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Potassium Leaching from Grassland Soil
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I. INTRODUCTION

As the main pathways of potassium loss from soils,
there are crop removal, leaching and run-off (erosion)
(Black, 1968). The losses of potassium by leaching
in both absolute amount and in percent to fertilized
level were below the corresponding figures for nitrogen,
calcium and magnesium and above those for phospho-
rus (Bonner and Galston, 1952; Black, 1968), though
they depend on soil textures and rainfall etc. (Mengel
and Kirkby, 1978). Potassium can be bound very tight-
ly to clay minerals such as illite or vermiculite. For

soils rich in these minerals, potassium leaching rates
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are relatively low (Mengel and Kirkby, 1978). Clay
minerals of the kaolinitic type do not absorb potas-
sium ion(K') selectively. High rates of leaching of
potassium have therefore been observed in kaolinitic
soils.

From the chemical standpoint, soil potassium is
often divided into three categories: non-exchangeable,
exchangeable and water-soluble. In most soils, the
great parts of the potassium, an average of 97-99 %
of the total potassium, is non-exchangeable. The
remaining 1-3 % are present as the exchangeable and
the water-soluble forms (Okajima, 1976; Mengel and
Kirkby, 1978). Leaching is considered to influence
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on the vertical distribution of exchangeable potassium
in the grassland. The fertilizer element added by top
dressing is liable to move down into the soil according
to water penetration. Theretore, soil potassium moves
down more rapidly in the humid region than in the
dry regions (Smith, 1975). The exchangeable or water
soluble K is not strongly adsorbed to clay minerals
in the soil, and leaching in humid regions removes
the available potassium and creates a need for potassium
fertilizer when moderate or high crop yields are desired
(Foth, 1978).

one of important factors concerning the behavior of

Consequently, potassium leaching is

potassium in grassland and potassium fertility of the
grassland.

In this "experiment, 1) vertical distribution of ex-
changeable potassium of soil in the orchardgrass mea-
dow was investigated and 2) potassium leaching was

monitored under lysimeter condition throughout one

year.
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ll. MATERIALS AND METHODS

1. An outline of the experimental field

During a period from June 3, 1985 to April 29,
1986, forages and soil were sampled from an orchard-

grass meadow in Nagoya University Farm, which had

been established in 1984. Figure 1 shows the tempera-
1984 to March,

1986 in the field. This soil is known to originate from

ture and precipitation from April,

diluvian formations and to contain kaolinite as the
dominant clay, and grouped as mineral soil with red
On June 3 in 1985,

trimmed at 5 cm above soil surface and applied urea

yellow color. the meadow was
at a rate of 100 kg nitrogen(N) per ha. According to the
result of the soil survey on July 18, five plots of 20 m?
with similar level of exchangeable soil potassium(K)
content were selected and treated with 5 different
levels of K fertilizer. The treatments were as follows;
0 (zero), 100 (low), 300 (medium), 300 kg+16 ton of
farm yard manure (medium+FYM) and 1000 kg (high)
K,O/ha. Urea (325 kg/ha), fused phosphate (300
kg/ha) and superphosphate (300 kg/ha) were simul-
taneously applied to each plot on July 22, 1985 as to
supply 150 kg N and 120 kg Py Os/ha.
harvesting date, same rates of K or (0:1:3:3:10) for

After every

the treatment and adequate amounts of N and phos-
phorus(P) fertilizers were applied. Therefore, the top
dressed K fertilizer level after each harvest was the

same between K-medium and K-(medium+FYM) plots.

-1. On cultivated layer of meadow soil (Experi-
ment 1)

On the different five plots, zero, 130, 390, 670 and

1300 kg K/ha were applied until the sampling date

(on July and October, 1985).

on December 3, 1985 from the orchardgrass meadow

The soil was sampled

at 3 soil strata; 0-5 cm, 5-10 cm and 10-15 cm.
After

through 2 mm sieve. Ten grams each of dried soil were

air-drying, the soil samples were passed
extracted with 1 M ammonium acetate (pH 7.0) for
18 h and the extracts were filtered through filter paper
(Toyo No. 6).

the filtrates were used for the determination of ex-

After dilution to an adequate level,

changeable soil K with a flame photometer (FLA,
Eko Seikisangyo Co., Ltd., Tokyo).

Soil hardness of the meadow was measured with
a soil-inserting hardness calculator (DIK-5520, Daiki
Rikakogyo Co., Ltd., Tokyo).
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Fig. 2. Sectional plan of the lysimeter.

1-2. Under lysimeter condition (Experiment 2)

Figure 2 shows the sectional plan of the lysimeter,
which was made of a plastic basin (width; 100 cm
X 200 cm, depth; 100 cm) and prepared for the leaching
experiment. In the lysimeter situated near the orchard-
grass meadow in experiment 1, mineral soil had already
been filled from about 1 year ago. Before the investi-
gation the upper half of soil was digged out, and then
grassland soil was filled into the lysimeter on April 15,
1985. Under the lysimeter, smaller basin (width; 45 X
35 cm, depth; 25 cm) covered with polyethylene film
for protecting from rainfall or wind was set for collect-
ing the dropping water from the lysimeter.

Fertilization and sowing were made on April 20,
1985. Eighty seven grams of urea and 200 g of super-
phosphate and 67 g of potassium chloride were applied
to the upper layer of soil in the lysimeter. And then,
6 g of orchardgrass (cv. Aonami) and 2 g of white clover
(cv. common) were sown.

Collection of water leached from the lysimeter was
done from May, 1985 to April, 1986. After measuring
the volume and filtering, the leached water was diluted
to adequate volume and analysed K concentration
using a flame photometer. Harvesting and topdressing
were made from July 17 with the same method describ-
ed previously. After each harvesting, K fertilizer was
applied at K-medium level. Exchangeable soil K content
was analysed by the same method in experiment 1.

Methods for plant K analysis were described previously
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Fig. 3. Distribution of exchangeable soil potassium
on orchardgrass meadow (sampled on Dec. 3,
1985).

(Kim et al., 1989). And the K uptake was estimated by
multiplying forage K content by dry weight of the

forage.

lll. RESULTS AND DISCCUSSION

1. Vertical distribution of exchangeable soil potassium

in orchardgrass meadow (Experiment 1)

Figure 3 shows the effect of top dressing of different
levels of K on the vertical distribution of exchangeable
soil K. The exchangeable soil K contents of 0-5 cm and
5-10 cm were affected significantly by the fertilizer
K levels. However, the gxchangeable soil K decreased
with advance of depth at every K fertilizer level, and at
10-15 cm the K content of each plot other than K-high
was in a similar range of 12-18 mg/100g soil. The dif-
ference in the exchangeable soil K content between the
soil layers was very small in K-zero plot, but it was
significant in K-high plot. This fact showed that the
higher the application level of K, the more K leached
into the soil. The results obtained in lower fertilization
levels than 670 kg K/ha were similar to the investigation
of Doll et al. (1959), who applied 0 to 460 kg K/ha/
yr. They recognized that most of fertilized K was held
in the top of 7.6 cm and no movement was detected
below 15 cm.

The hardness of the soil was above 25 kg/cm2

at the soil surface.

2. Potassium leaching from soi! in grassland (Experi-

ment 2)
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Table 1. Potassium leaching from the lysimeter

Sampling Water volume K-conc. Leached K Leached K2)
date (liter/m?) (ppm) & K/m?) )
May, 1985 143 34 4.9 22.0
Jun. 103 41 4.2 19.0
Jul. 1) 58 58 35 15.7
Aug. 27 62 1.6 7.3
Sep. 56 58 33 147
Oct. 1) 5 60 0.3 1.3
Nov. 26 55 1.5 6.5
Jan., 1986 2 233 0.3 1.5
Feb. 3 57 0.2 0.8
Mar. 35 50 1.7 7.8
Apr. 13 55 0.8 34
Total 471 223 100.0

1) Within the period, forages were harvested.

2) Proportion of leached potassium in the month to the total amount in a year.

It was thought that there might be K leaching on the
grassland soil from the result of the experiment 1, with
the fact of the difference in the exchangeable soil K
content between the soil layers.

Table 1 shows the K leaching from the lysimeter.
During a year from May, 1985 to April, 1986, the
volume of leached water from the lysimeter was about

471 liters/m®. The amount of leached water was in-

fluenced by the precipitation as shown in Fig. 1. The
quantity of leached K was 22.3 g/m2 during the inves-
tigation. There was a decreasing tendency of K concen-
tration with the increase of volume of leached water
among sampling dates, but the concentration was not
significantly different except on Jan. 1986 when the
water volume was the least during the experimental

period. Therefore, the amount of K leached depended

Table 2. Seasonal changes of dry matter production, forage potassium content, potassium uptake by plants, exchange-
able potassium contents and amount of K fertilization in the lysimeter

DM yield PlantK 1) K uptake 2) Exchangeable Fertilized
Sampling date Or 5) WC 6) Or wC Or+W(C soil K 3) K4)

(g DW/m?) (mg/g DW) @®/m?) (mg/100 g) (g/m?)
Jul. 17,1985 147 28 44 42 7.6 152 (3 17.5
Oct. 8 138 5 44 32 6.2 45t4 (3) 26.2
Dec. 3 145 19 44 37 7.0 4010 (2) 13.1
Apr. 29, 1986 780 40 50 47 40.8 1926 (2) 10.5
Total 61.6 67.3

1) Value of one sample.
2) Obtained by multiplying plant K by DM yield.
3) Mean £ 8.D. of number in parenthesis.

4) Fertilizer was applied for the forage growth before the sampling date.

§) Or; orchardgrass.
6) WC; white clover.
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mainly on the volume of leached water. About 40 %
of K in a year leached out during the first two months,
May and June, after the start of the experiment. On the
other hand, leached K amounted to 13.2 g/m2 during
the period from July, 1985 to April, 1986, when sur-
face soil of the lysimeter became more solid and forages
more advanced in a viewpoint of growth stage than
those on May and June. These results had a similar
tendency with that of Mengel and Kirkby (1978).
They described that leaching rate of K from a clay
loam soil was higher in the fallow than in the cropped
treatment, and suggested that leaching is especially
low under permanent grassland.

Table 2 shows the seasonal changes of dry matter
(DM) production, forage K content, K uptake by plants,
exchangeable soil K content and amount of K fertiliza-
tion in the lysimeter. Both DM production and K
uptake were somewhat more than those on orchard-
grass meadow, but the forage K and the exchangeable
K contents of the soil in the lysimeter showed similar
tendency with those obtained on K-medium plot (Kim,
1988). Most of fertilized K was absorbed by plants,
and K taken by plants was 61.6 g/mz.

With removal of K by forage crops, K leaching from
soil was also crucial point to the K nutrition of forage
crops. Potassium leached about 22.3 g/m2 [yt from the
lysimeter, but the value on the present experiment was
significantly greater than the data observed in Germany,
which extended from 0 to 1.7 g/m?/yr (Mengel and
Kirkby, 1978). And the ratio of leached K to K uptake
by forages was 21 %, and greater than the value of 13 %
(Bonner and Galston, 1952). Because the soil of the ly-
simeter basin was dug and filled with new soil, the
value presumably was estimated greater than the real
value in a grassland condition. But in the meadow of
experiment 1, 1ain water could not percolate easily with
such a high degtee of soil hardness on the soil surface.

And the fact of much amounts of K leached at
first two months of rainy season suggests the necessity
of the selection of seasons for artificial interruption
of grassland such as cultivation, establishment and re-
novation. These facts suggest that deep plowing in the

humid region results in considerable K loss and makes it

necessary to fertilize much K (Foth, 1978).

Available K| Leaching from forages K uptake
by forage
Fertilized K 61.6¢
Run off
6738775 g (eroswn)
13 2 g

Fixed or adsorbed Leaching from soil
in clay

Fig. 4. Potassium flow in the lysimeter.

The K flow in the lysimeter experiment can be
drawn as Figure 4. In the flow, the amount of K re-
leased from the non-exchangeable soil K was estimated
7.5 g/mz. Basically, most of the K in soils is in minerals
and a part of it is eroded and released as K ions. The
ions are adsorbed on the cation exchange and are readily
available for plant uptake (Foth, 1978). However, K
leaching from living forages might have been included
in the estimated value. As previously reported by Kim
et al.(1986) the ratio of extractable K under submerged
condition ranged 2.7-10.4 % of total K contents of the
forages, and the relative amounts of K in the dead
forage decreased rapidly to 40 %, sometimes even to 3 %
of the initial amount in the first month of leaching on
soil surface of meadow (Kim et al., 1989). Potassium
under permanent grassland seems to act efficiently and
repeatedly with less K leaching from soil because of
higher soil hardness and with K leaching from the
forages into the soil. But exact amounts of released K
from non-exchangeable soil K and leached K from living

forages were not determined in the present experiment.

V. SUMMARY

In this report two experiments were carried out.
Vertical distribution of exchangeable potassium(K)
of soil in the orchardgrass meadow was investigated,
and K leaching from soil was monitored under lysimeter
condition throughout one year. The results obtained

are as follows;
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The difference in the exchangeable soil K content
between the soil layers was very small in K-zero plot of
the orchardgrass meadow, but it was significant in K-
high plot (Experiment I).

The volume of leached water from the lysime ter was
about 471 liters/m2 during a year and the amount
of leached water was influenced bty the precipitation.
During the investigation the quantity of leached K was
22.3 g/mz. About 40 % of the total K in a year leached
out during the first two months, May and June, after
the start of the experiment. On the other hand, leached
K amounted to 13.2 g/m? (60 % of the total K leached)
during the period of ten months from July, 1985 to
April, 1986, when forages were harvested from the soil
of the lysimeter (Experiment 2).

From the above results, it was known that K leach-
ing from grassland soil can be also occurred in consider-
able amount when the growth stage of forage is not
developed or soil does not become solid on such a
period as immediately after grassland improvement or
establishment. However, unless the K leaching from soil
seems to be little under the condition of permanent
grassland ecosystem with higher grade of soil hardness

and possibly with compact density of forage plants.
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