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Mineral Leaching from Forage Placed on Soil Surface of Meadow
— Especially for Potassium —
Sangdeog A. Kim, Shigekata Yoshida® and Ryosei Kayama*
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I. INTRODUCTION

Leaching of potassium is known not only on
soil (Bonner & Galston, 1952) but also on plant
body (Foth, 1978). But the nature of leaching
is very different between soil and plant. Potas-
sium leaching from soil means partial loss of po-
tassium from soil, while that from plant body
means addition of potassium to soil.

On the meadow a part of forages are left as
harvest loss, litter or standing dead, and potas-
sium in them are leached and returned to soil
(Fujiwara & Iida, 1958; Okawa & Kusano, 1975).
Potassium is markedly liable to be released from
plant tissues since it merely exists as jon form in

g EHE ol BIHE BEe] DAkt o
WA EES SRRl woke % o
off oloirel 7teje} HiEkel & %E S

e e el BAEHe 2el>el (P)> vkl 4 Mg), 24 (N)> 24 (Ca)

1A A33ol Satgsl 0% 5%z dxa moses, 2
sel ol whel A% A fslo] 9EA Mol
3 oAat ael Balsh A Kl wiis

1%2 WA =le spadls

o, g w4l Felivh Addsols EUEER

A2 e S YehE R
okeh. weld WMEBEOZ
S oz Azslol Aok

plants. And the liability for potassium leaching
from living forages was ranked as follows; dead
leaves > over-mature leaves > mature leaves >
immature leaves > stem and ear or flower (Kim
et al., 1986).

Therefore, it is considered that potassium
leaching from dead leaves to the soil will be
meaningful for a recycle system of potassium
in the grassland agro-ecosystem. In this study,
for the purpose of comparing the potassium
leaching with those of other minerals, the leach-
ing of minerals including nitrogen from dead
plant body was investigated by putting orchard-
grass hay on meadow.
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. MATERIALS AND METHODS

This experiment was made in the field of
Nagoya University Farm. Orchardgrass was
harvested on October 8, 1985 from an orchard-
grass meadow fertilized K at the medium level
(Kim et al., 1988). The forage was air-dried,
cut into 5 cm lengths and then put into plastic
net bags (17 cm x 25 cm; 16 mesh) at a rate of
10 g (8.2 g DM) per bag.

The bags were placed on the soil surface of
the orchardgrass meadow, and fixed with metal
hooks to prevent from being moved with rain-
fall or wind. Two experiments were designed,
one was for continuous leaching up to one year
and the other was for monthly leaching during
one year. For the purpose, a part of the bags
were left on the meadow for one year from
November 22, 1985 and the contents of them
were sampled monthly. The other bags were
set on the meadow monthly from November,

1985 to October, 1986 and withdrawn after
leaving one month. During the experimental
period, the forage on the meadow was harvested
four times (Table 1).

The plant samples in the bag were separated
from contaminated soil with a sieve of 100 mesh,
dried at 80-85°C, and milled for chemical ana-
lyses. Then, a half gram each of the milled
sample was extracted for 18 h by 25 mlof I M
hydrochloric acid, and adequate volume of ex-
tract was diluted with distilled water up to 100
ml and filtered (Norin Suisan-Sho, 1979). The
diluted solutions were directly subjected to K
determination by flame photometry (FLA,
Eko Seikisangyo Co. Ltd., Tokyo), and Ca and
Mg determinations were made with an atomic
absorption/flame emission spectrophotometer
(AA-646, Shimadzu Co. Ltd., Kyoto). Nitrogen
and P were determined by Kjeldahl or C/N
corder method and by a photometric (molybdo-
vanadate reagent) method (Horwitz, 1975)

Table 1. The dry matter breakdown of air-dried orchardgrass placed on an orchardgrass mea-

dow for a year or for a month'

Placed one vear

Placed one month

Period Remained. Percentage Period Remained Percentage
(g DW /bag) (%) (g DW/bag) (%)
Nov.22,1985 8.2 100 Nov. 22, 1985 8.2 100
Nov-Dec2,3) 7.2%0.3 88+ 4 Nov-Dec 2,3) 7.240.3 88+4
Nov-Jan, 1986 7.2%+0.4 88+ 5 Dec-Jan, 1986 7.5£0.2 91+2
Nov-Feb 6.710.3 82+ 4 Jan-Feb 7.510.1 91+1
Nov-Mar 6.33+0.2 77t 2 Feb-Mar 7.2%10.2 88+2
Nov-Apr3) 5.9+0.9 72+11 Mar-Apr3) 6.0+0.2 7312
Nov-May 4,5+0.5 55+ 6 Apr-May 5.1+0.3 62+4
Nov-Jun3) 3.9%£0.5 48+ 6 May-Jun3) 5.1+0.3 62+4
Nov-Jul 3.910.4 48+ 5 Jun-Jul 3.1+0.2 38+2
Nov- Aug3) 2.3%£0.1 28+t 1 Jul- Aug3) 5.2+0.1 63+1
Nov-Sep 2.610.4 32+ 5 Aug-Sep 4.1£0.1 5041
Nov-0Oct 2.710.1 331 Sep-0ct 5.9x0.3 72+4
Nov-Nov 2.51%0.2 304 2 Oct-Nov 6.4+0.3 78+4
1) Mean * S.D.of 3 replicates.
2) The bags were sampled on 22nd day of every month.
3) Orchardgrass grown on the meadow was harvested within the period.
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Fig. 1. Relationships between the forage

breakdown rate and the mean air
temperature and the precipitation.
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with a double-beam spectrophotometer (UV-140,
Shimadzu Co., Ltd., Kyoto), respectively.

I1l. RESULTS AND DISCUSSION

Table 1 shows the dry matter breakdown of
air-dried forages placed on an orchardgrass
meadow throughout a year or for one month.
The dry weight of forage in the bag decreased
from 8.2g to 2.5g (30% of the initial weight) on a
DM basis by being left for a year, and 23% of the
dry weight was lost within the first 4 months,
and this value was significantly lower than that
reported by Dickinson (1983) as being 65%.
The DM breakdown from bags placed on the
meadow for one month varied with season, and
the rate of breakdown was the greatest in July,
1986 and the least in January or February, 1986.

Figure 1 shows the relations of the forage
breakdown rate from bags placed for one month
with the mean air temperature and the preci-
pitation. The study was made for 7 months from
November, 1985 to June, 1986. There were very
close relationships between them, and the

increase of temperature had more strong effect
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Fig.2. Time course of the relative amounts of

nutrients in dried forage on the meadow
for one year to the initial contents.

on the breakdown rate than that of precipitation.
In fact, in the period (June-July) of Table 1,
when both temperature and precipitation in-
creased, the rate of forage breakdown was the
greatest. These facts show that the DM break-
downdepends on environmental factors such as
temperature and precipitation.

Figure 2 shows the time course of the relative
amount of each nutrient to initial one in the
dried forages left on the meadow for one year.
In the Figure, the amount of each nutrient was
obtained by multiplying its content with dry
weight of forage remained. The relative amounts
of K and P decreased rapidly in the first month
to 40 and 45 % of the initial amounts, respective-
ly, and then decreased gradually and they were
only 1 and 12 % in August, 1986, respectively.
Further decompositions could not be observed.
The time course of the relative amounts of forage
dry weight, N and Mg were quite similar through-
out the experimental period. Besides, sudden
decrease of the relative amounts of the nutrients
was found in December, May and August. The
time course of Ca was quite different from those
of other nutrients; that is, the relative amount of
Ca was more than 100 % suggesting that there
was some contamination with soil Ca. But lower
values than 100 % were obtained after August.
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Fig. 3. Relationships between the forage breakdown and the nutrient

one month.

It implies that leaching of Ca from plant body
also occurred in grassland. Moreover, the simul-
taneous decomposition of N with DM means that
most of the DM breakdown is derived from
microbial decomposition of plant tissue and
plant components, because most of N in plant
is protein and protein can not leach out without
the decomposition.

Figure 3 shows the relations between the
forage breakdown and the nutrient leaching out
rates within a month. The forage breakdown
rate was significantly correlated with the leaching
rates of K, Mg and Nat 0.1 % level, but was not
significantly correlated with that of P. The co-
efficient of slope(b) and intercept(a) of the equa-
tions (Y = a + bX), shown in Fig. 3, suggested
that K leaching depended on the forage break-
down (b = 0.96) and that the K leaching pre-

ceded the breakdown (a = 35). The leaching of
Mg and N preceding the forage breakdown was
small (ais 11 and 5.3, respectively) and most of
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it occurred by the forage breakdown (b is 0.72
and 0.98, respectively). The result of Mg leach-
ing hints the different solubility between several
Mg fractions of the plant (Hashimoto, 1953),

and also suggested that most of N in the dried
plant body was included in the water-insoluble
fractions and it became soluble with the micro-
bial decomposition of plant body. Most of the
leaching of P preceded the forage breakdown
(a = 43) and a littleiaccompanied with breakdown
of forage (b = 0.43). There may have been fixa-
tions of P by microorganisms and resulted in
the low leaching accompanied with the forage
breakdown as reported by Dickinson (1983).
From the results, it became clear that the
leaching of mineral nutrients including N from
dried forage occurred with the advance of forage
breakdown.

K wasleached out most frequently in the greatest

And among the nutrients studied,

This fact coincides with the results of
Kim et al.(1986), who suggested that K in a

amount.



grassland agro-ecosystem acts efficiently and
repeatedly in comparison with plant nutrients
such as N and P. So it can be concluded that K
leaching from dead forages to soil takes an im-
portant role in a recycle system of K in the grass-
land agro-ecosystem.

IV. SUMMARY

The leaching of minerals including nitrogen(N)
from dead plant body was investigated by put-
ting orchardgrass hay on meadow, with an inten-
tion to know the role of potassium(K) leaching
in a recycle system of K in the grassland agro-
ecosystem.

The dry weight of forages decreased to 30 %
of the initial weight on a dry matter basis by
being left on the meadow for a year, and the
increase of temperature had more strong effect
on the forage breakdown rate than that of pre-
cipitation,

The liability of nutrient leaching from the
dead forage was ranked as follows; K > phospho-
rus(P) > magnesium(Mg), N > calcium(Ca).
The relative amounts of K and P decreased rapid-
ly in the first month to 40 and 45 % of the ini-
tial amounts, respectively, and K decreased in
the ninth month to 1 % of the initial amount.
The time course of the relative amounts of
forage dry weight, N and Mg were quite similar
throughout the experimental period, but the
relative amount of Ca did not decrease to a cer-
tain extent.

From the results above, it became clear that
the leaching of mineral nutrients including N
from dried forage occurred with the advance of
forage breakdown. Among the nutrients studied,
K was leached out in the greatest amount and it
is suggested that the K leaching preceded the
forage breakdown. So it can be concluded that
K leaching from dead forages to soil takes an
important role in a recycle system of K in the
grassland agro-ecosystem.
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