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Research paper

Pedogenesis and Classification of Soils in the Kenting

Uplifted Coral Reef Nature Reserve, Southern Taiwan
Zeng-Yei Hseu,"”  Hsiang-Hua Wang,”  Shu-Hui Wu,”  Ing-Shou Chang”

[ Summary ]

The Kenting Uplifted Coral Reef Nature Reserve (KUCRNR) is the only forest ecosystem
of uplifted coral reef area which is well protected in Taiwan. No study has been conducted on
soil genesis of the KUCRNR. Based on the landscape position, 5 representative soil pedons were
selected in this study in order to explore the soil properties and pedogenesis. The CR-1 pedon was
located at the margin between the parent rock of coral reef and sand-shale; the CR-2 and CR-5
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pedons were at the top of the coral reef; and the CR-3 and CR-4 pedons were at the bottom of the
coral reef. From the results, soil depths at the bottom of the coral reef were much thicker than those
at the top. However, the pH values and organic carbon and carbonate contents of soils at the top
of the coral reef were higher than those at the bottom. High clay contents were found in all soils
because of strong illuviation of clay. Furthermore, translocation of clay and free Fe within the soil
was significant. However, illuviation of clay was identified by differently oriented clay coatings
in the argillic horizons by micromorphology. Calcium carbonate is being dissolved from the coral
reef, but it has not reprecipitated in the soil. Based on the Soil Taxonomy, Subgroups of the 5
pedons are Lithic Hapludalf for CR-1, Typic Eutrochrepts for CR-2 and CR-5 and Typic Paleudalfs

for CR-3 and CR-4.

Key words: uplifted coral reef, soil genesis, clay, free iron, soil classification.
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Fig. 1. Location of the study site in the Kenting area.
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Table 1. Morphological characteristics of the 5 soil pedons in the study area

3

Horizon Depth Munsell Texture" Structure” Cla'y ) Boundary? RI”

(cm) Color coating
CR-1 Pedon
Ae 0-12 10YR 2/1 SCL  2vf&fgr, 2f&msbk 9 cs 0
Btl 12-25 10YR 3/3 C 3mé&cabk cth ds 0
Bt2 25-43 10YR 4/4 C 3mé&cabk cth aw 0
C >43 10YR 5/4 CL 2f&mabk, sbk - vivf 0
CR-2 pedon
Ae 0-10 10YR 2/2 C 2vi&fer - cs 0
BA 10-22 10YR 3/6 CL 3f&mabk, sbk - ds 0
Bwl 22-42  7.5YR4/6 C 2f&mabk - ds 3.75
Bw2 42-70  7.5YR 3/4 C 2f&mabk - dw 333
Bw3 70-90  7.5YR 4/6 C 2f&mabk - aw 3.75
R >90
CR-3 pedon
Ae 0-7 7.5YR 3/2 SCL 2vi&fgr - gw 1.67
BA 7-18 7.5YR 3/3 CL 2f&msbk - dw 2.50
Btl 18-40  7.5YR4/6 CL 3mé&cabk ft ds 3.75
Bt2 40-70  7.5YR 4/4 C 3mé&cabk cth ds 2.50
Bt3 70-100 7.5YR 5/4 C 3msbk, m&cabk fm ds 2.00
Bt4 100-130  7.5YR 5/6 C 3msbk, m&cabk ft ds 3.00
Bt5 130-150 7.5YR 5/6 C 3mé&cabk ft ds 3.00
Bt6 150-200 7.5YR 5/6 C 3mé&cabk ft ds 3.00
CR-4 pedon
Ae 0-14 7.5YR 4/3 SCL 2f&mgr, sbk - ds 1.88
Btl 14-36  7.5YR 4/4 CL 3mé&cabk ft ds 2.50
Bt2 36-60 7.5YR 4/4 SCL 3mé&cabk ft ds 2.50
Bt3 60-92  7.5YR4/4 C 3mé&cabk cth ds 2.50
Bt4 92-120 7.5YR 4/6 C 3mé&cabk cm ds 3.75
Bt5 120-150 7.5YR 4/6 C 3mé&cabk ft ds 3.75
Bt6 150-200 7.5YR 4/6 C 3mé&ecabk, sbk ft ds 3.75
CR-5 pedon
Ae 0-5 7.5YR 2.5/1 C 2vi&fer - gw 1.00
AB 5-18 7.5YR 3/2 C 2f&msbk - aw 1.67
Bwl 18-40  7.5YR4/3 C 2mé&csbk - ds 1.88
Bw2 40-60  7.5YR 4/4 C 2mé&csbk - aw 2.50
R >60

" CL, clay loam; SCL, sandy clay loam; C, clay.

% 3, strong; 2, moderate; 1, weak; vf, very fine; f, fine; m, medium; ¢, coarse; vc, very coarse; gr,
granular; sbk, subangular blocky; abk, angular block.

) £, few; ¢, common; th, thick; t, thin.

 a, abrupt; ¢, clear; g, gradual; d, diffuse; w, wavy; s, smooth.

¥ RI, Redness index = [ (10 - hue) X chroma ] /value.

% No feature.
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Fig. 2. Thin-section micrographs. (a) Groundmass and root channel (RC) in the Ae horizon
of the CR-1 pedon under plane polarized light (PPL). Length of the bar is 0.5 mm. (b)
Stipple-speckled b-fabric of the Btl horizon of the CR-1 pedon under cross polarized light
(XPL). Length of the bar is 0.125 mm. (¢) Root channel behind the asepic plasma with slight
birefringence in the Bwl horizon of the CR-2 pedon under XPL. Length of the bar is 0.5
mm. (d) Parallel striated b-fabric in the Bt4 horizon of the CR-3 pedon under XPL. Length
of the bar is 0.125 mm. (e) Grain coating in the Bt4 horizon of the CR-4 pedon under PPL.
Length of the bar is 0.1 mm. (f) The same as (e) but under XPL.
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Table 2. Selected physical and chemical properties of the 5 pedons
Depth Texture (%)

Horizon : Bd” pH 0OC” CEC” BSPY Carbonate

(cm) Sand Silt Clay

Mg m® gkg' cmolkg' % %

CR-1 Pedon
Ae 0-12 52 16 32 1.3 6.6 3.03 20.2 100 0.76
Btl 1225 42 17 41 1.6 6.8 075 16.1 100 0.80
Bt2 2543 36 20 44 1.6 6.9  0.63 16.3 100 1.00
C >43 2 - - - 74 039 17.1 100 443
CR-2 pedon
Ae 0-10 34 21 45 1.1 62  6.06 30.1 72.9 0.61
BA 1022 37 31 32 1.3 6.2 1.50 15.1 73.9 0.43
Bwl 22-42 38 21 41 1.4 58 0091 10.6 79.1 0.81
Bw2 42-70 33 14 53 1.4 53  0.63 12.1 74.9 0.60
Bw3 70-90 28 17 55 1.4 54 059 13.0 90.9 0.61
R >90
CR-3 pedon
Ae 0-7 58 14 28 1.2 6.2 1.66 17.5 100 1.12
BA 7-18 38 27 35 1.2 5.9 1.53 11.1 100 0.97
Btl 18-40 44 22 54 1.2 56 071 9.86 100 0.58
Bt2 40-70 32 18 60 1.4 56 039 10.9 100 0.45
Bt3 70-100 24 16 60 1.6 57 035 12.7 100 0.48
Bt4 100-130 20 19 61 1.5 57 039 13.3 100 0.55
Bt5 130-150 17 10 63 1.5 58  0.39 14.8 87.1 0.46
Bt6 150-200 13 11 64 1.5 57 020 134 100 0.26
CR-4 pedon
Ae 0-14 54 18 28 1.2 55 055 6.60 100 0.30
Btl1 1436 42 23 35 1.3 56 035 8.31 100 0.16
Bt2 36-60 42 25 33 1.4 56 035 7.28 100 0.33
Bt3 60-92 36 25 39 1.6 57 035 8.63 100 0.10
Bt4 92-120 34 16 50 1.5 55 035 15.1 100 0.07
Bt5 120-150 30 23 47 1.5 54 020 11.0 100 0.11
Bt6 150-200 38 15 47 1.5 53 039 9.20 100 0.05
CR-5 pedon
Ae 0-5 36 17 47 1.1 7.0 327 353 100 1.42
AB 5-18 39 16 45 1.1 69  2.09 25.0 100 0.55
Bwl 1840 35 20 45 1.4 69 043 21.9 100 0.59
Bw2 40-60 35 18 43 1.4 6.8 043 14.2 100 0.63
" Bulk density.

» Organic carbon.

¥ Cation exchange capacity.
* Base saturation percentage.
* Not determined.
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Table 3. Chemical extraction of Al, Fe and Mn from the 5 pedons

. Depth DCB extractable Oxalate extractable

Horizon

(cm) Al Fe Mn Al Fe Mn

------- 1 - Qup— Y 3 S —

CR-1 Pedon
Ae 0-12 0.53 13.1 0.17 1.43 3.32 0.38
Btl 12-25 2.78 18.3 0.42 1.74 3.86 0.43
Bt2 25-43 2.82 21.2 0.41 1.50 3.98 0.43
C >43 2.27 214 0.36 1.25 3.60 0.32
CR-2 pedon
Ae 0-10 4.18 17.2 0.19 1.73 4.12 0.64
BA 10-22 522 29.4 0.34 1.91 4.40 0.58
Bwl 22-42 5.29 304 0.41 1.28 4.79 0.44
Bw2 42-70 6.82 27.8 0.32 248 3.51 0.31
Bw3 70-90 6.74 27.9 0.34 2.63 3.36 0.29
R >90 - - - - - -
CR-3 pedon
Ae 0-7 2.50 17.7 0.39 1.21 4.61 0.39
BA 7-18 3.27 23.0 0.69 1.41 4.61 0.52
Btl 18-40 3.44 27.0 0.67 1.45 5.45 0.46
Bt2 40-70 3.83 30.2 0.38 1.90 6.00 0.37
Bt3 70-100 5.40 323 0.34 2.10 5.84 0.34
Bt4 100-130 6.04 36.5 0.29 2.38 5.94 0.24
Bt5 130-150 6.92 40.6 0.27 2.33 6.12 0.17
Bt6 150-200 6.91 39.6 0.23 2.38 6.23 0.16
CR-4 pedon
Ae 0-14 3.20 223 0.56 1.14 4.24 0.16
Btl 14-36 3.44 26.6 0.61 1.27 4.72 0.35
Bt2 36-60 3.62 23.5 0.55 1.24 4.71 0.36
Bt3 60-92 3.40 254 0.61 1.34 5.68 0.34
Bt4 92-120 4.50 29.4 0.73 1.52 5.80 0.42
Bt5 120-150 4.46 29.1 0.70 1.49 5.98 0.66
Bt6 150-200 3.98 29.8 0.71 1.40 7.18 0.57
CR-5 pedon
Ae 0-5 2.00 16.0 0.64 1.20 3.74 0.39
AB 5-18 2.60 24.6 0.82 1.50 4.27 0.50
Bwl 18-40 2.84 24.2 0.76 1.55 5.20 0.67
Bw2 40-60 1.13 24.8 0.85 1.39 5.10 0.67

L EIERE » AT BRRE 7k 73 HE A A S IRF AR A 1 it KRR (Fig. 3f) = Tsai and Chen (2000) & il f
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Y v 22 AT R B RS I R SR IR TR Y AN 7 T fE bR B2 2 8 L B (R PR IM) Z DK
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Fig. 3. Thin-section micrographs. (a) Hypocoating (HC) along the wall of a void (V) in the
Bt2 horizon of the CR-3 pedon under PPL. Length of the bar is 0.5 mm. (b) The same as (a)
but length of the bar is 0.125 mm and under XPL. (¢) Illuvial clay shown as infillings (CI)
in the chamber of the Bt3 horizon of the CR-3 pedon under PPL. Length of the bar is 0.125
mm. (d) The same as (c) but under XPL. (e) Hypocoating (HC) impregnating the wall of the
void in the Bt4 horizon of the CR-4 pedon under XPL. Length of the bar is 0.125 mm. (f)
HC on the pedsurface and packing void in the Bt4 horizon of the CR-4 pedon under XPL.

Length of the bar is 0.125 mm
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