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Abstract

The accumulations of organic matter and nutrients in forest
floor under natural evergreen broadleaved forests were studied at
22 sites in experimental field, University of the Ryukyus at Yona,
Okinawa. The organic matter and total carbon accumulation in for-
est floor amounted 120 Mg(D.W.)-ha ' and 6.1 Mg-ha', respec-
tively. The inventory of the other nutrient elements were, N
84.1~2585kg-ha™', P 1.7~104 kg-ha™', K 9.0~37.0 kg-ha™', Ca
60.0~230.3kg-ha™!, Mg 150~29.7kg-ha”', Na 19~159 kg-ha™',
S 87~20.1 kg-ha™', Al 17.8~1325kg-ha™', Fe 53~77.0 kg-ha™',
and Mn 20~169Kkg--ha™', respectively. The amounts of other
microelements such as Cu, Zn, Mo, Co and B accumulating in forest
floor were very rather low. The nutrient accumulation in forest floor
was, generally, significantly related to the forest floor mass, par-
ticularly for C, Mg, S and Ca (P < 0.001, t-test), and for N (P <
0.01), and for P, K, Zn, Na and Al (P < 0.05). Within 15 nutrient
elements, Al and Fe were primarily accumulated in the F.H. layer, N,
Mg and Mn were, however, mainly accumulated in the foliage litter.
The patterns of organic matter and nutrient accumulations in the

forest floor evidently differed with soil types.
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Introduction

Sustainable forest management mainly depends on the maintenance and, ideally, improve-
ment of the capacity of forest soil to supply nutrients to growing trees. Soil fertility is, how-
ever, coupled to soil organic matter and to forest floor (Gholz and Fisher, 1982 : Meyer et
al, 1994). The forest floor is undoubtedly the most distinctive feature of a forest soil
(Pritchett and Fisher, 1987). And the forest floor does not only physically insulate surfaces
from extremes in temperature and moisture, offer mechanic protection from raindrop impact
and erosional forces, and improve water infiltration rate (wooldridge, 1970), but also pro-
vides a source of food and habitat for many microflora and fauna which activity is essential
to the maintenance of nutrient cycles, particularly those of nitrogen, phosphorus, and sulfur
(Pritchett and Fisher, 1987). Therefore, it is very important to study the property of forest
floor. This study presents the nutrient accumulation pattern of forest floor under evergreen

broadleaved forests in Okinawa Island.
Material and Methods
The study was carried out in the university forest, Faculty of Agriculture, University

of the Ryukyus at Yona, located in the northern part of Okinawa Island, Japan (Fig. 1).
The study site and the stand structures of 22 sampling stands, in which there were 6 stands

growing on dry yellow soil and the other 16 stands growing on weakly dried yellow soil,
were descripted by Xu et al. (1997).

Fig. 1 Location of the sampling plots and position of litter collection

The forest floor mass was estimated by means of 5 quadrates of 1 X1 m regularly distrib-
uted within each plot (Xu et al, 1997). All materials such as foliage, branch and wood litter
and F.H. layer in each quadrate were collected, respectively, and their fresh weights were
measured in the field. Samples of various components within each plot were returned to

laboratory, oven-dried at 70°C for one week, weighed and then, milled for chemical analysis,
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respectively. Contents of total organic carbon and nitrogen were determined by dry combus-
tion with a C-N Corder (Yanaco, MT-500). The subsamples were digested with HNO;-HCIO,
reagent, and the digests were used for analyzing the contents of Ca, Mg, K, Na, P, S, Al, Fe,
Mn, Cu, Zn, Mo, B and Co by Inductively Coupled Plasma Spectrometer (Shimadzu, ICPS-
2000).

Results

1. Nutrient concentrations

The mean nutrient concentrations in various components in forest floor under the natural
evergreen broadleaved forests are showed in Table 1. Within the components, contents of
total organic carbon were high in foliage, branch and wood litter, and was relatively low in
F.H. layer. The concentrations of various nutrient elements were higher in foliage litter and
F.H. layer, and relatively lower in branch and wood litter except for Ca. Also, foliage litter
had high concentrations for Ca, Mg, Na and Mn, but had low concentrations for P, K, Al and

Fe in comparison with F.H. layer.

Table 1 The mean nutrient concentrations of various components in forest floor under
evergreen broadleaved forests (C, N, P, K, Ca, Mg : %; Na, S, Al, Mn, Fe:
mg + g~ '; Cu, Zn, Mo, Co, B : mg-kg™")

Soil type Component C N C/N P K Ca Mg Na S Al Mn Fe Cu Zn Mo Co B

Ys Leaf litter 545 125 43.3 0.030 0.172 0.978 0.249 0616 1225 2963 0642 0.851 106 24.2 144 09 243
Branch litter  58.0 0.74 78.6 0.017 0.088 1.124 0.145 0412 0.78¢ 0.760 0.209 0330 11.7 21.0 51 07 174
Wood litter 55.1 0.50 114.3 0.011 0.070 0.709 0.125 0.582 0.615 0938 0.122 0336 52 101 23 05 282
F.H. layer 412 163 262 0038 0221 0.53! 0.148 0.346 1.419 13.101 0441 6195 54 214 77 26 56
Mean 516 1.13 57.4 0.026 0.152 0.841 0.180 0.494 1.089 4.977 0413 2.134 85 204 87 13 183

Yc Leaf litter 535 1.34 42.0 0.052 0218 1.058 0.253 0.789 1.294 3.072 0.753 0.997 19.7 199 162 8.2 219
Branch litter  51.0 0.74 72.7 0.045 0.127 1.152 0.160 0.643 0960 0.730 0.304 0.266 23.0 209 16.2 82 149
Wood litter 45.0 042 101.7 0.025 0.082 0958 0.101 0.524 0.646 1.078 0.191 0454 11.3 139 126 65 148
F.H. layer 428 136 323 0061 0.273 0.755 0.195 0.721 1.472 13.759 0.604 6.787 20.8 25.7 244 9.5 195
Mean 48.7 1.00 60.6 0.046 0.178 0.990 0.185 0.681 1.107 4.376 0.493 1945 186 199 17.1 8.1 18.2
*: weighted arithmetic mean

Soil types have some impacts on the nutrient concentrations of forest floor materials. On
dry yellow soil (granular and nutty structure type, Ys), the mean concentrations of N, Al, Fe
and Zn were higher, thereas the other nutrient elements were lower than those on weakly
dried yellow soil (Yc).

2. Nutrient accumulation

The mean accumulation of respective elements in forest floor are showed in Table 2. The
organic carbon accumulation amounted, averagely, 6.1 Mg - ha™'ranging from 4.2 {o 8.8 Mg -
ha™!, and those of the other nutrient elements were, 1255 kg - ha™' from 84.1 to 258.5 kg -
ha~! for N, 49 kg - ha™! from 1.7 to 104 kg - ha™' for P, 208 kg - ha™' from 9.0 to 37.0
kg - ha™' for K, 116.0 kg - ha™' from 60.0 to 230.3 kg - ha™' for Ca, 22,5 kg - ha™' from
150 to 29.7 kg - ha™! for Mg, 7.7 kg - ha™' from 1.9 to 159 kg - ha™' for Na, 134 kg-ha™'
from 8.7 to 20.1 kg ha ' for S, 535 kg - ha™' from 178 to 1325 kg - ha ' for Al, 5.7 kg -
ha™! from 2.0 to 169 kg - ha™! for Mn, and 23.3 kg - ha™' from 5.3 to 77.0 kg - ha 'for Fe.
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The amounts of the other microelements accumulating in forest floor under evergreen
broadleaved forests, were very low, 2473 g - ha™! for Zn, 227.7 g - ha™' for B, 1886 g - ha™'
for Cu, 1782 g - ha™' for Mo, and 74.1 g - ha™! for Co.

Table 2 The mean accumulations of nutrients in forest floor under evergreen broadleaved foerests

Soil type Component Organic matter C N P K Ca Mg Na S Al Mn Fe Cu Zn Mo Co B

Yc Leaf litter 3.8 21 513 20 84 406 97 30 50 118 29 38 757 763 620 315 841
Branch litter 2.4 12 178 11 30 276 38 15 23 18 07 06 552 502 388 198 357
Wood litter 2.7 13 118 09 28 283 32 17 19 31 05 13 377 438 420 225 469
F.H. layer 2.3 10 308 14 62 171 44 16 33 311 14 153 469 582 550 216 44.1
Total 11.2 56 111.7 53 204 1136 21.1 79 125 477 55 21.1 2155 2285 1979 953 210.8

Ys Leaf litter 5.6 31 704 17 97 551 141 35 69 167 36 48 599 1362 81.0 4.9 1369
Branch litter 3.3 19 240 05 28 358 48 16 24 27 07 12 272 660 129 21 670
Wood litter 1.7 0.9 85 02 1.2 122 22 10 11 16 02 06 9.0 174 40 09 486
F.H. layer 3.6 15 593 14 81 193 54 1.3 52 477 16 226 208 779 280 9.6 204
Total 14.2 74 1623 38 218 1225 264 7.3 156 687 6.1 29.2 1169 2975 1259 175 2729

@ organic matter & C: Mg~ ha™'; @ Cu, Zn, Mo. Co & B: g - ha™'; @ the others: kg - ha™'

Nutrient accumulation in forest floor under subtropical evergreen broadleaved forest by
weight was in order N > Ca > Al > Fe > Mg > K >S >Na >Mn >P >> Zn >
B > Cu > Mo > Co on Y, and was in order Ca > N > Al > Mg > Fe > K > S > Na
>Mn > P >>7Zn > Cu > B > Mo > Co on Yc. Al and Fe were primarily accumulated
in F.H. layer, and contributed 66.0 % and 73.8 % of the total amount respectively, the other
nutrient elements, particularly for N, Mg and Mn were, however, mainly accumulated in foli-

age litter and contributed 45.0, 48.2 and 54.3 % of the total amount, respectively.

Discussion

Forest floor under subtropical evergreen broadleaved forests was poorly developed (Xu et
al., 1997) and forest floor mass was closely related to soil types. The mean total carbon ac-
cumulation in forest floor on dry yellow soil (Ys) amounted 7.4 Mg - ha™!, 32.1% greater
than that on weakly dried yellow soil (Y¢), on which amounted 5.6 Mg - ha™!. Within 15 nu-
trient elements measured, the accumulations of N, Mg, Al, S and Zn in forest floor on Ys
were significantly higher than those on Y. (P < 0.05 t-test), and those of P, K, Ca, Na, Fe,
Mn, B, Cu and Mo had not great differences between Ys and Y¢. The accumulation of Co in
forest floor on Yy was, however, apparently lower than that on Y. (P <0.05; Fig. 2).

The pattern of nutrient accumulation in forest floor on Ys has some differences from
Yc. The total accumulation of nutrients on Yy was, averagely, 464.5 kg - ha™!, in which foli-
age, branches, wood litter and F.H. layer contributed 40.2 %, 16.6 %, 6.2 % and 37.0 %, re-
spectively. On Y, the total amount was 367.7 kg - ha™!, and foliage, branches, wood litter
and F.H. layer contributed 37.7 %, 16.5 %, 15.1 % and 30.7 %, respectively. These two nutri-
ent accumulation patterns in forest floor under subtropical evergreen broadleaved forests are
very different from those under tropical rain forests and temperate birch stands. In the tropi-
cal rain forests at Pasoh, Malaysia, the nutrient accumulation in wood litter covered 824 %
of the total in forest floor materials (average value from 7 plots, Yoda and Kira, 1982), and
in the temperate birch stands in Russia, the nutrients in forest floor material was mainly
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Table 3 Summary of the regression results of the relationship between nutrient accu-
mulation and forest floor mass

Nutrien Ys (n=6) Yc (n=16) Total (n=22)

elements r t r ¢ r t
C 0.91* 4.39 0.94*** 10.31 0.94*** 12.30
N 0.66 1.76 0.47 1.99 0.63** 3.60
P 0.40 0.87 0.82** 5.36 0.53* 2.83
K 0.05 0.10 0.64** 3.12 0.51* 2.64
Ca 0.29 0.61 0.86*** 6.31 0.71*** 4.45
Mg -0.03 0.06 0.96*** 12.83 0.85*** 7.15
Na 0.07 0.14 0.70** 3.67 0.45° 2.26
S 0.50 1.15 0.89*** 7.30 0.85*** 7.12
Al 0.49 1.12 0.31 1.22 0.43* 2.16
Fe 0.45 1.01 0.16 0.61 0.30 1.43
Mn 0.00 0.00 0.56* 2.53 0.38 1.83
Zn -0.31 0.65 0.73** 4.00 0.51° 2.66

%, %k %, %k %% significant at the P < 0.05, 0.01, and 0.001 levels of probability
by t-test, respectively.

accumulated in the F.H. layer which covered 944 % of the total nutrient accumulation
(Remezov and Pogrebnyak, 1969).

Specifically, nutrient accumnulation in F.H. layer on Yz amounted 1719 kg - ha™', 524 %
higher than that on Y.. And the organic matter and carbon accumulation in F.H. layer on
Ys were 36 Mg - ha™! and 1.5 Mg - ha™!, respectively, higher than those on Y. (2.3 Mg -
ha"' and 1.0 Mg - ha'). This demomstrated that F.H. layer was developed better on Yz than
on Y.

Despite the great differences in nutrient concentrations among the various components, the
accumulations of most nutrient elements in forest floor are primarily dependent on the forest
floor mass. And it is confirmed that the relationships between forest floor mass and nutrient
amounts are statistically significant by t-test (Table 3 and Fig. 3). Generally, the accumula-
tions of organic carbon, N, Ca, Mg, S, P, K, Na, Al and Zn were significantly related to the
forest floor mass (Fig. 3). However, on Ys, the organic carbon accumulation is the only one
which is significantly related to the forest floor mass. And on Y., the accumulations of or-
ganic carbon, Ca, Mg, S, P, K, Na, Zn, and Mn were significantly related to the forest floor
mass, respectively (Table 3).

Forest floor characteristics under evergreen broadleaved forests in this study compares
with the other stands (Table 4). The mean forest floor mass (12.0 Mg - ha™!) and Mg accu-
mulation (22.5 kg - ha™!) were the lowest. However, N accumulation was 1255 kg - ha™!,
higher than evergreen broadleaved forest at Kumamoto (113.5 kgg - ha!; Kawahara, 1971)
and lower than the other stands (Katagiri and Tsutsumi, 1978; Remezov and Pogrebnyak,
1969; Yoda and Kira, 1982). P and Ca accumulations were 49 kg - ha™' and 116.0 kg - ha™ ',
respectively, higher than tropical rain forest (4.5 kg - ha™' and 71.1 kg - ha”') at Pasoh,
Malaysia (Yoda and Kira, 1982), lower than the other stands. K accumulation was 20.8 kg -
ha™!, lower than the deciduous broadleaved stand at Kyoto (36.8 kg - ha !, Katagiri and
Tsutsumi, 1978) and higher than the other stands. Therefore, the nutrient accumulation in

forest floor under subtropical evergreen broadleaved forests was, generally, neither rich nor
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poor. However, the accumulation of P on Yz was rather low. This maybe become one of the

factors limiting tree growth.

Table 4 The weights and properties of forest floor layer under some forest types

Forest type Forest floor mass Organic carbon Nutrient elements (kg - ha™')
(Mg -ha™') (Mg - ha™") N P K Ca Mg
Evergreen broadleaved forest, Okinawa Yz 14.2 7.4 162.3 3.8 21.8 1225 264
Yo 112 5.6 111.7 5.3 20.4 1136  21.1
Mean 12.0 6.1 125.5 49 20.8 116.0 225
Birch stand-old growth, Russia"’ 18.1 - 245.0 23.6 19.8 2244 525
Deciduous broadleaved forest, Kyoto?’ 15.5 7.6 260.0 12.0 36.8 161.2 25.7
Evergreen broadleaved forest, Kumamoto® 12,6 - 113.5 5.3 10.5 1728 258
Tropical rain forest at Pasoh, Malaysia*’ 49.4 24.5 237.3 4.5 4.9 71.1 23.9

1. Remezov & Pogrebnyak, 1969; 2. Katagiri & Tsutsumi, 1978; 3. Kawahara, 1971; 4. Yoda & Kira, 1982,
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