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Abstract. The effects of growing season and altitudinal zone on herbage production and
mineral concentration (K, Na, Ca, P, Mg, Fe, Cu, Zn Mn), were studied in herbage samples
harvested from pastures in north-western Greece. Herbage production was affected (P<0.001)
by the harvest month but was not affected by altitudinal zone and “month x altitude”
interaction. Harvest month had significant influence (P<0.001) on Mg, Fe, and Zn contents as
well as (P<0.05) on Na content. Only the trace elements were affected (P<0.05) by the
altitudinal zone. The “month x altitude interaction had no affect on either macro minerals or
trace element concentration. Some of the minerals studied (P, Fe, Zn and Mn) were seasonally
deficient for beef cattle while Na was deficient for both cattle and sheep in all altitudinal zones.
The remainder of the minerals met the nutrient requirements of grazing animals.
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INTRODUCTION

Rangelands cover approximately 40% of the total surface of Greece, occur in a
great variety of habitats (Karagianakidou et al., 2001), and are characterized by
considerable variability in species composition induced by climatic differences,
adaptive advantages, biogeographical influences and insularity (Petriccione, 1995).
Traditional stockfarmings of sheep and cattle utilize to a high degree the Greek native
rangelands. Both herbaceous and woody plants occur in the Greek rangelands and play
a significant role in grazing animals’ nutrition. The importance of each plant category
depends on the grazing season (Papachristou & Nastis 1993a; 1993b). Rangeland
nutritional quality is affected by abiotic and biotic environmental factors including soil
type, climatic regime, botanical composition and range improvement practices
(Pérez—Corona et al., 1998; George et al., 2001; Ramirez, 1996).

Protein content and digestibility of dry matter have been emphasized as the main
determinants of forage quality (Pérez—Corona et al., 1998). However, much less
attention has been paid to minerals even though they also influence forage quality and
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can depress feed intake when levels are low (Provenza, 1995). The knowledge of
estimated dietary mineral intake from both feed and water provides the basis for
correcting deficiencies or adjusting for mineral excesses (Herd, 1997).

The purpose of this study was to evaluate herbage production and its mineral
content over a six-month period, from May to October 2004 (grazing period in the
Greek mountainous areas), at three altitudinal zones in pastures of openings in forests
and in the sub-alpine region, where only beef cattle and sheep graze. The knowledge of
herbage mineral content is judged useful for the mineral supplementation in the diet of
grazing beef cattle and sheep when moving from lower to higher altitudes during
summer, on the mountains in north-western Greece.

MATERIALS AND METHODS

Study area

The present study was conducted in the mountainous (openings in forests where
mainly herbaceous plants occur) and sub-alpine pastures of Mt. Varnoudas in
northwest Greece (lat. 40°46° to 40°53” N, long. 21°07’ to 21°24’E, 900-2334m above
sea level), in three altitudinal zones (900-1300m, 1301-1700m and >1700m). The
highest peak of Mount Varnoudas reaches 2334m. The basic geological substrate of the
whole area consists of metamorphic rock textures (i.e. phyllites, gneisses and mica
schists) of the Pelagonic geotectonic zone (Koroneos, 1991). The pastures of all three
altitudinal zones are comprised of acid sandy — loam soils (according to the Bouyoucos
(1962) hydrometer method), with a pH ranging from 4.89 to 5.65 in the lower, from
4.63 to 5.65 in middle and from 4.52 to 5.48 above 1700m. The fertility of the soil
varies depending on slope, exposure, and type of vegetation. The mountain topographic
slope is quite intense and, in combination with climatic conditions, which vary from
zone to zone, create an impressive variation of flora from the lowest to the uppermost
zone (758 taxa occur on Mt. Varnoudas (Mountousis, 2008). There are large areas
covered by beech and oak forests as well as by other small trees and shrubs. The
studied pastures, which were located in the openings of forests as well as in the sub-
alpine region, are covered by a great diversity of herbaceous species. Water pH
(springs and streams) ranged from 5.7 to 7.4 (G.C.S.L., 2005). The study area has
special climatic characteristics, which differ from those of the typical Greek
Mediterranean climate (Papanikolaou et al., 2002). The climate approaches the
middle—European type, the major characteristics of which are a quite cold and damp
winter and a rather dry summer (Papanastasis, 1982). In winter very low temperatures
may be observed, sometimes reaching -23°C, a condition considered highly unusual for
the Greek climate (H.N.M.S., 2005). The rain precipitation and the air temperature for
the six experimental months of 2004 are shown in Table 1.
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Table 1. Rain precipitation and air temperature of the six experimental months of 2004.

PERIOD MAY JUN JUL AUG SEP OCT MEAN+SD

Rain percepetation (mm)

2004 65,00 108,20 48,20 17,60 78,70 81,30 66,5+31,10
Air temperature (°C)
2004 - 19,20 22,40 21,30 11,70 14,90 17,90+4,50

Source: Florina’s weather station (altitude: 651m, Lat. 40° 48'N, Long. 21° 25'E - HN.M.S., 2005

On average, air temperature decreases about 0,6°C/100m from lower to higher
region. This reduction is lower in the wintertime than in summer (Flocas, 1994)

On Mt. Varnoudas pastures, beef cattle and sheep graze at lower altitudes during
spring and autumn and in the sub-alpine region during summertime (Papanikolaou et
al., 2002).

Sampling and Experimental Analyses

The experimental work was conducted during the year 2004, from May to
October, in three altitudinal zones (lower zone: 900-1300m, middle zone: 1301 —
1700m, upper zone: over 1700m) of Mt. Varnoudas pastures. In November 2003,
twenty-four experimental cages, sized 4m x 5m, fenced with metallic net 1.5m high in
order to obstruct free-range grazing, were placed in the pastures.

The most dominant herbaceous species (woody shrubs as well as herbaceous
weeds were excluded as they are not edible by sheep and beef cattle) in all three
altitudinal zones included in the herbage material were discovered by measuring the
percentage of soil surface covering, using the phytosociological approach (Braun-
Blanquet, 1964; Horvat et al., 1974). Species nomenclature follows “Flora Europea”
(Tutin et al, 1964-1980).

Each experimental cage was divided into 36 equal plots. At the beginning of each
month, from May to October, herbage biomass was collected from 6 of the 36 equal
plots in each cage, using a 0.015m? quadrate. The herbage samples (herbaceous plants
edible by sheep and beef cattle) were clipped in situ at 2 cm above the soils’ surface
using hand sickles (Odum, 1971). Woody plants (i.e. Juniperus sp., Vaccinium
myrtillus L., Bruckenthalia spiculifolia (Salish.) Reichenb Sambucus nigra L. etc) and
herbaceous weeds were not included in the samples. The harvested forage samples (six
quadrates per plot per month) were handled carefully to avoid soil contamination. The
collected samples from each cage were stored in paper bags and weighed instantly in
the field for fresh weight determination. At the laboratory all samples were oven-dried
at 68°C until reaching steady weight. Chemical composition of herbage biomass has
been reported elsewhere (Mountousis et al., 2006).

Samples were analyzed for potassium (K), sodium (Na), calcium (Ca),
magnesium (Mg), phosphorus (P), iron (Fe), copper (Cu), zinc (Zn) and manganese
(Mn). An acid digest was prepared by oxidizing each sub-sample with a
nitric/perchloric acid (2:1) mixture. Aliquots were used to estimate Na and K by flame
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photometry, P by spectrophotometer methods (Khalil & Manan, 1990) and Ca, Mg,
Mn, Fe, Cu and Zn by atomic absorption spectrophotometry, (A.0.A.C., 1999). Each
sample was analyzed in triplicate.

The data were analyzed statistically using univariate analysis of variance testing
for the effects of harvest month and altitudinal zone, using the SPSS 12.0 (Kitikidou,
2005). Mean separations between adjacent altitudinal zones were obtained with
Fisher’s Protected LSD test, (Fisher, 1966) with statistical significance accepted at P <
0.05. All “+” symbols in the text refer to standard deviation.

RESULTS

The dominant herbaceous species per altitudinal zone and the covering of the soil
surface are shown in Table 2. Average herbage production was 1,505.2 kg ha™ + 475.8,
1,560.8 kg ha™ + 649.1 and 1,723.9 kg ha™ + 625.6 in the lower, middle and upper
altitudinal zone, respectively. Herbage production showed similar fluctuation which
increased from May to midsummer and then decreased to its lower values (Table 3). It
was affected significantly by the harvest month (P < 0.001) but not by altitudinal zone
(Table 4).

Content of macro minerals of grazing land forages is shown in Table 3. Mean K
content was found to be 1.347 + 0.37 % DM, 1.448 + 0.36 % DM and 1.562 % DM +
0.42 % DM in the lower, middle and upper altitudinal zone, respectively. Forages
harvested from pastures of the lower zone in August had the lowest K (1.073 + 0.63 %
DM) while those from the upper zone in September had the greatest K content (1.817 +
0.65 % DM). The content of Na ranged between 0.013—0.020, 0.014—0.018 and 0.014—
0.021 (% DM) in the lower, middle and upper altitudinal zone, respectively. There
were no differences (P>0.05) in Na content among the forages in all altitudinal zones.
Mean Ca content was found to be 0.987 + 0.21 % DM, 0.869 + 0.25 % DM and 0.942
+ 0.30 % DM in the lower, middle and the upper altitudinal zone, respectively.
Herbage P content reached its lowest value (0.150 + 0.028 % DM) during October in
the upper altitudinal zone, while the highest value was observed during June in the
lower (0.199 £ 0.026 % DM) and May in the middle altitudinal zone (0.199 + 0.025 %
DM) (Table 3). No effect was found (P > 0.05) by either harvest month or altitudinal
zone on P content during the experimental period (Table 4). Mean Mg content was
found to be 0.288 = 0.09 % DM, 0.307 + 0.15 % DM and 0.367 + 0.14 % DM in the
lower, middle and the upper altitudinal zone, respectively.

Content of trace elements of grazing land forages is also shown in Table 3.
Herbage Fe content ranged between 26.68 - 37.00, 27.00 - 35.56 and 26.83 - 40.33 mg
kg™ DM in the lower, middle and upper altitudinal zone, respectively. Mean Zn content
was found to be 23.76 + 3.57 mg kg™ DM, 24.71 + 2.76 mg kg™ DM and 25.58 + 3.71
mg kg™ DM in the lower, middle and upper altitudinal zones, respectively. The lowest
value for Cu content of herbage from pasturelands of the upper zone was found in June
(9.00 + 3.50 mg kg™ DM), while the highest value was observed in May (13.89 + 2.50
mg kg™ DM) in herbage samples from the lower zone. Mean Mn content was found to
be 23.35 + 2.35 mg kg’ DM, 22.78 + 3.98 mg kg™ DM and 20.67 + 3.73 mg kg™ DM
in herbage samples from the lower, middle and upper altitudinal zones, respectively.

840



—
en

99RJINS [10S 81 JO 94T UBY] SSB] SI8A0D aU0 Yyaes 1ey) (suoz Jad) se1oads ueld i«

*S43U10

‘w9 (") snanfw eidinp

1 79 1splepn erejnbui) einuedwe)
7 en sigely

1 aq1sadwied wnijos

*7] WNUeBUOW WnonNa |

"0d eyiueIOIW B|1IUBI0]

&
(\}

M LiTe)

7] WNBUBIIBIGNS WNIjoJ |

420 Xa 0SSIY Sisusaralu ejebAjod
‘doas winjjAydeluad wniyosukiog

!
!
!
(4 !
(4 !
(4 !

61 £S48U10 4 'SS10g BIUOPOAXO SIY9AIqoUQ 7 "7 sAupaewey wni4ona |
1 "7 asuajeud wnijoji 7 "7 SN1eNd1UI02 SNY0T] 7 "7 elej0s9ue| obelue|d
1 "7 eirednane sngJos 7 "7 wn1joinua) wnui 7 "7 e1el|1o edlpN
7 420900 wnaintadwiss ebeajixes 7 "gas1I9) BIIUOpadRW BIINRUY 7 *7 e1etawolb siih10eq
4 "7 eljojipuniod ebe.jixes 4 JBIIA (F7) winLRnWWNU WnwisyjueljaH 4 'Siad wnjeladAyoeaq wnnsets)
4 "0 eyueJOIW Bj|1N8uod 7 "ga1g essaldap eisiuag 7 "7 ewixew ezug
4 "7 ejjisnd siuoup 4 "7 eredawo|b sif1oeq 4 "7 snssaadap snjjebensy
4 0@ (1) seprouowiibe eluowaly 4 uawiLi] (sbueT) nusyausq snwoag 4 U1gIS sinuual snsolby
€ "7 SI[eUIdIO BURLIBIRA 7 "7 elpaw ezug 7 (ws 7» YigIS) susjosARNS SOUIDY
€ Asnounuel esojids edns (4 3]Said "D BIBINAUOD BUBAY € "doos e1joyipue.b BI92IA
€ Auax90H wninsaiy wnajyd 4 yauao (1) shuidje souldy € 7 eulndn| obeaIpsN
14 ‘|1 X023ead BIIUOIBA < "7 essaldwod eod € -0 (ydsaq) snijouixe] m:wﬂuﬂ
% "7 WnuejuoW WNIIoNa | € "7 assade wnijoy L € "7 so]1AydAaA|6 snjrebelisy
¥y “IpI9H 7 'sslog ediua||Ad eanise € *7 sifeJowsau eod € U3PaA Balne sljAyIuY
S 19)2ag M sisuautiad eJoIA € azuny 'O (ydsaq@) snijoyixe| snaAyre 1% 7 suadaJ wnijojl L
S sigjeg 14auljow eod ¥y "UBJ9A Shaloeay) SNWAYL 14 18ga1yas eageuIpunIe BONISa
S " eIpaw ezLg v "JJYOM ShisuaA snuAyie S "7 obueansa seiung
L "UBIBA SNa19RIY) SNWAY L 14 ‘|14 uewIng wnareualAd wniueas S uawiL] (sbueT) nusyausq snwoag
8 ‘Ao1yD (1psejag) eaoe|oIA BOJYdO0IpJIR||3g v UapIdM Badne sijAyiuy S *7 sisuajeud snunoadojy
8 'ssiog wnunsaeed wniaylueually S "7 BLIBA B|[1U0J0D L "7 SnJawa e[1uolo)

01 "7 sisuaye.d euany 9 "7 Jofew obejue|d 8 weyiuag ndioyigis snwAyL

. (%) . (%) . (%)
ULI9A0D Jﬂl ULI9A0D — ULIIA0D [R—
vo.s,t:m feddn vo.s,t:m PPN oo.&.:_m |

1S LS 110§

U0z [eUIPMNY

999919 AN ‘SepnouIBA A JO SBUOZ Jeulpniilje 8alyl 8yl ul [elslew abegiay ay) ul papnjoul sa1dads snoadeqlay jueulwoq g dAqeL

841



G0"0>d 18 JalIp uwinjod awes ay) buofe s1d11osIadns JUaIBHIP YIM JUSLISIS YIRS JO SUBSIAl &y e

v0'T 1902 €8'8T LT'6T 0502 €8'81 0G'Ge 1112 Jddn
120 8.°2¢ 8.°T¢ zese 68'61 6822 1T 8172 S[PPIN A
GL°0 Ge'ee 1922 £eYT €02 zeee L9°€Z 68'SZ Mo
oro 90°0T €801 0S'TT LT'6 LT°0T 00'6 ,L9'6 Jaddp
62°0 1€CT 9521 00°€T TT'TT 1121 1T°2T L00°ET PPN n)H
050 £9°CT XA 95'€T 0021 9521 9g°0T B8ET M0
0T'T 85°G¢ 00'¥72 05°€2 £8'G2 YA 1992 €€°0¢ Jddpn
1271 TLv¢ 68°T¢ 00'€2 00°22 8112 95'52 0062 S[PPIN uz
€61 9,°¢¢C €e'Te 1902 95'92 9502 L9€T 8162 MY
612 19°€€ 0522 £8'9¢ £8'92 £8'GE £EYE RBEEOY Jaddp
Sh'T 68°TE 27'8e 68°2E 00°22 95°2¢ 95'GE JIT'SE S[PPIN a
16T 0G°2¢ 1962 00'7E 1992 A A :00°L€ M0
Q_NQ uu\\uﬁC vﬁssﬁw AIVL]
1700 1950 020 Zer'0 2820 9TH'0 <620 2150 Jddn
8%0'0 100 2120 e G220 22€0 40220 L1850 S[PPIN SN
120°0 8820 £92°0 190 1S2°0 8120 l22°0 ore0 M0
1000 T.T0 0GT°0 G/T°0 ZST°0 €110 G6T'0 08T°0 Jaddp
¥00°0 ¥8T°0 €870 6.1°0 8.T0 €110 06T°0 6610 SPPIN d
1000 18T°0 2910 T6T°0 09T°0 ¥8T°0 66T°0 /8T°0 1Mo
6£0°0 2v6'0 8¢0'T 206°0 €T0°T 1980 8080 €20'T Jaddp
¥90°0 6980 186°0 LyL0 LE0'T 169°0 vr.0 900'T PPN e)
€700 1860 0060 £86°0 1880 9g6°0 1S0°T 99T'T PMOTY
1000 LT00 ¥10°0 LT00 ST0°0 LT0°0 9100 1200 Jddpn
1000 9100 ¥10°0 8700 ¥10°0 8100 LT00 LT0°0 IPPIN BN
1000 9700 €100 LT0°0 €100 8100 L10°0 0200 JM0]
2070 2951 0Tv'T LT8°T L1921 8G.°T €8/°1 GES'T Jaddp
2600 8hv'T €02'T ¥99°1 1921 291 LT9°T 992'T S[PPIN b
1.0°0 LYET rAYAL 1971 €071 1951 6871 88Y'T MY
«EQ 0&» SIDLIUIUOLID JA]
v'6YC 06'€2.'T Y9 TrE'T 6£'898'T 00'881'Z LT'6%2'2 TT°LLS'T 0T'618 Jddp (eH/3%)
19'261 18'095'T o'vee'T 67°009'T ££°120'C £6'9£2'C 96'6£2'T 0.°G20'T S[PPIN uondNpoIq
68'S.T 61'S0S'T 88'T.6 08'%£2'T 19'750'C 66'T18'T 60°€LL'T 0L'¥8T'T PM0] adeqH
HINOZ
IS NVHIA HIO0LO0O AHIINHALIAS LSNONV A1ar ANAL AVIA IVNIGOLLL TV YALANVIVd

(uoz Jad sabeo ejuaWILIadXa 1ybI9 JO sueaw) auoz eulpninje Jaddn pue a|ppiw ‘Jamoj Je sainsed
sepnouJeA I 0 a2 (IAQ ;.6 Bu) wswsle aoen pue (INQ %) [essulwoidew’ (ey/6x) uononpolid abeqay Jo suonelieA AJJUOIN "€ dqEL

842



Table 4. P—values derived from univariate analysis of variance for herbage production and
mineral content of herbage samples of Mt. Varnoudas pastures — NW Greece. Main effects were
months (May — October) and altitudinal zone (Lower — Middle — Upper). Shaded values are not
statistically significant (P >0.05)

Parameter Herbage Na Ca P Mg Fe Zn Cu Mn
production

Month 0.000 0.067 0.021 0468 0.107 0.001 0.000 0.000 0427 0.094

Altitude 0.247 0.268 0.986 0.432 0.342 0.088 0.033 0.037 0.009 0.050

Month X

Altitude 0.385 0985 0972 0919 0.965 0.865 0.087 0.811 0.997 0.768

DISCUSSION

Herbage production of the pasturelands of Mt. Varnoudas showed a fluctuation
among subsequent or different months in all altitudinal zones. However it was
considered satisfactory in terms of covering the daily needs for dry matter by grazing
sheep and beef cattle during the whole experimental period. Rain precipitation
determines the beginning and end of the growing period of plants, while the air
temperature usually determines the amount of herbage production during the vegetative
period (George, 2001). In the present study herbage production at the beginning of the
growing season was higher in the lower than in the middle and the upper zones,
because of higher moisture and temperature. This picture changed afterwards showing
higher production in the middle and the upper zones (Table 3). This indicates that the
moving of sheep and cattle to higher altitude, during summer, is quite justifiable since
it provides greater amounts of feed.

Potassium requirements range from 0.6% to 0.7 % of DM for all kinds of beef
cattle (NRC, 1996) and from 0.5% to 0.8 % of DM for sheep (NRC, 1985). The
grassland forages studied had approximately a twofold K content more than those
required by cattle and sheep (Table 3). On the contrary, herbage Na content of Mt.
Varnoudas grasslands was much lower than the values of 0.06 % to 0.08 % of DM
required for beef cattle (NRC, 1996) and 0.09%-0.18 % of DM required for sheep
(NRC, 1985), in all altitudinal zones. This is in agreement with the findings that native
forages do not meet Na requirements of grazing animals (Grings et al., 1996; Greene,
2000).

For heifers with an average daily gain of approximately 0.6 kg, Ca requirements
range from 0.45 % of DM for a 180 kg BW cow (introduction to the grassland in May)
to 0.32 % of DM for a 270 kg BW (end of grazing period in late October) (NRC, 1984;
Little, 1998). Correspondingly, for ewes that weigh approximately 50 kg the daily Ca
needs for maintenance range from 0.20 to 0.82 % of DM (NRC, 1985). The forages
from the grasslands under study had slightly higher levels of Ca than those required by
grazing sheep and much higher than those required by beef cattle. Calcium is abundant
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in most soils so plants growing under native conditions have rarely been deficient in Ca
(White & Broadley, 2003). Forbs could contain more minerals than grasses. Also, even
during dry seasons, they retain their leafy portions which are richer in minerals,
including Ca, than stem fractions (Underwood & Suttle, 1999). The high proportion of
forbs and broadleaf grasses in the studied pastures could probably explain the high
levels of herbage Ca content.

For heifers with an average daily gain of approximately 0.6 kg, phosphorus
requirements range from 0.24 % of DM for a 180 kg BW cow (introduction to the
pastureland in May) to 0.21 % of DM for a 270 kg BW (end of grazing period in late
October) (NRC, 1984, Little, 1998). For ewes that weigh approximately 50 kg the
minimum daily phosphorus requirement for maintenance is 0.16 % of DM (NRC,
1985). Phosphorus content of the forage samples indicated that the grasslands could be
deficient in this element for beef cattle in all altitudinal zones during the whole grazing
period. On the contrary forages contained enough P to meet the minimum requirements
for sheep (Table 3). For grazing ruminants, while calcium is adequate in forages,
phosphorus can be deficient (Ward & Lardy, 2005). The magnesium requirement for
growing and finishing beef cattle averages 0.10 % of DM (NRC, 1996) while for sheep
it ranges from 0.12% to 0.18 % of DM (NRC, 1985). The forages under study had
higher levels of Mg than those proposed by NRC for grazing animals. Mg deficiency is
rare for ruminants grazing native forages (Greene, 1997; 2000).

The Fe levels in all forage samples were below the critical level of 50 mg kg™
DM recommended by NRC (1996) for beef cattle (Table 3). On the other hand they
were slightly higher than 30 mg kg™ DM, the minimum requirement for sheep, which
was suggested by NRC (1985). Although iron deficiency is rare in grazing cattle due to
a generally adequate content in forages (McDowell et al., 1984), Fe deficiency in cattle
grazing on sandy soils has been reported (Becker et al., 1965). The zinc requirement
for beef cattle averages 30.0 mg kg DM, (NRC, 1996). None of the forage samples
met the required concentration of Zn for beef cattle for any sampling month. For sheep,
Zn requirements range from 20 to 33 mg kg™ DM (NRC, 1985). Therefore Zn content
in the forages studied could be sufficient to meet the requirements for sheep. Copper
requirements for beef cattle average 10 mg kg™ DM (NRC, 1996) while ranging from
20 to 33 mg kg™ DM (NRC, 1985) for sheep. All forages analyzed had slightly higher
levels of Cu than those recommended for grazing animals. Manganese requirement for
beef cattle averages 40 mg kg DM (NRC, 1996). Sheep requirements range from 20
to 40 mg kg* DM, (NRC, 1985). All forage samples were deficient in Mn for cattle.
However they met the minimum requirements of sheep for almost the whole grazing
period.

CONCLUSIONS

The pastures of Mt. Varnoudas were graded as species-rich areas. Herbage
production showed a differentiation among subsequent or different months in all
altitudinal zones, but it was adequate for both beef cattle and sheep feeding. The in situ
conserved herbage forages had adequate levels of macro minerals: K, Ca and Mg for
both beef cattle and sheep, while P was adequate only for sheep. Forages contained
lower amounts of Fe, Zn and Mn than those required by grazing beef cattle.
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Productivity of grazing ruminants in the grasslands studied could be improved through
supplementation with mineral sources. We suggest that a mineral supplement of P, Fe,
Zn and Mn for beef cattle and Na for both sheep and cattle should be available during
the grazing period in our experimental area.
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