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Studies on the Soils of the Nansei Islands in the
Subtropical Region of Japan

7. Humus of the Soils of Amami Islands
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Kenji Sano and Takashi KoBAvAsHi

(Laboratory of Soil Science)
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Table 1. Several properties of soil samples
1] \ J - ! ik k,
I R B T ki wgal |
FHfS s s pH | ot ] Ao i Clay

J | - o 1{ "o 1 R0, ’ 7

i | ; i Wy 13 = 3k :

i | ‘ . Base Ca Yo 1 ® '
SampleDepth | N- Ek)l(an ea- SAtU- jsatu- CEC |
No. p I |Parent ]Land classi~H,0 | KCl ble g ratxomratuon % Si0, (AcOCa) }«A

i em J material | fication 1:2. 51 2.5(Ca--Mg)' d?«;e | Iee : RZOA;;‘ ‘CEC )

l | f ‘ me/lOngg g y | % (AcONH,)

! e i _ [ ’ | ; ‘
013-1 | 0~ 1o£d;ﬁ5"?if;ﬁ] #0510 7f 4.86 324 13.56.13 0.1339.5 164 | 648
-2 Juo ~ 20 nggel Grassland -~ 5.1 1 3.7/ 3.19  27.0 10.5 7.3l 0.1041. 2 |
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A 41O~ AR 5.2|3.6 3.28 27.4 9.43.33 0.3222.5! 1.28 | 35.1
-2 | 15‘ ' Forest 5.0 3.6 1.75 157 3.1 4.44 0.1934.3 |
o Shale - ) | R ) ! L N i
x i 1 - Ty
T 10-1 | 0~22 Emf2£f W e o | 43|42 3.8 208 7.06.087 0.17550.1 | 1.21 | 60.6
-2 |22~50 g 1 Grassland | 4.7 | 4.1 3.96 33.5 16.4/7.21 0.1260.1 ‘
] |__gravel ) I i i |
| - | - S
T34-1 | O~5  gibiys - WEREE B i 5.7 |45 7.33 551 23.3‘5.60‘0'1@39 ol 1.40 558
-2 5~50‘ Slate, Dlabase Forest ‘ 5.8 | 4.7 8.89 69 2l 27. 2\ 6.75 0.2942.1 ‘
o —— ‘ | T
. ~ R Y E S i H ; ; ! [
015-1 | 0 mlwﬂe st %¢6i&§ o7ﬂ mai 2.8 8.00 0.5158.5 L24i7mo
MR- B ST N 1 | | : o
A36-1 | 0~10 Slate, ” 4.7 3.8 260 249 10.9 6.41/ 0.1453.1 | 2.13 113.1
. Sandstone L \ i : 1 ! ! ! |
| | | - ! | — ] ,
A22-1 | 0~10 % 4 B 46| 3.4 3.95 19.5 8110.64 0.0752.3 1.41 | 73.6
-2 110~30, Slate 1 4.6 | 3.3 2.46 15.0 1.6 7.49 0.1453.8
..... ! ) : ] ! I- ——
012-1  0~20 7 ¥ ¢ | w W | 52|39 4.31 349 10.5 7.32 0.1156.7 . 1.48 '83 9
-2 20~75“ Granite | Grassland 5.13.8 237 17.2 97‘ 8.75/ 0.1190.2 i
o R PO ; | S I
Al&d;O~2QSammmn& EF}eﬁ " |s5.4] 4.2 850 3.7 8.5 403044383 1.58 |60.5
| Shale i orest | 0 o
T 21 | o~z0 gimm -t m ! w w |59 441055 68.4 244 296 0.2843.0 157 |75
-2 20~40| Slate, Shale (}rasslancl 5.6 | 4.0 11.35 8l.1 27.2 5.38 0.2137.7 i
”Ih! A I"?H M\' - ';ﬂ, R e T | 1 i I
T 8-1 | 0~30 Kunigami st L 15137 8.2¢ 262 6.2 512 014319 1.47 | 46.9
t  gravetl N \ o ‘ 1 | ]
| - | L B R S E—
A 1-1|0~20 , - 4.6 3.7 1.65 19.2 81635 020837 1.59 53.8
-2 20~40 4.6 3.7 072 8.9 3.0,7.97 0.1437.3
R . o IS T B T
| 23 3 R AR L= Y , i ' | i
K13-1 0~v20]§§y§i§1;’* B w |58 41 3.11 401 108 6.03 0.59545 1.54 83.9
B -2 120~35 limestone -GrasslAand 5.4 4.9‘ 3. 63; 37—7 7 7‘60'2 O 59)6?2}77 L )
5| I | , |
Y 3-1 | 0~25 - 7.3 6.4/ 20.34 98.5| 73.8 | il o |
"5 s —eni ” ‘Upland 25 g3 50 771 ea4 404 o.sefz.z 1.32 | 55.6
\ field i | R \ e
| ' \ : ‘ | |
-1 | o~13l " L !
016-1 | 0~13 Grassland 8.0|7.1122.76 99.6 8.7 7.5610.19F4.9 1.35 f14 6
- S ‘,, - - ‘,‘. — (PSR S —_ - - ! - - . - —
|
Y 12-1 0~25 , Kk m |7.8!65 17.04 981 738 334 021551 1.43 | 788
-2 125~55 " Paddy field 7.9 | 6.8 15.23 93.2 72.6 2.84 0.1958.8
r . - o ' o
K10-1  0~30 ” ‘ FM\ M s 9l 45 760 71.9 32.5 6.23 0.4562.2, 1.25 | 77.8
| | i orest : | ! | ‘ :

K 9-1  0~20 5 e 7.9|7.218.9 88.8 66.0 3.200.3730.4 | 1.30 | 39.5
-2 20~50 (}rassland,‘ 7.3 6.1 16.1 | 75.3 47.3‘4.9q 0.0533. 3 |
K25-1 | 0~5 I{*,la’fl BewEl oy ow lnale o% 14,39 95.7 41.7 2.36 0.26/37.9 | 1.30 |49.3

§ Bas | ! . :
,-W_W,L5 39,W“Sand8tone | Forest ‘ 6.5| 4.9 8.66 8.9 30.0 ?.16 026201 | v
K 1-1 | 0~20 ) e s1l7.8 1036 959 83.4 2820724 3.5 1.29 | 4.48
-2 [20~40 Chasﬂand 8.0 7. o‘ 11. 98\10? 9 853 0.85 0.32 9.6
’ H - JUJ l ‘ 1 ‘
K 4-1 !o~.2o Porest .5 2 3.6 l 5.5 40.1 11.2 4'77, 4850.1; 1.05 ;53.3
AL Amam1osh1ma T: Tokunoshlma, K: Klkal_]lma O: Oklerabuyma Y: Yoronjlma
Localities of sample soils were described in previous reports*¥
#2 Amounts of R.0; dissolved with Mg—reduction method
#3 §i0,/R,0; of dissolved fraction with Mg—reduction method
#4  CBEC of deferrated clays with Jackson’s method
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Table 2. Several properties of soil organic matter

] | | !

P ] : ! Pretreatment w1th 5% HCl
« Total | Total Total | ... | 14 2
o carbom nitro- \ Orgamc»l None Extracted’ Extracted Org matter w1th 0. 5 NaOH
b Imatter | rb N e
& T- | gen /N matter ‘Extracted Cath on Extracted‘ J ’ ! Crude
C / wil Carbon | : teoaed
T-N | ‘Carbon 0.5% HCllwith | | | humic acid
' % | o/ lwith s ek |
% o | 059 % on | 10\3260)0H 4dlogk| RF | PQ |
Sample! 7 | NaOH ‘ % on ’ dlogk | RF
- No. J B N Vimg/lg soil I o i I R
. . \ |
0131 3.75 028 '13.4] 647 | 27.84 16.8 73.7 | 0.842 47.¢l 52.9 0.724 91.7
“2| 326 026 125 5.2 | 126 | 50.9 | 0.849 48.4 43.1] 0.685 112.8
| | i
: ) ) ) i ' ' [ ‘ i
A 4-1] 305| 016 190 52 | 179 | 1.7 | 649 | 0819 50.4 44.6 0.681 102.5
-2| 1.56 | 0.09 |17.0 3.23 | 125 512 [0.843 343 33.00.639 116.2
T10-1] 290 021 136! 498 | 143 | 402 | sso 0.630 71,9 44.3 0.545 171.3
-2| 1.86 | 0.15 | 1.9, 3.10 ] . 157 | 583 | 0.612 88.6 24.3{ 0.525] 209, 4
N N . ! ! | — — — B
rse-1| 274 023 1.9 472 | 14.08 829 | 622 [o81g 254 g0 4‘ 0.679) 115.0
-2 L17 | 012 100 202 | | 4L9 | 595 0684 452 26 2| 0582 134.9
| ! i
B IS e - AR R N e
015—1! 2.68 | 0.26 ’10.3 1,62 338  38.9 | 0.657 52.4‘ 48.3 0.609 87.9
S S A RO S _ 1 A O
| | ! t J
A 36-1 ’ 267 1 0.24 .11.9 "' 4.60 10.13 © 323 | 65.2 | 0.705 12.4 46.3 0. 624; 108. 7
i |
I | ! ! I [ o
A22-1 251 | 0.27 ‘ 9.4 433 | 237 = 166 |  80.8 |0.738 57.6 48.5 O. 627\ 115. 1
2| 1.8 | 015 '125| 3.21 389 | 454 0838 37.4 229 0.606 130.8
| o L [ .
' i ' |
O12-1 | 231 | 0.21 |11.0| 3.98 6.72 | 421 35.9 1 0.769 40.5 37 1 | 0.658 101. 1
2 1.38 | 0.13 ‘ 10.6 | 3.38 | 49.9 326 | 0.867 25.1 8 0.553 163.8
I : | i
- T W“ o o [ ir T T i ST T [ V\W . [ o
‘ ; ! | !
Al15-1| 2.20 | 0.25 88, 3.83 | 0.4 23.2 1 77.0 | 0.721 51.6 48.0 0.651 90.4
i B o . ~ e L ‘ L
T 21| 1691 013 [13.4] 291 = 776 | 243 | 456 |0.840 71.7} 34.4) 0.564/ 96. 1
-2| 0.52  0.05 10.4| 0.90 | 4.1 | 306 | 0.89% 14.9 11.1) 0.561 97.7
e S S I — |
T 81| 141 008 168 242 J 5335 | 393 34 ’10.790} 224 21.9 0.587| 84.5
A-l 128 o011 f1ne!l 221 | sz 18.3 | 541 | 0.747 56.2 32,4 0.609 147.3
-2 0.31f 0.06 | 5.0 0.53 29.1 | 335 | 1.104 13.0 15.2 0.684 39.5
K13-1 273 0.25 1.8 | 471 ' 1524 ' 905  69.8 |0.845 20.0 24.5! 0.6401 99.3
2| 1.96 015 | 13.4| 3.38 | 1.3 398 | 0.817) 18.3 16.0, 0.623 110.5
Y31 221 019 [121 a8 | 103 140 71.9 | 0.580 214.9 74.2 0.553 281.7
-2 | 2031 0.16 |12.3| 3.50 | C12.8 79.1 | 0. 567| 266. 1| 8.2 0.537 313.7
Ol6-1| L71 | 018 | 9.5 295 912 | 27.7 58.2 0941} 23.1 34. 7‘ O778‘ 56. 4
| i
Yi2-1| 162 | 018 | 87! 279 | | 356 57.2 1 0.843 3.9, 60. 5 0.778] 48.6
2| L2 015 | 7.6 236 . 465 46.7 | 0.935 27.6 41.1 0.740 58.4
= e e B T el ,
K10-1 154 | 0.16 9.6 266 | 7.87 = 4l.4 56.1 | 0.794 30.3 29.3 0.615‘! 103. 9
K91 09 010 | o Le6 3.8 | 172 | 48.2 0.753 46.5 42.6 0.63¢ 121.6
-2 096 0.10 | 9.6 | 1.66 | 192 313 | 0.845 145 123 0.539 150.8
- o | . i
K25-1 | 278 © 0.31 | 89 480 . 791 | 180 658 0841 389 59.4 0.754 834
-2 0.9 012 | 7.3 155 . 120 | 525 0.663 52.0, 45.4 0.606 130. 1
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‘ig. 1. Relationship between the carbon

content, C/N of the soils and land
classification

---Forest soils O---Grassland soils

---Cultivated soils
-"%...Soils of high altitude (about 80~250 m

above sea level)
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Fig. 2. Relationship between the carbon
and clay (<2x) content of the soils.
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1: 2.5) of the soils
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Résumé

The studies presented here are to carry out further works in the field of humus of the
soils in Amami Islands, derived from various parent materials.

In the preceding reports® 7', the physical, chemical and mineralogical properties of Amami
soils were elucidated, and the following conceptions were obtained : the soils derived from Paleo-
zoic rocks, Igneous rocks and the Kunigami gravel beds have the characteristics of zonal soils,
the soils derived from the marl and sandstone of Shimajiri beds in Kikaijima (hereafter these
soils are designated as MS) are regarded to be intrazonal soils, and, for the soils derived from
Ryukyu limestone (hereafter these soils are designated as 1.S), some of LS whose base saturation
degree is low, have zonalic character, while the major parts of LS whose base saturation degree
is very high and in which free calcium curbonate often exist, are rather considered as intra-
zonal soil.

Accordingly, the concept thai the character of humus accumulation of the most soils in
Amami Islands are zonalic, was preestimated by the authors.

So, total nitrgen content of the top-soils was calculated on the base of Jenny’s equation ac-
cording to the humus accumulation, and this content was computed as 0.166-0.201 %. By the
actual measurent, nitrogen content of the top-soil was 0.169 % on the average of 100 zonalic soil
samples. This value was nearly equal to the above-mentioned calculated nitrogen per cent. Conse-
quently, it is believed that humus accumulation of the greater parts of Amami soils was con-
sidered the function of climate ; namely, temperature, precipitation and humidity, first of all.

Afterthat, several properties of humus and the refationships between the abundance, the
nature of humus and the various factors which may have important effect upon the humus were
investigated.

The results obtained and the discussion may be emumalated as follows :

1) Humus content of most of the top-soils are generally less than 34, and carbon-nitrogen
ratio of' the top-soils are within the range from 9 to 15 and the value of PQ is low.. .percentage
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of humic acid on extracted organic matter (in this report, the extracted organic matters are
denoted as org. matter dissoloved with 0.5%0 NaOH after decalcification by 5% HCI treatment)
...and the humification degree of humic acid is low, too.

2) Generally speaking, in conformity with the augmentation of humus, carbon-nitrogen
ratio becomes narrower, PQ and humification degree of humic acids get higher.

3) Humus contnt of Amami soils seems to be considerrably influenced by the land con-
dition and the altitude of sampling localities. For the soils of forest and grassland, humus
content is more abundant than in that of caltivated land, and relatively large amounts of humus
are often found more in the soils of high altitude than in that of low altitude. The primary
influence of those two factors upon humus may be ascribed to ithe changes of the soil climate
by both factors.

4) Differences in the abundance and nature of humus of Amami soils and of the other
reddish-yellow zonalic soils are believed to be largely responsible for the difference in the
present-day climatic soil conditions. Hereafter, it should be investigated from the stand-point
of the amounts and properties of the inorganic matter.

5) For the medium textured soils------ clay (< 2x¢) content ranges approximately from about
35% to 55%...... , relatively large amounts of humus are accumulated and humification degree of
those humus is high.

For MS in Kikaijima, the considerable amounts of montmorillonite groups (montmorillonite
and beidellite) were contained in those clay fractions®, but humus content is relatively smali
and humification degree of them is difinitly low. Thus the nature of humus of MS is widely
differed from that of humus of common tropical rendzina...... black soils in tropical region,
““Jagaru” in Okinawa, margalitic soils and Grumsol etc. belong to this soil type, montmorillo-
nite is the main clay mineral of those soils and humification degree of those humic acid is very
high, consequently, the color of those soils is btack. ...... It should be kept in mind that MS in
Kikaijima is similar in clay mineral composition but is dissimilar in humification degree of humic
acid to tropical rendzina. These discrepancies were left unexplained in this paper.

Vermiculite was always main clay mineral composition of most of the sample soils»®?”, and
large amounts of vermiculite may be effective for the accumulation of medium humificated humus
(C/N: 12, PQ: 45), but it is not clear-cut relationships between the increase of vermiculite and
the accumulation of high humificated humus.

6) In general, in acidic or weakly acidic soils, as soil acidity develops, magnitude of
exchangeable (Ca-+Mg) content decreases and active R,O; becomes enriched, correspondingly,
humus content increases, carbon-nitrogen ratio becomes wide, value of PQ gets higher and
humification of humic acid goes on.

While, for the soils, those base saturation degree is nearly 100 per cent, value of PQ and
humification degree of humic acids are revealed in two ways, namely high and low. Moreover,
the soils whose humus content are exceedingly large are often found in LS.

In Yoronjima, exceedingly highly humificated humus is sometimes present in LS whose base
saturation degree is nearly 100 95. Those soils are called *“Maduru’ and black in color according
to humus; nevertheless, montmorillonite minerals were scanty in those soils. ‘* Maduru ”’
are narrowly distributed among Yoronjima and generally, those soils are formed in the sunken
place, therefore, ‘** Maduru’ are always supplied with plentiful bases especially Ca from the
running water of the surrounding limestone or LS. ‘*Maduru’” are differed widely from the
previously discussed tropical rendzina, from the view-point of existence of monimorillonite, but
their humification degrees are quite alike. Accordingly, ‘“ Maduru’ may rightly be regarded
as black (or humus) calcareous soil in the tropical or subtropical region by authors. The augmen-
tation of highly humificated humus may presumably be attributed to the base-rich environment.

7) Judging from the ultra violet and visible absorption spectra of humic acids, most of the
humic acids belong to Kumada’s B-type and a few to Kumada’s A-type humic acid. Kumada’s
P-type humic acids are found in most of acidic or weakly acidic soils, especially in sub-soils,
and are scarce in neutral or weakly alkaline soils with a few exceptions.

8) For the sub-soils, the amounts of humus are smaller, carbon-nitrogen ratio is narrower,
the value of PQ and humification degree of extracted organic matter with 0.5% NaOH after
decalcification is lower than that of the top-soils; on the other hand, humification degree of
humic acid is clearly higher than that of the major part of the sample top-soils.



