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Investigation on the Productivity of Japanese Fir (dbies firma
Sieb. et Zucc.) and Hemlock (T'suga sieboldii Carr.) Stands in
Kyoto University Forest in Wakayama

(VD) Litter-fall and its Fluctuations in the Mixed
Fir and Hemlock Stand over Thirteen years
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Table 1. Biomass of fir-hemlock mixed stand in Wakayama University Forest

Biomass Aug., 1968  Mar., 1973 Jun., 1977 Mar., 1979  Mar., 1980
Stand density (ha~ty 1366 1268 1219 1156 1156
Basal area (m2ha™") 48,76 55.20 58.98 60.61 61.73
Stem weight (t{dw)ha~1) 198,04 233.96 255,88 266.51 272.94
Branch weight(t(dw)ha™t) 43.37 50.68 55.04 57.14 58.40
Leat weight (t(dw)ha™!) 17.78 20.33 21.84 22.53 22,97
Cone weight (t(dw)ha™?) — — 0.94* — —

dw: oven-dry weight
* PURUNO et al.®
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Fig. 3. Seasonal [uetuations in the fall rates of leaf litter in fir-hemlock mixed stand



Table 2. Annual litter fall in a fir-bemloeck mixed stand
' (kg(@w)ha 'y, (%))

Component, 1968* 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 Mean

Fir and hemlock
Leaf 3,481.1 2,665.5 2,789.5 3,305.8 4,344.5 2,813.4 2,884.2 2,256.8 2,741.8 3,242.3 2,288.2 2,883.3 3,246.2 2,995.6
(70.38) (53.71) (63.26) (71.83) (59.85) (78.86) (74.78) (64.90) (57.46) (64.53) (58.87) (57.77) (73.86) (64.73)

Branch and bark 1,073.7 1,607.1 1,152.0  910.2 2,408.1  366.1  539.5  718.5 1,014.4 1,182.3  914.9 1,420.3  715.9 1,078.7
(21.71)  (32.38) (26.13) (19.78) (33.17) (10.26) (13.99) (20.66) (21.26) (23.53) (23.54) (28.46) (16.29) (23.31)

Cone and seed 109.2  348.2 124.6 25.6  112.3 18.0 78.4  101.0 543.5  221.8  226.8  169.9 21.1  161.6
221> (7.02) (2.83) (0.56) (1.88) (0.50) (2.03) (2.90) (11.37) (4.41) (5.83) (3.40) (0.48) (3.49)
Parasitic plant 70.6 82.0  132.4  114.7 13%4.4 187.6  173.0  215.9  204.7 196.3  187.4  228.3  223.5  165.4
(1.43) (.65 (3.000 (2.49 (1.85 (5.26) (4.49) (6.21) (4.29) (3.9) (4.82) (4.5 (5.08) (3.57)

Inseet
Body 0.6 0.5 0.5 0.8 0.7 0.7 0.9 0.9 1.3 0.7 1.1 0.8 0.3 0.75
0.01)  (0.01) (0.0 (0.02) (0.01) (0.02) (0.02) (0.03 (0.03) (0.01) (0.0 (0.02) (0.01) (0.02)
Feces 82.9  107.3 72.4 70.0 81.4 65.1 70.3 74.5 79.2 71.4 88.2 93.6 61.3 78.3
(1.68) (2.16) (1.64) (1.52) (1.120 (1.8 (1.82) (2.14) (1.66) (1.42) (2.20) (1.88) (1.39) (1.69)

QOthers
Broad leaf 32.8 29.8 24.1 36.0 37.9 26.8 9.7 13.9 13.7 12.4 16.5 25.9 20.9 23.1
(0.66) (0.60) (0.55) (0.78) (0.52) (0.75) (0.25) (0.40) (0.29) (0.25) {(0.42) (0.52) (0.48) (0.50)
Others 95.5  122.5  114.0  139.0  139.7 89.8  100.8 95.7  183.1 97.6  164.0  169.1  106.1  124.4
(1.93) (2.47) (2.59) (3.02) (1.92) (2.52) (2.61) (2.75) (3.84) (1.949) (4.22) (3.39) (2.41) (2.69)
Total 4,946.4 4,962.9 4,409.5 4,602.1 7,259.0 3,567.5 3,856.8 3,477.2 4,781.7 5,024.8 3,887.1 4,991.2 4,395.3 4,627.8

(100) (100 (100) (100 100 (100) (100 (100) 100y 100 (100) (100 (100) (100)

* Ineluding amount estimated for the period from January to May

4



41

kg (dw)ha 'day ™'
42 Branch + Bark
27

20
15

Fall rate
=

I
| -
] HE I ‘A iiﬂﬂi hﬂ | Egﬂihé]ﬂ- fﬁuqh

JAOD(#AJAODHAJA JOFAJAGUFAJAOOFAGUAODIFAJACDFAUAO f‘X'JAoorAJAourAJAoo;a,snm II\JAO\/
1968 1869 1970 1871 1872 1973 1974 1975 1976 1977 1978 1979 1980

w
T

ﬁJ
L

Fig. 4. Seasonal fluctuations in the fall rates of branch litter (ineluding bark) in fir-hemlock
mixed stand
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Table 3. Comparison between small and large sized traps for catehing branch litter (including bark)

(t(dw)ha™'y™, (%))

Trap size 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 Mean
1.0md (1.0mx 1.0m) 0.910 2.408 0.366 0.540 0.719 1.014 1.182 0.915 1.420 0.716 1.019
(62.6) (90.3) (73.6) (60.5) (56.6) (94.2) (110.7) (55.7) (93.8) (111.0) 80.0)
4.0m (2.0m X 2.0m) 1.453 2.668 0.497 0.892 1.271 1.077 1.068 1.643 1.514 0.645 1.273
(100) (100) (100) (100 (100) (100) (100) (100) (100 (100) (100)
Table 4. Comparison between leaf litter fall and the grazing loss of leaves by herbivorous inseets
in Ables Firma and Tsuga sieboldit forests measured in Japan
Forest stands Localities Leaf litter (4LF) Feeding (4G) Grazing (4G")* 4G’ /4Lp Authers
(Prefectures) (kg (dw)ha=y~1) (kg (dw)ha=ty~1) (kg(dw)ha™'y~1) (%)
Tsuge sieboldii forest Kochi 2,319 100.8 110.9 4.8 ANDO et al.®
Abies firma forest Kochi 2,719 107.2 117.9 4.3 ANDO et al.®
Mixed forest of Abies firmo Miyagi 4,306~5,078 121.6~191.0 133.8~210.1 2.6~4.9 HIRABUKI®
and broad leaved species (4,633) (158.9) (174.8) 3.8
Mixed forest of Abies firma Wakayama 2,288~4,345 98.1~171.7 107.9~188.8 3.3~7.1 This investigation
and Tsugae sieboldii (2,996) (125.2) (137.8) 4.8

* Grazing (4G")are equal to the defoliated leaves i.e. feeding and cut down leaves by herbivorous insects.
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Fig. 6. Seasonal fluctuations in the fall rates of parasitic plant in fir-hemlock mixed stand

151 gldw)ha 'day™
Insect hody
o 10
e
. I e Dot 0
hﬂ?ﬂhmﬂ}dﬂmﬂlﬁ L,m m% Lu :rj giﬂﬂf in” Ui udﬂﬂ
198 1969 1970 o7 1972 tors o rem o iems e 1977 s e ieso”

Fig. 7. Seasonal fluctuations in the fall rates of inseet bodies in fir-hemlock mixed stand
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Fig. 8. Seasonal fluctuations in the fall rates of feces egested by herbivorous inseets in
fir-hemlock mixed stand
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Fig. 9. Seasonal fluetuations in the fall rates of broad leaves and others in fir-hemlock
mixed stand
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Table 5. Nutrients returned to the soil by litter fall
in fir-hemloek mixed stand
(kg hamty™h)

Component N P K Ca Mg
Fir and hemlock

Leaf 20.62 3.95 7.37 24,92 2.64

Braneh and bark 5,83 1.22 0.83 6.99 0.33

Cone and seed 0.82 0.24 0.47 0.26 0.13
Parasitic plant 2.47 0.30 1.67 1.46 0.22
Insect

Body 0.073 0.003 0.003 0.012 0.001

Feces 0.67 0.12 0.13 0.61 0.07
Others

Broad leaf 0.32 0.03 0.13 0.48 0.08

Others 2.09 0.20 0.55 0.52 0.18
Total 32.89 6.06 10.65 35.25 3.62
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Résumé

Litter-fall investigations were carried out in a mixed natural stand of Japanese fir

(Abies firma Sieb. et Zuce.) and hemloek (Tsuge siebolddi Carr.) in Kyoto University Forest
(Lat. 80° 04/, Log. 185° 80’E, Alt. 500~1,200m) in Wakayama Prefecture.
Twenty traps of one square meter (ImX1m) from June, 1968 to December, 1973 and

eight traps from January, 1974 to December, 1980 were set up one meter above the ground

in investigated stand. Additionally, fifteen traps of four square meter (2mx2m) for

braneh litter were set up on the ground in the same stand in August, 1970 (Fig.2).

The litter-falls were collected monthly and divided into the following components by

hand sorting:
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Leaves of fir and hemlock,

Branches ineluding bark of fir and hemlock,

Cones inecluding seeds of fir and hemloek,

Parasitic plant (Texillus kaempfert) on fir and hemlock,
Insect bodies,

Inscet feces,

Broad leaves,

and Others

Each component was weighed in oven-dry weight and was analyzed for nutrient contents.

Annual leaf-fall amounted to 2.26~4.84t/ha+y, 8.00t/ha+y on average.

Natural defoliation of fir-hemlock leaves was observed from October to November, leaf-
fall during two months accounted for 64~80% to its annual fall each year (Fig.3) .

The branch-fall seemed o be caused by the strong wind, therefore, the seasonal pattern
of the branch-fall was characterized by the remarkable peak of fall amout in the month
visited typhoon (Fig.4). The branch-fall was estimated at 1.02t/ha.y on average using
one square meter trap and estimated at 1.27t/ha-y using four square meter trap. The
former was equal to 80% of the latter (Table 8).

The annual fall of cone (including seed) varied from 18.0kg/ha-y to 543.5kg/ha.y and
showed high variability (Fig.5). Early in the investigation, the annual fall of parasitic
plant was less than 100kg/ha-y and its amount showed a yearly increase and was over
200kg/ha-y.

There were remarkable amounts of residue of Coleoptera, Cicadas and Orthoptera among
insect bodies and of feces originating from herbivorous inseets. The annual falls of insect
bodies were estimated at 0.3~1.3 kg/ha-y and the feces were estimated at 61.3~107.8
kg/ha-y.

The annual total litter-falls were estimated at 8.48~7.26t/hary and 4.63t/ha-y on
average. The annual losses of fir-hemlock foliage by insect grazing were estimated at 108
~189kg/ha«y amounting to 3.8~7.1% of the annual leaf-fall.

The nutrients returned to the Ao layer by litter fall were 32.9kg of N, 6.1kg of P,
10.7kg of K, 85.3keg of Ca and 3.6kg of Mg per hectare per year on average (Table 5).





