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Table 1. Outline of the experiments and field survey. The symbol C&N denotes carbon and nitrogen.

Serial Main subject Target tree or forest Season & Period Items measured
No.
Exp.l  Structure of a single-tree Tree A July 1988 Accumulation of carbon and
ecosystem nitrogen at each pool
Exp.2  C&N accumulation in soil ~ Forest plot June-Aug. 1987 Accumulation in Ao layer
and mineral soil
Exp.3  Growth rate Tree B & C Apr. 1988, Feb. 1989 Stem diameter, tree height
Exp4  Growth rate Forest plot May1987 & Mar.1994 Stem diameter at the breast
height
Exp.5  Scasonal changes of C&N Tree B & C, Forest Four times from Apr. Accumulation at leaf litter in
accumulation in Ao layer plot 1988 to Jan. 1989 Ao layer, C&N concentra-
tions of needles
Exp.6  Demography of pine needles Tree B & C, Forest Monthly from Apr. Proportion of needles by
plot 1988 to Mar. 1989 age, C&N concentrations of
needles
Exp.7  Seasonal changes of litter- Tree B & C, Forest Monthly from May Litter-fall rate and C&N
fall rates plot 1988 to Apr. 1989 concentrations of each com-
ponent
Exp.8 Effects on lst year needles Tree D & E Apr. 1998 - Aug. 1998 Growth rates, C&N concen-
of removing 2nd year nee- tration and average length of
dles Ist year needles.
Exp.9  Allometry 12 shoots of pine Sep., 1987 Dimensions of above-
ground organs
Exp.10  Allometry 6 shoots of pine July-Aug. 1988 Dimensions of roots
Exp.11 Biomass - necromass 9 shoots of pine Dec. 1990 Litter accumulation in Ao

relations

layer, pH of surface soil
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Table 2. Dimensions of five pine trees and a neighbor-
ing pine forest plot. Parameters of H, D
and § are tree height, stem diameter at
ground level and crown projection area, re-
spectively. Values at a forest plot are those
of an average canopy tree in 1987.

*: diameter at breast height, dbh.

Age H D A

(year) (cm) (cm) (m’)
Tree A 13 470 13.5 13.2
Tree B 14 392 11.6 9.2
Tree C 13 657 19.2 15.7
Tree D 15 208 2.44* 4.0
Tree E 11 189 4.45* —
Forest 39 804 11.9* 5.0

Fig. 1 A schematic diagram of three-dimensional
structure and its development process of a pine tree
ecosystem. Two parameters in the diagram, H, and §,,
show tree height ¢ years ago and crown projection
area aged t years, respectively. Nitrogen accumula-
tion in the Ao layer and mineral soils was observed
along four lines drawn radiately from a tree base.
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= 10" X X’, of pine trees obtained by logging observation at an abandoned

quarry. A parameter, w, is dry weight (g) of each organ, being stem (w.), branches (w), needles (w.),
above-ground non-photosynthetic organs (w.), attached dead branches (w..) and roots (w,) of a tree, re-
spectively. The parameter of X is a dimension of D’H (cm’) for above-ground organs or total above-
ground weight (w,) for root. The parameter, D, is stem diameter at 30 cm (Dx) or 0 cm (D:) above the
ground for a shoot with the lowest branch under 30 cm height (Type A) or a shoot with the branch
over 30 cm height (Type B), respectively. The parameter, H, is tree height. The symbols n and r* refer
to sample number and coefficient of determination.

W; W Wn We Whd Wy

Type A: X=Di H

a 0.700 1.823 2.445 1.744 —1.981 —

b 0.616 0.384 0.197 0.459 1.100 —

r’ 0.949 0.904 0.707 0.933 0.968 —

n 8 8 8 8 8 B
Type B: X=D/H or w,

a —0.882 —0.593 0.337 —0.400 —2.922 —0.153

b 0.944 0.911 0.680 0.922 1.162 0.912

r 0.994 0.986 0.949 0.996 0.889 0.996

n 12 12 12 12 12 6
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Fig. 2 Horizontal distributions of nitrogen accumula-

tion in the Ao layer and mineral soils under the

crown projection area of a pine tree, Tree A.

Table 4. Accumulation of carbon and nitrogen in a tree ecosystem and a forest ecosystem. Values show propor-

tion (%) of each item to total amount. *: attached dead branches.

tion area for a tree ecosystem.

**: values based on crown projec-

Tree A Forest Plot
Carbon (%) Nitrogen (%) Carbon (%) Nitrogen (%)
Stem 17 3 37 5
Branches 34 21 10 4
Needles 19 35 3 5
Fruits 2 2 e —
Roots 18 13 3
Subtotal (biomass) 90 69 64 18
Dead branches* 1 0 — —
L litter 1 4 9 8
FH litter 4 13 10 25
Mineral soils 4 13 16 48
Total 100 100 100 100
Total amount** 2829gCm™* 267gNm* 7364gCm™* 116 gN m™*®
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Fig. 3 Seasonal changes of nitrogen accumulation of
leaf litter in the Ao layer.
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Fig. 4 Seasonal changes in needle proportions by age
on a 3rd year branch of two trees and a forest can-
opy tree. Proportion were assessed by the dry weight
of needles. The figures 1st, 2nd and 3rd in the dia-
gram refer to 1st year (new needles), 2nd year and
3rd year needles, respectively.
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Fig. 5 Seasonal changes of nitrogen concentration
(%) of living (non-shaded histograms) and falling
(shaded histograms) needles. Figures in diagrams
show age of needles.

Table 5. Annual litter-fall rates at two trees and a forest plot.

Tree B Tree C Forest
Carbon  Nitorgen ~ Carbon  Nitrogen  Carbon  Nitrogen
Needles (%) 84 68 85 75 71 69
Pine’s other parts (%) 8 10 7 6 12 7
Others (%) 8 22 8 18 17 25
Total (gm ™’y ") 143 1.45 126 1.70 233 4.70
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Table 6. Effects on new (Ist year) needles of removing 2nd year needles. Details of this treatment are shown in
text. The initial nitrogen content of 1st year needles in April was 1.03% of Tree D and 1.64% of Tree
E. The symbols 2 and & denote the significant differences at P<0.01 and P<0.05 levels, respectively.

Removed Dry weights per 2nd Nitrogen content (%) Nitrogen amount per Average length of
proportion year branch (g em™") 2nd year branch needles
(%) (mg Nem™?) (cm)
Tree D Tree E Tree D Tree E Tree D Tree E Tree D Tree E
100 1.06" 1.39 113 0.81 0.011° 0.010 3.15° 6.24°
0 2.07 1.19 1.31 0.73 0.027" 0.010 4.87 7.18
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Fig. 6 Time trends of cumulative nitrogen reab-
sorbed from needles before defoliation. Non-shaded
and shaded circles and triangles show Tree B, Tree C
and Forest Plot, respectively.
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Table 7 Annual rates of nitrogen and carbon metabolism of three trees and a forest plot. The WDN rate is the an-
nual rate of withdrawn nitrogen before defoliation. Values for Tree A are averages one over the last
four years estimated by simulation of the accumulation process.

Biomass Increment Death Input rate WDN Net rate  Contribution Contribution of
A rate B rate C B+C rate D E of leaf in E DinE
(gem™®) (gm7y ) (gm’y ") (gm?y!) (gm*y) (gm 7y (%) D/E (%)
Carbon
Tree A 2036 300 — — — — — -—
Tree B 898 213 156 370 S 370 43 —
Tree C 1927 477 158 635 E— 635 28 —_—
Forest 3535 175 242 417 — 417 42 E—
Nitorgen
Tree A 14.7 1.92 B — — B R B
Tree B 6.6 1.45 1.38 2.83 1.35 4.18 73 32
Tree C 15.5 3.49 1.71 5.20 1.47 6.66 68 22
Forest 15.8 0.69 4.25 4.94 0.86 5.80 74 15

Table 8 Net assimilation rate (NAR) and some indexes for nitrogen use efficiency of two isolated trees and a for-
est. The NU1 index shows nitrogen utility in terms of organic carbon productivity per unit amount
of nitrogen taken up by roots (Hirose, 1971). The NU2 index shows nitrogen utility per total nitrogen
including withdrawn nitrogen before defoliation. The En index shows nitrogen use efficiency in terms
of organic carbon growth rate per unit amount of nitrogen in leaf biomass (Williams, 1946; Hirose,

1984).
NAR NU1 NU2 En
(gCg'Cy") (gCg'Ny") (gCg'Ny!') (gCg ' Ny
Tree B 1.94 131 89 104
Tree C 1.95 122 95 73
Forest 1.85 84 72 79
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Fig. 7 Simulated time trends of nitrogen and carbon accumulation at each pool of a single-tree ecosystem.
Symbols St, Br, Ne, Fr, Bd, Ro, LI, Fl and So in a diagram were stem, branches, needles, fruits, attached dead
branches, roots, litter in L and FH layers, and soils, respectively.
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Summary

This paper aims to reveal the nitrogen management of a pine tree under poor nitrogen conditions in soils at an aban-
doned quarry in Osaka, Japan, by means of nitrogen dynamics through the demography of pine needles.

It was found that nitrogen of the tree ecosystem accumulated largely in the plant body, more particularly in the
neeldes. In a tree 13 years old, the needles accounted for half of the whole plant body, and accounted for one third of to-
tal nitrogen including total nitrogen in the soil under the tree crown. Needle litter was 2 major component of Ao litter, ac-
counting for 90% of total nitrogen in the Ao layer.

New needles started to grow in April and reached mature sizes in August. The 2nd year needles largely defoliated in
late autumn from November to December, though some of them remained until the next September as the 3rd year nee-
dles. The nitrogen content of needles was highest at the initial growth stage of new needles in spring, and gradually de-
creased with their active growth in size until July or August. Then the content started to increase and reached mature lev-
els by October or November, and kept nearly constant throughout the 2nd year. The nitrogen content of the 3rd year nee-
dles gradually decreased with time. Fallen needles showed lower nitrogen content than the stable value for the 2nd year
needles. When the differences of nitrogen contents between 2nd year needles and fallen needles could be caused by
reabsorption of nitrogen with senenscence of leaves, the redrawn nitrogen was estimated at 55% of content of 2nd year
needles. The proportion was fairly larger than the value estimated from forest trees, being 21%.

When we artificially removed all 2nd year needles of a branch at the early stage of new needles in April, the growth of
new needles on the branch was largely suppressed during the following growth season as was nitrogen content.
Nitrogen accumulation in the Ao layer under the tree crown showed a clear reduction during the period from July to
October without clear changes in other seasons.

Seasonal nitrogen management of a pine tree is discussed with consideration given to nitrogen dynamics through
translocation with growth and senescence of leaves, and the decomposition process in the Ao layer in particular.

The efficiency of nitrogen utility, primary productivity of a tree per total nitrogen taken up by roots and from senes-
cent leaves, was not largely different to that in a neighboring forest.

Simulation of nitrogen accumulation in a single-tree ecosystem showed efficient nitrogen management that pine needles
has successfully kept twice as much amount of nitrogen as total nitrogen in the soil under the tree crown throughout
the growth process. The present increment rate of nitrogen of a tree ecosystem could be estimated at 3.3 g N m 2y~ '.

We discuss its major source including dry deposition.

Key words: Pinus densiflora, primary succession, nitrogen metabolism, demography of pine, translocation of nutrient



