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1. Stabilization of soil C by soil particles

Mean residence time

C content native C content
gm 7 disturbed (gm %) Closs (gm ) C loss (%) MRT|C loss* (yr}  MRT “C (ynt
Canadian chernozem (prairie; 65 yr cultivation)
Whole soil [—20 cm) 8,7501 4,500% 4,2501 491 oR1 ND
Coarse C 3,250% 1,000% 2,2501 701 55% ND
Mineral-assoc, C 5,500% 3,500% 2,000% 36! 1445 330
Brazilian ferralsol (semi-arid thorn-forest; 6 yr cultivation)
il ) 3,380% 2,0008 1,380% 408 118 ND
Coarse C, root C 3808 08 380% 100§ 0.58 ND
Mineral-assoc. C 3,0004 2,0008 1,0008 33§ 15§ 113% modern
Venezuelan ferralsol {rainforest; 3 yr slash-and-burn)
Organic layer 7,000 1,300 5,700 81| 2 ND
Whole soil {(—15 cm) 5,100 3,600 1,500 29| 9 ND
Coarse C, root C 2.800 ND — — o ND
Root C alone 500 5009 0 0 0.4% ND

* MRT was calculated as the inverse of the decomposition constant k, assuming that C declines from the native value C, following C=C, e .
For the organic layer, k was obtained from litter decomposition studies and from the relationship of litter production to standing stock. For soils,
k was based on three measurements of the C decline over three years for the Venezuelan, and one measurement each for the Canadian and
Brazilian soils. TMRT equals radiocarbon age; 1 ref. 6; § ref. 3; | ref. 19; * refs 17, 18; # refs 10, 17; ND, not determined.

(Tiessen et al. 1994, NATURE)

2. Soil C affects soil CEC (cation exchange
capacity)
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1. Oxisols
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Cause of natural soil acidification in humid climate

Rain HY H'.
due to ! H*
CO,
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Leaching of cations® Ca?' K
to sub soil or under water
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Rice-pasture system at maturity of rice

(Rice + Brachiaria + Centrosema)




The main crop-pasture systems are:




Adsorption mechanisms of P

Acidic soils
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Calcareous soils
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Figure 5-9 Mechanism of P
adsorption to Al/Fe oxide surface.
Phosphate bonding through one Al-O
bond results in labile P; however,
bonding through two Fe-0 or Al-O
bonds produces a stable structure that
results in very little desorption of P.

small quantities adsorb CaCO3 surface

2. high-P Ca-P minerals precipitate on the CaCQO, surface
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Alfisols: Low in Phosphorus

NPK trial of sorghum on an Alfisol fields
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Alfisols

Low water holding capacity : Intermittent drought during

rainy season
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kaolinite = major clay in Alfisols

STRUCTURE OF A KAOLINITE LAYER

/

® OH
@ Al
e Si

E

MODIFIED FROM GRIM (1962)

SEM image of kaolinite




e Argillic horizon

*The layer in the soil at certain
depth, to which dispersed clay
minerals leached down and
accumulated.

*This layer reduces water and air
permeability, causes low
infiltration.
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Higher pH increases dispersion of variable-charge clay (eg. kaolinite)
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Panay island, Dan Dionisio (Screening
site of IRRI for Fe toxicity and low P)
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Mechanism of iron toxicity 29

Upland Hydromorphic Lowland

\‘

Ground water resurgence

Fe®* /

Fe’

Fe?* . Fe2 F;‘I
s | == =T
Oxydizing environment Reducing environment Reduced environment
Good drainage Bad drainage

Low moisture High moisture (WAR DA’ 2002)

Fe2* in reduced layer of the soil

Fe3* of low pH in flooding water (black color)




4. \ertisols (black cotton solls)
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Usually very dark, but the organic matter
content is low (Organic C = ca. 0.2%)

*Heavy soils with high clay content is
high (>30%)
*Having high water holding capacity

(wikipedia)
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Problem of water logging and 35
deteriorated aeration during heavy Traditionally the farmers
rain B did not use the Vertisol
| — fields during the rainy
season, but in the post-rainy
season utilizing residual
water owing to the high
water holding capacity and
deep solil layers.

But now it is utilized &% . Y. .
during the rainy e |
season thanks to the
broad-bed and
furrow technologies
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e Swelling (wet) and Shrinking (dry) nature of
the Vertisols

\r' -

R nl

Cracking in dry season
(Utah state in US)

(ertisols at ICRISAT

The soils form deep crack in
the dry season, and cause self-
mulching due to this nature.

What gives this nature to Vertisols?




2:1 clay
(montmorillonite)

- .__1|||.|3+ h-l wat rL.,‘]+.I'3+

e & Si*7

Exchangeable cations (Na®, K*, Ca®* Mg?* )+ H,O

Figure 1. Montmorillonite structure. T: tetrahedral sheet; O: octa
_ thtdml sheet.

High surface area

High cation exchange capacity
(CEC=47-66 cmol kg™?)

High fertility and high nutrient

retention capacity
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Formation of Vertisols

e Mother rock = highly basic rock (eg. basalt)

e Climate seasonally humid or subject to
erratic drought and floods,

e Tropical savanna, semi-arid

Deccan shield = old soils

e Deccan plateau is the shield or craton,
which is the oldest land not affected at
least 500 millions years.
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5. Andisols

Dark soil (Kuroboku-do, black soil in Japanese)
Volcanic soils
Low bulk density (sometimes less than 1)

Allophane,
imogolite and
nalloysite, etc.
Usually fertile
oecause they
are the young
soils, but high in
P fixation, and
acid nature




Allophane (amorphous material)

Immogolite. .

. Ll -

2 0

[Clfel[e][e]
O

Fig. 16 Micrographs of Para Vista halloysite: (a) the thin walled tubes
are ~250 A diameter; (b) in the undispersed particles tubes are arrangec
as close packed fibres.

Halloysite
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Distribution
of Andisols
In Japan

Green : Allophanic
Red : Non-allophanic

Q__, 300km

Distribution of allophanic Andosols and non-allophanic Andosols in Japan

B Allophanic W Non-allophanic




Two major volcanic belts in the world
— : __‘_.!-_?—'

e T, ——— 5
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Alpide belt




6. Incepisols

e Young soils (older than
Entisols).

e No accumulation of clays, Fe, Al, SEE=ass
or OM. s

e Typically alluvial soils




7. Entisols

e Youngest soils

e Many soils are sandy or very
shallow




2. RET7OT7ODLIIECGERILLE2A,. D
)

45




2 ™. Soil Orders 46
Y

| Alfisols Entisols " Inceptisols | | Spodosols
- Andisols - Gelisols - Mollisols Ultisols
- Oxisols - Vertisols

~

-.
-

Aridisols - Histosols




~ Alfisols Entisols || 1 Inceptisols i Spodosols

— S | 21
B Andisols | Gelisols [ Moliisols Ultisols g B H
- Oxisols - Vertisols

Aridisols - Histosols
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Depth (cm)
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Fig

g. 5. Structure of developed attachment for planting and

subsoiling.

(Matsuo et al. 2002)
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Fig. 2. Effect of tillage treatment on the changes of soil pF at
different depths of the soil.
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(Matsuo et al.2002)
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‘ig. 4. Effects of tillage treatments and supplemental watering on the root distribution of sugarcane.
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Table 1. Effects of tillage treatments on the yield of maize

Wi i o Total Stem and leaves Ear Harvest index
- . (DM t/ha) (DM t/ha) (DM t/ha) (%)

2000 Subsoiling 6.02 +0.28 2.50+(0.12 3.43 +0.20 56.8+1.3
Moldboard 5.36 £ 0.24 2.54 +0.09 2.83+0.16 52.4+0.9
Three-disc 5.82 +0.35 2.60+0.17 3.23+0.22 553x1.5
2001 Subsoiling 6.41 +0.61  329+028  3.12+038 46.8 + 2.9
Moldboard 5.62 +0.62 2.92 +0.25 2.70 +0.40 45.8 £ 2.7
Three-disc 4.66 + 0.40 246 +0.15 2.20+£0.28 454 + 2.3

(Matsuo et al. 2002)
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EE M4 BRERIS 1 1% (Acid sulfate soils)
E Rk 1
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o BEFBIIRIEIZHLVT. lithotrophic bacteria (eg.
Desulforvibrio desulfuricans) . BR{bIKZFEk. iron
hydrogensulfide (H,S), iron sulfide (FeS, unstable), and iron
disulfide (FeS,, &€, pyrite)x 2> LI (%o =.

fm

\]

Pyrite
¥ (Brooklin
- college)

Iron sulfide
é FRHE.
@8 TFxx
(Wikipedia)
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(Acid sulfate soils)
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B M iR B 1S 1 13 (Acid sulfate soils)

FREEHICTLHAEBIRGEEETIEZELS
NHENTIENEEHS -0)7'"&)( HEKITENGSN
AHeE. \;u.ﬂ:?K?(hycrogen sulfate ) HV £ G :
LD EITT S
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e 2FeS, +9 0, + 4H,0 - 8H* + 450,> + 2Fe(OH),*

*IK Bz b g% (31dh) (Tl/‘ )
/Eﬁx?'é

(The University of New South Wales, §
Water Research Laboratory)
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1. 1%

2.pH

3. /R, %

4 BTHEHEP, ppm P

5. idtEK, meq/100g

6. 2x {4 Na, meq/100g

(B}

(P-1 %)

7.aritECa, m_eqftDOg
8. 3t Ma, meq/100g
9. A i$ Al meq/100g

10. 5/ 88EMmg Si02/100g

1. B4 BERmea/100g

12. 7A84, %

13. 10A84h, %

14. 14A 854, %

15. %S, ppm 8

16. & i&1ES, ppm S

17.%+0—4%FS, ppm S

b

{Attanandana et al., 1981>
(Ra) (S) (Rs) (Rva)
(P-1@®.&) | (P-11lad%) | (P-lladh) | (P-Va-Al)
HC HC HC
4.7 48 3.9
2.2 2.1 3.1
9.6 10.5 6.1
0.42 0.37 0.17
080 1.20 3.70
13.1 10.0 250
40 85 56
0.55 0.81 11.4
10.1 10.9 3.6
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i T S
15 10 o]
30 40 25
1281 | 706 5235 |
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560 492 2287
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India (Samra and Randhawa 1991)
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Malaysia (Othman et al. 1991)
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Summary

1. Oxisols
soil acidity / P adsorption / role of aggregates

2. Alfisols
soil dispersion / argillic horizen
3. Ultisols
4. Vertisols 2:1 clay
5. Andisols

6. Inceptisols
7. Entisols

A. Northeast Thailand --- Subsoiling
B. Java, Indonesia --- volcanic ash soils, acid sulfate soils




