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Environmentally-Sound Soil
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ABSTRACT

The principle goal of environmentally-friendly agriculture is to maintain and conserve water and
agriculture environment including drinking water resources by properly using agricultural materials
such as agricultural chemicals, chemical fertilizers, and other agricultural materials according to act
19 of foster law of environmentally-friendly agriculture. To achieve these goals, we have to
establish Integrated Nutrient Management(INM) and Integrated Pesticide Management(IPM)
which are most important core technologies for environmentally-friendly rice cultivation. However,
there are lack of criteria and technology for evaluation category according to soil management
and its soil classes to practice an environmentally-friendly agriculture. Therefore, we should
eatablish the standards to produce the safe agricultural products based on the soil physical and
chemical characteristics which are basic properties of soil to accomplish the principle aims of

environmentally-friendly agriculture,
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Table 1. Yearly changes of farmhouses for production of environmentally-sound crops

Year Organic faming Transition No pesticide Low pesticide Total
House % House % House % House % House %

1999 355 212 - - 449 344 502 384 1,306 100.0
2000 353 144 - - 1,060 43.3 1,035 423 2448 100.0
2001 439 94 3 0.1 1,645 35.2 2,591 554 4678 100.0
2002 877 74 628 5.3 4,084 34.3 6,303 530 11,892 100.0
92003 1,459 6.3 1,297 56 7426 319 13127 56.3 23,309 100.0

3) () () (-) () () () (-) 8 (0.0
2004 1,492 51 1,825 6.3 9,776 337 15892 548 28985 100.0

(34) () (-) () (-) (-) (-) (-) (34) (0.1
2005 1,645 5.4 2,313 76 9,930 325 16,653 545 30541 100.0
Source @ NAQS, 2004
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Table 2. Factors affecting deterioration of soil quality

Factor Contents
Acidification Improper use of fertilizer, acid rain etc.
Imbalance of nutrient Improper use of fertilizer and continued cultivation
Soil loss Improper cropping system and soil management, lack of cultivation
technology
Destruction of aggragate Improper use of agricultural machinery
lack of organic matter
Water deficit Improper cropping system and land use
Salinization Improper use of fertilizer and irrigation
Accumulation of toxicant Use of wastewater
Biological decay Intenced agricultural materials

Improper cropping system and land use

Effect

Erosion carries fine particles
at the soil surface, organic
matter ig lost

Qr

Rapid wet-dry cycle cause
surface crusting, which
reduces seedling emergence

Structural Problem

Breakdown of
weakened agaregates
at the =oil surface

«— O Horizon

A Horizon

E Horizon
Formation of a pan at
the bottorn of the disk «——
or plow depth B Horizon

Pan layvers and compacted
subsoils impede movement
of air and water and create a
barrier to root growth

C Horizon

Compacted soil +— R Horizon
(Bedrock)

Fig. 1. Structural problems throughout the soil profile and effects of
degradation
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7 %] (Background level)
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387, Zn 090(mg/ kg) o & EFS7IH AN
o EFd 8 R dAIES Bl Cde
1/53~1/140, Cuv 1/128~1/320, Pbe 1/26~
1/77, As& 1/172~1/431, Hge 1/159~1/3989]
FFEA FEoIAHA T, 19%).
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Table 3. Average of the heavy metals extracted by 0.IN-HCI from each horizon of the

forest soils (mg kg
Rock types Horizon Cd Cu Pb Zn
A 0.029 0.355 3.70 1.07
Igneous B 0.025 0.231 3.70 0.64
C 0.021 0.246 3.33 0.75
A 0.039 0.852 3.30 1.57
Sedimentary B 0.039 0.785 30 1.32
C 0.034 0.659 343 1.34
A 0.037 0.680 552 151
Metamorphic B 0.039 0.492 591 0.77
C 0.034 0.501 6.8 0.71
Table 4. Indigenous amount of heavy metals in aerable land (mg kg_l)
Category Year Cd Cu As Hg Pb Cr't CN
‘98 0.136 4.863 0.419 0.076 5.392 0.027 0.034
Paddy ‘99 0.209 5.648 0.508 0.041 4.728 0.070 0.028
‘00 0.177 5.860 0.547 0.034 4.200 ND 0.017
‘98 0.126 4.996 0.490 0.057 6.499 0.019 0.018
Upland ‘99 0.177 4877 0521 0.048 7224 0.037 0.015
‘00 0.177 4722 0.502 0.033 6.190 ND 0.010
Apprensive Standard 15 50 6.0 4.0 100 4.0 2.0
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Table 5. Heavy metal concentrations in soil amendments (ppm on a dryweight basis)

Triple superphosphate (0-46-0)

Urea (46-0-0)
Potassium chloride (0-0-60)

Agricultural lime

Cow manure
Sewage sludge

s Cdol 170 334k As
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EAEY] A7 §715ATES ZAEE o] EAEtE QA4S0 AAZOE AEAS

A3 (Table 6)5 AHHEH FokFol HlsokFR  go] HA gt A$9 Az FasA v
C

e & AUl (F, 2002, ©] 5. 2004), @A o] Ak o]} & XA HH

A% EG W Aiske 2oz 28 fasd ehle AFE itk 53] B 29d F &9
=l i 22 Z7E flo] ol Wd iAol Aol 12 7w B #9Re EY TolM &
A8t dolu} gafHo] EF W A0l Ao, T

Table 6. Concentrations of some organic contaminants in agricultural soils, expressed on a

dry weight basis

Pesticides Nonpesticide compounds
Organochlorines <35 ppb, Total PCB <0.2 ppm

Polynuclear aromatic hydrocarbons <0.05 ppm
Total DDT <70 ppm Naphthalene <1.2 ppm

Haloethers <0.14 ppm

Chlorinated benzens <0.06 ppm

Neutral herbicides <50 ppb, Nitrosamines <0.06 ppm

Phthalate esters <1 ppm

Phenols and cresols <0.19 ppm

Phenol <1 ppm

Pentachlorophenol <04 ppm

Carbamate herbicides <0.15 ppm Heterocyclic N and other compounds €0.2 ppm

Organo-P compounds <25 ppb

Metolachlor {120 ppb

Phenoxy acid herbicides <60 ppb

Table 7. Heavy metals in plant and animal functions

Element Essential or beneficial to Potential toxicity to
Plants Animals Plants Animals

Arsenic (As) No Yes Yes Yes
Cadmium (Cd) No No Yes Yes
Chromium (Cr) No Yes Yes DU
Cobalt (Co) Yes Yes Yes Yes
Copper (Cu) Yes Yes Yes Yes”
Lead (Pb) No No DU* Yes
Mercury (Hg) No No DU Yes
Molybdem (Mo) Yes Yes Yes Yes”(5-20 ppm)
Nickel (Ni) No Yes Yes Yes
Selenium (Se) Yes Yes DU Yes(4 ppm)
ZInc (Zn) Yes Yes Yes DU
*DU = Critical data oil limits unavailable, "Toxic to ruminants (sheep, cattle)
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&R olFAol Ao ESY Yo fYEH EY 5 EY Y 7
Azt gHo TatEm A7 2ZHE A AE u]= NRCS Soil Quality Institutes= E&S “the
©=2  sol's fitness to support crop growth without

of A5usfet HelAME Tt A - 7H
AR 7HEe slE & 4 AT Table 8).

18]35 Table 9014 HE upe} 7Ho] Eoko] 7t
Fole Zn Cud §L& A¥EYH EA ujg}
HEF] S7Hdes EYl AF7ske Znd
Cu®l T&7b EobA A4 flalde Eobd A

oz Z=AE

resulting in soil degradation or otherwise
harming the environment”®]2} “g<]slH  Soil
Healtho} &40 2 AH4317]% gk (Larson and
Pierce, 1991). 93714 Soil health= an indicator
of environmental health and, like human health,

provides an overall picture of the condition of

Table 8. Guidelines as of nutrient sources for the plants

Elements Limit Level Reasonable Level Toxic level
N (%) (20 20 - 50 Non Toxic
P (%) (02 02 -05 Non Toxic
K (%) <10 10 - 50 Non Toxic
Ca (%) <01 01-10 Non Toxic
Mg (%) <01 01-04 Non  Toxic
S (%) <01 01-03 Non Toxic
Cl (%) 02 02 -20 > 20
Si (%) <02 02 - 20 Non Toxic
Na (%) <10 10 - 10 Non Toxic
Fe (ppm) {50 50 - 250 Non  Toxic
Zn (ppm) 15 - 20 20 - 100 > 400
Mn (ppm) 10 - 20 20 - 300 > 300
Cu (ppm) 3-5 20 > 20
B (ppm) 10 10 - 100 > 100
Mo (ppm) <01 01-05 > 05
Co (ppm) <02 02 -05 > 05
V_(ppm) 0.2 02 - 05 )1

Table 9. Soils Recommended maximum concentrations (ppm) of heavy metals based on

their cation exchange capacities (CEC)

CEC Cu Co Hg Cd Cr Zn Pb Ni
CEC>15 50 M 0.14 24 120 160 70 60
CEC(15 25 17 0.07 12 60 80 35 30

¥ Measured as milliequivalents per 100grams.
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many properties and processes’E  ¢|m|giTh
(Table 10).

T3k EoFe] Ao #a] Karlend} Stott(1994,
1997)¢] B9 4 Mads s H2S vgsid
T3 2t
O =2 49 B st 51 A (Set goals

for high-quality soil)
©@ E¥ 4 8R1S AAs] g 7le AR
(Set criteria for high-quality soil in order to

determent soil quality indices)

® EUS o] Bt Hixol wE 759 4
ZAA(Rank criteria according to goals and
definition of soil quality)

@ 71F oAl mE 7+ HFEd
(Give a weight to each parameter according
to the rank of criteria)

© FoAz EYY £A4 S 47 8 &
Aestd WEES oY Z(Add up all

weighted parameters to obtain a numerical

2~ 3
R

value for a given soil)

Table 10. Soil properties (chemical, physical, biological, and mineralogical) measured at

benchmark sites

Degree of Sensitivity

Factors

w1
Sensitive

Organic carbon
Total nitrogen
Bulk density

Dry-aggregate slze

¥CS distribution

Extractable Fe-Al’
Exchangeable cations

Moderately sensitive’
Carbonates

Soil reaction (pH)
Available P and K

Soil moisture retention

Nonsensitive*
Clay mineralogy

Total surface area

Total elements

Particle - size distribution’

(Al Ca Co, Cr, Cu, Fe, K, Li, Mg, Na, Ni, Pb, Zn)

Properties measured

in the field® Soil moisture

Ket and Near-Ket

Biopore and root counts

Crop Yields

YMeasured every 5 years. YFor Podzolic soils only. “'Measured every 10 years. “Measured only at the
beginning on the observation period to establish baseline data. 5>Heavy application of N and K fertilizer may
alter some silicate clays and special studies may be needed. “Measured in the field annually. 7)only in areas

with potential salinity problems.
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Table 11. Physical index to evaluate the soil quality

Conditions Functions Evaluation unit

Texture Moisture content, Nutrient, Solute % of sand, silt, and clay
transport and holding capacity

Bulk density Root and biological activity g cm™ Soil volume and mass

Available soil water
Water holding capacity

Water Property

Soil Depth Soil productivity
Infiltration Water infiltration and percolation
Erodibility Soil erosion

% of water between field capacity and
wilting point

Depth of groundwater table

cm S

ton ha’ year’1
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Table 12. General relationship of soil bulk density to root growth based on soil texture

Bulk density for root growth

Sail texture Ideal affecting restricting
(g/cm’)
Sands, Loamy sands <1.60 1.69 1.80
sandy loams, loams <140 1.63 1.80
Sandy clay loams, clay loams <1.40 1.60 >1.75
Silt, silt loams <1.30 1.60 >1.75
Silt loams, silty clay loams <140 1.55 >1.65
Sandy clays, silty clays, <1.10 149 >1.58
clay loams (35-45% clay) (110 149 »1.58
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