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Impact Assessment of Shifts of Land Use on Soil Organic Carbon

Storage of Cultivated land in Taiwan
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ABSTRACT

This study is to evaluate the effect of the
shifts of land use on soil organic carbon storage
of cultivated land in Taiwan. The soil tertility
survey data were used to evaluate soil organic
carbon storage of cultivated land in Taiwan,
and soil organic carbon contents were
compared among different types of land use.
On the base of soil survey data during 1978-
1982, the storage of soil organic carbon on the
surface soil (0-20 cm) of cultivated land in
Taiwan is 27.5 Tg, calculated by 850 thousand
hectares of cultivated land in 1998, assuming
that the majority of cultivated land has reached
to equilibrium under the same long-term
cultivation. This amount is 93 % of carbon
released from energy source in 1990. The
organic carbon storage of surface soil (0-20 2
57) is about 30-40 % of the organic carbon
storage to a depth of 100 cm. The survey data
shows that paddy field obviously can
accumulate more organic matter; therefore, the
storage of surface soil (0-20 /) %)) organic
carbon can be added 4.7 Tg if the current
upland field is shifted to paddy field. But there
1s 5.5 Tg carbon released from soil if paddy
field is shifted to upland field, showing that the
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surface soil (0-20 A 4) organic carbon of
cultivated land in Taiwan is between 22.0 to
32.2 Tg. According to the result of long-term
experiments, the time for equilibrium on shifts
of land use is 30 years. Nevertheless, the
carbon amount stored or released by upland
field shifted to paddy field or paddy field
shifted to upland field is about 0.5 % and 0.6 %
of carbon released from energy source.

Key Words : Land use, Cultivated land, Soil
organic carbon storage
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Table 1. Comparison of the sampling density in soil surveys in Taiwan.

Sor . | Representative  Soil dfepth of
otl survey Period Samples o (hw/sample)  sampling (cm)
Taiwan soil fertility 1949-1950 1000 600 0-20, 20-50
Soil test for the cropland of Taiwan 1959-1967 78635 10 0-20 )
Taiwan paddy soil capability classification  1978-1982 5730 105 0-20, 20-40
Soil environment quality and productivity  1992- 100000 6.25 20120120380

survey for crop land of Taiwan

90-120. 120-150

*Subsoil (20-40cm) were sampled, but were not analyzed.
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Table 2. Percentage of area and soil types of cropland sampled in the soil capability classification.

Item Soil Capability Classification Detailes soil survay Percetage (%)
Sampling No. 5730 - -

No. of soil group 89 94 95.0
No. of soil series 764 1040 73.5
Estimated area (km?) 6068.8 8233.2 73.5

(Source : ¥K,1981)
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Fig. 1. Organic matter content of surface soils (0-20 cm) in Taiwan. (Source: Hsi and Chung, 1951)
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Fig. 2. Organic matter content of surface soils (0-20 cm) in Taiwan. (Source: Lin, 1967)
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Table 3. Distribution of organic matter content in surface soil (0-20 cm) of crop land in Taiwan,

County No. of

Very Low (VL) Low (L) Middle (M) High (H)
Samples <1% 1% —2% 2% —3% >3%
Fe Area Ge Area Yo Area % Area
(ha) (ha) (ha) (ha)
Taipei 3593 3.48 1250.4  25.83 9280.7 41.89 15051.0 28.81 103514
Taoyuan 5511 0.67 3692 962 53016 5233 28839.1 37.38 20600.1
Hsinchu 5283 16.37 8648.3 55.82 29489.7 25.01 132128 280 14792
Miaoli 5249 18.54 9731.6 54.32 285126 24.63 129283 251 13175
Taichung 4623 13.37 6181.0 55.55  25680.8 28.27 13069.2 281  1299.1
Changhua 6697 7.64 5116.5 45.20 302704 4259 285235 457 3060.5
Yunlin 8675 19.80 17176.5 66.57 577495 12.52 10861.1 1.11 962.9
Nantou 3420 19.94 6819.5 5534 189263 2143 7329.1 339 11594
Chiayi 7087 21.15 149890  69.03 48921.6 855 60594 127  900.0
Tainan 9673 29.24 282839  66.08 63919.2 440 42561 028 2708
Kaohsiung 5286 10.35 5471.0  62.85 332225 2397 126705 283 14959
Pingtung 6740 4.72 3181.3 3571 24068.5  46.25 311725 1332 89717
Taitung 2845 2.07 588.9 27.94 7948.9 39.54 11249.1 3044 8660.2
Hualien 2443 7.66 1871.3 45.72 11169.4 3295 8049.7 13.67 3339.6
Ilan 1510 0.58 87.6 32.52 4910.5 5358 8090.6 11.32 1709.3
Total 78635 — 109766.0 — 399372.2 —  211362.0 —  65583.6
% 100 14.0 50.8 26.9 8.3
, (Source : kk, 1967)
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Fig. 3. Shift of land uses for cultivated land in Taiwan (Source: Taiwan Agricultural Yearbook, 1936-1998)
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Y ~ (K PERR (198 I Al AH & il AR SR AREZR L 0-20 249 AR ES &
Table 4. Organic matter content of surface soil (0-20 cm) under different land use in Taiwan. Data
calculated from Lin (1984)

OM’ (% Mean =SD) Total
Two  Rotation Sugarcane Tea Grass Other  samples
County . . =
cropping cropping “le}d
rice cropping
Taipei 39+1.0 34411 - 3.0x05 23+0.8 231
(16)”" (178) - (10) X))
Ilan 3.3+08 33%*10 - - 1.74+0.7 338
(176) (139) - - (23)
Taoyuan 3.0+0.7 2.8 +0.8 - 2.01+0.5 29+0.8 274
(108) (129) - Q) (32)
Hsinchu 24407 24106 2.0+0.4 . 0703 209
(51) (153) (2) - 3)
Miaoli 23+08 23+07 09+03 15+06 1.7+x04 12+08 428
(162) (189) (2) (3) (2) (70)
Taichung 2.7+0.8 2.6 +0.6 1.6 £0.6 - 1.5+04 273
(83) (116) (38) - (6)
Changhua 28408 2.6+0.7 1.840.6 - - 18408 364
(134) (109) (15) - (106)
Nantou 22404  2.1%0.5 1.7405  2.1£03 1.8+0.6 188
(47) (66) 9 (3) (63)
Yunlin 28+09 2.0+09 1.4+0.5 . - 14105 579
(68) (291) (62) - (158)
Chiayi 1.8+0.5 1.9 +0.7 1.5+0.5 - - 1.6+0.8 551
(46) (220) (104) - (181)
Tainan 2.240.8 1.940.5 1.4+0.4 - - 147+04 420
(20) (142) (108) - (150)
Kaohsiung 2.2 40.7 2.2+09 1.4 +0.5 - - 1.3+0.5 212
(20) (67) (26) - (99)
Pingtung 29+1.1 2.7+1.0 1.94+0.8 . - 1.6+0.7 938
(231) (476) (62) - (169)
Taitung 2.7+0.5 3.1 +1.2 23+1.1 - - 25109 192
(6) (113) (27 - (46)
Hualien 26*1.0 2.7+09 1.5%0.7 2.6 103 1.8%1.0 264
(23) (110) (64) 3) (64)
Total 1191 2498 519 26 2 197 5433

* Organic carbon=Organic matter X 0.58
**Samples
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7 70-90 em ZHEHE LREHAREE  EREOEREY g0 e, pEEEL
o —BME > HEEE LBz BOKE RO e s 8 1F
LEREER - Rp@EgEonEkE o BR T Ram g g o gm0
=L 01549 BB esE RF(E  (PKEHEE-
1) E>EH>E50 0 B 1978-1982 F 1 B3 TR b L) g ok R
BHEMRMAR > R HAAERREE VI oK D 8 oy g o g % 10
BETK > HARARRN - RIENEF BB RTEEE & « 2pgx + 015
PIHEER R TG 28 - no) DTEERES B > e =fE
R EER (1988) wAELGH - CENKEI@2amygamaaE®
AEERERNEESL  pREeE TR
F& 1% 7ok - AR =5 (HKE ~ 575 ~ A RARIESE 2 e e g+ 1
&) LRAEASHAE (B0 B7 05 BER HEL fm— a2 R
KA1 ATRMBSOERE B FEEEE 32154 kym/m? > g LA
FHETAEE FER - EEOY  ARESRIRE SR S 2 e 5 Chen &
EERL (0-15 A% MERBEREE  (1992) FiEE g maa > 10-14.7
(%) » RELUTFRIBR(E () MG & kg/m/m® » BER AW EE - Rk Rl
TR - TikE RS maF R KERER  ERR ErEE L m T 5 mnmmn L

Fh o~ M{ERERF R AR 2%+ 0-15 490 FIE £ (1530 44)) Gikps 82 11 i
Table 5. Comparison of organic carbon content in surface soil (0-15 ¢cm) and subsoil (15-30 cm)under
different land uses among four sampling locations.

Soil organic carbon (%)

Rice Sugarcane Tea Grass Other Upland __
County  Surface Subsoil Surface Subsoil Surface Subsoil  Surface  Subsoll  Surface  Subsoil
soil soil soil soil soil
Taoyuan 22405 18404 15403 11402 19402 10403
(30) (30) @y @ (11) (11
Chutung 13403 07403 07404 05103
(25) (25) asy . (19
Hengchun 06402 04+02 14404 10403 04401 04402
(20) (20) (20) (18) (10) (10)
Tainan 08402 04402 05402 05403 06402 03+0.1
(29) (29) (30) (30) (29) (28)

(Numbers in parentheses are numbers of sampling.)
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Fig. 4. Comparison of organic carbon content in soil profiles under different land uses among

sampling locations.

(Numbers in parentheses of legends are numbers of sampling.)
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Table 6. Comparison of organic carbon storage in soil

sampling locations.

(1) Taoyuan

on Slorage of Cullivated land in Tajwan

profiles under different land uses among

il Depth gy % OC g Girass (n=2)
Soil Depth (cm) (kg/layer) o yer % OC (kg/layer) %
0-15 3.84 25.0 2.50 23.4 323 29.4
15-30 3.49 22.7 2.33 21.8 241 21.9
30-50 3.86 25.1 247 232 2.24 20.4
50-70 2.52 16.4 1.49 14.0 150 13.6
70-100 1.66 10.8 1.88 17.7 1.62 14.7
sum 1537 100.0 10.67 100.0 11.00 100.0
(2) Chutung
Rice (n=4) Bamboo (n=2)
Soil Depth (cm)  OC (kg/layer) % OC (kg/layer) %
0-15 2.47 39.0 1.22 26.6
15-30 1.50 23.7 0.94 20.4
30-50 1.09 17.3 0.93 20.1
50-70 0.42 6.7 0.71 15.5
70-100 0.84 13.3 0.80 17.3
sum 6.33 100.0 4.60 100.0
(3) Tainan
Rice (n=5) Surgarcane (n=5) Grass (n=5)
Soil Depth (cm)  OC (kg/layer) % OC(kg/layer) % OC(kg/layer) %
0-15 1.88 39.2 0.99 27.4 1.67 30.3
15-30 0.98 20.5 0.84 23.3 0.93 16.8
30-50 0.82 17.2 0.81 223 0.87 15.7
50-70 0.53 11.0 0.48 13.3 0.95 17.2
70-100 0.58 12.1 0.49 13.7 1.10 19.9
sum 4.80 100.0 3.62 100.0 5.52 100.0
(4) Hengchun
Rice (n=4) Mango (n=2) Grass (n=2) ____
Soil Depth (cm)  OC (kg/layer) % OC (kg/layer) % OC (kg/layer) o
0-15 2.27 22.6 0.91 28.5 3.63 25.7
15-30 1.94 19.2 0.43 13.5 3.03 21.5
30-50 1.60 15.9 0.65 20.5 3.06 21.7
50-70 1.71 16.9 0.56 17.7 1.93 13.6
70-100 2.56 25.4 0.63 19.8 2.47 17.5
sum 10.08 100.0 3.18 100.0 14.12 100.0

* : No. of samples
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