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Effect of Mineral Content of Orchardgrass (Dactylis
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I. INTRODUCTION

The nutrient flow in pasture should be explored
as the whole soil-plant-animal complex. In the for-
mer reports potassium flow between soil and plant
was investigated(Kim et al., 1987, 1989) remaining
the relations between plant and animal and between
soil and animal excreta returned to the soil. But
it needs many years to estimate the above relations
on the field.

So, in the present experiment, only the mineral
flow between plant and animal was investigated by
model study using hay as the feeds and goats as
the experimental animal. In the study, the interest
was concentrated upon the effect of potassium
content of forage on the potassium and the mag-
nesium balances in goats.

To study the mineral balance of animals, graz-

ing on pasture is unsuitable because of inaccurate

determination of the intake and the selective feeding
of animals. Therefore only a few researchers(e.g.
Kemp, 1958) have studied on it by grazing animals
on pasture.

In the present experiment, orchardgrass hays
which were harvested in different seasons and grown
with different levels of potassium fertilizer were fed
to goats kept in metabolic cages. From the results,
some of the reasons of the incidence of hypomag-

nesacmia was suggested.

II. MATERIALS AND METHODS

This experiment was carried out on Nagoya
University Farm situated in Central Japan.

The hay used here was prepared from orchard-
grass cultivated at various potassium fertilizer levels
on meadow and used in a previous study(Kim et

al., 1993), and it was divided into three according
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to the potassium contents. The first, second and
third growths of orchardgrass (Dactylis glomerata
L.), grown on the meadow were harvested on April
24, June 2 and July 24 in 1986 at heading stages
(Ist and 2nd growths) and at vegetative stage (3rd
growth).

After harvesting, the forage plants were sun-
cured and preserved until the feeding experiment.
The forage plants were composed of those cultivated
in five different fertilized K levels as described
previously(Kim et al., 1987). To keep the enough
forages for the feeding trials, they were divided into
three; K-low, K-medium, and K-high. The K-low
feed was consisted of the harvests of April and June
from the K-0 plot and of that of July from the
K-0 and K-low plots. The medium feed was the
forage harvested in April from K-low and K-medium
plots. The K-high feed was the mixture of the
harvests of April from K-high plot and that of June
from K-medium, medium+FYM, and K-high plots.

Three Shiba strain Japanese goats weighing
about 17 kg were individually housed in metabolic
cages at April 10, 1987. And the feeding experiment
on the cage was carried out from April 13 to May
19, 1987. Orchardgrass hay was fed to them twice
daily at 9 AM and 3 PM as to offer 460g DM
per day. Two grams of table salt and 10g of CaH-
PO, were also fed 1o each animal everyday. The
three diets were offered to all goats in a Latin-
square design over three periods. During each period.
faeces and urine were collected for 5 days after 7
days of preliminary feeding.

The faeces were dried with a draft-oven at

80C and the urine was acidified with H,SO, and

Table 1. Contents of crude ash, potassium and

kept in a refrigerator before analyses. Blood samples
were taken once at 1 PM on one day before the
last of each period from the jugular vein with
multiple purpose syringe(NM-20G, Nipro Co. Ltd.,
Osaka) and vacuum neotube(S-L10, Nipro Co. Ltd.,
Osaka).

Crude ash content of the feeds was determined
with conventional method. The contents of K and
Mg in the feeds, urine and faeces were analysed
with a flame photometer and an atomic absorption
spectrophotometer, respectively. Serum Mg concen-
tration was analysed with a method of Willis(1960).
Comparisons among means of each treatment were
performed by using both the analysis of variance
and the Studentized range, Q. test(Snedecor and
Cochran, 1982).

. RESULTS AND DISCUSSION

Table 1 shows the contents of crude ash, K
and Mg in the feeds. Crude ash contents were
9.0. 11.2 and 12.9% on a dry matter basis in K-low,
K-medium and K-high treatments. respectively. The
K contents were 3.4, 49 and 5.8%, respectively,
and Mg contents werec 0.26. 021 and 021%.
respectively. The differences of the K contents were
greater than those of the crude ash and Mg contents
among the three feeds. This result was supported
by a fact reported by Bohman et al. (1983) that
high K content of forage was accompanied with
low crude ash content of it in a pasture where grass
tetany occurred. However, Mg content in the feed
material was higher than the marginal content of
0.20% advised by Kemp et al. (1961).

magnesium of materials of the goat experiment

(DM basis)
Treatment Crude ash (%) K (mg/g) Mg (mg/g)
K-low 9.0 33.7 2.6
K-medium 11.2 48.7 2.1
K-high 12.9 57.9 2.1
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Table 2 shows the dry matter(DM) intake and
DM digestibility in the goat trials. The DM intake
was not significantly different, but a little low in
K-medium feed treatment because of the presence
of residual feed. The DM digestibility of the K-low,
K-medium and K-high diets were 61, 65 and 65%,
respectively, and the former was significantly lower
than the latter two. However, it was difficult to keep
the uniform leafstem ratio in so matured grass as
used and in such a small intake level of goats as
being 400 g DM/head/day, in spite of the uniformity
is very important for the feeding trial. These diffe-
rences might be derived from the different harvesting
dates rather than the different K levels. But the
differences were not so great as raising some com-
plexity for determining the effects of K or Mg
contents of forage plants on the mineral balances
of animals.

Table 3 shows the K balances of goats. Intake
of K was significantly more on K-high than on
K-low. Faecal K excretion on K-medium was signi-
ficantly higher than that on K-low, however, the

ratios of the excretion to K intake was nearly same

Table 3. Potassium balances of goats”.

Table 2. Dry matter intake and DM digestibility in
the goat trial™.

DM DM
Treatment intake digestibility
(g/day) (%)
K-low 4608 61.20
K-medium 4260 65.1°
K-high 4568 64.7°

U Means on the same column that do not have a common
letter differ (P <0.05).

between the two diets. Faecal K excretion on K-high
showed an intermediate value but the ratio of it
to the K intake was the lowest. These inconsistent
results in the faecal excretion of K might be derived
from the difficulty of keeping uniform proportion
of leaf and stem at feeding the hays and from the
comparatively low K contents of the faeces. Urinary
K excretion was significantly more on K-high than
on K-low, but the ratio of the excretion to K intake
was not different. There was not any significant
difference in K retention among the three treatments,

though it was the highest in K-high treatment.

(g/day)
K-low K-medium K-high
Intake 15.52 20,780 26.4°
Faecal excretion 2,028 3.01° 2.528b
(ratio to the intake) (13) (14) (10)
Urinary excretion 11.90% 15.8680 20.83°
(ratio to the intake) (77) an (79
Retention 1.582 1.832 3.05%
(ratio to the intake) (10) (9 (1

" Means on the same line that do not have a common letter differ (P<0.05).

Table 4 shows the Mg balances of goats. The
Mg intake was more on K-low than on K-high.
Faecal and urinary Mg excretions on K-low were
higher than those on K-medium and K-high reflecting
the higher Mg content of the K-low feed. as was
shown by Chicco et al. (1972). But the difference

in the urinary excretion was not significant. There
was not any significant difference in K retention
among the feed treatments.

Though it was not presented in any tables. there
was a tendency of positive relation between urinary

Mg excretion and serum Mg concentration (r=
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0.4378) and a weak negative relations between faecal
P<0.10).

negative relationship was

and urinary Mg excretions (r=0.6231,
However, a significant
observed between faecal Mg and urinary K excre-
(r==0.6671, P<0.05),

opposite to the results of the previous report(Kim

tions and the result was

Table 4. Magnesium balances of goats’.

et al., 1988). The opposite relationship between the
two experiments might be derived from irregular
proportion of K and Mg in the present experiment,
while in the previous report the feeds were prepared
to contain the same amount of Mg with different
levels of K.

(mg/day)

K-low K-medium K-high

Intake 1,2000 8908 974¢8p
Faecal excretion 930 6878 6912
(ratio to the intake) (78) 77 (70
Urinary excretion 628 248 342
(ratio to the intake) (5 (3 (3
Retention 2088 1792 2490
(ratio to the intake) (17 20) (26)

Y Means on the same line that do not have a common letter differ (P<0.05).

Table 5 shows the effect of the feeding K levels
on serum Mg and K concentrations, water intake
and volume of urine of goats. There were not any
detectable differences in both Mg and K concentr-
ations among the three feed treatments. The Mg
concentrations were higher than 1.0 mg/dl. which
is considered as the marginal against hypomagnes-
aemic tetany(Kemp, 1960). From the facts, it was
considered that some factors other than K affected
on the serum Mg concentrations in the present
study. It has been reported that not only high K
content but also other factors such as higher water

content (Bohman et al., 1983). higher organic acid

content, shortage of available energy of feeding
material (Martens and Rayssiguier, 1980) were res-
ponsible to the Mg absorption in ruminant livestock
on the outbreak of the hypomagnesaemic tetany.
Goats on K-high treatment drank more water
and excreted more urine than those on the other
feeds, but the differences were not significant at 5
%
Kawagoe and Kayama(1981). The goats on K-low

levle. Similar result was also reported by

and K-medium feeds were almost the same in both
the water intake and the volume of urine. This fact

suggests that the K content of the K-medium diet

might not be so high as to increase the water int-

Table 5. Effect of potassium content of forage plants on serum magnesium and potassium concentra-
tions, water intake and volume of urine of goats".

Serum Mg Serum K Water intake Volume of urine
Treatment
{mg/dl) (mg/d) (l/day) (I/day)
K-low 2.3° 218 1.720 1.03#
K-medium 2.18 228 1.738 1.008
K-high 2,28 238 2.16% 1.398

¥ Means on the same column that do not have a common letter differ (P<0.05).
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ake. The three feeds used in the present study might
be different in organic matter contents as well as
mineral contents because they were prepared from
forages harvested on different dates. and it is known
that organic matter such as nitrogen also affect on
water intake and urine excretion(ARC, 1980). So,
it s difficult to discuss the relationship between K
intake and water balance of animals from the pre-
sent data.

The conclusion which can be drawn from the
present experiment was that there was a negative
relationship between urinary K and urinary Mg
excretions (r=—0.5469) in goats fed orchardgrass
hays containing graded levels of K from 3.4 to
5.8% and Mg over 0.2%,
significant at 10% level. And the results suggested

though it was not
that it is necessary to use such feeds containing the
same amount of minerals other than K and the
same amount of organic components of the same
digestibilities for studying the effect of the K content

of forages on the Mg balance of animals.

V. SUMMARY

Orchardgrass(Dactylis glomerata L.) hays, which
had been harvested in different secasons and grown
with different levels of potassium (K) fertilizer, were
fed to goats in metabolic cages in order to know
the effect of forage mineral content on mineral
balance of goats.

The K contents of the feed were 3.4, 4.9 and
5.8%, and magnesium (Mg) contents were 0.26,
0.21 and 0.21% on a dry matter (DM) basis in
K-low, K-medium and K-high treatments, respecti-
vely. Urinary K excretion was significantly more
on K-high than on K-low treatment. Faecal and
urinary Mg excretions on K-low were higher than
those on K-medium and K-high feeds. And there
was a tendency of positive relation between urinary
Mg excretion and serum Mg concentration. Goats
on K-high treatment seemed to drink more water
and excrete more urine than those on the other

feeds.
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