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Abstract

In general, natural grassland develops even under very low-phosphorus fertility conditions and maintains
high dry-matter production. This suggests that natural grassland may have a particular system to utilize
phosphorus nutrient effectively. To clarify why such natural grasslands develop under such low phosphorus
fertility, we analyzed the characteristics of the phosphorus dynamics in the semi-natural grasslands receiving
no fertilizer in comparison with sown grasslands.

1. In two sown grasslands, a perennial ryegrass/white clover-mixed grassland and a Kentucky bluegrass
grassland, and three semi-natural grasslands, a azumanezasa-dominant, a Japanese lawngrass-dominant
and a silvergrass dominant-grassland, seasonal changes in plant phosphorus concentration in 49 plant
species of the grasses including pasture grasses were examined.

2. The amount of phosphorus accumulation in the aboveground shoots in the azumanezasa (Pleioblastus
chino Makino)-dominant grassland was almost the same as that in the fertilized perennial ryegrass
(Lolium perenne L.)/white clover (Trifolium repens L.)-mixed grassland. The phosphorus accumulation in
the silvergrass (Miscanthus sinesis Andress.)-dominant grassland was half of that in the perennial
ryegrass/white clover grassland, and that in the Japanese lawngrass (Zoysia japonica Steud.)-dominant
grassland was one-seventh.

3. Semi-natural grasses maintained a considerable amount of dry-matter production even under very low
phosphorus fertility conditions. In particular, azumanezasa- and silvergrass-dominant grassland maintained
a high shoot biomass equal to or greater than that of the fertilized sown grassland. This fact suggests that
the high efficiency of phosphorus utilization in the dry-matter production might be a primary factor in the
adaptation of natural grasses to low-phosphorus fertility.

4. Based on model analysis of the phosphorus dynamics in the Japanese lawngrass-dominant grassland
without grazing and the silvergrass-dominant grassland, the following characteristics were found; In the
Japanese lawngrass-dominant grassland, since the phosphorus translocation from the soil to the root was
found, soil phosphorus significantly contributes to the phosphorus dynamics of this grassland, while in the
silvergrass-dominant grassland, phosphorus accumulation during the growing season was found not only
in the aboveground shoots but also underground. However, soil phosphorus may not be important in the
phosphorus dynamics of Japanese lawngrass. Thus, the phosphorus cycle of the grassland significantly
depends on the phosphorus translocation between the aboveground parts (shoots, dead shoots and litter)
and underground parts (roots) in the silvergrass-dominant grassland.

5. Two general types of phosphorus dynamics in semi-natural grasslands were recognized; 1) Japanese
lawngrass-type grassland, which is significantly assisted by available phosphorus in the surface soil layer
and phosphorus accumulated in living shoots, dead shoots, litter and roots, and 2) silvergrass-type
grassland, which is significantly dependant on the phosphorus translocation between the aboveground and
underground parts of the plants except soil parts.
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Introduction

After the Uruguay Round, it was indicated that
agriculture production thereafter should be carried out
under environmentally friendly management. In order
to achieve this, practical management techniques to
bring about the reduction of agricultural chemicals
and/or fertilizers are needed.

From the viewpoint of phosphorus resources,
Japan depends completely on imports for its entire
domestic phosphorus supply. It is a matter of concern
that phosphorus resources might be exhausted by the
middle of the 21st century. The grassland of Japan is
mostly covered by volcanic ash soil that has reduced
grass production due to its strong acidity and poor
phosphorus fertility. Especially in hay grassland, even
though sufficient application of fertilizers or cattle
manure has been carried out up to now, the reduction
of management costs, which includes soil reclamation
materials and fertilizers, is demanded. Furthermore, a
physiological obstruction problem has occurred, caused
by inappropriate management or productivity reduction.

An effective nutrient-cycle system establishes
itself in grassland under low soil fertility conditions.
Natural grassland is able to maintain considerably high
grass production even under very low-phosphorus
fertility conditions, which means very little phosphorus
is available in the soil. Some papers reported on
phosphorus concentrations of the natural grasses in
Japan (Ichikawa”), but they did not indicate seasonal
changes. Palatability is an important factor considering
the practical use of natural grasses. Sato and Hayakawa'’
and Green ef al.” have shown the higher palatability of
the grasses under higher phosphorus concentration. A
study of root systems of silvergrass was conducted by
Yano et al."”, who reported that the subterranean stem
of grass that lied mainly between 0 to 20 cm deep plays
a role in nutrient accumulation. Honda” presented the
morphological study of silvergrass root systems, and
suggested the importance of the shallow part of the root
system in nutrient uptake. Kondo et al.” measured the
nutrient absorption ability of grass roots by using the
actival tracer method for orchardgrass-dominant
grassland, and found that 80% of total absorption was
occupied by the root layer from 0 to 5 cm deep. Kondo
et al.” also showed an effective phosphorus cycle in
grazing pasture. Harada et al.” compared phosphorus
uptake abilities under low phosphorus fertility conditions
among several pasture grasses.

In this study, we investigated (1) characteristics of
phosphorus status both in plants and soil in five
different grasslands, (2) characteristics of dry matter and
phosphorus accumulation in relation to soil phosphorus
in these grasslands, and (3) characteristics of phosphorus
dynamics in semi-natural grasslands. Based on the
series of the investigations, we aim to prove the

mechanisms of low-phosphorus tolerance of natural
grasses.

Materials and Methods

Experiment site

All experiments in this study were carried out at
Fujinitayama experiment field of the National Grassland
Research Institute, Nishinasuno, Tochigi, Japan, which
is situated at lat. 36° 55' N. and long. 139° 58" E. The
average annual temperature is 12.0°C and the average
annual precipitation is 1,561 mm.

Sown grassland surveyed

Perennial ryegrass (Lolium perenne L.) and white
clover (Trifolium repens L.)-mixed grassland (A), and
Kentucky bluegrass (Poa pratensis L.)-dominant
grassland (B) were treated as representatives of sown
grasslands. The soils of these two fields were classified
as gray lowland soil. Chemical fertilizer was applied at
94 kg N, 102 kg P.O; and 94 kg KO per ha annually in
grassland (A), and 65 kg N, 70 kg P,Os and 65 kg K,O
per ha annually in grassland (B).

Semi-natural grassland surveyed

Three semi-natural grasslands were used as
experiment sites. Japanese lawngrass (Zoysia japonica
Steud.)-dominant grassland (C) was reclaimed in around
1980 on the sublayer field of andosol after earthwork
for highway construction, and has been managed
through grazing of 100 head-day per year by Japanese
Black cattle. An unknown amount of chemical
fertilizer was applied at reclamation, after which no
fertilizer was applied. Grazing was stopped at the
experiment year during 1997 and 1999. In a part of this
field, azumanezasa (Pleioblastus chino Makino) invaded
and composed almost all of the vegetation. This
grassland was treated as azumanezasa grassland, (D).
Silvergrass (Miscanthus sinesis Andress.)-dominant
grassland (E) was managed through grazing of 100
head-day per year by Japanese Black cattle during 1970
and 1989, but after 1990 it was managed exclusively by
cutting every fall season. Chemical fertilizer was not
applied. These three semi-natural grasslands had andosol
soil sublayers.

Phosphorus analysis for the plants and soils of sown/
semi-natural grasslands

Square frames 1 m in size were set at three sites
for sampling in each plot. The top part of vegetation
was harvested at the ground surface of the frames, and
the plants were separated by species. Plants were
divided into three parts; living shoots, dead shoots and
dead stands. When necessary, the underground parts
were collected, and they were divided into roots and
subterranean stems. Plant samples were oven dried at
70°C for 4 to 7 days, and phosphorus concentrations
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were analyzed by the conventional method (Harada et
al.”). Soil samples were collected from three layers of
0-2.5 cm, 2.5-5.0 cm and 5.0-10.0 cm, from each
sampling frame. Soil samples were air dried in dark
conditions, and the available phosphorus (Truog-P by
Truog' and Olsen-P by Olsen and Sommers'”), total
phosphorus and total inorganic phosphorus by burning
(Egawa and Nonaka™) were analyzed. Truog-P and Olsen-
P have been commonly used as available phosphorus.
They generally show high correlations with the amount
of plant nutrient uptake. In the soils in which Truog-P
were too low to be analyzed, Olsen-P was found to be a
good parameter of the available soil phosphorus pool,
which is closely related to microbial activities (Kondo
et al."). Therefore, Olsen-P is expected to present
valuable data concerning phosphorus cycling between
soils and plants.

Time of surveying plants and roots

Dates of survey for vegetation (only in 1997) and
the underground parts are as follows:
Sown grassland (A) (Perennial ryegrass and white
clover-mixed grassland): May 27 and October 23, 1997.
Sown grassland (B) (Kentucky bluegrass-dominant
grassland): May 27, 1997.
Semi-natural grassland (C)(Japanese lawngrass-dominant
grassland): May 21 and August 21, 1997; April 1, May
21, July 1, September 20 and November 4, 1998; and
March 17, April 7, May 18, July 6, September 30 and
November 4, 1999.
Semi-natural grassland (D)(azumanezasa grassland):
June 18 and August 21, 1997.
Semi-natural grassland (E)(Silvergrass-dominant grassland):
July 18, and September 10, 1997; March 30, May 20,
July 21, September 30 and November 9, 1998; and
March 23, July 21 and November 4, 1999.

Time of surveying soil phosphorus
Soil samples were taken and analyzed at the time
of surveying plants and roots, but available phosphorus

Table 1. Soil phosphorus content in different grasslands (1997)
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in 1997 was analyzed only for Truog-P.
Results and Discussion

1. Characteristics in vegetation and phosphorus
concentration of soil and shoots

In the sown grasslands (A) and (B), the dominant
grass species occupied more than 80% in crown
coverage. Over 95% of the crown coverage in semi-
natural grassland (C), (D) and (E) was occupied by
Japanese lawngrass, azumanezasa and silvergrass,
respectively. Other primary species present were: sweet
vernalgrass (Anthoxanthum odoratum 1.): 9-15%, and
birdsfoot trefoil (Lotus corniculatus L. var. japonicus
Regel): 5-13%, in semi-natural grassland (C): Kudzu
(Pueraria lobata (Willd.) Ohwi): 2-12%, and Arumdinella
hirta (Thunb.) C. Tanaka: 5-11%. in semi-natural
grassland (E). Almost 100% of the area was occupied by
the dominant species in semi-natural grassland (D).

Table 1 shows the total phosphorus, total inorganic
phosphorus and available phosphorus of the surface
soil layer (0-5 cm) of the grasslands. Sown grasslands
(A) and (B) showed a high phosphorus fertility because
of the chemical fertilization. Semi-natural grasslands
(C), (D) and (E), however, showed rather low phosphorus
fertility, since they were managed by grazing without
fertilizer application for many years.

Table 2 shows the list of natural grass species
including sown species observed in the grasslands (A),
(B), (C), (D) and (E), and the typical phosphorus
concentration of the plant shoots in the order of the
sampling time. There were 49 plant species observed.
Plant phosphorus concentrations were considerably high
in Ophioglossum petiolathum (Hanayasuri) 3.38 gkg™'
in grassland (C) and Oenothera striata (Matsuyoigusa)
2.64 gkg™ in grassland (E), but those of most other
natural species were rather low compared with sown
species of perennial ryegrass: 2.70 gkg™', Kentucky
bluegrass: 3.16 gkg™', or white clover: 3.75 gkg™".

Figure 1 shows the frequency distribution for
annual mean shoot phosphorus concentrations of each

(mgPkg'dry soil, 0-5cm)

Grassland type . : Date of sampling Total-P Inorganic-P Available-P
Dominant species
(Truog-P)
Sown (A) Perennial May 1997 1638 1297 114
grasslands ryegrass October 1997 861 484 41
Kentucky May 1997 1139 983 117
(B)
bluegrass
Semi-natural ©) Japanese May 1997 302 100 2
grasslands lawngrass August 1997 336 116 1>
D) Azumanezasa June 1997 419 144 1>
August 1997 432 144 1>
E) Silvergrass June 1997 323 86 1>
September 1997 271 65 1







