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Difference of Leaching Liability of Minerals in Forages
Sangdeog A. Kim and Shigekata Yoshida*
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1. Introduction

Potassium leaching from living forages was investi-
gated previously, and it was shown that there were
differences of potassium leaching among plant parts
1986). Mineral

leaching from dried forage placed on the soil surface

and among forage species (Kim et al.,

of meadow was also examined, and it was observed
that there was a great difference of leaching liability
1989). The

result might reflect the differences of plant parts and

among some mineral nutrients (Kim et al.,

constituents where the minerals present as well as
the solubility of ionized minerals. It is known that most
of potassium is water sofuble, While some of magne-
sium in plants are included in phytin (water soluble),
chlorophyl! (alcohol soluble) and pectin (acid soluble)
(Hashimoto, 1953) and calcium in plants can be also
divided into some compounds (Hashimoto and Oka-
moto, 1954). The minerals combined with organic mat-
ter cannot be leached out without microbial degrada-
tion (Dickinson, 1983).
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In the present report, three minerals, potassium,
magnesium and calcium in forages were divided into
water, alcohol and acid soluble fractions to know the
reason of different leaching rate and the possibility
of leaching after microbial degradation (Kim et al.,
1989).

II. Materials and Methods

Orchardgrass (Dactylis glomerata Linn.) was culti-
vated in the spring season with water culture under
different potassium (K.Q) levels (10, 20, 50, 100, and
500 ppm) and sampled on May 13, 1985. The cultiva-
ting and sampling methods were shown in a previous
1987). A half gram of the dried
forage was successively extracted with water, 95% me-
thanol, 0.5% HCl and 1 M (3. 6%) HC], in that order.

Each extraction was made by soaking the sample in

report (Kim et al,

one of the solutions for 3 hrs and filtering through
a paper. The filtered solutions were made up to appro-

priate volume for analysis (Kim et al., 1989).
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Table 1. Effect of potassium fertilizer level on the

potassium contents of the soluble fractions of orchardg-

rass grown on water culture in spring time

(mg K/g DW)
K(Zgégel Water-soluble Me(()g;;;:;“ble Hc(l(;g‘;/la“)ble HCl-soluble(N) ~ Total K*

10 167+06° 12+02 05+01 0.1-00 185
(90)* (6) 3 1) (100)

20 227447 09+0.4 0.6+0.1 0.140.0 243
(93) 4) (3) (0) (100)

50 387+38 20+02 10401 0.1:+00 418
93) () 2) ) (100)

100 647460 31408 16+02 0.1+00 69.5
93) )} 2) 0) (100)

500 713-65 37410 26+04 0.1+0.0 77
92) ) (3) @) (100)

1) MeOH;methy! alcohol, HCLhydrochloric acid.

2) Obtained by adding the K in the four fractions.
3) Mean + S.D. of 3 replicates.

4) Percent to total K.

III. Results and Discussion

Table 1 shows the effect of the application level
of K.O on the potassium (K) contents of the soluble
fraction of orchardgrass. All of the ¥ .ractions were

increased by increasing the K,O level. Water soluble

K was in wide range of 17 to 71 mg/g DW. Methanol
soluble and 0. 5% HCI soluble K fractions were ranged
from 1 to 4 mg and from 1 to'3 mg/g DW, respectively.
But the percentage of K in each fraction to total K
was not affected by the fertilization levels, and it was
90-93, 4-6 and 2-3% in water, methanol and 0.5%

Table 2. Effect of potassium fertilizer level on the magnesium contents of the soluble fractions of orchardg-

rass grown on water culture in spring time

(mg Mg/g DW)

ﬁKZO level Water- MeOH" -soluble HC!' -soluble HCl-soluble Total?
(ppm) soluble (95%) (0.5%) (IN)
T 10 284 - ()32 0.16 - 0.02 0.57--0.03 0.06+0.03 3.63+0.35
(78)" (4) (16) ) (100)
20 3.01:-0.26 0.132:0.02 0.54-:0.04 0.05=0.02 3.741+0.31
(81) 3) (14) (2) (100
50 2.89--0.20 0.16=0.01 0.55-0.05 0.06+0.03 3.67+022
(79) 4) (15) @ (100)
100 2.93-+0.24 0.13=0.03 0.50-0.02 0.04-+0.01 2.89+0.22
(77) (5) (17) (1) (100)
500 1.53+0.20 0.09-+0.01 0.47--0.03 0.04-0.01 2.13+0.23
(72) (4) (22) 2) (100)

1) MeOH;Methyl alcohol, HClhydrochloric acid.

2) Obtained by adding the Mg in the four fractions.
3) Mean = S.D. of 3 replicates.

4) Percent to total Mg.
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HCI soluble fractions, respectively. Most of the extrac-
tive K of orchardgrass was water soluble.

Table 2 shows the effect of applied K20 on the
magnesium(Mg) contents of the soluble fractions of
orchardgrass. The evident reduction in the Mg content
of each fraction was observed when the application
level of KO was over 100 ppm. When cultured at 50
ppm, the Mg distributed in water, methanol and 0. 5%
HCl-soluble fractions were 2. 89, 0.16 and (. 55 mg/g
DW, but they were reduced to 1. 53, 0. 09 and 0. 47 mg,
respectively, under the culture solution of 500 ppm
K:0. But the percent of Mg in each fraction to total
Mg was not affected by the KO level of the water
culture, as previously shown in the case of the K con-
tent. And about 20% of the extractive Mg was not
water soluble and two thirds of them were extracted
by 0.5% HCI solution.

Table 3 shows the effect of KO level in the culture
solution on the calcium (Ca) contents of the soluble
fractions of orchardgrass. There was a tendency of
decreasing the Ca content of each fraction with the
increase of the K fertilizer level. Methano) soluble fra-
ction contained a trace amount of Ca at each K fertili-

zer level. Different from K and Mg, Ca in orchardgrass

was more soluble in acid solution than in water sugge-
sting that a large portion of Ca in orchardgrass is une-
xchangeable. The percentage of water, 0. 5% HCl- and
1 M HCl-soluble Ca to total Ca were 26-46%, 44-54%,
and 8-22%, respectively. The sum of Ca solubility in
water and in 0. 5% HCI was similar to that of a report
by Ward and Harvers (1982).

Figure 1 summarized the percentage of each mine-
ral in each fraction extracted from orchardgrass to
the total amount of corresponding extractive mineral
to illustrate different solubilities of K, Mg and Ca.
The solubility in water was the highest in K and follo-
wed by Mg and Ca. While the solubility in HCl solution
was opposite to that in water. The extraction with
MeOH was made to remove pectinic and phytinic Ca
and Mg from the plant (Hashimoto and Okamoto,
1954), but all the three minerals were little extracted
with MeOH after the extraction with water.

The above facts suggested that nearly all of K could
be leached with water, but more than 60% of Ca in
orchardgrass could not be leached out without under-
going some microbial decomposition which would be
notably done under the field condition (Dickinson,

1983). The solubilities of Mg to water and HCl were

Table 3. Effect of potassium fertilizer level on the calcium contents of the soluble fractions of orchardgrass

grown on water culture in spring time

(mg Ca/g DW)

Kzg};l:q‘;el Water-soluble Me(?é{;;:;uble Hcéz);%l:;:) le HC]&TI(\)II)Uble Total Ca®

10 2.5+0.3° 0.1x0.0 37+t1.0 1.8+17 8.1
(31 (1) (46) (22) (100)

20 24402 0.1+00 23%+01 04+0.2 52
(46) 2 (44) t)] (100)

50 21401 0.1+0.0 3.0x+05 1.3+14 6.5
(32) 2) (46) (20) (100)

100 15+02 0.1+00 24102 05+0.3 45
(33) (2) (54) (11 (100}

500 06=+0.1 0.1+0.0 1.1+£09 05+0.2 2.3
(26) (4) (48) (22) (100)

1) MeOH:methyl alcohol, HCl;hydrochloric acid.
2) Obtained by adding the Ca.

3) Mean + S.D. of 3 replicates.

4) Percent to total Ca.
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Fig. 1. Comparison of fractionation ratios among minerals fractionated with water, methyl alcohol and hydro-

chloric acids.

intermediate of those of K and Ca. And the difference
of leaching liability of the minerals by some chemical
solutions might be the reason of different leaching
rate and the possibility of leaching after microbial deg-

radation.

V. Summary

Three minerals in orchardgrass (Dactylis glomerata
Linn.) grown under different potassium (K;O) levels
in water culture, potassium(K), magnesium(Mg) and
calcium(Ca) were divided into water, alcohol, and acid
soluble fractions to know the reason of different lea-
ching rate.

The results were as follows; (1) The percentage
of K in each fraction to total K was not affected by
the fertilization levels, and it was 90-93, 4-6, and 2-
3% in water, methanol and 0.5% HCI soluble fractions,
respectively. (2) About 80% of the extractive Mg was
water soluble, and 14-22% of total Mg were extracted
by 0.5% HCI solution. (3) The percentage of water,
0.5% HCI- and 1 M HCl-soluble Ca to total Ca were
affected by the fertilization levels, and were 26-46%,
44-54%, and 8-22%, respectively.

From the above facts, it is known that the solubility
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in water was the highest in K and followed by Mg
and Ca. While the solubility in HCI solution was oppo-

site to that in water.
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