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ABSTRACT

The seasonal pattern of pool size and withdrawal from senescing or storage organ,
and the annual magnitude of internal- and plant-soil cycles for nitrogen and phospho-
rus in a Glyceria leptolepis Ohwi population in a marsh of the Mt. Geumoh were
investigated. The population pool changed from initial size of 6,8 to the maximum
of 16.1gN m~2? for N and from 1.7 to 3.9gP m~? for P, maintaining far higher relative
pool size during the first half of the growth period as compared with that for biomass.
A sharp increase in N and P pool was noticed in early spring before the biomass
growth was recognized. The major process supplying the demand for N and P changed
as the growth progressed showing the order; absorption-withdrawal-absorption-with-
drawal. The annual magnitude of internal cycle for N and P was estimated as 11.9
and 2.8 gm-2 accounting for 40 and 49 % of the annual demand, respectively. The
annual magnitude of plant-soil cycle for N and P was 18.0~19.1 and 2,9~3.3gm"?,
accounting for 3 and 5 % of each nutrient pool in 0~20 cm humus layer, respectively.
The higher extent of internal cycle and the lower rate of annual turnover for P(1. 08)

as compared with those for N may suggest that this population conserves and reuses
P more efficiently than N.

INTRODUCTION

Over the past decade it has been suggested that nutrient redistribution within the plant
body including withdrawal from senescing leaves is an important pathway of ecosystem
nutrient cycles. This pathway has been termed ‘biochemical or internal cycle’ (Switzer
and Nelson, 1972; Attiwill et al., 1978), which has been regarded as to be more signifi-
cant in the soil of insufficient nutrient availability (Stachurski and Zimka, 1975; Turner,
1977; Westman, 1978; Gray and Schlesinger, 1983; Shaver and Melillo, 1984), though
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the contrasting results were suggested by a few researchers(Ostman and Weaver, 1982;
Chapin and Kedrowski, 1983). However, the study on this cycle or plant-soil cycle has
been conducted in {ew grass lands but mainly in forest by estimating the content of
nutrient of mature and dying leaves, litter fall and nutrient leaching.

We have investigated on the nutrient cycle in a grassland in the Mt. Geumoh basin
(ca. 800m altitude), and found that the phosphorus internal cycle in the Helianthus
tuberosus, Artemisia princeps and Phalaris arundinacea populations supplied 59, 41 and
319% of the annual phosphorus demand, respectively(Lyu and Song, unpublished). The
present paper reports on the seasonal trends of pool size and withdrawal, and the annual
magnitude of internal and plant-soil cycles for nitrogen and phosphorus in the Glyceria
leptolepis Ohwi population in a marsh of the Mt. Geumoh.

MATERIALS AND METHODS

Study site, sampling and chemical analysis The study site was located at 800 m
altitude in the Mt. Geumoh basin(Gumi, Kyungpook; 987 m altitude) (Lyu and Song,
1986). The basin had a few small marshes which were covered by a humus layer of
about 20 cm in depth. A pure population of Glyceria leptolepis, which occurred in one(ca.
2,500 m?) of the marshes, was sampled every two weeks from March to November, 1984,
Above-ground parts in three quadrats of 20.20cm? which were similar to the standard
quadrat in height and density of the population were clipped at each 20 cm stratum from
the surface humus layer, and separated into each organ. Below-ground part at 0~20cm
depth, most of it was distributed within the humus layer, in the quadrat was gathered
and separated into live and dead fractions. All samples were dried at 80°C for three days
so that the dry weight of biomass, total nitrogen(N) and total phosphorus(P) were able
to be determined. Total P content in each plant fraction was determined by ascorbic acid
method after burning to ashes, extracting with HCI solution and diluting procedure as
described in the previous paper(Lyu and Song, 1986). Total N content was determined
by micro-Kjeldahl method.

Determination of biomass inflow and outflow The terms ‘inflow’ and ‘outflow’
represent the sum of the gain or demand of matters and the sum of the loss of matters
in each organ, respectively. Inflow and outflow of biomass in above-ground part during
each sampling interval were determined by overlapping two successive vertical distribution
diagrams as described in the previous papers(Monsi and Saeki, 1953; Song and Monsi,
1974). Net biomass production in the above-ground part during a time interval was
estimated as the biomass inflow minus biomass withdrawal from senescing part. The
withdrawal was calculated by multiplying the outflow by the withdrawal ratio. The
withdrawal ratio was determined as follows: dry weight of live fraction minus that of
the senescing fraction in the same organ on the basis of the same area(leaf) or volume

(stem and root)/dry weight of the live fraction. Biomass mortality in the above-ground
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part during a time interval was estimated as the difference between the outflow and
withdrawal. In the case of below-ground part, the decrement during the first half of the
growth period and the increment during the second half of the growth period were
regarded as a result of the biomass withdrawal. The dead f{fraction taken during the

sampling interval was regarded as the net loss.

Determination of inflow and outflow of nitrogen and phosphorus Inflow and
outflow of N and P during each sampling interval were determined by the same method
as used for determining the inflow and outflow of biomass. Net absorption of the nutrients
by roots during each sampling interval was approximated as the inflow minus the with-
drawal from senescing and storage organ during that interval. The withdrawal of the
nutrients was determined by multiplying the outflow by the withdrawal ratio which was
estimated by obtaining the difference between the nutrient content of senescing fraction
and that of the live fraction in the same organ(Hirose, 1971). The nutrient decrement
in below-ground part during the first half of the growth period was regarded as a result
of translocation toward above-ground part, because little amount of dead fraction was
found during that growth period. The increment during the second half of the growth
period was also regarded as a result of withdrawal from the above-ground part. The N
and P in the fraction of below-ground part died during each sampling interval were

regarded as net losses.

RESULTS

Seasonal changes of biomass, nitrogen and phosphorus pools

Biomass pool The biomass pool cha- $£15~
nged from initial dry weight of 260 to z '
1,436 g DM m~2 in late August(Fig. 1). gl.0~
The increase was very slow for the first g
half of the growth period, and the vigorous t 05k
increase began in mid- July, The peak of é . .
biomass for leaf, stem and reproductive @ ol—1_a .L-_.——r"_?s,d:f,ﬁeﬁ“,\ - ,

organ reached by late July, early September AM ) J A S 0

and mid-August, respectively. Below- Fig. 1. Seasonal changes of biomass pool in
the G. leptolepis population. L, leaf:
S, stem; R, below-ground part; Rep,
July, and then it began to increase. reproductive organ,

ground part tended to decrease untill mid-

Content of nitrogen and phosphorus The N content in leaf increased at the first
stage of growth and then decreased as the growth progressed, showing the variation
range of 22.3~42.8 mgN g 'DM(Fig. 2). The N content in stem decreased sharply
from the initial high value of 40.0 to 6.5 mgN g™'DM in late growth stage. In the
case of below-ground part, the N content showed the change pattern of high-to-low-
to-high, following a sharp increase during the soil thaw in early spring. The variation
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Fig. 2. Seasonal changes of N(a) and P(b)
contents in each organ in the G.lept-
olepis population.

Biomass Nitrogen Phosphorus
50 Mar. 18
Z
o ——t—— —t ——
20 N Apr.15
OF —— —— —
40
May15
0 ———1 ‘—[b'—y —d—
z.oE h : Vo2
- un.24
G S &
Sof gl A
- 1
g AOE = D Jul 22 ;L
- 9 T - i E—
osof Rep
; 120 TLer \
80—~ ~Sterr :
404 LH Augls
Ot — 7
B Beiow-ground
160 |
1201
80} )
L0
H 1
O —"‘I,TL'LH =t *_&:T'“
Lo P TR RO P B S
1ooowonm 5 101 U2
gbOM m™* qP m?
Fig. 4. Vertical distribution of biomase, N and

P in the G. leptolepis population in
1984,

A M J J A S 0

Fig. 3. Seasonal changes of N(a) and P(b)
pools in the G. leptolepis population. L,
leaf; S, stem; R, below-ground part;
Rep, reproductive organ.

range of the N content was 13.6~36.6

mgN g 1DM.

The P content in above ground part
decreased as the growth progressed follow-
ing the sharp increase in early spring,

showing the variation ranges of 2, 41~8. 45

and 1.30~8. 45 mgP g~'DM for leaf and

stem, respectively. The P content in below-
ground part showed a sharp increase in
early spring just as the case of N and then
decreased showing the variation range of

3. 40~8. 83 mgP g 'DM.

The
pools for N and P were determined by

Nitrogen and phosphorus pools

multiplying the biomass pool by each nu-
trient content. The population pool for N
changed from initial size of 6.8 to the
maximum of 16.1gN m~% in mid-August
(Fig. 3). The N pool of the below-ground
part decreased continuously by late July

and then increased gradually. The seaso-
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nal pattern of population pool for P was similar to that for N, changing from initial

level of 1.7 to the maximum of 3.9gPm™2 in mid-August. The pool of below-ground

part showed the same seasonal pattern as the pattern of N pool.

Seasonal changes of biomass, nitrogen and phosphorus flows

Vertical distribution of biomass, nitrogen and phosphors Fig. 4 showed the

seasonal changes of vertical distributions for biomass, N and P, which were illustrated by

determining standing crops of each organ at each 20 cm stratum in 1 m? area. We could

see, from these diagrams, that N and P were distributed less in stem as compared

with biomass. These diagrams were used for determining the inflow and outflow rates

of the matters.

Flow of biomass, nitrogen and phos-
phorus * The peak of biomass inflow rate
was 232 gDM m~2wk~! in early August. The
net production at that time was 226 gDMm~2
wk~1, Most of the biomass withdrawal was
derived from whole below-ground part in
early growth period, from leaf in mid-
growth period and from stem in late growth
period. The extent to which the withdrawal
contributed to the demand(or inflow) was
lower in mid-growth period than in the
other growth periods(Fig. 5a).

The maximum of N inflow rate was 2.6
gN m=2 wk! in early August. At that time
the net absorption rate from soil was 2.0
gNm~?wk-! (Fig. 5b). It was noticed that
ca. 14% of the annual N absorption of
18.0gN m™ was absorbed in early spring
before the growth of above-ground part
was recognized.

The seasonal pattern of P inflow rate
including withdrawal was similar to that
of N inflow rate. The peak values were
0.52 gP m™* wk™! for inflow rate and 0. 45
gP m~% wk~! for net absorption rate in early
August(Fig. 5¢). The P absorption in
early spring prior to the above-ground
growth was ca. 20% of the annual P
absorption of 2.9gP m2,

~250F a

3

£ 200 OQutflow

= S shdaddd 1

%150r— '

; ]

2100+ '

u- i

v I

é 50} :

g !

o '

o) 0 L £ 1‘—:‘:“% i J
S 0

Nl b

X

3

:

rd

=

2

o |

o

<0

¥ 06

'

o 04

2

; 02

W

o O

Fig. 5.

Seasonal changes of flow rate for bio-
mass(a), N(b) and P(c) in the G.
leptolepis population. R, L and S rep-
regent the withdrawal rate from below-
ground part, leaf and stem, respec-
tively.
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Allocation of biomass, nitrogen and

10 phosphorus The seasonal pattern of

) L allocation of N and P inflow was different
‘ to that of biomass, showing a remarkable

increase of allocation to below-ground part

in early spring and late growth period (Fig.
6). The annual allocation to leaf, stem,
below-ground part and reproductive organ
was 40.2, 28.8, 9.7 and 21.3% of total
inflow for N and 25.9, 41.3, 8.0 and
24. 8% for P, respectively.

Nitrogen and phosphorus cycles

If the standing crop of each matter in

02 Rep plant population is regarded as a pool at

B B I [ _' .
0 A M J J - A S the population or organ level, the annual

. amount of matters flowed through the pool
Fig. 6. Seasonal changes of allocation ratio of

biomass, N and P to each organ in
the G. leptolepis population. L, leaf; The figures in parentheses represent the
S, stem; R, below-ground part; Rep,
reproductive organ.

can be expressed in cycle schema(Fig. 7).

maximum or variation range of each pool
size. The N and P pools in humus layer
represent the amount of total N and P at 0~20 cm depth. The figures on arrows show
the annual amount of matter flow. The dotted arrows mean the internal cycles.

The annual net biomass production was estimated as 1,476 gDMm~2, but the sum of
annual biomass growth of each organ became 1,713 gDMm™2 because the withdrawal from
senescing or storage organ(237 gDMm™2) was added to the net production. In the cycle
schema, the amount of biomass growth of each organ was regarded as the amount of
biomass allocated to each organ; the biomass annually allocated to leaf, stem, reproductive
organ and below-ground part was 428, 1,015, 119 and 151 gDMm™2, respectively. On the
other hand, the annual biomass loss by death or shedding was 1,508 gDMm~2.

The annual amount of N absorption was estimated as 18. 0 gNm~2 If the N withdrawal
from senescing or storage organs(11.9 gNm™2) was added to this absorption, the sum of
the N allocated to each organ became 29.9 gNm™2 The N loss by death or shedding was
19.1 gNm™2 which was a little more than the absorption.

In the case of P, the annual amount of absorption and withdrawal was 2.9 and 2.8
gP m~2, respectively. And the annual loss by death or shedding was 3.3 gP m=? which
was also a little more than the annual absorption.

Conclusively the annual magnitude of plant-soil cycle was 18.0~19.1 gNm™2 for N and
2.9~3.3 gPm~% for P, which account for only about 3 and 5% of each nutrient pool respec-
tively in the 0~20 cm humus layer, and the annual internal cycle(i.e., annual withdrawal)
supplied 40% of the annual demand for N and 49% for P, which were far higher than



June 1988

the value of biomass withdrawal (ca.
14%). On the other hand, the fact that
the annual loss by death or shedding for
these materials was larger than the annual
net production or absorption may indicate
that this plant population was in a state
of degradation.

DISCUSSION

The differences between inflow rate and
outflow rate of matters in a plant popula-
tion result in the increment or decrement
of the matter pools. Before the start of
biomass growth, the relative pool size(i.e.,
the ratio of pool of each time to the
maximum pool) of N(0.42) and P(0.42)
was larger than that of biomass(0, 18)
(Fig. 8). Moreover the abrupt absorption
of these nutrients prior to the biomass
growth made the relative pool size of the
nutrients far larger than that of biomass.
It is also noticeable that the N and P pools
of below-ground part decreased sharply
in comparison with its biomass pool. These
results suggest that this plant has a tend-
ency to secure N and P in the early
growing season and then translocate them
toward above-ground part intensively. The
same result for P in a few herbaceous plant
populations as this has been reported in
the previous paper (Lyu and Song, 1986).

The turnover rate of inflow(i.e., the ratio
of net production or absorption rate to pool
size) for biomass was higher than that for

N and P over the growth period except for
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Biomass (gDM m™?)
Population{223-1436)

1476 1508
N7t 7770,
Nitrogen (gN m?)
Population(6.4-16.1)
7.4
465 70
—r—1 191
1.6 29
O\ji 1.7
5;} YL
Humus layer
18.0 (508.6 -7%8.2)
Phosphorus (gP m?)
Population(1.4-3.9)
0.8
(og}—rr—mf' =1 13.3
R‘ OAG': 0.5
R °‘Lo.t.
1;{ 2
_____ -

Humus layer
2.9 (46.6-73.3)

Fig. 7. Annual magnitude of internal-and
plant-soil cycles for biomass, N and P
in the G. leptolepis population. L, leaf;
S, stem; R, below-ground part; Rep,
reproductive organ.

the early spring when the abrupt nutrient absorption occurred, showing the peak of (.21

wk! in early August, 0.15 wk™ in mid-July and 0.14wk~! in early August for biomass,

N and P, respectively(Fig. 9). The annual turnover rate expressed in the ratio of annual

production or absorption to annual mean population pool for each matter was 1,74, 1.57

and 1,08 for biomass, N and P, respectively. In a few perennial herbaceous populations
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Fig. 9. Seasonal change of turnover rate for
biomass, N and P in the G. leptolepis
population.

occurred in the Mt. Geumoh basin, the mean annual turnover rate for N was larger than

that for P, but in the Solidago altissima population occurred in the flood plain, Toride,

Japan, the result was in contrast(Table 1),

Table 1. Annual demand, absorption(Absorp.), withdrawal(Withd.), the ratio of withdrawal
to demand(W/D) and turnover rate(TR) for N and P in herbaceous plant popu-

lations
Species Demand Absi(;rp._l Withd. wW/D ’LE_ ) Ref.
g m~%yr
Glyceria leptolepis N 29.9 18.0 11.9 0.40 1.57
P 5.7 2.9 2.8 0.49 1. 08
Helianthus tuberosus N 38.3 16.3 22.0 0.58 1.71 Lyu & Song
P 11.4 4.7 6.7 0.59 1.18 unpub.
Phalaris arundinacea N 39.7 24.8 14.9 0.38 1.82 Lyu & Song
P 7.6 5.2 2.5 0.32 1.42  unpub.
Solidago altissima N 33.5 14.3 19.2 0.57 1.29 Hirose
P 3.7 2.3 1.4 0.39 1.56 1971 & 74

The major process of contribution to the demand for N and P, that is, whether the
demand was supplied mainly by withdrawal or by absorption, changed as the growth
progressed, showing the order: absorption—withdrawal—absorption—withdrawal (Fig. 10).
The same seasonal pattern as this for P has been observed in the Artemisia princeps and

Phalaris arundinacea populations occurred in a grassland near the Glyceria leptolepis popu-

nd
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w

Withdrawal / Dema
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Fig. 10. Seasonal changes of the ratio of with-
drawal to demand for N and P in
the G. leptolepis population.

A M J

lation(Lyu and Song, unpublished). The
extent to which the P withdrawal supplies
the P demand was higher and longer as
compared with the extent to which N
withdrawal supplies the N demand. The
annual magnitude of internal cycle of N and
P expressed in the ratio of withdrawal to

demand varied with plant species, and the
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two nutrients in the same plant were also different in the annual magnitude of the
internal cycle(Table 1). In the G. leptolepis population, the ratio of annual withdrawal
to annual demand was (.40 for N and 0.49 for P. The leaching of N and P from plant
surface is small as compared with that of the other nutrients(Attiwill, 1968; Tukey,
1970; Luxmoore et al., 1981), therefore a large magnitude of the internal cycle of the
nutrients in a plant population is supposed to represent a high efficiency in reuse and
conservation of the nutrients in the plant population. The larger magnitude of internal
cycle with the lower annual turnover rate for P in this population as compared with

those for N may indicate this population conserves and reuses P more efficiently than N.
] E

&Rl &) $v) e Fo] (Glyceria leptolepis Ohwi) (HEERES ¥fon HFHN) =
P WAL At Wyy—-LEpe R BERES 2AEE

R NF&& 6.844 16.1 gNm2g, PF&2 1.76]4 3.9 gP m™22 7} g ov],
ERVPRHES EHETEEY & HEFSE B $&/BA 58 #% 24
ARG P 9 NEREA A8 F83d3 38 & BM—HM (e translocation) —HR g —
EHe) A% 29 N 2 PY gkl o 4 3% 474 1.9 ¢4 2.8 gm™
24 & F97%9 40 9 49%) A 2=Uct. N 9 P R )L BERES
Z7b 18.0~19.1 ¥ 2.9~3.3 gm224 +HE(Z o] 20 cmoly]) N . PF &9 3~5%0] &%
Hoh o] F FFAS HEpRS FM EAd%e] F5% 9 AEREY B2 Aoz Hol
o] fE#Ete] A Est Y& & + Ak Nol ulg POy 4R N#BJ5%E (internal cycle)
Zgo] 3 fER @i#i(turnover) o] ok AL o EEETES Pol o3 REAC Nol
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