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Abstract
This experiment was conducted to study macro mineral status of forages and grazing goats in West Sumatra, Indonesia. The forages evaluate
consisting 13 species of grass and 7 species of legume were harvested from 5 different locations during dry and rainy seasons. Blood samples ¢
goats were collected at the same locations through jugular puncture to determine macro mineral status of the animals. Results of the study indicate
that mineral concentrations of forages varied widely among species and seasons. Calcium concentration of forages both in dry and rainy season
was above the critical value for deficiency. However, percentage deficiency of forage phosphorus was found either in dry season (85.7% for legum
and 30.8% for grass) or rainy season (71.4% for legume and 30.8% for grass). Average concentration of forage magnesium in dry season was abov
the critical level, while in rainy season percentage of Mg deficiency was 28.6% for legume and 23.1% for grass. Percentage of sulfur deficienc
in dry season was 42.9% for legume and 46.2% for grass, and these values were higher compared to T.tbpsc of rainy season (14.3% for legume an
30.8% for grass). Data on mineral status of grazing goats showed that in overall the incidence of Ca, P and Mg deficiencies were 4.6. 7.7 and 3.7%
respectively. This experiment is a part of a series of experiments on the study of mineral status of forages and grazing goats in West Sumair:

Indonesia.

Key words: Macro mineral status, forages, goats, West Sumatra.

Introduction

Deficiency or imbalance of certain minerals of the forages in tropical
countries have been reported by several researchers and
suggested as one of the limiting factors for improvement of animal
productivity in this region '. In most situations of the countries,
sheep and goats are commonly raised by small farmers in rural
areas under traditional system with native grass, tree leaves and
agriculture by-products as main sources of feeds. Consequently,
the grazing ruminants receive all nutrients as well as minerals only
from the forages consumed in the field because normally no
minerals and feed supplements are given to the animals. Ideally,
minerals intake must be sufficient to ensure the maintenance of
adequate amounts for growing and reproduction of animals.
According to McDowell?, the animals receiving forages only as a
main source of their feeds are usually deficient in certain minerals
due 10 the forages rarely contain all the minerals required by the
grazing animals.

Underwood and Suttle * reported that the availability and
concentration of minerals in crop and forage plants are influenced
by environmental factors such as climate and seasonal conditions
during growth, amount of rainfall, the type and soil fertility on
which the forages grows, stage of maturity, genus and species or
strain (variety) of the forages. High concentration of fiber,
especiaily lignin, can also reduce the availability of minerals for
the animals. In Indonesia, land allocated for food crop is not
available for forage production, therefore only land not suitable
for foed crop production with low fertility is used for forage, and

consequently the production and quality of the forage are ves
low. In general, forage grown in marginal lands has lower nutrie
contents than forage grown at high fertility lands. Study -
Prabowo et al. * showed that Ca and P are the most deficie
minerals of forages in some parts of Indonesia, such as in Sou
Sulawesi. 5

Limited information exists concerning mineral content of t
forages and mineral status of grazing goats in West Sumat:
Therefore, the present experiment was aimed to investigate t
macro mineral composition of some common forages and mine
status of grazing goats in West Sumatra during dry and rai
seasons. This work should be valuable for the provision a
strategic use of mineral supplementation for small ruminar
especially goat in West Sumatra, Indonesia.

Materials and Methods

Investigation area: This study was conducted in five region:
West Sumatra province, namely Padang, Solok, Tanah Da
Pariaman and Sawahlunto Sijunjung. The province is locatet
tropical and monsoon region, lies between 0°54°N t0 3°30°S
98°36 to 101°53’E. There are two seasons during the year.
season from February to September and rainy season fi
November to March. The temperature is nearly constant, diffe:
only a few degrees among the dry and rainy seasons with d
temperature ranges from 23 to 31°C. The mean of monthly rair
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. seasons was 195 and 233 mm respectively, with
sinfall was 2570 mm.

+ and blood samples collection: The forage evaluated
,isted 13 species of grass (dxcnopus compressus,
_nnisetum purpuphoides, Pennisetum purpureum, Setaria
sphacelata, Cynodon plectotachyus, Panicum maximum,
Paspalum notatum, Paspalum dilatatum, Brachiaria decumbens,
Euchlaena mexicana, Andropogon gayanus, Havea hexandra
and Cynodon dactylon) and 7 species of legumes (Leucaena
Jeucocephala, Gliricidia maculata, Calopogonium mucunoides,
Centrosema pubescens and Mimosa pudica). Immediately after
harvesting, representative samples were dried at 60°C for 24 hours,
ground in a Wiley mill through 1-mm screen and kept for further
analyses. At the same time, blood samples were collected by
jugular puncture from about 30 goats at each season and region.
Mineral concentration in forages and blood plasma were analyzed
by Inductively Coupled Plasma Emission Spectrometer (ICPS-
2000, Shimadzu, Japan). The difference of the average mineral
concentration between dry and rainy season was determined
using Student’s t-test °.

Results and Discussion
As shown in Table 1, the mineral concentration of, grass
significantly was affected (p<0.05) by species and season.
Between forages evaluated, P. maximum contained highest Ca

Table 1. Concentration of Ca, P, Mg and S of grass
harvested at dry and rainy seasons (g/kg DM).

Species Season Ca P Meg 3
Cntical level* - 30 25 2.0 26
A. compressus Rainy 7.4 3.6 4.4 T
Dry i 26 4.0 6.3
P. purpuphoides ~ Rainy 53 3.8 23 1.6
Dry 85 46 23 18
S. sphacelata Rainy 7.0 6.2 3.5 47
Dry 65 3% 4y
C. plectostachyus Rainy g i 4.7 2.0 5.0
Dry §0F 44 35 38
P. purpureum Rainy 6.0 5.9 3.2 3.6
Dry 6.1 28 23 1.9
P. notatum Rainy 58 2.0 2.2 4.1
Dry 83- 46 33 2%
P. maximum Rainy 10.7 43 35 26
Dry 8.5 25 35 2.9
B. decumbens Rainy 7.4 2.0 38 1.7
Dry 6.8 23 3.2 1.9
E mexicana Rainy 39 L7 1.3 1.7
Dry 10.1 25 4.0 157
A.gayanus Rainy 89 24 33 1.4
Dry 6.6 4.1 2.8 3.6
H. hexandra Rainy 6.1 38 22 32
Dry 5.7 45 &7 42
P. dilatarum Rainy 8.8 35 32 4.0
Dry 6.4 43 24 3.2
C. dacf'\'lon Ramy 59 22 1.4 4.0
Dry 6.9 2.7 3.2 5.6
Mean Rainy 7.2 3.5 29 3.3
Dry 7.0 3.6 2.8 3.4
Overall 7.3 33 3.0 31
Deficiency (%) Rainy 0 388 211 OE
Dry 0 308 00° 6.2
Overall 0 30.8 11.6 38.5

o catm pokre o el Revel s delwwend”
L b pgmSoadty & oo (p < 0.03)
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concentration (avg. 9.6 g/kg) while the lowest concentration was
found in P, purpuphoides (avg. 5.9 g/kg). The mean concentration
of P varied from 2.1 (£.mexicana) to 4.7 g/kg (S. sphacelata), Mg
from 2.3 (C. dactylon) to 4.2 g/kg (4. compressus) and S ranged
from 1.7 (P. purpuphoides, E. mexicana ) to 6.9 g/kg (A.
compressus). The difference of mineral contents between species
could be caused by genetic factors, botanical composition and
charactenistics of growth as suggested by Underwood and Suttle?
and Jumba et al. ®

Percentage deficiency of P, Mg and S was significantly affected
by season (p<0.05). Deficiency of P, Mg and S in rainy season
was 30.8, 23.1 and 30.8%, while deficiency of P and S in dry
season was 30.8 and 46.2%, respectively. Deficiency of Mg in the
present study was slightly higher compared to the results of
Minson ” who obtained less than 14% of tropical forages deficient
in Mg and thus suggested that Mg was not hmiting element in
tropical forages, the mean Mg concentration being 3.6 g/kg.
Among the minerals evaluated, the highest availability was
observed for Ca in almost all grasses observed, concentration
being above the critical level, 3.0 g/kg '. On the other hand
Prabowo et al. * reported that Ca and P were deficient in most
forages grown in South Sulawest, Indonesia. In comparison with
our study, lower nutrient levels in their study might be caused by
dissimilarities in forage species evaluated, climate and soil type
and fertility.

Table 2 shows macro mineral €oncentrations of legume forages.
The concentration of Ca in all species of legumes was higher
than that of critical level ' with the average value ranging from
13.0 g/kg in M. pudica to 16.4 g/kg in G maculata. The mean
concentration of Ca in legumes was higher compared with Ca
concentration in grass (13.8 vs 7.3 g/kg), while concentration of
P in legumes was lower compared with that of grass (2.4 g/kg vs
3.5 g/kg). These findings are in agreement with the results
obtained by Minson 7 and Serra et al. ®. As shown in Table 2,
effect of season was significant on-concentration of P, Mg and S

Table 2. Concentration of Ca, P, Mg and S of legumes
harvested at dry and rainy seasons (g/kg DM).

Species” Season Ca P Meg S
Critical level* —-s 3.0 35 2.0 2.6
L. leucocephala  Rainy 15.5 2.7 2.7 4.4
Dry 150 2.4 3.7 33
G. maculata Rainy 16.9 2.4 25 34
Dry 159 1.8 3.6 2.6
C. mucunoides  Rainy 16.1 2.4 33 30
Dry My - 18 5.2 24
M. pudica Rainy 13.9 2.0 1.6 3.0
Dry 12.1 2.4 2.7 23
C. pubescens Rainy 14.8 2.5 1.8 3.0
Dry 12.0 2.4 2.6 2.3
M. Invisa Rainy 16.7 2.1 2.2 20
Dry 1851 = 3 16 22
S. glandiflora Rainy 15.8 4.5 39 38
Dry 19 33 2.6 3.7
Mean . Rainy 14.7 2.4 3.0 3.0
Dry 15.7 7 2.6 32
Overall 138 21 3.4 28
Deficiency (%)  Rainy 60, 714 288" 143
Dry 00 ‘857> 00 429
Overall 0.0 78.6 143 28.6

“Concenmation below the entical level is defciend
3. b 2 significantly different (p < 0.05).
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25 (p<0.05). Percentage deficiency of P, Mg and S in
<ason was 71.4, 28.6 and 14.3%: while in dry season
«ency of Pand S was 85.7 and 42.9%, respectively. Within

. 3ame species of {oiage, vanability of mincral concentration
Ather in dry or rainy season was higher in grass than in legumes.
Concentration of Ca and P in the present study was higher in dry
season than in rainy season. Although this finding was opposite
with the result of Underwood and Suttle ’, Minson ” suggested
that at the fast growing period of plants during rainy season,
concentrations of Ca and P tend to be lower and then increase at
the slow growing period during dry season. Moreover, leaching
of the top soil organic material during rainy season will reduce
uptake of minerals by plants.

As shown in Table 3, harvesting location and season had no
significant effect on concentration of blood macro minerals in
grazing goats. Although the average concentrations of Ca, P, Mg
and S both in dry and rainy seasons were above the critical level,
several goats observed were deficient of these elements. In
overall, the incidence of Ca, P and Mg deficiencies were 4.6,7.7
and 5.7%, respectively. The percentage deficiency of these
elements in the present study were lower compared to the results
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of Prabowo et al.* . In their study on grazing cattle in South
Sulawesi, the deficiency percenta
were: Ca 11 and 10%. P 17 and 23% and M

respectively.

Table 3. Concentration of macro mineral in blood
regions in West Sumatra during rainy a

ges during rainy and dry season
g 13.3 and 2.0%,

plasma of goats atsevera]
nd dry seasons (mg/).

Region Season Ca P Mg S
Critical level : — 70 40 15 10
Padang Rainy (30)  100.821.9 751228 235206 90.4=0.4

Dry (41) 89.5£1.8  71.9:1.9 22,5107 8§3.4=20
Pariaman Rainy (13) 96.7+1.7 79728 24006 93.0=23
Dry (23) 83.4+13 76.342.1 23,1204 9= 7
Solok Rainy (14) 88.4+3 ) 57.8£3.0 26.3x14 88.9z40
Dry (12) 96.0+£3.2 71.8+4 4 26.3+19 79.0=2.6
Sawahlunto Rainy (28) 96.9+1.0 66.3x1.6 26.7+04 91.3213
Dry 27) 88.1+0.8 61.2x1.1 22,103 89.1=12
Tanah Datar Rainy (33)  97.5229 g8 1222 25908 81.4-138
Dry (36) 95443.0 764220 248+ 0.8 8l.1=17
Mean: Rainy 933421 71.8:2 4 24511 §9.0=2.0
Dry 96.1+2.1 72.0£2.5 253+08 853220
Overall 90.5+£2.0 71.5223 23.820.8 87.1=20
Deficiency (%) -- 4.6 r) 35 0.0

Conclusions

From the above results, it could be concluded that Ca was the
most abundant element, while P,Mgand S were relatively low in
ra, Indonesia. The incidence

grazing goats were 4.6, 7.7 and

the forages harvested in West Sumat
of Ca, P and Mg deficiencies in

5.7%, respectively.
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Abstract
This experiment was conducted to study macro mineral status of forages and grazing goats in West Sumatra, Indonesia. The forages cvaluate
consisting 13 species of grass and 7 species of legume were harvested from 5 different locations during dry and rainy seasons. Blood samples ¢
goats were collected at the same locations through jugular puncrure to determine macro mineral status of the animals. Results of the study indicate
that mineral concentrations of forages varied widely among species and seasons. Calcium concentration of forages both in dry and rainy season
was above the critical value for deficiency. However, percentage deficiency of forage phosphorus was found either in dry season (85.7% for legum
and 30.8% for grass) or rainy season (71.4% for legume and 30.8% for grass). Average concentration of forage magnesium in dry season was abov
the critical level, while in rainy season percentage of Mg deficiency was 28.6% for legume and 23.1% for grass. Percentage of sulfur deficienc
in dry season was 42.9% for legume and 46.2% for grass, and these values were higher compared 1o thase of rainy season (14.3% for legume an
30.8% for grass). Data on mineral status of grazing goats showed that in overall the incidence of Ca, P dnd Mg deficiencies were 4.6.7.7and 3.7%
respectively. This experiment is a part of a series of experiments on the study of mineral status of forages and grazing goats in West Sumar:

Indonesia.

Key words: Macro mineral status, forages, goats, West Sumatra.  +

Introduction

Deficiency or imbalance of certain minerals of the forages in tropical
countries have been reported by several researchers and
suggested as one of the limiting factors for improvement of animal
productivity in this region '. In most situations of the countries,
sheep and goats are commonly raised by small farmers in rural
areas under traditional system with native grass, tree leaves and
agriculture by-products as main sources of feeds. Consequently,
the grazing ruminants receive all nutrients as well as minerals only
from the forages consumed in the field because normally no
minerals and feed supplements are given to the animals. Ideally,
minerals intake must be sufficient to ensure the maintenance of
adequate amounts for growing and reproduction of animals.
According to McDowell?, the animals receiving forages only asa
main source of their feeds are usually deficient in certain minerals
due to the forages rarely contain all the minerals required by the
grazing animals.

Underwood and Suttle * reported that the availability and
concentration of minerals in crop and forage plants are influenced
by environmental factors such as climate and seasonal conditions
during growth, amount of rainfall, the type and soil fertility on
which the forages grows, stage of maturity, genus and species or
strain (variety) of the forages. High concentration of fiber,
especiaily lignin, can also reduce the availability of minerals for
the animals. In Indonesia, land allocated for food crop is not
available for forage production, therefore only land not suitable
for food crop production with low fentility is used for forage, and

consequently the production and quality of the forage are ver
low. In general, forage grown in marginal lands has lower nutrie
contents than forage grown at high fertility lands. Study -
Prabowo et al. * showed that Ca and P are the most deficie
minerals of forages in some parts of Indonesia, such as in Sou
Sulawesi.

Limited information exists concerning mineral content of t
forages and mineral status of grazing goats in West Sumat
Therefore, the present experiment was aimed to investigate t
macro mineral composition of some common forages and mine
status of grazing goats in West Sumatra during dry and rai
seasons. This work should be valuable for the provision a
strategic use of mineral supplementation for small ruminar
especially goat in West Sumatra, Indonesia.

Materials and Methods
Investigation area: This study was conducted in five region:
West Sumatra province, namely Padang, Solok, Tanah Da
Pariaman and Sawahlunto Sijunjung. The province is locatec
tropical and monsoon region, lies between 0°54'N 10 3°30°S
98°36” to 101°53’E. There are two seasons during the year.
season from February to September and rainy season fi
November to March. The temperature is nearly constant, diffe:
only a few degrees among the dry and rainy seasons with d
temperature ranges from 23 to 31°C. The mean of monthly rair





. seasons was 195 and 233 mm respectively, with
Jinfall was 2570 mm.

2 and blood samples collection: The forage evaluated
Listed 13 species of grass (dxcnopus compressus,
_nnisetum purpuphoides, Pennisetum purpureum, Setaria
,lecelala, Cynodon plectotachyus, Panicum maximum,
Paspalum notatum, Paspalum dilatatum, Brachiaria decumbens,
Euchlaena mexicana, Andropogon gayanus, Havea hexandra
and Cynodon dactylon) and 7 species of legumes (Leucaena
leucocephala, Gliricidia maculata, Calopogonium mucunoides,
Centrosema pubescens and Mimosa pudica). Immediately after
harvesting, representative samples were dried at 60°C for 24 hours,
ground ina Wiley mill through 1-mm screen and kept for further
analyses. At the same time, blood samples were collected by
jugular puncture from about 30 goats at each season and region.
Mineral concentration in forages and blood plasma were analyzed
by Inductively Coupled Plasma Emission Spectrometer (ICPS-
2000, Shimadzu, Japan). The difference of the average mineral
concentration between dry and rainy season was determined
using Student’s t-test *.

Results and Discussion
As shown in Table 1, the mineral concentration of, grass
significantly was affected (p<0.05) by species and season.
Between forages evaluated, P mavimum contained highest Ca

Table 1. Concentration of Ca, P, Mg and S of grass
harvested at dry and rainy seasons (g/kg DM).

Species Season __Ca P Mg S
Critical Tevel* s 0 i

concentration (avg. 9.6 g/kg) while the lowest concentration was
found in P. purpuphoides (avg. 5.9 g/kg). The mean concentration
of Pvaried from 2.1 (£.mexicana) to 4.7 g/kg (S. sphacelata), Mg
from 2.3 (C. dactylon) to 4.2 g/kg (4. compressus) and S ranged
from 1.7 (P. purpuphoides, E. mexicana ) to 6.9 g/kg (A.
compressus). The difference of mineral contents between species
could be caused by genetic factors, botanical composition and
characteristics of growth as suggested by Underwood and Suttle?
and Jumba et al. ¢

Percentage deficiency of P, Mg and S was significantly affected
by season (p<0.05). Deficiency of P, Mg and S in rainy season
was 30.8, 23.1 and 30.8%, while deficiency of P and S in dry
season was 30.8 and 46.2%, respectively. Deficiency of Mg in the
present study was slightly higher compared to the results of
Minson” who obtained less than 14% of tropical forages deficient
in Mg and thus suggested that Mg was not limiting element in
tropical forages, the mean Mg concentration being 3.6 g/kg.
Among the minerals evaluated, the highest availability was
observed for Ca in almost all grasses observed, concentration
being above the critical level, 3.0 g/kg '. On the other hand
Prabowo et al. * reported that Ca and P were deficient in most
forages grown in South Sulawesi, Indonesia. In comparison with
our study, lower nutrient levels in their study might be caused by
dissimilarities in forage species evaluated, climate and soil type
and fertility.

Table 2 shows macro mineral €oncentrations of legume forages.
The concentration of Ca in all species of legumes was higher
than that of critical level ! with the average value ranging from
13.0 g/kg in M. pudica to 16.4 g/kg in G maculata. The mean
concentration of Ca in legumes was higher compared with Ca
concentration in grass (13.8 vs 7.3 g/kg), while concentration of
P in legumes was lower compared with that of grass (2.4 g/kg vs

A. compressus Rainy 74 3.6 4.4 75 3 7 g
Dry I 2.6 4.0 63 3.5 g/kg). These findings are in agreement with the results
P. purpuphoides  Rainy 53 3.8 22 1.6 obtained by Minson ? and Serra et al.*. As shown in Table 2,
Dry 63 46 228 | LK effect of season was significant on concentration of P, Mg and §
S. sphacelata Raing. 70 62 35 42
Dry Ghiaels g
C.plectostachyus  Rainy 7.7 47 20 50 Table 2. Concentration of Ca, P, Mg and S of legumes
Dry 90 44 35 25 harvested 2t dry and rainy seasons (z/kg DM).
P. purpureum Rainy 60 59 32 36 =
Dry 6.1 28 .23 1.9 Species. Season __ Ca P Mg 3
P. notatum Rajpy' SS9 20 23 4} Critical level e oo vos
Dry 85 25 33 29 L leucocephala  Rainy 155 2.7 30 i1y
P. maximum Rainy 107 43 35 @ 26 Dry 50 24 17 35
Dry 85 25 33 29 G. maculata Rainy 169 2.4 355 34
B. decumbens Rafny/s 12745 536 3 Wi Dry i e s gy
Dry 68 23 32 19 C mucunoides ~Rainy 161 2.4 35 W0
E. mexicana Ralny 39 17 = 1717 Dy e R
Dry 1 25 40 17 M. pudica Rainy 139 20 60
A gayanus Raing== =88/ =g - 3308 g Dry Gl T o
Dry 66 41 28 36 C.pubescens  Rainy 148 2.5 18 30
H. hexandra Rainy = 61 38 22 32 Dry 120 24 26 23
Dry 57 45 27 42 M. Invisa Rainy 167 2.1 22 2.0
P. dilatarum Raiy's “RS3s-i350 =44 Biy 151 90 36 22
Dry AT 43D 3.2 S.glandiflora  Rainy  15.8 4.5 39 38
C. dactylon Rainy 59 22 L4 40 Dry s A8 36 33
Dry §9ins2l- 30 56 -
e Gy 12 3% 29 05 Mean T T B ¥ e )
D R Dry 15727 26 =0
4 ) ; g2 Ovenll 138 21 34 28
Ovenall— 73~ 33 30 39 3] < 5 3 <
o . C .
Ceteiens 00 Kainy o S0t A on Deficiency (%) Rainy 00 714 286" 143
5 Dry o s o0 o Dry 00 857 00 429
Bl Baiie i Overall 00 786 143 286

o i e el Tevel 1 e
XV gty éorom (7 < 0.05).
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“Concenuation below the crical level i defciend
3.5 significantly difTereot (p < 0.05).

R




45 (p<0.05). Percentage deficiency of P, Mg and S in
cason was 71.4, 28.6 and 14.3%; while in dry season
tency of Pand S was 85.7 and 42.9%, respectively. Within

. same species of foiage, variability of mincial coacentration
ither in dry or rainy season was higher in grass than in legumes.
Concentration of Ca and P in the present study was higher in dry
season than in rainy season. Although this finding was opposite
with the result of Underwood and Suttle %, Minson 7 suggested
that at the fast growing period of plants during rainy season,
concentrations of Ca and P tend to be lower and then increase at
the slow growing period during dry season. Moreover, leaching
of the top soil organic material during rainy season will reduce
uptake of minerals by plants.

As shown in Table 3, harvesting location and season had no
significant effect on concentration of blood macro minerals in
grazing goats. Although the average concentrations of Ca, P, Mg
and S both in dry and rainy seasons were above the critical level,
several goats observed were deficient of these elements. In
overall, the incidence of Ca, P and Mg deficiencies were 4.6,7.7
and 5.7%, respectively. The percentage deficiency of these
elements in the present study were lower compared to the results
of Prabowo efal.* . In their study on grazing cattle in South
Sulawesi, the deficiency percentages during rainy and dry season
were: Ca 11 and 10%. P 17 and 23% and Mg 13.3 and 2.0%,
respectively.
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Table 3. Concentration of macro mineral in blood plasma of goats atseveral
regions in West Sumatra during rainy and dry seasons (mg/l).

Region Season Ca

Critical level : — 70

Padang Rainy (30)  100.8£1.9
Dry (41) 89.5:1.8

Pariaman Rainy (15)  96.7%1.7 5
Dry (25) 834%13 76312

Solok Rainy (14) 884231 578430
Dry (12) 96.0+3.2 71

Sawahlunto  Rainy (28)  96.9+i.0 66 26.720.4
Dry (27) 881208 6. 22,1203

TamhDatr  Rainy(33)  97.5429 811422 259208
Dry (36) 95.423.0 764220 248+08

Mean: Rainy 933221 718224 245:1)
Dry 961221 720425 253208
Overall 90.542.0 715223  23.8208

Deficiency (%) - 4.6 77 59

Conclusions

From the above results, it could be concluded that Ca was the
mostabundant element, while P, Mgand S were relatively low in
the forages harvested in West Sumatra, Indonesia. The incidence
of Ca, P and Mg deficiencies in grazing goats were 4.6, 7.7 and
5.7%, respectively.
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