 K-32 K-39 K-32
B/MB 350.3° 162.0° 36.6" 43.2° 5.4° 17.2° 44.8° 46.9°
HLI/EBL 159.0° 86.9° 34.6° 345° 5.4° 12.3° 31.2° 37.9°
ML/MBL 152.3" 152.5 32.2° 39.7% 9.0° 18.7° 33.2" 45.1%

b — pekontupaHe BbB eHodasa 6yToHnsaums; HL, — Havano Ha ubdTex; ML — macoB ubdTex; K - 39 -
AvnNnounaeH copT YepeeHa getenunHa; K - 32 - TeTpannonaeH copT YepBeHa aeTenvHa; PasnuyHute 6yksu B
KOJIOHaTa 03Ha4yaBaT 3HAaYMTENHO pasnuyHu cpeactea (P <0.05).

MB — mid bud stage of plant development; EBL — early bloom of plant development; MBL — mid bloom of
plant development; K — 39 — diploid red clover cultivar; K — 32 — tetraploid red clover cultivar; Different letters

in the column denote significantly different means (P < 0.05).

CpegHoTo cbabpxaHne Ha Fe B
ONNAONOHNS COpPT YepBeHa AeTenuHa e
no-smcoko (p <0.05), cpaBHEHO cC
TeTpannongHus (C uskndeHne Ha dasa
MacoB ubdTex). CpeaobpxaHueto Ha Fe
HamansiBa C HanpegBaHe Ha 3penocTTa
npu OVNAoUAHUSA COpPT  4YepBeHa
getenuHa (o1 asa OyToHu3aums o
dasa mMacoB UbPTEXK), KaTo Bapupa oOT
350.3 go 152.3 mg kg* CB. OT pgpyra
CTpaHa, npu TeTpannougHus  copT

Averaged content of Fe in the

diploid red clover cultivar was higher (p<
0.05) than in the tetraploid red clover
cultivar, except at the mid bloom stage of
growth.
The content of Fe decreased with
advancing maturity in diploid red clover
cultivar, ranged from 350.3 to 152.3 mg
kg™ DM from mid bud stage to mid bloom
stage of growth.
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YyepBeHa geTenvHa cbabpxaHneTo Ha Fe
ce yBenuyaBa BbB (pasa UbdpTEX
(Tabnumua 1).

YcTaHoBeHU ca 3HaYUTENHN
pasnukn (p<0.05) B KOHUEHTpauusTa Ha
Zn mexay CopTOBETE YepBeHa AeTenuHa.
TeTpannoMgHUAT COPT Ha 4epBeHaTa
JeTennHa e C Har-BMCOKa KOHLeHTpaums
Ha Zn BbB hasa OyToHm3aumsa (43.2 mg
kg"l CB), cnegBaHa ot asa macoB
ubTex (39.7 mg kg™ DM).

KoHueHTpaumnte Ha Cu n Mn ca
Mo-BUCOKM MpU  TeTpannougHua copT
YyepBeHa AeTennHa CnpsiMo OUNSIOUOHUS.
C HanpefBaHe pacTexa 1 pa3BuTUeTo Ha
pacTeHusiTa, KoHuUeHTpaumsita Ha Cu
HapacTBa CcboTBeTHO oT 5.4 o 9.0 mg
kg'l CB npu gnnnougHust n ot 17.2 po
18.7 mg kg CB npu TeTpannouaHus
COpT YepBeHa geTenvHa.

CopTtoBeTe 4yepBeHa peTennHa ca C
MaKCcMMariHa KoHueHTpaumsa Ha Cu 1 Mn
CbOTBETHO BbB (hasza MacoB UbdTEX U
OyToHmsaumsa (Tabnmua 1).

MNogo6HK pesyntartu 3a
KOHUeHTpauuuTe Ha Fe, Zn, Cu u Mn B
CyXOTO  BELEeCcTBO Ha  4epBeHaTta
JetenunHa ca goknagsanu ot Kunelius et
al. (2000). Pesyntatute B Npoy4YBaHETO
Ha Schlegel et al. (2016) couaTt, 4ye c
HanpegBaHe dasata Ha pacTex u
pas3BuTME, KOHLUeHTpauusitTa Ha Fe, Zn,
Cu n Mn nporpecuBHO HamansiBa BbB
dypaxute. OT apyra cTpaHa, CbluTe
aBTOpPM  yCTaHOBABAT, Y€  BCUYKU
MUHeparnHu KOHLIEHTpaL K1 (c
nsknoveHne Ha Fe) ca no-Bucoku npu
BTOPMYHO MogpacTBaHe B CpaBHEHUE
MbpBOHAYanHoO NPOSIETHO OTpacTBaHe.

KoedunumeHtnte Ha B3aMMHa
3aBucumocT mexay Fe, Zn, Cu n Mn ca
npeacrtaseHn B Tabnuua 2.

On the other hand, content of Fe
increased with blooming in the tetraploid
red clover cultivar (Table 1).

Significant  differences (p<0.05)
were found in Zn concentration of the red
clover cultivars. The highest Zn

concentration was determined at the mid
bud stage of growth in tetraploid red
clover cultivar (43.2 mg kg DM),
followed by the mid bloom stage of
growth (39.7 mg kg™ DM).

Cu and Mn concentrations, on the
other hand, were higher in tetraploid red
clover cultivar than in the diploid red
clover cultivar. With advancing plant
growth and development Cu
concentration increased from 5.4 to 9.0
mg kg™ DM in diploid red clover cultivar
and from 17.2 to 18.7 mg kg™ DM in
tetraploid red clover cultivar, respectively.
The maximum Cu concentration was
observed at mid bloom stage of growth in
both red clover cultivars, whereas the
maximum  Mn  concentration  was
observed at mid bud stage of growth in
both red clover cultivars (Table 1).

Similar results for Fe, Zn, Cu and
Mn concentrations in the dry matter of red
clover were reported by Kunelius et al.
(2000).

Results obtained in the study conducting
by Schlegel et al. (2016) showed that with
increasing growth stage concentration of
Fe, Zn, Cu and Mn progressively
decreased in forages.

On the other hand, the same authors
found that all mineral concentrations,
except Fe concentration, were higher in
subsequent harvests than in the first
seasonal harvest.

The mutual relationship coefficients
between Fe, Zn, Cu and Mn are
presented in the Table 2.

122



Ta6bnuua 2. KoecmumeHT Ha B3aumHa 3aBucumoct mexagy Fe, Zn, Cu u Mn B
CYXOTO BellecTBO Ha YepBeHa AeTenuHa, B NbpPBU OTKOC

Table 2. Mutual relationship coeficient between Fe, Zn, Cu and Mn in the dry
matter of red clover harvested in the first cut

Fe-Zn Fe-Cu Fe-Mn Zn-Cu Zn-Mn Cu-Mn
O6paboTku K- K- | .30 K- K- K- K- K- K- K- K-
[Treatments 39 32 32 39 32 39 32 39 32 39 | 32
B/MB 9.6° | 3.7° | 65.2° | 95° | 7.8 [ 35" [ 6.7° | 25° | 0.8° | 0.9 | 0.1° | 0.4°
HL/EBL 46" | 25° | 295° | 7.0° | 51° | 23" [ 6.4° | 28 | 1.1* |09 | 01° | 0.4°
ML/MBL 47° [ 38° 171 | 81° | 46™ | 34 [ 36° | 21° [ 0.9° | 09™ | 0.3° | 0.4°

B — pekontupaHe BbB (heHopasa 6yToHnsauus; HLI— Hayano Ha ubdTex; ML, — macoB ubdTex;; K - 39 -
AvNnounaeH copT YepeeHa getenunHa; K - 32 - TeTpannounaeH copT YepBeHa aeTenvHa; PasnuyHute 6yksu B
KONOHaTa 03Ha4yaBaT 3HAaYMTENHO pas3nuyHu cpegHu ctonHoctu (P <0.05).

MB — mid bud stage of plant development; EBL — early bloom of plant development; MBL — mid bloom of
plant development; K — 39 — diploid red clover cultivar; K — 32 — tetraploid red clover cultivar; Different letters
in the column denote significantly different means (P <0.05).

Pesyntatute, nonyyeHn B TOBa
npoy4BaHe, nokassar, ye
KOHUEeHTpauusiTa Ha Zn e Mno-BACOKa OT
KOHUeHTpauusita Ha Cu npu gBarta copTa
yepBeHa [JeTenuHa, a Bpb3kaTta UM
Bapupa CbOTBETHO OT 6.7 (BbB
deHodaza OyToHmzaums) po 3.6 (B
MacoB LbdTeX) - MpU AUNNOMAHNUSA COpT,
n ot 2.5 (BbB (peHodpasza OGyToHM3aLMSA

)Joo 2.1 (macoB UbTEX)PECNEKTUBHO
npuM TeTpannougHusa CopT  4YepBeHa
aeTtenuHa. Ot apyra CTpaHa,

KOHUeHTpauuuTe Ha Zn un Cu ca no-HUCKK
CMpsSIMO  KOHUEeHTpaumata Ha Mn, npwu
[BaTa copTa 4epBeHa  [OeTenuHa.
B3aumHaTa Bpb3ka mexgy Zn u Mn,
kakto 1 Cu u Mn ca nocTOSiHHM npun
TeTpannongHnsa copT YepBeHa AeTenvHa
C HanpeagBaHe Ha pacTexa U pa3BuUTUETO
Ha pacTeHusTa .

AHTaroHM3mMmnTe Mexay KaTuoHuUTEe
Fe, Zn, Cu n Mn npegnonaraT, 4Ye Te3u
edektn MoraT ga Obaatr obsicHeHM c
B3aMMOLENCTBNETO KaTUOH-KaTMOH,
CXOOHW MEeXaHW3MKU Ha norfbliaHe |
KOHKYpeHUns mexay katnoHute (Rietra et
al., 2017). Heobxoammm ca
OOMbITHUTENHU n3crneaBaHus no
OTHOLLUEHNE Ha HSKOM KaTUOH-aHWOHHMU
B3aMMOAENCTBUS, KOUTO MoraT Aa 6baaT
cneundgnyHn, a MMEHHO
B3ammogencrtemeto Ha P n Zn.

The results obtained in this study
showed that Zn concentration was higher
than Cu concentration in both red clover
cultivars, and their relationship ranged
from 6.7 at mid bud stage of plant
development to 3.6 at mid bloom stage of
development in diploid red clover cultivar,
and from 2.5 at mid bud stage of
development to 2.1 at mid bloom stage of

development in tetraploid red clover
cultivar, respectively.

On the other hand, Zn and Cu
concentrations were lower than Mn

concentration in both red clover cultivars.
Mutual relationship between Zn and Mn
as well as Cu and Mn were constant in
tetraploid red clover cultivar with
advancing plant growth and development.

The antagonisms between the
cations Fe, Zn, Cu and Mn suggest that
with cation-cation interactions, similar
uptake mechanisms and competition
between the cations might explain these
effects (Rietra et al., 2017).

Further investigations are required
regarding to some cation-anion
interactions that might be specific,

notably P and Zn interaction.
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AHTaroHnambT Mexagy Mn n Fe e
npocriegeH B HSKOM  M3cnenBaHust
(Bansal et al., 1999; Ghosemi-Fasaei and
Ronaghi, 2008; Kobrace and Shamsi,
2011). [OBata XxpaHUTENHW enemMeHTa
UMaT eguH MpeHocuTen B NiasMeHaTa
MembpaHa. ABTopuTe noco4deaT, 4ye Fe
uMa  oTtpuuarteneH  edekt  BbpxXy
ycBosiBaHeTO Ha Mn. ApautuBHM 1
CMHEprMyHM peakuumn (Agarwala et a,
1995; Khurana and Chatterjee, 2000) ca
Joknagsanu 3a Cu 1 Zn B KoMOMHaums, ¢
nonoxunteneH edekt Ha Zn Bbpxy
ycBosiBaHeTo Ha Cu u obpatHo, B criyyan
Ha 0eduuMTHU N agekBaTHM HMBa Ha Cu,
1 Zn B XpaHUTenNHarta cpeaa.

B pacteHusitTa CbOTHOLLEHNETO
mexgy Fe n Mn (cwoTHoweHne Fe/Mn)
TpsibBa ga G6vbae B rpaHuuuTe ot 1,5 Oo
2,5. Tlpn €eKCTPEMHO BMCOKU W HUCKK
CbOTHOLLEHNA pacTeHuaTa wmoraTt fda
nocTpagar OT TOKCMYHOCTTa CbOTBETHO
Ha Fe n Mn (Adriano, 2001). OcseH
aHTaroHmama Ha Fe wu  Mn npu
pacTeHudaTa, Te3an MeTanu nposiBaBaT
@HTarOHUCTUYHMU U CUHEPTUYHU edeKTun
npu xuBoTHuTe (Aschner and Aschner,
1991; Erikson and Aschner, 2006).

KonnyectBoto Fe, Zn, Cu n Mn,
CBbp3aHo c KOMIMOHEHTUTE Ha
knetbyHMTE ctedn - NDF mn ADF, e
npeacTtaeeHo B Tabnuua 3 1 Tabnuua 4.

The antagonisms between Mn and
Fe was noticed in some studies (Bansal
et al, 1999; Ghosemi-Fasaei and
Ronaghi, 2008; Kobrace and Shamsi,
2011), and these two nutrients have one
plasma membrane transporter.
These authors indicated that there was a
negative effect of Fe on Mn uptake.
Additive and synergistic responses
(Agarwala et a., 1995; Khurana and
Chatterjee, 2000) were reported for Cu
and Zn in combination with a positive
effect of Zn on Cu uptake and vice versa
in case of deficient and adequate Cu and
Zn levels in the growing medium.

In plants the ratio between Fe and
Mn (Fe/Mn ratio) should be in the range
1.5t0 2.5.
At extreme high and low rations the
plants might suffer from Fe and Mn
toxicity, respectively (Adriano, 2001).
Apart from the antagonism of Fe and Mn
in plants, these metals most likely display
antagonistic as well as synergistic effects
in animals (Aschner and Aschner, 1991;
Erikson and Aschner, 2006).

The amount of Fe, Zn, Cu and Mn
associated with cell wall components —
NDF and ADF are presented in the Table

3 and Table 4.

Ta6nuua 3. CbabpxaHue Ha Fe, Zn, Cu u Mn, cBbp3aHM C HeyTpasnHo
neTepreHTHU BnakHuHu (HOB) oT yepBeHa AeTenuHa, B mbpBU oTkoc, mg kg ' CB
Table 3. Content of Fe, Zn, Cu and Mn associated with neutral detergent fiber
(NDF) of red clover harvested in the first cut, mg kg™ DM

Fe Zn Cu Mn
ﬁgﬁi";’l‘t‘g K-39 K-32 K-39 K-32 K-39 K-32 K-39 K-32
MB 25.6° 16.1° 1.5™ 1.4™ 0.36° 0.30° 3.6° 4.9°
EBL 12.1° 7.0° 1.4™ 1.3™ 0.45% 0.39% 3.0° 4.3°
MBL 10.9° 12.6° 1.9™ 17" 0.54° 0.45% 3.6 5.5°

B - pekonTupaHe BBbB theHodbasa byToHusaums; HL| - Havano Ha ubdpTex; ML, - macoB ubdTex; K - 39 -
aunnounaeH copt YepBeHa AeTenuHa; K - 32 - TeTpannounaeH copT YepBeHa aetenvHa; PasnuyHute 6ykeu B
KOJIOHaTa 03Ha4yaBaT 3HAYMTENHO Pa3NuYHU cpefHu cTtonHocTu (P <0.05).

MB — mid bud stage of plant development; EBL — early bloom of plant development; MBL — mid bloom of
plant development; K — 39 — diploid red clover cultivar; K — 32 — tetraploid red clover cultivar; Different letters
in the column denote significantly different means (P <0.05).
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Ta6nuua 4. CbabpxaHue Ha Fe, Zn, Cu u Mn, cBbp3aHN C KUCENUHHO-
peTtepreHTHUTe BnakHuHu (KOB) Ha YepBeHa AeTenuvHa, B MbpBM OTKOC, mg kg'1
CB

Table 4. Content of Fe, Zn, Cu and Mn associated with acid detergent fiber (ADF)
of red clover harvested in the first cut, mg kg™ DM

Fe zZn Cu Mn
O6paboTku
Mreatments K-39 K-32 K-39 K-32 K-39 K-32 K-39 K-32
MB 32.4% 175° 8.0 5.0° 0.60° 0.80™ 3.9° 5.2°
EBL 13.4° 8.1° 8.0 6.0 0.85™ 0.95% 3.9° 4.4°
MBL 11.5° 13.5° 8.5° 4.5° 0.80™ 1.10° 4.1% 6.0°

b - pekonTupaHe BbB eHodasa byToHmsaums; HL, - Hayano Ha ubdpTex; ML - macoB ubdTex; K - 39 -
AMnnounaeH copt YepBeHa fetenuHa; K - 32 - TeTpannounaeH copT YepBeHa AeTenuHa; PasnuyHute 6yksu B
KOroHaTa 03Ha4YaBaT 3HauYMTENHO pasnuyHu cpedHu ctoHoctu (P <0.05).

MB — mid bud stage of plant development; EBL — early bloom of plant development; MBL — mid bloom of
plant development; K — 39 — diploid red clover cultivar; K — 32 — tetraploid red clover cultivar; Different letters

in the column denote significantly different means (P <0.05).

Pesyntatnte 3a konuyectBoto Fe,
cBbp3aHo ¢ HOB, nokasesaT, 4e npwu
annnoungHata yepBeHa aetenvHa
onpegeneHo Mno-ronsiMo € KonmMyecTBOTO
Ha Fe cBbp3aHo c¢ HOB cnpsamo
TeTpannongHua copt  (Tabnuua  3).
Bbnpekn, 4ye konn4ectBoTo Fe cBbp3aHo
¢ HOB e no-Hucko npu TeTpannougHusa
COPT YepBeHa [OeTenvHa, Han-BUCOKOTO

Results of the amount of Fe
associated with NDF obtained in this
study showed that higher amounts of Fe
associated with NDF was determined in
diploid red clover than in tetraploid red
clover cultivar (Table 3).

Although, the amounts of Fe associated
with  NDF was lower in tetraploid red
clover cultivar, the highest (9.9%) of total

cbaobpxaHne Ha obwo Fe (9.9%), | Fe content associated with NDF was
cBbp3aHo ¢ HOB, e BbB (hasa | determined at mid bud stage of
OyTOHM3aunA. KonnyectBata Zn, | development in this red clover cultivar.

cBbp3aHn ¢ HIOB He ce npomeHaT
3HAYMMO C pacTexa M pasBuMTMETO Ha
pactenuara (p> 0.05). Han-sucokoto ot
o6woTto cbabpxaHue Ha Zn (5.9% wu
4.2%) B AMNAOMAHMA W TETpaniongHus
COPT 4YepBeHa AeTenuHa, CbOTBETHO) €
onpegeneHo BbB haza MacoB UbdTEX.
Konuyecteata Cu, cBbp3ann c¢ HIB,
Bapupat ot 0.36 go 0.54 mg kg™* CB -

The amounts of Zn associated with NDF
did not change with plant growth and
development (p>0.05), but the highest
(5.9% and 4.2% of total Zn content in
diploid and tetraploid red clover cultivar,
respectively) was determined at mid
bloom stage of plant development in both
investigated red clover cultivars.

The amounts of Cu associated with NDF

npwm AMNNONAHNS copT  uepBena | ranged from 0.36 to 0.54 mg kg™ DM in
peTtenuHa 1 ot 0.30 7o 0.45 mg kg™ CB - | diploid red clover cultivar and from 0.30
npyv  TeTpanmouaHus copT uepBseHa | to 0.45 mg kg™ DM in tetraploid red clover
petenvHa. Ham-Bncokoto ot  obuwoTto | cultivar. The highest, 12.2% and 10.8% of

cbaobpxaHne Ha Mn (12.2% wn 10.8%) e
onpegeneHo BbB ¢aza MacoB LbdTeEX
3a [gBaTa copTa YepBeHa AeTenuHa.

Konuyecteoto Ha Fe, cBbp3aHO C

total Mn content was determined at the
mid bloom stage of development in
tetraploid and diploid red clover cultivar,
respectively.

The amount of Fe associated with
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KOB, Bapupa ot 32.4 no 11.5 mg kg™ CB
npwm OMnNnonaHus COpPT  4epBeHa
JeTennHa, Kato Han-BMcokaTa CTOWMHOCT

e BbB dasa OyToHM3aLmsa 7]
npencraensisa 9.2% oT obwoTo
CbAbpXaHune Ha Fe. Mpu

TETPaNIONgHNAT COPT, BapupaHEeTO Ha
CTOMHOCTUTE Ha nokasatens e ot 17.5 oo
8.1 mg kg* CB , kaTo Hai-BuCOKaTa
CTOMHOCT B OYyTOHM3auusa NpencTaBnsisa
10.8% o1 06WoTo cbaobpxaHue Ha Fe
(Tabrnmua  4). KonnyectBoto  Zn,
cebp3aHo ¢ KIOB npu pgunnoungHaTta
yepBeHa AeTennHa, € CXOOHO, HO Hau-
BMCOKaTa CTOMHOCT € onpedeneHa BbB
hasa ubdTex u npeacraensiea 26.4% ot
o0LLOoTO cbabpxaHue Ha Zn. 3a pasnuka
OT OUNNougHUsa CcopT, TeTpannongHus
COpPT 4epBeHa JeTenuHanpu MacoB
UbdTeX HaA € onpeneneHo C Ham-HUCKO
cbabpkaHne Ha Zn, cebp3aH ¢ KIOB (4.5
mg kg' CB - 11.3% oT o6LwoTo
cbaobpxaHne Ha Zn). Hanm-HuckoTo
cbabpxaHune Ha Cu, cebp3aHo ¢ KB, e B
BbB (pasa OyToHM3auMst Ha AMNIONOHWS
copT uepBeHa getenmnHa (0.60 mg kg™
CB - 11.1% ot 0bwoTo cbabpxaHue Ha
Cu), a Ham-BMCOKaTa CTOMHOCT - Mpu
MacoB UbMTEX Ha pacTeHusita oT
TeTpannonanus copt (1.10 mg kg™ CB -
5.9% ot obwoTo cbabpkaHune Ha Cu).
KonnyectBoto Ha Mn, cBbp3aHo ¢ KB,
Bapupa ot 3.9 go 4.1 mg kg'1 CB npwu
ONNNonaHNSa copT YepBeHa AeTenvHa u
or 52 po 6.0 mg kg' CB npwu
TeTpanongHus. Han-ronamoto
konnyectBo Mn, cBbp3aHo c¢ KIB,
npeactaenaea 12.3 n 13.3% ot obwoTo
cbaobpaHne Ha Mn CcbOTBETHO B
ounnongHna  n - TeTpannongHus  copT
YyepBeHa geTenvHa.

Bb3amoxHuTe BPB3KU mMexagy
CbCTaBUTE Ha HECMUIIaeMuTe BMaKHUHU
W HanmuM4YMeTo Ha  MWHepanu  npu
NPEXNBHNTE XUBOTHM ca Gunun obekT Ha
Manko BHuMaHue. Kabaija and Smith
(1988) wu3cnegBat  eKcniepyMMEHTarHu
naxon, ceaobpxawm 15.5, 33.5 nnu 60%
HOB, n cturat Oo 3akni4yeHneTo, 4Ye C

ADF ranged from 32.4 to 11.5 mg kg™
DM in diploid red clover cultivar with the
highest value at mid bud stage
represented 9.2% of total Fe content and
from 17.5 to 8.1 mg kg™ DM in tetraploid
red clover cultivar with the highest value
at mid bud stage of development
represented 10.8% of total Fe content
(Table 4).

The amount of Zn associated with ADF in
diploid red clover was similar, but the
highest value determined at mid bloom
stage of growth (26.4%) of total Zn
content.

Despite the diploid red clover cultivar, at
mid bloom stage of growth in tetraploid
red clover cultivar the lowest Zn content
associated with ADF was determined (4.5
mg kg™ DM — 11.3% of total Zn content).

The lowest Cu content associated with
ADF was determined at mid bud stage of
growth in diploid red clover cultivar (0.60
mg kg™ DM — 11.1% of total Cu content),
and the highest value at mid bloom stage
of growth in tetraploid red clover cultivar
(1.10 mg kg* DM — 5.9% of total Cu
content).

The amount of Mn associated with ADF
ranged from 3.9 to 4.1 mg kg'1 DM in
diploid red clover cultivar and from 5.2 to
6.0 mg kg™ DM in tetraploid red clover
cultivar. The highest amount of Mn
associated with ADF represent 12.3 and
13.3% of total Mn content in diploid and
tetraploid red clover cultivar, respectively.

Possible relationships between
undigested fiber constituents and mineral
availability in ruminants have received
little attention.

Kabaija and Smith (1988) studied the
experimental diets contained 15.5, 33.5
or 60% NDF and -concluded that
increasing dietary  fiber  greately
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yBennyaBaHeTo Ha XpaHUTENHUTE
BMakHUHW, 3Ha4YUTENHO HamansaBea
BMaMmarta abcopOums Ha MaHraH, UMHK,
xenszo u med. Coblwmte  aBTopwU
Moco4yBaTt, 4Ye HMBOTO Ha BIAKHUHUTE
BMMSE W BbPXY KOMMYECTBOTO Ha
MUKpOENeMeHTUuTe, pasTBOPUMM B
pasfnMyHUTE CErMeHTM Ha CTOMallHO-
YpEBHMS TPAKT.

n3Boau

Pesyntatute, nomnyyeHn B ToBa
npoyyBaHe Nokasear, 4Ye copTa u dasata
Ha pa3BUTME MMaT 3HAYUTENHO BIUSHUE
BbpXy KOHLeHTpauuaTa Ha Fe, Zn, Cu u

Mn npun yepBeHaTta neTtennHa.
OunnongHunat CoOpT € C nNno-BMCOKa
KOHLUEHTpauUun4a Ha Fe n c no-Hucka Ha Zn,
Cu u Mn npnu BCUYKM eTann OoT

pa3BMTMETO Ha pacTeHusiTa. Han-Bucok
KoedUUMEHT Ha B3aMMHa 3aBUCMMOCT €
HabnopaBaH mexgy Fe u Cu npwm
ONNNONOHNS COpPT YepBeHa AeTenuHa u
Bapupa ot 62,5 po 17,1. lNo-Bucokata
KoHUeHTpauua Ha Fe, Zn, Cu n Mn e
cBbp3aHa npeammHo ¢ KOB cnpsmo HOB
npyM BCUYKM M3cnedBaHu eTanu  oT
pa3BMTMETO Ha pacTeHuaATa 3a pABaTta
copTa yepBeHa getenvHa. ToBa Moxe ga
ce 00saAcHM c dhakta, 4Ye HeyTparHo
DETEPreHTHNAT pa3TBop cbabpxa
eTUINeH-aMaMMHOTETPaoLUEeTHa KUCenvHa
(EDTA), kosiTo MOXe Oa pa3TBOpPU HSKOU
OT Te3n eneMeHTM u pJda obpa3sysa
pa3tBopumMn xenatu. Heobxogumu ca
OOMbITHUTENHN  U3CnedBaHUst B Tasu
obnacrt, 3a ga ce onpegenu Bpb3karta Ha
Tesan enemeHtn ¢ HOB w KIOB B
3aBUCMMOCT OT Ce30Ha Ha Beretauus,
pacTuTenHuTe BUOOBE, COPTOBE U Ap.

BNNATOOAPHOCTMU

N3cnepgeaHeTo B TasuM crtatus e
yact oT npoekt Ne 451-03-66/2024-
03/200217, kouto ce buHaHCUpa OT
MuHucTtepcTtBOTO Ha 0OpasoBaHMETO,

decreased apparent absorption of
manganese, zinc, iron and copper.

The same authors also indicated that
fiber level also affected the proportion of
trace minerals soluble in different
segments of the gastrointestinal tract.

CONCLUSIONS

The results obtained in this study
indicate that red clover cultivar and stage
of development had a significant
infuence on Fe, Zn, Cu and Mn
concentration in investigated red clover
cultivars.
Diploid red clover cultivar was higher in
Fe concentration, whereas it was lower in
Zn, Cu and Mn concentration at all stages
of plant development.

The  highest  mutual relationship
coefficient was observed between Fe and
Cu in diploid red clover cultivar, and
ranged from 62.5to 17.1.

Higher concentration of Fe, Zn, Cu and
Mn were associated with ADF than with
NDF at all investigated stages of plant
development in both red clover cultivars.
This could be explain by the fact that
neutral detergent solution contains etilen-
diamino-tetraacetic acid (EDTA), which
can solve some of these elements and
make with them soluble chelates. Further
investigations in this field are required
regarding to determine the association of
these elements with NDF and ADF
depending on the season of vegetation,
plant species, varieties, etc.
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