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Methods for Estimating Potential Evapotranspiration

from Climatie Data in Cerrados

Tetsuo Sakuratani and Ariovaldo Luchiari Jr.

1. Introduction

Potential evapotranspiration is an important concept in evaluating the
upper bound of evapotranspiration under various atmospheric conditions, and it
. 1
is defined as "the rate at which water can evaporate from any surface which is

wet and does not restrict water vapor flow into the atmosphere".

Methods are used to estimate evapotranspiration from climatic data, owing
to the difficulty of obtaining direct measurements. However they are valid
only for special geographic areas and restricted by the climatic data which are
available and none of the models now present seems to he universally applicable.
The observation of actual evapotranspiration rate for entire growth of
soybean in Cerrados area was made by Horie an Luchiari (1981} using heat balance
method. They report that the actual evapotranspiration from soybean field
ranged between 70 ~v B0% of the potential evapotranspiration estimated by
Penman method and that the actual evapotranspiration could be estimated from

the potential evapotranspiration and the crop coefficient.

The objective of this study iz to determine empirical models which could

be used to estimate potential evapotranspiration rates in Cerrados conditioms.

2, Models

Five widely known methods for predicting potential evapotranspiration are
tested by comparing the calculated daily means with corresponding values

obtained by means of a lysimeter method for a dry season.

2-1 Penman

Penman (1948) derived the well-known equation for the evaporation from an

open water surface:

R
A n Y
= — 1. e_-eé (1)
Em A+y L 1.0+ Aty Fa 8 )
where Eu = evaporation [mm day'1;
A = glope of the saturation vapor pressure-temperature curve
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(mb €115

¥ = psychrometric constant [= epP(0.622L)_1, mb 7]

Rn = net radiation [MJ m™’];

L = latent heat of evaporation [MJ kg™'1;

1.0 = coefficient which converts (Rn/L) to millimeters per day;
f{u) = wind function;

e, = saturation vapor pressure of air [mb];

e = vapor pressure of air [mb];

¢, = specific heat of air [= 0.00100 MJ kg™'1;

P = atmospheric pressure[mb].

To compute A and L, we can use the following approximate equations (Wright,

1982);
A = 33.8639[0.05904(0.007387_ + 0.8072)7 - 3.42 x 107°%], (2)
L = 2.49 - 0.00214T , (3)

where Eh = mean daily air temperature [C].

Penman (1956) defined potential evapotranspiration, Eb, as 'the amount
of water transpired in unit time by a short greem crop, completely shading the
ground, of uniform height and never short of water', and expressed it as

Ep =f Ew: (4)

where f is the empirical factor which was found to be 0.8 in summer and

0.6 in winter.

Rjitema demonstrated that both the magnitude of f and its seasonal
behavior are constant with the difference in albedo between an open water sur-
face and ground cover in short green vegetation (Thom and Oliver, 1977). Eb,
therefore, is obtained using a value of Hn appropriate for a vegetated surface:;

A Bﬁ Y
B = aay T TEey i@, - e (5)
In Eq. (5), soil heat flux is neglected, since it is small compared to Hﬁ

when daily values are considered.

Net radiation data are usually not available. If measured sunshine
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hours, temperature and humidity data are available, En can be estimated using
the following equations:

R, = a - A)Rg - an (6)
R, = [a + b(n/N)]HO (7)
Ry, =0T (¢ - dve)[0.1 + 0.9(n/M)] (8)
where A = albedo;
RS = ghort-wave radiation [MJ m'z];

Rln = net longwave radiation [MJ m™¢];

n = duration of sunshine [h};

N = possible duration of sunshine [h];

Ro = extraterrestrial radiation [MJ m™?]

0 = Stefan-Boltzman constant, per day [4.90 x 107°MJ m~2K™"]

a,b,c and d = empirical constants dependent on the general nature of

the location.

N and RO are given by rhe following equations:

N = %% 2cos™! (~tandtand) (9)
o P 2 , -1 p;

Ry = — QG(:;) {sin¢sindcos™ (~tanptand) + cos¢cosdv/l-(tandtand)] (10)
where TO = period of the revolution of the earth [24h];

QO = solar constant, per hour [4.97 MJ m ’];

rm = mean earth-sun distance;

¥ = earth-sun distance;

¢ = latictude (north positive);

§ = deelination.

h;n/r)z and & can be obtained from the following approximate equations (Duffie

and Beckman, 1974):

r
2nD
my2 _ LT, 1L
(=) =1+ 0.033cos (373
- (9284 + D (12)
§ = 0.409sin(2w 365 )
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where D is the day of the year.

To estimate Rs' Rln’ and Rn’ Doorenbos and Pruitt (1975) have proposed

the following values for 4 in Eq.(6), and a,b,e and d for Eqs.(7)} and (8):

A=0.25, a=0.25 b =0.50,
o = {0.56 for humid climate
T '0.34 for dry climate,
d = {0.079 for humid climate

0.044 for dry climate

For f(u) in Eq.(5), various forms are given:

fu) = 0.26 + 0.14u (Penman, 1948),

Fu) = 0.13 + 0.14u {Penman, 1956),

f) = 0.27 + 0.233u {Doorenbos and Pruirt, 1975),
fu) = 0.12 + 0.208u {Hansen, 1980),

() = f1 (D) + Ff2(D)u  (James and Wright, 1982),

where u is the mean daily wind speed [m s~!], f1(D) and f3(D) are the functions

of the day {DP] of the year.

1-2 Priestley and Taylor

1f the air is in contact with a wet surface over a very long fetch, it is
saturated, so that the second term of Eq.(5) becomes negligible. Accordingly,
Slatyer and McIlroy (1961) suggested that the first term of Eq.(5) represents
a lower limit to evaporation from wet surface, to which they referred as

equilibrium evaporationm, Eeq:

A Rn
Eeq=A+Y-L_ (13)

The second terms of Eq.(5) can be interpreted as a measure of the
departure from equilibrium condition, which would originate from large-scale
or regional advection involving horizontal variation of surface or atmospheric
conditions (Brutsaert, 1982). Since there is always some depgree of advection,
equilibrium conditions are rarely encountered even over the ocean. Priestley
and Taylor (1972) took equilibrium evaporation as the basis for a empirical
relationship giving potential evaporation, E?, and showed that Eb is direccly

related to equilibrium evaporation under conditions of minimal advection:
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They reported that o averaged about 1.26 for wet surface when Rn was deter-

mined on a daily basis. The fact that & is of the order of 1.26 shows that

large-scale advection over a large saturated surface accounts on average for

about 21 percent of the evaporation rate (Brutsaert, 1982).
2-3 Radiation

Makkink (1957) proposed the following formula for estimating potential

evapotranspiration from solar radiation measurements:

F = A Rs

where ¢y and ¢y are the empirical coefficients dependent on the general
nature of the location. Obvicusly, this equation can be derived from equili-
blium concept. The radiation method may be useful for areas where measured air

temperatutre and sunshine or c¢loudiness or radiation are available but not wind
and humidicy.

2-4 Pan evaporation

Potential evapotranspiration can be predicted by
E =KE (16)

where X_ is the pan coefficient, Epan the pan evaporation. K_ varies widely
according to the climate type of the location and the pan environment. Door-
enbog and Prultt (1975) proposed pan coefficient for class A pan for different
ground cover and levels of mean relative humidity and daily wind {Table 1).
The estimation by this method is appropriate for periods of 7 v 10 days, since

the daily response of crops and pans is quite different (Wright, 1982).

2-5 Blaney-Criddle

The original Blaney-Criddle model involves temperature, Ta, and daily
percentage of annual daytime hours, P = 1008/(365 x 12)[%], as climate vari-
ables to predict the effect of climate on evapotranspiration. This is called

the consumptive use factor, f:

f = P(0.467  + 8.13). (1n
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An empirically determined consumptive use crop coefficient, K, is applied

to establish the consumptive water requirement, E%:

= Kf. (18)
E Kf

Doorenbos and Pruitt (1975) reject the use of crop coefficient normally
employed in the original Blaney-Criddle model, and proposed a modified

eugation:

Ep = K1 + Kzf, (lg)

where K; and X, are the empirical constants dependent on the general nature

of the location. The values of X; and X, proposed by Doorenbos and Pruitt
(1975) are listed in Table 2. They also suggested that the use of the Blaney-
Criddle methed to calculate mean daily Eb should normally be applied for

periods no shorter than one month.

3. Experimental procedure

The data were collected during the 1982 winter season at CPAC located in
Blasilia, Blazil. The site was a flat, 0.92 hectare rectanglar plot of wheat
(Anahuac). The crop was planted on June 5 in 17 em rows with 82 seeds per
meter. Irrigation was made whenever the soil water potential reached -0.6 bar.

Crop development terminated in the beginning of September.

Evapotranspiration was measured by a lysimeter and the Bowen ratio method.
The constant water level lysimeter installed in the center of the wheat field

? and the depth

consists of a container of which the effective area is 7.2 m
1.5 m, of a constant water level box and of a water reservoir (Luchiari, 1982:
Fig. 1). The volume of water delivered from the water reservoir into the
container to maintain the constant water level is considered as evapotranspira-
tion for that time interval. Wheat was planted in the container in the same

way as the field,.

For the evaluation of evapotranspiration by the Bowen ratio method, dry~
bulb and wet~bulb temperature were measured at two levels above the surface
using resistance thermometers. A polyethylene-shielded net radiometer measured
the net radiation. Soil heat the flux was measured with soil heat flow meters.
Further details on the instrumentation and measurement program have been given
by Horie and Luchiari (1981).

The calculations of potential evapotranspiration from the empirical

formulars were made using the daily weather data which are collected routinely
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at the observation field of CPAC.

4, Results and Discussion

During of the observation period, the weather was dominated by cloudless
sky and light or moderate wind.

Attention is focussed on July and August during which the crop shaded

most of the bare soil. Daily potential evapotranspiration from the lysimeter

is shown in Fig. 2.
1

It averaged 4.2 mm day™! during July and August, varying

from 2.8 mm day™" to 5.6 mm day™}.

4-1 Penman

The net radiation data collected at the wheat field and Doorenbos and

Pruitct's wind function were used for Rn and f(u) in Eq.(5), respectively.

In Fig. 3(A) values of the lysimeter evapotranspiration are ploted against
the penman computed values. The scatter value lies systematically around the
equivalence line, which is fitted by the straight line going through origin.
The slope of the regression line is 0.98, virtually assumed to be 1.0. It
therefore is reasonable to conclude that Penman formulatr modified by Doorenbos

and Pruitt (1975) can be applicable to determine potential evapotranspiration

in the Cerrados region.

4-2 Priestley and Taylor

Priestley-Taylor parameter, &, was evaluated as the ratio of daily totals

of lysimeter evapotrapspiration and equilibrium evaporation.

The seasonal course of o is shown in Fig, 2. The values of O ranged from
1.14 to 5.19 except the early stage of growth and the date of maturity, and
the value of a=1.26 was rarely approached. In Fig. 3(B), the equilibrium
evaporation is compared with the lysimeter evapotranspiration. The regression
line forced through the origin yielded o values of 1.74. It seemed that this
overestimate of o depended on the decreasing net radiation caused by long wave
radiation exchange at night time (Nakayama and Nakamura, 1982) and/or regiocnal

advection.

Before applying the Priestley-Taylor model to the Cerrados, further

measurements and analysis are required.
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4-3 Radiation

To obtain the coefficients ¢; and €2 in Eq.(15), we applied linear regres-
sion techniques to the daily values of the lysimeter evapotranspiration and
{A/(A+Y)]RS. The result is shown in Fig. 3(C). Since cz was very close to
zero, the regression line was forced through the origin, and this yielded ¢
value of 0.84. Doornbos and Pruitt (1975) have propesed value of ¢; for
different conditions of mean relative humidity and daytime wind speed. This
relation is shown in Fig. 4 with the data collected at CPAC to atempt comparing
our value with their value. Since daytime wind was not collected at CPAC, the

daily wind speed assumed to be close to daytime wind speed was used. It can

! and

be seen from Fig., 4 that the mean daily wind speed was less than 3.5 m s”
the mean daily relative humidity ranged betwen 40% to 70% during the observa-
tion period. The ¢; values corresponding to these ranges would tend te fall
between 0.76 to 0.88 and average 0.81, which is close to the value obtained on

the base of the lysimeter evapotranspiration.

Although observed radiation data were used in this analysis, radiation
data are seldom available in the Cerrados region. Eq.(7) which permits a eti-
mate of selar radiation was tested using the data of sunshine duration collec-
ted at the observation field of CPAC for June 6 - September 13. Fig. 5 shows
the relation between RS/RO and n/N. The coefficients a and b of Eq.(7) were
0.25 and 0.48, respectively, which were in good agreement with the wvalues
(@=0.25, b=0.50) proposed by Doorenbos and Pruitt (1975). The correlation
between the measured solar radiation and the calculated one is shown in Fig. 6.
Mean values for each pentad, shown on the same plot, indicate agreement to

better than 10%.

Using Rs predicted in this manner, potential evapotranspiration was
calculated from Eq.(15) and plotted against lysimeter evapotranspiration
(Fig. 7). The satter of values lies quite symmetrically around the equivalence

line and is similar to that in Fig. 3(C).

From these results, we may conclude that the radiation method based on
simple parameters is applicable to the estimation of potential evapotranspira-

tion in the Cerrados.

4-4 Pan evaporation

Evaporation from three different types of evaporimeters was compared with
lysimeter evaporation on a pentad basis (Fig. B8). The pan coefficients for

the each pan which were obtained by forcing the regression line through the
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origin are as follows:

Kp 0.70 for class A pan,

Kp 0.83 for GGI 3000,

Kp = 0.73 for Young Screen pan.

Let's compare Kp obtained above with K from Table 1. The class A pan of
CPAC 1s located in about 100 x 100 m grass cover withering for lack of mois-
ture, surrounded by irrigated wheat field and others. Mean daily relative
humidity and mean daily wind speed in dry season would tend to fall between

40% to 70% and 0 to 2.0 m s™!, respectively. These give K? value of 0.65,
which is close 0.70,

The limited amount of data has suggested that pan evaporation is a uvseful
indicator of potential evapotranspiration, and it could be estimated using X

propased by Doorenbos and Pruitt (1975).

4-5 Blaney-Criddle

The monthly means of the potential evapotraspiration by the Blaney-Criddle

method were 4.5 mm day~! for July and 3.9 mm day~! for August, while those by

1

lysimeter were 4.2 and 4.3 mm day™ " respectively. Further measurements are

required to test the applicability of che Blaney-Criddle method for the

Cerrados.

5, Conclusion

It was suggested that Penwan method and Radiation method are applicable to
the Cerrados to predect potential evapotranspiration. However, Penman method
requires wind, humidity, and net radiation data which are seldom available in
the Cerrados. Thus, Radiation method would be useful for that region. If solar

radiation is not measured, it can be estimated from duration of sunshine.

Further experiments are required to assess the water balance for each

region of the Cerrados.
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Notes; Class A pan (Diameter 120.7cm, Depth 25cm)

GGI 3000 {Diameter 61.8cm, Depth 60cm)

Young screen(Diameter 90.0cm, Depth 60cm)

Table 1. Pan coefficient X, for class 2 pan for different

e
ground cover and levels of mean relative humidity

and mean daily wind velocity (from Doorenbos and
Pruitt, 1975).

) Case A& Case 3 1/
Class & Pan 1 5.4 survoundea by st graen crap fan surrounded by dry-Zallow land
)
low Dedlum 5 ign lov seaium | hagn
A zean % <o | 20-70 | >0 cun )| w0-70 | >70 5
Wind Upwind Yowind
m/s diszance of discance of
ZTaen CI0p dry fallow
= o
Lignc 0 .55 .63 75 0 . .8 L35
<2 g .65 .75 .35 0 .4 -7 .8
100 W .3 .85 100 .55 .63 .75
1 000 .75 .85 .93 1 nan .5 4 .7
Modaiate 0 .3 .6 .53 0 .63 .i'§ .8
2-% 10 .8 .7 .75 10 .53 65> f
100 .83 .75 -3 10 .5 5 .83
1 000 .7 .2 ] 1 900 A3 +35 .b
Strong 0 RS .5 B0 b .0 .=:33_v .'{
5—-8 10 .55 .6 .63 19 3 .35 .:_:5
100 N .55 .7 100 A .§- .5
i 000 .85 .7 .75 1 000 oG ] .55
3 6 B3
Yery scron a9 s .43 ] 9 P> . &
>8 ® 10 .45 .33 .5 10 W45 .5_ .58
1040 .5 LB .85 no b A3 .3
1 000 .55 .5 .63 1 009 .35 .4 .43
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n/y

0.3v0.6

0.610.8

6.8

<

Table 2. Values of X and X, in Eq.(19) for different n/¥,
daytime wind speed and winimum relative humidity
(from Doorenboth and Pruitt, 1975)
Daytime Mipimum relative homidity
wind
(mfs) <20 20 v 50 50 <
0v2  X;=-1.60 X3=1.40 K1==1,70 Xz=1.25 Ky=-1.65 K»=0,98
2y Ky=-1.80 X,=1.28 K1=-1.85 Xo=1.15 K1=~1.55 X,=0.88
5 < Ky=-2.00 Kp=1.15 K1=-2,00 K2=1.05 Ky=~1.45 K3=0.80
Ov2  Ky=-1.80 K»=1.73 Ky=-2,10 K2=1.52 Ky=~1.70 K2=1.16
2v5 Kp=-2,05 Kz=1.55 Ky==2,15 K»=3.38 K1=~1.75 K»=1.06
5 <  Kp=-2.30 K3=1.35 K1=-2.20 X3=1.20 K1=~1.80 X2=0.97
2 Ky=-2.00 XK;=2.06 Ky=-2.55 K,=1.82 Ky=~1.70 Ko=1.31
v5 Ky==2.30 K,=1.82 Ky1=-2,50 Kp=1.61 Ky==1.95 K»=1,22
3 < K;=-2,60 X,=1,55 K1==2.40 Kz=1.37 K1==2.15 K»=1.14
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APPENDIX 2

A BASIC program for caleulating the potential
evapotranspiration from climatic data by

T. Sakuratani
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Measurement of Leaf Temperature of Wheat in the Field

Tetsuo Sakuratani and Ariovalde Luchiari Jr.

1. Introduction

An effort has been made to sence plant water stress from airplanes or
satellites using infrared imaging of the vegetated area, Water stress is infer-

red from leaf temperature. 1In order to obtain a fundamental relationship

between leaf temperature and environmental conditions such as soil moisture,

solar radiation and humidity, the measurements of leaf temperature of wheat
were made in the field.

Since the measurements are still being conducted, this report is described
mainly about the measurement method.

2. Methed

The apparatus shown in Fig. 1 consists principally of copper—constantan
thermocouples, a low-noise amplifier and a six—channel automatic recorcer of
10 m V in maximum scale. Thin copper-constantan thermocouples of 0.1 mm in
diameter and of 15 c¢m in length were connected to Cu-Co wires of 0.65 mm in
diameter having cold junctions. The temperature of the cold junctions was
maintained at 0°C in a ice jar. The tips of 0.1 mm thermeocouples were affixed
on the surface of the leaves with small gum tape. Leaf temperatures were
measured at lst leaf (upper leaf), 2nd leaf, and 3rd leaf, using twe individuals.
The electric signals corresponding leaf temperature were recorded continuously

through the low noise amplifier on the recorder,

3. Results

Fig. 2 shows an example of the diurnal couse of averaged leaf temperature
before irrigation (A) and after irrigation (B). Before the irrigation, leaf
temperature, is 2 v 4°C lower than air temperature, while after the irrigation
the one is & ~ 5°C lower than air temperature. This indicated that before the

irrigation the wheat leaves are under water stress.
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4. Some Remarks for Further Studies

It is necessary to continue the measurements during growing season and to
analyze the data to obtain the relation between leaf temperature of wheat and

environmental conditions.
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X-ray Fluorescence Spectrometry of "Cerrado Soils"

Tadao Ando
One of the major constraints to limit agricultural production ia the
Cerrado region is reported to be in the soilss?); low fertility status, Al-
toxicity, low water retention capacity and so on. In order to establish a
productive, stable and efficient agricultural systems in this region, it is

indispensable to manage properly the soils on the basis of the information of
the soil properties,

The soil survey is now intensively undertaken in the Cerrado region.
Alchough soil surveys attempt to provide facts about many different soil prop-
erties, not all of which are closely related to sail management for agricul-
tural production. Further, each soil map unit may include only one kind of

soil as defined by the classification system but most frequently includes many
different kinds of soi1?).

S50il management practice, however, is site-specific. Even in the Cerrado
region where Dark Red Latosol and Red Yellow Latosol are dominant soil types?>
"), the soil properties may be different from place to place. Moveover, more
than 50 million ha of the Cerrado region including various soil types is
estimated to be developed as farmlandS). Therefore, a great number of soil

samples should be analized for better land use and better soil management.

X~ray fluorescence spectrometry is a rapid and reliable methed to determine
quantitatively chemical composition of goils. By using X-ray fluorescence

spectrometer, we can obtain the following informatious on soils;

a) Elemental composition of soils

Elemental composition of soil varies from soil to soil and is a kind of
fingerprints of the soil., The informations on elemental composition of soils

will be very useful for soil classification.

b) Amount of nutrient reserves

The concentrations of the available P, exchangeable K, Ca, Mg and some
trace elements are reported to be very low in the Cerrado soils?). Even though
the availability of these nutrients were very low, we can e¥pect Some nutrient
supply from the soils by increasing the availability through use of mycorrhiza
or low-nutrient tolerant crops or other methods, if the soils contain nutrients

as a potential source. But if not, we must apply these nutrients as fertilizers.
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From the data of X-ray fluorescence spectrometry of soils, we can estimate

potential ability of nutrient supply of soils.

¢) Presence of toxic or valuable elements

If we find high concentration of toxic elements such as heavey metals or
valuable elements in the land where is planned to be cultivated, we had better
change the land use. Qualitative analysis of soils by X-ray fluorescence

spectrometry can rapidly offer the information on the presence of toxic or
valuable elements.

The objective of this research is to estimate the elemental composition
and the amount of nutrient reserves of the Cerrado soils by applying X-ray

fluorescence spectrometry. In this report, the following subjects were briefly

described and discussed.

I. Features of X-ray fluoresecence Specirometry.

1I. Comparison of elemental composition between some Cerrado soils and some

Japanese solls.
ITT. Elemental composition of the Cerrado soils,

IV. Estimation of nutrient reserves and nutrient avallability of some Cerrado

soils,

I. Features of X-ray fluorescence spectrometry

X-ray fluorescence analysis is a sort of physical analysis and may be said
to be a kin to spectroscoplc analysis. While the object of X-ray diffraction
analysis is crystals that compose a substance, the object of X-ray fluorescence

analysis is elements present in the substance.

When a certain element in the sample is irradiated and excited with the
high~energy X-rays generated from the X-ray tube, it emits fluorescent X-rays
having the wavelength inherent te the element and intensity proportional to the

content of the element.

For example, by use of a LiF single crystal, the X-ray intensity is
measured with a 28 value corresponding te the target element under the condi-

tiong that the Bragg's Law may always be satisfied.
Bragg's Law; ni = 24* sin 6

which gives the relationship among the wavelength (}), the spacing of the
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diffracting crystal (2d) and the angle (9) through which the radiation is
diffracted,

The following are main features of X-ray fluorescence spectrometry;

1) Generally X-ray Spectra are little affected by the state of a substance

whether the sample is solid, powder, or liquid
or non-crystalline.

» or whather it is crystalline

2) Non-destructive analysis. This method practically does not cause any

change or loss of the element. Furthermore, since the same sample can be

measured repeatedly, reliable results can be obtained.

3) Based theoretically on the difference in the atomic number, this analyti-
cal method can easily analyze elements belonging to the same group, such as
Zr-Hf and ¥b-~Ta, which are quite difficult to analyze by chemical analysis.

4) Spectral lines are simple and stable as compared with those by emission

spectroscopy, leading to ease in analysis and improved accuracy.

5) Measurement time is very short, requiring only 10 to 80 seconds per

elements. In the advanced instruments, quantitative analysis of samples is
automatically runm.

6) 1In a standard X-ray fluorescence spectrometer, all the elemencs from

atomic number 9 (F) to 92 (U) can be quantitatively analyzed.

7) Sample preparation is also easy. For the soil samples, dried soils are

glinded and pelletised or fused with borax etc,

Figure 1 and 2 are examples of quailitative analysis of soil samples.
These solls were collected from A; horizon of Organic soil (CPAC) and Humic
gley soil (Univ. of Goids)., Figure 1 shows that Organic soil (CPAC) is extra~
ordinarily rich in Nb, Y, Pb and Cu, but poor in Ba, Sr, BRb, Zn, Fe and Mn,
Figure 2 shows that Humic gley soil (Univ. of Goias) contains higher amount of
Ba, Zr, Fe and Mn. There are some unidentified elements in both soils, which

are usually not found in soils.

An element concentration and X-ray intensity of soil samples are generally
well correlated. The correlation between K concentration and X-ray intensity of
15 soil samples 1s shown in Fig. 3. The K concentration was determined by a
flamephotometer after the soil samples were fused with Na:C0; and then dissolved
into dilute HCL solutions. By using this kind of correlation equation, an ele-

ment concentration of samples is calculated from X-ray intensity of samples.
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II. Comparison of elemental composition between some Cerrado solls and some

Japanese soils.

1. Introduction

In about 2 million ¥m? of the Cerrado region, Red Yellow Latosol (LV)
and Dark Red Latosol (LE) occuples 24.2% and 18.7% of this region, respect-
ively“). These soils are usually very low in exchangeable bases, avallable

2).

phosphorus, cation exchange capacity and high in AL saturation

In order to characterize these two soils further, the elemental composi~
tion were analysed by X-ray fluorescence spectrometer and compared with those

of some representative Japanese soils.

2. Materials and methods

The two types of the Cerrade soils were collected from the surface
horizons of CPAC field (Table 1). Twenty seven soll samples were collected
from 19 points of poncultivated area of Chugoku-district in Japan. These

samples cover almost all major soil types found in the upland area of Japan.

The samples were air dried and screened through a 2mm sieve, Thus
prepared soil samples were dried at 100°C overnight and glinded by a vibra-
tion mill for 3 minutes. About 4g of the soill powder were then pelletised
under the pressure of 300 kg/cmz. X-ray fluorescence spectrometry for these
samples were carried out by Toshiba AFV-777. The analytical conditlons are
shown in Table 2.

3. Results and discussion

Since intensity of X-ray emitted from each element in a soll sample is
essentially proportional to the element concentratlon in the sample, the
results are reported on a X-ray intensity basis. The higher X-ray intensity
means the higher element concentration. In order to make the results visi-

ble, two related elements are shown 1In a figure.

The intensities of X-ray emltted from Si and AR in scll samples are shown
in Fig. 4. Compared with Japanese soils, the Cerrado soils contain higher
amount of AL and lower amount of Si. Among the Cerrado soils, LV showed
higher Af and lower Si concentration than LE, There 1is high negative cor-

relatlon between Si and AL content in soils.

Filgures 5 shows the intensilty of X-ray emitted from Fe and Ti in soil
samples. Both of Fe and Ti contents are high in the Cerrado soils compared
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with Japanese soils,
T1 than LE.

Among the Cerrado soils, LV contained higher amount of

The intensities of X-ray emltted from Rb or K, Ga or Mg, and Ba or Sr
are shown in Fig. 6, 7, and 8, respectively. The concentrations of alkaline
and alkaline earth metals are vey low in the Cerrado soils compared with

Japanese soils, though some Japanese soils showed low Ca concentration.

Zr concentration in the Cerrado soils is high, especially in LV, but we

could not find much differnce in P concentration between the Gerrado and
Japanese soils (Fig. 9).

Trace elements such as Mn, Zn and Cu are also low in the Cerrado soils,

but there are not much difference in Ni concentration (Figs. 10 and 11).

Figure 12 shows the summarized data in % or ppm concentration of dry
Japanese soils contain 11 to 29% of Si and the average Si content is

about 19%. On the other hand, the Cerrado solls contain 7 to 20% of Si and

the mean value is 10%. Flgure 12 shows that the Cerrado solls contaln low

amount of Si and higher amount of A% and Fe as main component of the soils
than Japanese soils do.

soll.

The concentration of K, Ca, Mg, Sr and Ba in the Cerrado soils are very
low indicating that the Cerrado soils are strongly weathered. As we cannot
expect much supply of K, Ca and Mg from these soils, we need to apply con-
tinuously these nutrients as fertilizers.

Phosphorus status is similar in both soil groups as far as total P is
conicerned. The trace elements such as Mn, 2a, and Cu are very low in the
Cerrado solls indicating that these trace elements deficiency become a seri-

ous problem in the Cerrado area with increasing agricultural production.

The analysis was done for only limited number of gsoil samples im both
area, Therefore these data may not be representative value. In order to
characterize generally the elemental compogition of the Cerrade soils, more
soil samples from different places and from different soil types should be

analysed.

4, Sammary

In order to characterize the elemental composition of the Cerrado soil,
seven samples of Dark Red Latosol (LE) and Red Yellow Latosol (LA) from CPAC
field were analysed by X-ray fluorescence spectrometer (Toshiba AFV-777) and

were compared with 27 Japanese soils including major soil types in Japanese
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upland area.

Compared with most of Japanese soils, both of LE and LV contained more
AL, Fe, Ti and Zr, but much less K, Ca, Mg, Sr and Ba. The trace elements
such as Mn, Cu, and Zn were alsoc very low in the Cerrade soils. P and Ni
concentrations were similar in both soil groups. Low concentration of K,
Ca, Mg, and trace elements in these Cerrado soils indicate that these
nutrients deficlency will become serious limiting factors of crap production

in these soills, unless nutrilents arve properly supplied to the field.

ITI. Elemental composition of the Cerrado solls

This research have been done in collaboration with Madeira, Jamil and

Fukuhara, but have not been completed yet.

1. Introduction

Agricultural development is going on in the vast area of the Cerrado
region, but there is limited information available on the soil property and
fertility sctatus of most of the soils. Partially because this area is as
huge as 2 million Kn® and the soll classes are not so simple as expected.
The distribution of main soil c¢lasses in the Cerrado regicn has been figured

out by CPAC researchers (Appendix 1}.

Lopes and Cox*) agsayed the fertility status of a large number of the
surface soils collected from 600,000 ¥m? area in central Brasil. This survey
clarified the general conditiong of the Cerrado soils; low levels of effec—
tive CEC and extractable Ca, Mg, P and Zn, and high levels of Fe and AR
saturation. But they did not try to relate these data with soll classes,

vegetation, topography or other parameters,

In the Cerrade region, dry spell is one of the serious problems in the
crop production during rainy season. This problem can be partially overcomed
by the amendment of subsoils®), This fact indicates that properties of the
subsoils also should be taken into consideration. However, there 1s little

informations avallable on properties of the subsoills in the Cerrado reglon.

The objecties of this research are to atudy (1) elemental composition of
the surface soils and subsoils in the Cerrado region, and (2) the relation-
ships between elemental composition of the soils and fertility status of the

soils.
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2. Materials and methods

Soil samples were collected mainly from Goids state and Brasilia-DF.
Sampling sites were selected to cover the major soill classes in the area.

Figure 13 shows the location of the sampling sites. General description of
each sampling sites and soils 1s shown in Appendix 2.

The samples were air dried, screened through a 2 mm sieve and treated
as described earlier for A-ray fluorescence spectrometry. The analytical

conditions are shown in Table 3. The chemical analysis has not been com-

pleted yet.

3. Results and discussion

Among the soil samples collected from 30 sampling sites, 64 soil
samples from 15 sites (No. 1 v 15) were analysed by X-ray fluorescence
spectrometer. Tables 4 and 5 show the X-ray intensity measured. Among these
20 elements, the concentration of Si, Fe, AL, Ti, K, Ca, Mg, P, Zn and Mn was

estimated by using the calibration curves in Table 3. The results are shown
in Table 6.

A skeleton of soll is usually composed of oxides of §i, Fe, AR and Ti.
Under intensive soil formation processes, these composition is completely
altered and the soil formation processes are reflected in the elemental
composition of each horizon, As shown in Table 6, the concentration of
skeleton elements (Si, Fe, AL and Ti) is very similar through horizons in
most of the Cerrado soils. However, the elemental composition itself is
location specific. Even in the spils which belong to the same class and
locate wnder the similar climatic and topographic conditions as the points
J-1 and J-12, the elemental composition varies greatly place to place. It

does not always relate to soil class.

On the other hand, there are big difference in the elemantal composition
among the horizons of the points J-2 and J-8. In these points, different
parent materials mixed in layers possibly by erosion. And the differences in
parent materials are still maintalned in the composition of skeleton elements.
These facts indicate that the composition of skeleton elements was mainly
determined by the parent materials and was not much affecteq by other soil
formation factors. 1If this is true, most of the Cerrado soils might not been
under intensive soil formation processes, even though they were very old

soils,
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Figure 14 shows the composition of skeleton element of the surface
goils. In each soll class, the composition is not always similar, But the
elemental composition was found among different soll classes; J-11 (Plinthiilc
Yellow Latosol), J-12 ~ 13 (Red Yellow Latosol), J-14 (Dark Red Latosol) and
J=~15 (Low Humiec Gley). In these soils, not only skeleton elements but also
other elements are similarly contained (Tables &, 5 and 6). Since these

soils located in the close viecinity, the parent materials may be the same,

In the present soil classification system, soil color is an important
factor to classify soils. Although soil color is easily determined and a
convenient parameter, it Sometimes changes drastically by soil moisture
content and by changes in some chemical conditions of solls. To what extent
soil coler is related to soll fertility status? The darkness of soil color
is closely related to the content of the humlc materials which contain C, N
and P, But other soils color is not related to soll fertility status. On
the other hand, the chemieal composition of soils is much more stable than
soil color and cleosely related to clay mineral composition and texture which
affect much behavior of nutrients in the 50117). Therefore, elemental com~-
position of soil skeleton can become an important indicator of soll property.
If we find the close relation between elemental composition of soll skeleton
and some soil proparties (cation exchange capacitles, P-fixing capaclty,
nutrient contents etec.), this will be a useful tool to clasgify soils, This

point is presently under intensive investigations.

Concentration of such nutrients as K, Ca, Mg, P, Zn and Mn in the soils
varied in various degrees (Table 6). Although these nutrients tend to ac—
cumulate in the surface horizon, the variacion within horilzons is much
smaller than that among the sampling sites. The soils in CPAC fileld con-
tained generally very low amount of these nutrieunts, but some cther Cerrado

soils contained relatively high amount of these nutrients.

Concentration of total K in the soils is generally very low, but high dn
the soils of the points 8, 9, 10 in the vicinity of Goidnia. Total Ca con-
centration was high in the points 5 and 9, but all the soils in CPAC contailned
trace amount of Ca. Total Mg concentration was egpecially high in the point
9 and especially low in the point 3 (Quartz sandy soil). Total P concentra-
tion was high in the points 7, 4, and 5, but very low in the CPAC soils
except the surface horizon of the organic soil. Concentration of total Zn
and Mn were egpeeially low in the soils of CPAC.

After the soil analysis was completed, the relationships among elements,
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total and available nutrients
discugsed.

» and other soill properties will be thoroughly

4. Summary

In order to study (1) elemental composition of the surface soils and
subsoils dn the Cerrado reglon, and (2) the relationships between elemental
composition and fertility status of the solls, sample were collected mainly
from Goids state and Brasilia DF. Among the soll samples collected from 30
sampling sites where cover major soll classes in the reglon, 64 soil samples

from 15 sites were analysed by X-ray fluorescence spectrometer.

The concentration of skeleton elements (81, Fe, AL and Ti) is very
similar through horizons in most of the Cerrado scils, However, the ele-
mental composition itself is location specific and does not always related
to soll class. The analytical results indicate that the composition of
skeleton elements was mainly determined by the parent materials, Most of the
Cerrado soils might not been under intensive soil formation processas, The

possibility to classify solls by elemental composition of soils was also
briefly discussed.

Although K, Ca, Mg, P, Zn and Mn tend to accumulate in the surface
horizon, the variation within horizons 1s much smaller than that among the
sampling sites. The soils in CPAC field contained generally very low amount
of these nutrients, but some other Cerradc soils contained relatively high

amount of these nutrients,

IV. Estimation of nutrient reserves and nutrient availability of some Cerrado

soilg

This research is under way in collaboration with Morethson, Castelo,

Madeira and Jamil.

1. Introduction

The concentrations of the available P, exchaungeable K, Ca, Mg and some
trace elements are reported to be very low in the Cerrado soilsz’a). Even
though the availabiliry of these nutrients were very low, we can expect some
nutrient supply from the soils by increasing the availability through use of
mycorhiza or low-nutrient tolerant crops or other methods, if the sodlls

contain nutrients as a potential source. But if not, we must apply these
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nutrients as fertilizers. From the data of X-ray fluorescence spectrometry

of soils, we can estimate potential ability of nutrient supply of soils,

The amount of available nutrients in soils 1s supposed to he related to
the total nutrient content of the soils, If we can find the relationships
between total nutrient comtent and available nutrient content, we can esti-
mate availability of a certaln nutrient by applying X-ray fluorescence
spectrometry to soils., Since X-ray fluorescence spectrometry is rapid and
reliable method to determine total amount of most of nutrient in soils, these
informations will be helpful in planning land use, land medification, selec-

tion of crops, fertilizer application and other seil managements.

In this research, the amount of nutrilent reserves and nutrient avail-
ability of some Cerrado soils are estimated by X-ray fluorescence spectrom-

etry, chemical analysis and pot experiments,

2. Materials and methods

Seven kinds of top soil samples (0-20cm depth) were collected from CPAC
field in a virgin area. They are 2 types of Red Yellow Latosol (medium and
clayey), 2 types of Dark Red Latosol (medium and clayey), Quartz sandy soil,
Organic soil and Low humic gley soil. Soil samples were alr dried and passed
through a 2 mm siseve. ZPlastic pots were filled with 3.0 kg of the air dry
soll (2.5 kg for Organic soil). All pots received the nutrient shown in
Table 7 and 8. Phosphorus and lime (CaCOz or MgCOj3) were applied as powder
and thoroughly mixed with soil. The amount of CaC0s or MpCO3 which correct
soil H (1:2, 5 Hz0) to around 6, 0 were applied. All other nutrients were
applied in solution.

Wheat (ev., BH 1145) or soybean (cv. IAC-2) were seeded and thined to 10
or 5 plants per pot 4 days after emergence, regpectively. One day after

emergence, rhizoblum japomicum was inoculated to soybean. Before inoculat-

ing rhizobium, minerals in the medium were removad by centrifugation. All
the pots were placed in a glass house and irrigated twice a day to maintain
soil moisture conditions at field capacity. All the treatments were dupli-

cated. Analytical methods for soils and plants will be reported later.

3. Results and discussion

Severe Ca deficlency sympton appeared in both plants on the pots of -Ca
treatment, except Humie Gley soill, 7 days after emergence. Moderately severe
Mg and P deficiency symptoms appeared in wheat on the pots of -Mg and -P
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treatment 10 days after emergence, respectively,

All the analytical data will be reported and discussed after completion
of the experiments.

4. Summary
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Fig. %4. Intensity of X-ray emitted from Si and A{ in Japanese soils (e),

1E (@) and LV ().
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Table 1

Cerrado soil samples

No. Soil type Horizon cm pH (H20)
1 LE 0~ 10 5.19
“ 10 ~ 20 4,61
LE 0" 10 4,05
4 " 10 ~ 20 4.38
5 v 0~ 10 4.85
6 " 10 ~ 20 4.50
7 " 25 " 4.65
Table 2 Analytical conditions for X-ray fluorescence
spectrometry {(Toshiba AFV-777)

Element X-ray . (_Irystal Detector Time
AR Cr EDDT PC 10 sec.
51 Cr EDDT PC 10
Fe W LiF 5C 10
K Cr LiF PC 10
Ca Cr LiF PC 10
Mg Cr ADP PC 20
P Cr Ge 111 PC 20
Mn W LiF¥ 5C 10
Zn W LiF SC 10
Cu W LiF sC 10

~186-



n L1 11 1l [1] [1] " n (1} O:

" n " m " " I " " 9N

" u i n L1 n " n L1} ?

n " n L] L1} LL] o " " ._”z

" L1} [1] [1] H (1] " 1] n -._U

2660 20890 &= 9916082 TGOES 0T~ " " n Y n 1" " " “ uz
w " " n n " “ " " qy#

" “ “ " " " “ u " ag

" " " " “ " " " " AZ

an 4 Teadsjul 002 25 vaog o% Qs “ eg

¥66°0 £200070 oygtL'T TTLES SET~ aav o 052 114 ad pz8'9eT SE oy 23 )T
86670 £0000°0 100070~ GLEGOTT laqa d 057 0sT 0d RS YT cE oy an v
€460 £9000°C- 0pzte o 4005€°9 1aad a4 052 05t od 086 ‘0T St (114 a7 18
666°0 L8200 86609°9 OyBYE L1 TIT-20 ] 00Z (4174 od gy8' oK1 17 oy an d
ITIT-99 2 ase 0oz 0d SL9'01T ot oy a9 8

%66°0 Q00006 "0- Soneoto 00%Z0'0 4¥F1 4 [Hil2 [H[iFA ad D08'9¢T 117 oy 12 A
666°0 00000°0 0e000°0 GLZ0O0° 0~ am 4 00t 0S¢ Dd oDZ €11 St 0y a L
£%6°0 01000 °0~ ETLL0°0 08052°0 4711 d Ll 0az o8 oz1'98 oy oS A Tl
£B6°D 8022070~ LZwYB* LT YZCL0°69 a1 D 0os 05T o8 09529 oy 0s I Ul
866°0 10000°0 0ZE00°0 z79LE5°0 a11 4 ooY 00T o5 V] e 14 g2 ! al

B 0 ] v TrIRAIg TP MopuTH o858y 10393794 o2 v A aqnl P
vild £va-y 3uapyoul

(;X2 + Xg + V = 1) woriviqried

£1jswoazoads souadsaionTJ Aea-y} 10J SUCOTEITpuod [EDTIATBRUV § STUBRL

-187-



6EZ 0zy 8s 99 621 S 92 €21 LAY ZES 0%1n58 an
(434 £oY z9 9% 661 5 44 L11 L6 01s 19: 30V x 'g 108030
a7z o%e 28 1 79T s 4% 68 B'6 6EY St 02 y MOTTRL PoY 9-r
19¢ (419 74 ¥g o€z 9 vel €6 FAL AT 95y 0z "0 y
o6¢ igy gt 101 ¥81 € g1 A4 279 16 05106 tg
T6E 6% 9t 611 L TAA g 114 92¢ 1728 668 06 oY 'q (ep3zp o)
STy 89% 8T 9T oy g s €22 2419 168 0% 0z 4 1080371 §-r
bsY 21/ :28 291 665 z1 0Ta*e €12 1°95 0L8 0T ~0 y pay Aysog
yeYy Ly 11 yiT 181 9 £9 Ly orgy 196 09108 tg
69% 69% A 9z1 y1e ¢ 99 e T°18 £s6 08 0y 'g (apa=p o1y)
Thy Lsy £t 691 762 8 ott 8€T A1 946 0y W0z ty Tes03E] -r
9Ly 09y €1 91 99T ] 5L A4 1°%8 Sh6 0z ty pay Aysng
90T 651 217 L 11 z L 9 S*E £z LOETW0T ]
40T £z SR 1T 69 £ i g8 12 €1 00109 g (ovdo)
66 1€t 912z 6 8L T L g A 0z 09 ~0Z ty Apurg zaawnh £-r
60T et 80% ¢t B5T £ ot S 62 ST 0z "0 Ty
9gYy 189 S0t 6 gy1 62 z2 9t 12 114 06 0L on
£8z YGh 56 13 Tty 67 11 0z L€ oY 0L 55 VI (avan)
£65 0.9 86 v oyt 98 A 62 77 9% 55 DS b Tyos opusdip z-r
182 £5% 19 06T £%s 9t 09 T 6°¢ €€ 05 0 ty
L0z zze 1z £ EYT L L 9 £'s 0os LU 4 votg
962 cz8 14 £2 89t { g8 z9 6Y £0g 0ETWONT tig
Loz i1y} 52 9z Z81 L L £9 67y 06y 0yT0L tzg (ovad)
vZT £Zg A 62 yoz ¢ 8 29 £'s 06y 0L ~D¥ Tg Toso3el T-r
261 808 9z o€ v 8 ot 65 Lty y8Y oy AST ty #0TT3A pad
502 64 92 1% 162 8 16 09 6'Y 4:1] ST 0 y
% 0T ® 0T x | 0T x ot * 0T % 20T ¥ (0T % 0T ¥ (0T % ws *uozTIoH {*o0T) *88VTD suyod
3H L 18 d [ N vy TH ujy 24 aydwes 1fos

(£371susiul) Aajpweoaizoedsg Lva~x 4 9TqelL

~-188-



g9z 60L ol ST o€l 1T 5T T4 L'z 1T 402109 zq
tZe 069 59 Li w91 A 9T oy 57 £5T 09 DL g (Ovad)
difeh )i
10¢ 9%9 ¥ 44 88T T 61 Le 0t 191 0€ 51 Ey 1 b
MNOTED i -
98z 909 8t 9z £0% y1 BE St 7'€ 881 5T O 1y TEeA P2Y (4%

. b4
o8z ocL 8L 11 6zT L2 (A 1% 9°2 =1 400109 -4 (ovdD)
262 g0l ol 129 vy yT ot oy 9z zs 09 0€ g -

. [ -
62E %9 €8 VAt noT £t E44 6E Lz £S5 0t nST V |norrex smanstd T1-r
10¢ 19 6t Lz S0z ¥l 1% BE 0t €T ST O y
FA L 8% oY o€ eyt 0071 gt s 7'9¢ VA 0STW0T g (eyuETon)

Loy £9¢ 8¢ 14 691 £6 43 s L9t 29 00T 0Y g 1osoaey
1LE z8y 9% 0% 91g 8 601 79 £'9¢ FA 0% 0T ty pay Aysng ot-r
9gt ies gy 8y 89T L6 622 g5 114 €65 0Z "2 iy
osy't chy 26 8y 2cT 62T ¥68 16 v e £z2 06 08 £39
090°1 STS vl oy 6£T 19 965 €L £ LT 622 08 0% 8D (se70D "ATUN)
8L 194 58 £y LTAY 15 soh oL rAR YA €0t 05 02 135 Aa1g afuny 6-r
6Ll LA 50T FA | TEY a8 8L 00T 5*86 £92 0T 0 ty
98Y £29 1] 0% y01 661 T4 43 rANAx ity 0EZnS8T oH
68Y 519 LT oY 011 v81 42 AN g8' 11 1917 $9TgoT  *PAI
88% 685 19 £E 121 w1 £y ]y 911 yEY 00109 tig (eTuROD)
£05 yis 95 L LT 941 vy 14 AR AT 80Y 09 AOE 3 Tosc3el 8-
518 81§ 99 vg 99g 051 124 9z 9°61 €9t 0E 07 £y pay yieq
945 ity 1L 8% 98z 66T g0z 5z 95T OLE 0Z W0 iy
6€2 gLy 1€ 89 09T Yy oz 591 9-¢2 9ZL S07Tn06 g
s 65% 9¢ 98 861 i (19 191 0°5¢ tos 06 "0y g o501y
6%2 gyYy ot £ET 1114 ¢ vy 85T 6'0€ £TL a4 w0z £y poy Aaeq t-r
LIE Lyh 8t €1z 85% 9T z0Z 091 916 759 0 "0 y
% 20T ¥ 20T * 20T % ot % £0T % J0T X (0T % (0T * (0T X% Wy ‘uozIoH (-907) -ESELD uyoq
=] Y 15 d 5 X ) L i 23 s1duws 1108

~189-



£5¢ 869 €8 A Y11 o1 T £y 5z o% +S?wc zp (ovao)
9t 1472 L 134 Y 11 €1 £y 9z 8E 09 ~OE s f19
[£x3 £59 88 1 11714 11 91 iE L' s 0f Dt ty - ST-F
88z 619 I3 1z 402 4 12 9t 6T 40T 0Z "o Ty
. 2

Z6¢ ES v £z AR 9z 61 62 y'g 762 LoTTL q (ovan)
89 0£s t Lt oYt 44 (174 62 6'¢C 68¢ 0L "0 ig S
2 £43 %05 88 ot Let rra 9z 8z bty 692 0f nDZ ty S — -
(34" 06y 68 BE €0z T 99 9z 9'g £9z DT A0 ty
£26 619 st 91 8Z1 T €1 Bt Lz £91 0TTA0L ig
ghe 509 1 0z pyT %2 5T £L 62 9907 oL 57 tg (ovad)

TO50389]
STE eLs vg LI Z81 oz 0z 1€ 2°E 70 6% ST ty _—

1¢] ;) =) -

6TE 05§ vg ve ctz 6T 09 1c 8¢ 62z £t n0 v HOTTRX PR
Tx 0T % 0T X 0T ¥ 01 x (0T ¥ 0T % (0T X (0T X (01 % wy S UuZTIOR (*o0T) *ssE(D Jurod
e BV TS d S A L) 11 ul o4 a1duws Tyog

-190~



L9 Lz ' L9 0t o'z 0'6S FAR O, 5B :8
99 Bz 91 6'0 11 €1 £'s¢ 8T 58 n,GE g
79 0z 9°1 51 6'0 &1 9°€5 0°'1 5E 002 Ty 1050311
09 1 6*1 Lt 810 9°0 T v 0S5 51 0% "0 Ty #aTTaX paY 9-r
. . - - . . . . . 2
01T 20 §'g §°1 5T €0 o'y (At 16 05106 dn (ep1e4 oTY)
LAk 81 o'y ST €1 70 €S g TY [ 06 0¥ ;| 1050791
. . . - . . . - . 13
g*o01 0T By 51 21 %0 %5 0Lt 1'% 0% ~0Z v pay Aysng ger
£ 1 11 6'€ 1 6T 70 6°S g0y y'g 0z 0 Ty .
. . . . * . . . . k4
0t (Al 9°¢ 81 ST 9°0 L Bzt St oy1.08 d (ep13A OTY)
2'6 6°¢ 81 81 €0 oy §'2¢ gy 08 ~OY tg —
96 1 o'y 81 A v'o Ly £ oy g€ 0y no% ty ey Axsng y-r
0° 0T ST oy 81 0'z £°0 €'Yy B OY 6t 0¢ O v
0z 0T o Tt 11 9*0 g§'0 9°0 0'Ee g1 +UET0T b
&1 90 £'0 13| 9'0 0'1 €761 50 00INOY D (ovan)
02 60 50 1] £°0 8T £°81 £z 09 07 ty | fpueg ziaend £-r
£z 01 1 z°0 6°0 11 z'o1 1€ 0z O Ty
11 'y LAl €'z 51T 91 9'1 12 869 L't | 06 0L on
19 08T 0°65 86 LA 81 6°T 0T L°EE g1 0t ngS vi (ovdo)
01 - 9'8 0t 1'8 £*1 0z o'y z oS 1% 55 205 2 | 71705 WyuEI0 z-r
5ty STt §°gE g9 Z'4L ¥ ] <0 0°L2 51 6t ~Q v
gy zy v T 3] £°T rAl 91 049 0°¢ | 052067 vDEE
6'S B°E 51 1] T 80 ST L°89 90 DETVOYT Ty
9°g z'c LT 01 LA 5°0 8T T°L9 ST QYL lzg (ovam)
gy 5°¢ 131 £ 0 o't 6'0 z'% 9°99 o't oL noY Iy 1050381
oS vt ST z'0 §'1 S0 1 049 0z 0y ~ST £y ROTT3X P 1-f
s o't £°1 g0 9T 01 €T 0°59 61 ST "o ty
E:d . ! b 3 3 L] ms ‘UoZTICH (~oor) *ssRYD od
oj aN X ™ a3 uz a4 ag az ve ardues Tyo§

{£a¥susjul) Arzsworidsdg Lex-y ¢ =iqel

-191~



. - . . . - . . . k4
T4 s Ltz £z 8'T 8°1 £°T 5'69 91 40709 | (ovaD)
rAs %'E 9°C 9z 1 9°1 £°T 549 2T 09 ~0f 'g Tos07E
- . 0 . . . - - . B
4 8 T'T 1z L1 2T 5°1T 1°09 9'1 0f ST A AOTTOA P 2T-r
9°¢ 9°¢ T'2 A4 g3 61 0'z 0°5% ST ST 0 1y
. . . . » . . . . z
0y £y '€ 0t 0T 01 0z 529 1'% 400109 g2 (ovaD)
St 6"y 0'2 0°2 241 91 0°¢ 0°09 o't 09 ~0f g Er—
- - . . . . - - L] £
g€ Ly L1 L1 1 0'T 2 | 1°1% €% 0E ST V luorrex oT43uITa T=r
9°¢ F A ) 12 T2 81 81 3§ 1°zs (AR A ST np Ty
9'€ 9°T o't 0t 1"z 6D 11 AN L'z 05T00T 2q (eTuETeD)
i 0z 9'E 9'2 1'% g1 Lo L0 £ 94 00T0Y iq Tos038]
gt €1 A A £z 61 9'0 0t 0'c 0% =01 ty pey Aysng 01-r
A A 72 T4 L'z 1€ 6°1 51 3 T4 L2 0% ~g y
ik £ T o't '€ £y 0T 0°LE 0S8 S'ST 06 08 £33
8z 9°1 9°Z 9°z $'E o't 8'6T 059 £°8 08 ~0S 25 {sE709 -ATUR)
9°F 0'z 8'2 8% gt Lo £°%1 rAd Y 8¢ 0S A7 185 43T Syuny &-r
£ % 4 G'c 0°c T 01 L'z o' 00T 041 0% ~d iy
£°2 £°2 £°2 51 gz 'z 8% 29 0ET S8BT o
61 T2 Tz o't 9*¢ L'z 1'92 g9 SATA00T  2iam {eTugTOD)
FANA A iz g'1 L2 8T STHe 8’6 00105 tzg 1080381
5z 81 81 1 0y £t £'ye £°c 09 n0E ‘g oY Hieq g-r
51 0'% 0z £°1 5'2 v'e A 4 15 +] Ot AQZ ty
o'z T Caa ¥ a4 0z 'z 0°€Z oL 0Z "o ty
T'€ 0T 12 '€ 1 9*0 61 8'8E 2z 40V106 tq
T°€ 21 L1 T°€ 2°0 9'0 €1 ¢ 9t Lo 06 b ta o803
gt £°T T G°¢ 6'1T £'0 60 o'ge Lt 0% 0T by POy MieQ {~r
£°¢ €1 T2 € z'e L0 b'o a'ey (14 G2 0 ty
A b p A b A ) wo *UoZTIOH (*s07) *ESETD uTod
OH 9K i ™ no ug qy ag xz By atrduws YO8

~192~



£'s g 6'€ 6°C 9°T AR 6T 0'c8 'z 0ZTOS )
+ {ovaa)
g4 9°g 0y 0 9°1 0'T 5T 0*s8 0 09 O 15 .
=5
zh g5 o't 0°c ¢'T 21 0'2 5°99 o'z 0E nOZ ty 1w
(0] -
'€ oy T g1 't 01 0'T ¢*09 g1 0T "0 v Rhc S B
¢z €¢ 1 11 9T T T'1 57 6€ R oTT0L g
+ (ovaon)
g'Y o't 61 ST 1T (1] E'T T°TY% g1 0l ~0E 'q
Toso387]
0z ot 61 61 T 9T 81 £ 6€ &1 0E nOZ ey
o 2 E -
7't 7€ LT LT 1 s 1 0T oy vz 0z "0 y Py red vI-r
gy 0's 92 9'g 02 60 -1 z'19 61 L0TTMO0L g
% Le 91 9°T €1 g1 §°1 z'2s 81 0L ST g (043}
| B
g g°f 8T g1 9°1 €1 0°Z c'gh - §Z AST by 1080381
'z 67 0z 0z T £°'1 o1 59 01 €T 0 v AOTISA PY A
b A A b | A A A wo *uozFICH {*001) *8SB{D aoted
OH au X ™ no uzZ qu 1y ag B adues 1708

=193~



T0°0> = "33 %

85T 8 9{¢ 88¢ 13 6£0° 0 LE°E 0*9 06 44 (112 ¥ 4] L: i1

v6T £ 9.€ A (3 *23 BEC'O 9z°¢ 9'g g'e (Al %4 S8 WSE g 1080281

96T Lz 9L€ ¥9¢ *13 6£0°0 6L°3 £y 0! 512 5S¢ nOZ ty moTT2% PAY g-r
14:74 1T 9h¢ 8z¢ 8€0°0 Zho'o 98°2 £y £ 1792 0z 0 Ty

£50°T iz BY%6 6495 00 0%0°0 £5°¢€ Lt £ 61 £'el 05TW06 g

UT'T 1 X4 BSTT 145 LOT O 90°0 L9°€ st 68T 11 06 0% g {ap13p oTH)

00E*T £E 191 {19 Y81'0 8%0'0 69°¢ ! 9°81 8'11 0% 0T v Tos0387]

0s2'T 13 VLT | 169 56L°0 590°0 st°t 9'9 6°LT §° 1T 0z 0 y poyd Axsng c-r
060°T L 90T*T 169 910" 0 £v0'0 &yt bl 6°0% i's 091208 g (@paap ovy)

£6T°T £t 652°T ozt t1o°0 %9070 56°¢ [ 907 001 08 0% L 1050387

££2'T 1€ o0L8't 899 1€0°0 6400 85°¢ 6°9 LA I/ £ ot 0% 02 ty pay fysng y-r
[ATA it L1 TANY BEL 0200 15070 65°¢ (ia4 VAT £°0T 0z A0 ty

iz 9 1] &Y k] §20°'0 Lyo BT 80 gty 40ETR00T 4]

3 £ £6 9% "33 1€0°0 V1] AN Lo 0Ty 00Tn.0% ] (ovan)

S £ 64 L *x3 Leoto £%D 91 L0 9°¢CY 9 n07 ty Apueg z3x8NY £r

11 13 [4A 1 13 0E0°Q £y'0 9°7 80 £ty 0z 0 ly

33 52 6L ge9 X3 0eT'0 9% 0 €9t 8’0 0"zt 406 ~0L an

tC EE :14% 69t 11 TARd] 56°0 8'9 60 9'12 0L 5% v (ovad)

a1 £z 161 £96 *13 LEe'0 6T 3°g1 o1 L*0E C5 nOg o 1705 @7UEdig =T
e€ cT gDz e ¥l <10°0 £80°0 SL°0 T4 60 0'€Z 05 D 1y

9L £z SLT 0ce a3 940" 0 81°2 ooz £'8 £y JPsTwoE votE

99 0z £81 T4 T3 9%0' 0 /1T T°02 £°8 B°LT OETuVONT B

99 134 Loz %4 a3 9%0'0 0Tz £°07 0'8 B'ET oYL tzg (ovan)

9¢ 9T 1€2 192 n 9%0°0 812 002 0°8 6°2T 0L Oy tg Toso3eT

09 Lz 6ET 71T %13 g%0°0 01t €61 6L 04T 0% ST ty sOTT3} PRy -
99 114 {13 92 g20°0 050°0 £1°0 9781 6L 0 Y1 ST 0 y

mdd wdd wdd wdd ¥ ” % % 4 ¥ woy *uozTION (*00T) *SBUID wurod
R uy d In ) A1 TL v a1 TS ayduus {y¥o$

(nofaeajusdue)} Lijsworijosds Aex-¥ ¢ 9TqeE]

~194-



g £E [AA 8.t *ay z90°0 19°1 T°51 0z 6°S¢ 402T09 g

11 0z e thy ta3 §o90'0 85T Al-11 £°T [ %4 09 OE ig (ovad}

"t 1t LTAY 0% "3 2900 691 FANAl 4 9°92 0€ "ET Ey 1080381

6T st 107, %Lt *a3 €LD*0 £y T £'T1 Lz B*9Z ST A0 ¥ BOTTRX PRY T-r
€ I3 €6 £9E a3 00 19°T 0°91 1T 8°92 00T 21

£ 1t g1t £6E 13 TL0°0 1 6% 0'T 0°52 09 nog g {ovao)

g Le g1T hey "33 g90°'0 (12 § 8 ET 1T 84T of 61 Ey Tos053%]

L4 4 £E §1Z oy *aa TL0°0 25T FA A 21 042 ST D Ty | moT{9K FTYIUTITL 1T-r
809 6€ 682 119 *al 06€°0 76°T g ot %11 8T 05T 00T tq

£99 6% ZEE 109 £T0°0 €9e°0 £6°T 6*6 11 £ LT 00T0Y lg (8TUETOD)

o048 Ly 1Y £es QEo"0 0EE" O 8T°% g4 Z°6 g 12 0% 0T by ToE03E7]

€99 L5 het 196 890°0 BLE°0 [0'z 8°8 % 0T 16T 07 2 'y pay Aysna oT-r
6eL e ¥6E €8z £€0E°0 S6%'0 87 9°9 9+¢ 9’62 06 W08 €33

veg 29 £€2c ov6°T ZET°0 9¥Z 0 wy'z ] £°€ 6°62 08 0S5 #3p {seTon °ATUN)

8% 99 6%E BYE*T 9Z1°0 01Z°0 L€°% L sty '8¢ 0% 0L 18D £a12 dTunR 6~r
9z6°T oL 6LE'T ove“T 09g°0 £50°0 66°7% 8t 8 € 0‘zE 0Z "0 v

098 Lz £z€ £GL taa 9%L°0 ve' T 0t 8L T°6T 0€ 28T ox

6%¢ 9T AN 65¢ * 11 %6970 RE'T 9°11 "8 ] €81 SgTW0T 2l

b4e €E 92 L5L Q10°0 8590 gz T 20T 6°9 9'1¢ 00T%Q09 izg (eTugT0D}

w9z 0z £62 98¢ 010" 0 62970 A | €01 79 81z 09 0t L TonoaET]

LyE £e 144 608 079 T45°0 51°T 9°8 5°c % ot "0¢ by pay Maed g-r
414 Ly L8Y 626 190°0 066°0 11 LA A 6% £°6¢ 0t O ty

TZS 8T 98¢ 682 33 CEO D CLE €L L€t 75T 40YT06 q

65 T 944 £82 a3 9t0° 0 T'E 0 £ AN 891 06 0% lg TOS03BT

BIL SE 16e°T 90€ 0100 BEC'O 69°€ L9 HET 591 0% nOT By pay Naed L~r
SEg*T Ty £65'¢T s 650°0 180°0 0.°¢ £°9 811 € LT 51 20 vy
mdd wdd udd wdd % % z k4 % % wo “uoZ}ICH (*o07) °SSETD IuFod
Ul uy d MW ) A TL W ad T8 atdues 110§

-195-



*x3 62 (4134 66Y ta3 65070 £9°1 L%t 0'T 82 +o~d5m tn

£ 62 STT c0s *3) 090'0 {9°1 28T 6*0 £ 6¢ 09 0E ' (0van)

9 Lz ST 05% *3 190°0 691 T°€1 0°'1T g 8¢ 0t n0¢ ty K=o

11 Lz 89T 8Lt a3 590°0 951 51T [ | 9'82 0¢ 0 'y DTURY #07] g1~
14 L YA £81 €L5 *a3 gIT 0 LY AN 6'g [Ad 0°'8¢ ,..o.n.nech tq

€E 81 §1¢ LZs “ I3 TTT°0 L TAN 6'8 FAR % 6°5¢ 0L 0% g (ovan)

5 0z 6EC 6EY *a3 <0T°0 T¢'T FAS ) 0t g°'6e 0f n0¢ By 1980181

%8 0¢ 90¢ TYY L1070 T0T°0 cT°1 gL g't 0°'6¢ 0z 0 ty peyd Haeq g1-r
9 te oLT 13l ta3 Li0'Q A} 0'y1 %*'T 1932 +ouﬂeon 31

11 €T 097 heYy i E) 801 0 [A 0 § £°TT o't £6¢ 0L 52 1g (ovan)

6T 62 T6T azy ta £60°0 TE'T 2'0T 6'2 o.mw 6T Gl Ey 1o50ae1

9E T LT 9L ST0'0 160°0 1€°'T &6 €'t 0°‘8¢ ST A0 'y MOTT3R P=A £T-r
wdd mdd wdd udd ” Y y ¥ bl ¥ ws ‘uozTaof (*ourT) *SERTD uTed

g uz ] N :4] | 11 kx s ag 15 eydues TTO0S

-196-



Table 7 WNutrient application rate

Nutrient

Reagent Reagent mg/pot
NHyNO3 171.5
P NaH, PO, 1,115.0
K250y 200.5
Ca CaC03 in Table 7
Mg MgS0, - TH,0 304.3
Mn MnC2y - 4H,0 5.4
Zn ZnS0y - TH,0 6.6
Cu CuCf; - 2H;0 0.81
Mo (NHy ) ¢Mo70s 4 - 4H,0 5.3
B H;380, 0.55

Table 8 Application rate of CaC0; or MgCOj

Soil samples CaC03 (MgCO3) g/pot
Red Yellow Latosol {(medium) 1.5 (1.26)
Red Yellow Latosol (clayey) 3.0 (2.52)
Dark Red Latosol  {medium) 3.0 (2.52)
Dark Red Latosol  {clayey) 6.0 (5.04)
Quartz sandy soil 3.0 (2.52)
Organic soil 5.0 (4.20)
Humic gley soil 4.5 (3.78)
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Appendix 1 Distribution of soils in the Cerrade region

50il class % area
LRd Latossolo Roxo distrdfico 1,34
LRde — Latossolo Roxo distrdéfico e eutrofico 2,22
LEd Latossolo Vermelho-Escuro distrdfico 18,00
LEde - Latosselo Vermelho-Escurc distréfico e eutrdfico 0,73
LEe Latossolo Vermelho-Escuro eutrdfico 0,01
Lvd - Latossolo Vermelho-Amarele distrdfico 22,38
LAd =~ Latossolo Amarelo distrdfico 1,81
TRe Terra Roxa Estruturada eutrdfica 0,41
TSde - Terra Roxa Estruturada Similar distr6fico e eutrdéfico 0,23
TSe Terra Roxa Estruturada Similar eutrdfica 1,07
PV Podzdlico Vermelho-Amarelo distrofico 6,18
PE Podzdlico Vermelho-Amarelo eutréfico 0,34
PVp Podzdlico Vermelho-Amarelo Plintico distrdéfico 2,97
PEp Podzdlico Vermelho-Amarelo Plintico eutrdfico 1,24
BV Brunizem Avermelhado 0,06
NC Bruno ndo Cilecio 0,04
PLS Planossolo Solddico 0,33
58 Solonetz Solodizado 0,02
Cd Cambissolo distréfico 2,73
Ce Cambissolo eutréfico 0,25
Chd Cambissolo HOmico distrdfico 0,04
HLd Laterita Hidromorfica distrdfica 3,74
HLde ~ Laterita Hidromdrfica distrdfica e eutrbfica 0,02
HLe Laterita Hidromdrfica eutrdofica 0,16
HLi Laterita Hidromérfica indiscriminada 0,31
HGd Solos Gley distrdfico 1,68
HGde - Solos Gley distrdfice e eutrdfico 0,25
HGe Solos Gley eutrdfico 0,02
AQd Areia fuartzosa distrdfica 14,55
HAQd - Areia Quartzosa Hidromdrfica distrofica 0,02
v Vertisselo a,06
Rd Lit6lico distréfico 6,60
Rde = Litdlico distréfico e eutrdfico 5,90
Re Litolico eutrofico 0,90
HRd - Litdlico Himico distréfico 0,25
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Soil Class % area
Rz - Rendzina 0,10

REde - Repassolo distréfico e eutrdfico 0,17

§Cd -~ Solo Concerciondrio indiviso distrdfico 2,71

SCe -

Solo Concrecionirio indiviso eutréfico

After J. Macédo, EMBRAPA/CPAC.
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Appendix 2 Description of the sampling sites and the soils
samples

POINT J-1

Classification : Red yellow latosol
Location : CPAC

Vegetation t Cerrado

Parent Material : Tertiary sediments
Altitude : 1,000 metros

Relief : Flay to gently rolling

A1y v 0% 15 em  Dark Brown (7.5 YR 3/2 moist) clay

A3 v 15v 40 cm Reddish brown (5 YR 4/4 moist) clay
By "~ 40v 70 cm  Yellowish (5 YR 4/6 moist) clay

Bzy ™~ 700140 em  Yellowish (5 YR 4.5/8 moist) clay

Bza v 1407230 cm Yellowish (5 YR 4.5/8 moist) clay
B3CAv 2300250 cm  Yellowish red (5 YR 4.5/8 moist) clay

very gravelly (lateritic concretions)

POINT J-2
Classification : Organic soil
Location : CPAC
Vegetation + Grassland {natural) :

Parent Mateiral : Quaternary sediments
Altitude : 950 meter
Relief Flat

4A; v 0050 em Black (N 1.5 moist} clay
C ™ 50055 cm Dark gray (5Y 4/1 moist) clay
ILANS5570 em Black (N 1.5 moist) clay
ILCn 7000 cm  White (2.5 Y 8/2 moist) clay
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Appendix 2 Description of the sampling sites and the soils
samples

POINT J-1
Classification Red yellow latosol
Location ¢ CPAC
Vegetation ;. Cerrado

Parent Material : Tertiary sediments

AMtitude 1,000 metros
Relief ¢ Flay to gently rolling
A 0v 15 cm Dark Brown (7.5 YR 3/2 moist) clay

o

A3 v 15v 40 cm Reddish brown (5 YR 4/4 moist) clay
By n 40v 70 em Yellowish (5 YR 4/6 moist) clay

B2y v 700140 em Yellowish (5 YR 4.5/8 moist) clay

Baz v 1400230 cm Yellowish (5 YR 4.5/8 moist) clay
B1CA v 23OMZ50+cm Yellowish red (5 YR 4.5/8 moist) clay

very gravelly (lateritic concretions)

POINT J-2
Classification : Organic soil
Location s CPAC
Vegetation : Grassland (natural)
Parent Material : Quaternary sediments
Altitude : 950 meter
Relief : Flat

A v 00 em Black (N 1.5 moist) clay
¢~ 50055 cm Dark gray (5 Y 4/1 moist) clay
T ANV 5570 cm Black (N 1.5 moist) eclay
HCn 70v0 e White (2.5 Y 8/2 moist) clay
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Classification
Location

Vegetation

Parent Material :

Altitude
Relief

Ay v Ov 20 om
A3 v 20v 60 cm
C; v 60v100 cm

s "~ 100 130 cm

Classification
Location

Vegetation

Parent Material :

Altitude
Relief

Ay v v 20 cm
Aa v 200 40 em
B; v 40nv BO cm
By v 80140 cm

POINT J-3

Quartz sands

CPAC

Cerrade

Tertiary/quaternary sediments
1,000 meters

Flat to gently rolling (3%)

Very dark brown (10 YR 2/2 meist), sand

Dark grayish brown {10 YR 4/2 moist), sand

Pale brown (10 YR 6/3 moist) with few, small brownish
yellow (10 YR 6/8 moist) mottles, sand

White (2.5 Y 8/2 moist) with few, small brownish yellow
(10 YR 6/8 moist) mottles, sand

POINT J-4

Dusky red lateosol

Km 210 . Goifnia -~ Rio Verde road (BR 060)
Cerrado

Sediments derived from basic rocks

800 meters
Gently rolling. Upper 1/3 portion of the slope
Very reddish brown (7.5R 2/3 moist) clay

Dark reddish brown (7.5R 3/3 moist) clay

Very dark reddish brown (10R 2/3 moist) clay
Dusky red (10R 3/4 moist) clay

0BS: Date de collection 12/03/81
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Classification
Location
Vegetation
Parent Material
Altitude
Relief

Ay v Ov 20 em
Az v 200 40 en
Br v 40V 90 cm
Bz v 900150 cm

POINT J-5

Dusky red latosol (7)

Km 195. Goi&nia - Rio Verde road
Cerradao

Sediments derived from basic rocks
B20 meters

Gently rolling (approx. 8%)

Very dark reddish brown (2.5 YR 2/3 moist), clay
Dark reddish brown (2.5 YR 2/4 moist), clay
Drak reddish brown (2.5 YR 3/4 moist), clay
Dark reddish brown (2.5 YR 3/4 moist), clay

CBS: TDate of collection 12/03/81

Classification
Location
Vegetation
Parent Material
Altitude
Relief

A v 0v 20 e
A 200 35 em
By " 35 85 cm
LB " 850140 cm

POINT J-6

Red yellow latosol

Km 168. GiZnia - Rio Verde road
Cerrado

Tertiary sediments

640 meters

Flat

Dark brown {7.5 YR 3/4 moist) sandy clay leoam

Dark brown (7.5 YR 4/4 moist) sandy clay loam

Brown (7.5 YR 4/6 moist) sandy clay loam

Brown {10 YR 4/6 moist) sandy clay, with 20 v 50% of gravel

(lateritic concretions)

OBS: Water table at 150 cm
Date of collection: 12/03/81
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Classification
Location
Vegetation
Parent Material

Altitude

Ay o Ov 20 cm
Az v 200 40 em
By v 40 90 cm
By v 90M140+cm

Classification
Location
Vegetation
Parent Material

Altitude

Ay v 0v20
A; v 200 30
By 4 30 60
Ba; v 1000185
T Byz v 1000185
TC ~ 1851230

.
.

3
.

cm

Cin

cm

cm

cm

cm

POINT J-7

Dark red latosol
Km 139 yoad Goidnia - Rioc Verde
Cerrado

Tertiary sediments

Very dusky red (2.5 YR 2/2 moist), clay
Dark reddish brown (2.5 YR 2/4 moist), clay
Dark reddish brown (2.5 YR 3/4 moist), clay
Dard red (2.5 YR 3/6 moist), clay

POINT J-8

Dark red latosol

Km 19 road Goifinia - Rio Verde
Cerraddo (original), Pasture (induced)
Tertiary sediments .
720 m

Dark reddish brown (5 YR 3/3, moist) clay

Dusky red (2.5 YR 3/2 moist) clay

Dark reddish brown (2.5 YR 3/4, moist) clay

Dark red (2.5 YR 3/6 moist) clay

Dark red (2.5 YR 3/6 moist) clay

Dark red (2.5 YR 3/6 moist) with presence of semi
wethered material, black (N 1 moist)
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POINT J-S

Classification : Humic gley

Location ¢ Campus of Federal University of Goids (Goifnia Universidade
after crossing bridge over “meia ponte creck).

Vegetation :

: Humid Grassland

Parent Material : Sediments derived from basic rocks

Altitude i 720 m
Relief : Plain {1 v 27)

Ay v (020 e Black (2.5 Y 2/1 moist), clay leom

Cgy v 20030 cm Gray (5 y 5/1 moist)} with many small brownish yellow (10

YR 6/8 moist) mottles, clay
Cgs v 50080 cm Dark gray (5 Y 4/1 moist) wint few small brownish yellow
{10 YR 6/8 moist) mottles

Cga v 80030 om Bluish gray (5 BG 53/1 meist), clay

0OBS: Stone line at 90 cm

POINT 3-10
Classification : Dusky red latosol
Location : Goifnia - Andpolis read
Vegetation : Semi-deciduos forest
Parent Mategial : Sediments derived form basic rocks
Altitude : 740 m
Relief : Plain (1 v 2%)

Ay v 2% 20 cm Dark reddish brown (2.5 YR 3/3, moist), clay
Az v 10v 40 cm Dark reddish brown (2.5 YR 3/4, moist), clay
B; v 400100 em Dusky red (1 YR 3/5, moist), clay
B, n 1000150 cm Dusky red (1 YR 3/5, moist), clay
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POINT J-1l1

Classification : Plinthic yellow latosol (?)
Location + CPAC
Vegetation : Humid Grassland

Parent Material Terciary sediments
Altitude

Relief

"

1,000 meters
Plain (2 v 3%)

12

12

A7 v 015 em Very dark gray {10 YR 3/1, moist with few, medium distinct
strong brown (7.5 YR 5/8 moist) mottles, silty clay loam.

Az v 15v 30 cm Dark grayish brown (10 YR 4/2 moist) with few, strong brown
(7.5 YR 5/8 moist) mettles, sandy clay loam.

B; v 30v 60 cm Grayish brown (10 YR 5/2 moist) with common medium to small,
distinct mottles of strong brown (7.5 YR 5/8 moist), sandy
clay loam.

By, v 60%100+cm Very pale brown (10 YR 7/3 moist) with few, medium, distinct
mottles of strong brown (7.5 YR 5/8 moist), sandy clay loam.

0BS: Water table approx. 100 cm
Date of collection 12/04/81

POINT J-12
Classification : Red yellow latosol
Location :+  CPAC
Vegetation : Grassland
Parent Material : Terclary sediments
Altitude : 1,000 meters
Relief : Plain (2 ~ 3%)

Ay v Ov 15 cm Very dark grayish brown (10 YR 3/4, moist) dandy slay loam.
Az v 15v 30 em Park yellowish brown (10 YR 3/4, moist) sandy clay loam.

By v 30v 60 em Yellowish brown (10 YR 4/6 moist) sandy clay loam.

Bz v 601207 em Yellow {10 YR 7/8 moist) sandy clay loam.

0BS: Water table at approximately 150 cm
Date of collection 12/04/81
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POINT J-13

Classification Red yellow latosol
Location : CPAC
Vegetation :

: Grassland {Matural)

Parent Material : Tertiary sediments

Altitude ¢ 1,000 meters
Relief t Plain (2 ~ 3%)
Alnv 0 15 em Dark brown (10 YR 3/3, moist), sandy clay

Ay v 15 25 em Dark yellow brown (10 YR 4/4, moist), sandy clay

By v 25 70 em Strong brown (10 YR 5/8, moist), sandy clay
+
By n 70 120 em Reddish yellow (10 YR 6/8, moist), sandy clay

OBS: Plintite Appears afer 110 cm
Date of ceollection 12/04/81

POINT J-14
Classification : Dark red latosol
Location : CPAC
Vegetation : Cerrado {natural); Pasture (induced)

Parent Material : Terciary sediments
Altitude : 1,000 meters
Relief : Flat (2 ~ 3%)

Date de collection: 12/04/81

Ay v 0v 20 cm Dark reddish brown (5 YR 3/3, moist), sandy clay
Az v 20v 30 em Dark reddish brown {5 YR 3/6, moist), sandy clay
B; v 30v 70 cm Red (2.5 YR 4.5/8, moist), sandy clay

B, v 700110¥em  Red (2.5 YR 4/8, moist), sandy clay

OBS: Date of collection 12/04/81
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POQINT J-15 ~

Classification : Low humic gley
Location : CPAC
Vegetation : Humic grassland

Parent Material : Tertiary sidiments

Altitude : 1,000 meters

Relief : Flat (2 ~v 3%)

Ay v Qv 20 cm Brownish black (2.5 YR 3/1, moist) with common small
distinct strong brown (7.5 YR 5/8 moist) mottles, sandy
clay loam

Ay v 20v 30 em Yellowish gray (2.5 Y 5/1 moist) with common small distinct

strong brown (7.5 ¥R 5/8 moist) mottles, sandy clay loam.
Cy v 30v 60 cm Light gray (2.5 Y 7/2 moist) with few medium distinct
yellowish brown (10 YR 5/8 moist) sandy clay loam
Cag 60%120+cm ‘White (2.5 Y 8/2 moist) with few medium distinct red (2.5
YR 4/8) mottles, sandy clay loam
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"Application of Remote Sensing on Cerrado

"

Regional Evaluation®

~ A system consideration -

Yoshizumi Yasudal

=

1. Expert of JICA - Institute of Color Technology,

Chiba University
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1. Cerrado Evaluacion Program and Remote Sensing

1.1 1Introduction

R { . feas . .
émote Sensing technology provides scientific information useful for the

intellj
ligent management of natural resources as well as basic informacion for
earth science,

Agricultural development may be summarized as follow:

lst Stage ..... Development of new agricultural fields.

Objective

increasing of crop production by intreducing new areas of crop fields.

eg.) - reclamation of land by drainage,
+ cultivation of fields from forest ar grass land.

+ s0il improvement.

2nd Stage ..... Arrangement and improvements of basic agricultural condi-

tions.
Objective
(1) increasing productive capability of crop fields

eg.) by using more fertilizer,

by improvement of soil.
{2) increasing productive capability of labour or man-power.

eg.) by mechanization, or by increasing of unit field size.
by establishment of dams and water heads.
by establishment of drainages.

by re-arrangements of agricultural land-use.

Dr. E. Robato showed me interesting statistics which area presented on
Table 1. During 4 years, increasing in production was 100% through increasing

in area was 30%.

Remote Sensing is useful in the planning and management of the policies

for agricultural development.

Table 1 Increasing of area and production .

1975 1979 Increasing
Area 4.5 x 10%ha 6 x 10%ha 30%
Production 5.5 x 10%t 1.1 x 10%¢ 100%

by Dr. E. Robate
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CPAC Cerrado Evaluation program staffs have made soil maps (1/1,000,000)
vegetation maps (1/1,000,000) and other maps by using visual interpretation

technique.

Development of Digital Computer will improve our information processing

capabilities.

Due to increasing necessity on digital information processing CPAC has
introduced Earth Resources Management System II {(EAR-MAN I1) software package
developed by NASA, and RAMTER CRT Display System for work with IBM computer at
EMBRAPA.

1.2 Objectives of Cerrado Evaluation Program
1) Thematic Mapping
1-1) Scaling up from 1/1,000,000 te 1/100,000 ~ 1/250,000

1-2) Subjects = Soil mapping
Natural Vegetation Mapping,
Land-use Mapping,

Crop Survey,

2) Crop Forecasting and Monitoring

1.3 Data Processing Facilities at EMBRAPA
Facilities at EMBAPA areas are as follow:

(1) IBM Computer, 380/158 for Analysis and processing
(2) RAMTEK CRT DISPLAY for man-machine interaction
(3) Earth Resources Management System II

(EAR-MAN II) .....

This is the best system in Brasil, being superior to IMAGE-100 at INPE.

EAR-MAN II and RAMTEK Systems with IBM computer allows interactive analy-

sis of remotely sensed data.

The primary analysis software package, EAR-MAN II, are for pattern
recognition application which performs multispectral analysis, and the image

registration application. Those are fundamental and general purpose.
Fig. 1 shows structure of EAR-MAN II sofrware package.

Functions of Registration and Pattern Recognition are especially useful

for Regional Evaluation.
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EAR-MAN 11

Supervisor

Registration

(Geometric Correction)

Load (Tape to disk)

Pattern Regognition

(Supervised, unsupervised)

Image Handling
and Display

Delog

Image Creation

Ratioing, Difference

User Program

Fig. 1 EAR-MAN II Structure
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The performance of the processing system may be presented by the follow-

ing facrors;

1. cost performance: the analysis cost per scene?
2. through put ¢ processed scenes per week?

3. confidence level

1.4 Application Problems

Experiences gained by analysis of many scenes has taught us that there is

no one optimum appraoch to processing all agricultural scenes.

There exists many ways to structure decision in image processing or

interpretation;

eg.,) * by spectral information

- by relating spectral data to soil, yield, geclogy, climate, etc,

The problem is that remote sensors do not directly sense information of
interest to us. Remote sensor is a scanning type spectral ratiometer. 1In
order to solve this problem, we must have Models to relate Remotely Sensed

Physical Data to required application information of interest to us.

Key Steps in carrying out a Remote Sensing Application project are as

follows;
1. State requirements or cbjectives ... What needs do we have?
2. Establish feasibility ... Can it be done?
3. Plan the proejct ... What procedures should be done?
4, Implement the projeet ... Do it!
5. Assess the results {Ground Truth), ... Did it work?

We are now at steps 1 "+ 3, We must make clear the objectives, of the
Cerrado Evaluation Program, the feasibilities, the procedure or methodology,
required input data and required facilities in order to get successful and

useful results.

2. Analysis Procedures and Programs
2.1 Natural Vegetation Mapping and Land-use Mapping

Procedure for Natural Vegetation Mapping and Land-use Mapping are shown
in Fig, 2.
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In the consideration procedure, some problems for facilities are pointed
out as follow;

1) Measuring the ordinates of ground control points (GCP) for geometric
correction and scaling.

- need of a digitizer.
2) Bow to get scaled hard copy - need of a photoprinter.

RAMTEK system is for display the Landsat the Landsat image on CRT, check

the data quality, select the training field, and check the processing results,

that is man - machine interactive analysis.
The image size of RAMTEK system is 512 x 512 pixels,
Land sat scene have approximately 3000 x 3500 pixels.

By using the RAMTEK system, we can not get hard copy of processing results.
The problem should be solved.

INPUT PROCESSING OUTPUT
LANDSAT CCT CCT
+ EAR-MAN TI
Q — Q
Useful functien
- Registration
1),2) - Image Creation -
+ Pattern Recognition
HARD COPY
l] (Thematic Map)
(RAMTEK)

1) Ground reference data for supervise the pattern classifies, ordinates,

vegetation type, land-use type,

2) Ground Control Point for geometric correction.

Fig. 2 Procedure for Land-use mapping
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2.2 Crop survey through Remote Sensing

Effective production and management of the food supply depend on our

knowlege of the current and potential supplies and thelr location.

Remote Sensing has been successfully used for making various kinds of crop

survey in both research and cperational preojects.

Information about crops that is available through Remote Sensing are as

follows:

1) crop identification,

2) gro nd area of a crop,

3} presence of crop stress
{including extent and severity)

4) estimation of crop damage.
Crop production is estimating by using following foundamental equatiom.,
Production = Area of a crop x Yield per unit area.

The area of the crop can be estimated, by using remote sensing technology.
The yield per unit area is estimated mainlly by climate, historical statisties,
soil types and meteorological sattelite data as NOAA and NIMBUS. NOAA and
NIMBUS data are distributed from INPE.

The data format are photographic or high density CCT as 6250 bpi. There~
fore, for analysis, a facility for inputing the photographies into the digital
computer is needed. High density Magnetic Tape Unit as 6250 bpi is also

needed.

In crop identification, Landsat data acquisition timing is important. 1In
the case, multispectral data at key crop development stages are needed. Table
2 shows a statistics of obtained Landsat data by INPE in past 8 years and crop

calendar. The obtained data are concentrated on dry season,

Crop-Uncrop is easily identified by using Landsat data acquired on dry
season, But there are less data on wet season that 1s important growing

season of the erops in the Cerrado region.

An alternative method of crop identification independent of the data

acquisition must be developed.
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2.3 Seil Mapping

In order to obtain soil map, vegetation free Landsat data are needed.
Mix or interaction of reflectance of the vegetation with the soil information
decrease the performance of the soil identification.

Cerrado Region is covered by high vegetation. We cannot use vegetation
free Landsat data for analysis except the bare soil of crop area in dry season

or just before or after seeding., A solution for the problem is challangeable.

CPAC staffs have already an experience to obtain the soil map from Landsat

photographic image using visual interpretation. These procedure can be
computerized,

The Procedure is complicated as Follows:
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Table 2 Nunber of acquired Landsat Data by INPE and crop
calender of Cerrado Region

Brasilia, path: 192, Row: 23 (cloud cover .... below 30%)

(by M. Fukuhara)

Month

Year 1 2 3 4 5 6 7 8 9 10 11 12
1973 0 0, 0 0

74

75 0 0 0 02 0 0

76 0 0 0

77 a o 0 0

78 0 0

79 0 0, 0

80 0 0

Total 1 0 1 T 2 7 7 71 3 3 0 0

CROP CALENDAR (Typical)

MONTH 1 2 3 4 5 6 7 8 9 10 11 12

'y | 1

- Rainy Season———-ﬂ¢—— Ty Season ——44—- Rainy Season

}< I L o
Growing Haturel Seeding L Growing

Inportant

] | L
Season } — I

1 I
for Remote Sensing Data Aquisition
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1)

2)

Croping Field

Use vegetation Free Landsat data acquired at Dry Season. We can apply

Soil Index analysis technique developed by Fukuhara, Yasuda and Ifsaka.

Un-croping Field as Carrado ... high vegetation cover.

Developing moresophisticated soil mapping system, based upon the experi-
ence of visual interpretation.

Geological map
Existing Maps

Topographic map

RADAR IMAGE
Releaf pattern <—~—~—{::

LANDSAT IMAGE

Drainage pattern *-[:: RADAR IMAGE
LANDSAT IMAGE

Vegetation -——

LANDSAT IMAGE

Land-use -

ARAREE

|
Integrated Analysis (AND OR LOGICAL DECISIONj

PATTERN RECOGNITION,

Soil map

D<.__=

Fig, 3 Integrated Analysis system for soil mapping
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For realizing the integrated scil mapping system, we must input many kinds

of informations such as maps, photographics, and ordinates of the maps.
For the purpose, we must have a data input system or data handling system

that involve a digitizer for inputing the ordinates, and an image scanner as

drum scanner for inputing the photographs,

2.4 Utility function for Mapping

Additional functions as follows are important for mapping. For scaling
up of thermatic mapper from 1/250,000 to 50,000, we must use data acquired by

Landsat-D Thematic Mapper, which will be lounched on September 1982,

The data by Thematic Mapper have higher resolution than Landsat MSS and
distribute on 6250 bpi high density format CCT through INPE as Meteorological

Sattelite data.

2.5 Summary of input and output data

Figs. 6 and 7 shows the summary of input and output data. We must handle
many types of data for Cerrado Regional Evaluation, but there is no considera-

tion and discussion on the problem.

3. Future information processing requirement for Remote Sensing of CPAC

From previous discussion, you must introduce some facilities as the
Natural Resources Data Handling System, shown in Fig. 8, and develop some
application programms iu order to improve the usefulness and efficiency of the

computer system with EAR-MAN-II and Ramtek system in EMBRAPA.

The following items were discussed with the CPAC Cerrado Evaluation

Program staffs.

Recommendation
1} Harware: Natural Resources Data Handling System/CPAC.
Objective - Input the Remotely sensed data and the Reference data into

computer.

+ Out put the processing results in necessary formates.

The system introduced in EMBRAPA Computer Center is for processing.
Analize and Estimation, and the recommended system is for data handling

and data management.
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2)

3)

Development of Software

lst Stage

+ 50il mapping System.

* Radiometric Correction of LANDSAT MSS DATA,
© Multi variate Analysis/Regression Analysis.

+ Graphie processing, etc.

2nd Stage

Cerrado Resource Evaluation and Development system

» Apricultural Development Planning System.

+ Farest resource management system/Reservation system.
+ Natural Resource Management system,

- Regional Planning, erc.

Training

A Training Plan for Cerrado Evaluation Program staffs for computer program-

ming and system analysis are recommended.

- Understanding the processing functions involved in EAR-MAN II and the
effective use of the functions to problem solving.

+ Training programmers in Computer Center of EMBRAPA to get high level of
understanding the resource problem in CPAC and to develop the necessary
pProgramms.

+ Training the researchers in CPAC how to use the computer for their

problem solving and necessary program development.
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(1) Scaling Up the map

1/250,000 > 1/50,000 --~ Landsat-D; Thematic Mapper (T.M.)

LANDSAT-D; T.M.

EMBRAPA
» Area Selection
Computer Center

. » Density Change i
6250 bpi 1600 bpi

Fig, 4 Use of Landsat-D, T.M.

(2) Composite Mapping

land cover

soils

topographic map
(bigitizer of Drum-Scanner)

Soil/land covers/topography.

e

Fig. 5 Composite Mapping

~222-



LANDSAT/1600 bpi

(::::2__ _ MT -—
_—

LANDSAT/6250 bpi

Q D E— MT e ———

RADAR MAP

{::;::]

Aerial Phoro > Drum _—
[ ——————

[:::::] Scanner
-_"_——-—_.

Topographic and

Geological maps

— | Digitizer [—8—

co-ordinate

(control points)

Table Ground

Surveyed Data

Fig. 6 Summary of Input Data
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Processed CCT

QO .

Controller
&
Data
Handling

System

Data Base

. QO

Photo-Map
Photo-
—ii ]
printer
Thematic Map
—_— XY Plotter | —>

Monitor Image CRT

Key board

Fig. 7 Summary of Qutput Data
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——

EMBRAPA COMPUTER CENTER

EAR-MAN II, RAMIEK,

!

MT~1 MT-2 Data Processing
(1600 bpi) (6250 bpi) Sys tem/EMBRAPA

Management System/

#
- ¥
e Data Handling and

CPAC
METEOROLOGICAL SATELLITE
IMAGE, DADAR IMAGE,
3
Drum Mini- Photo- Photo~map
S—T — ————i.
Scanner ~—=| COmputer printer |—— o
CPU=256Kh X-Y map
—
Plotter —_
—| Digitizer —J
MAP
Image / l]
Display
(monitor) TTY DISK

Fig. 8 Bloch diagram of Natural Resource Data Handling and
Management System/CPAC
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Chapter 2 CONCEPT OF MULTISTAGE SCREENING PROCESS AND ITS APPLICATION
2.1 General

Remote sensing is a new information source, and it has an excellent
capabllity of aquiring data over large area. By applying the low altitude
survey, it is possible to examine definitely a particular local area. )

On the other hand, recent development of the computer has not cnly enhanced

the capability of handling data, but alsc given us a powerful information
system.

Accordingly, by integrating remote sensing data, such as landuse, vegeta-
tion, drainage, etc., with already aquired data such as geology, topography,

climate and soil, fine analysis and accurate assessment for agricultural
development could be accomplished.

How to combine remote sensing technology with computer information system
and how to apply this combined new technology for agricultural development are
to be important subject of this project. In this chapter, fundamental and
basic concept of the integrated technology necessary for agricultural develop-
ment is firstly presented and secondly practical process for selecting the

sultable agricultural land by the screening method is proposed.

2.2 Information system for agricultural development

Agricultural development program is designed and performed by assessing

natural land conditions and agro-economical conditiomns.

However, this agricultural development project in North Smatya is limited

only to assessment of natural land condltions.

As fundamental items necessary for assessment of natural land conditioms,
topography, geology, drainage, landuse, hydrography, vegetationm, climate condi-
tion...etc., are designated. Data aquisition necessary for these items and

thelr assessments are carried out by the following three steps.
Step 1: Establishment of data base for exdsting data.

Existing data concerning natural disasters, climate temperature, rainfall,

sunshine, topography ete., are collected as computer based information system.

In order to realize the screening process for selecting agricultural
suitable land, it is necessary to coVert map level data to files of grid cell

data, as described later.
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Step 2: Establishment of data base for remote sensing data

Up-to-date are detall data concerning landuse, natural vegetation, drainage
and etc. and aquired by remote sensing technique and filed in computer based

information systew in term of grid cell data file as same as in Step 1.
Step 3: Establishment of assessment system

By integrating the data obtained in Step 1 and Step 2, analysis and asses-
sment of natural land condition and agro-economlcal condition which are

necessary for agricultural development are carried out.

2.3 Assessment system for agricultural development

Three inventory items of resource base, productlon base and management
base are necessary for assessmant of natural land condition and agro-econcmical
condition as shown in Fig. 2.1. Resource base items are topography, geology,
goll c¢limate, natural vegetation, ete. Production base items are landuse, yield
etc., Management base items are production technology, production cost, develop-

ment cost, distance to market and transportation.

Data files of the information system necessary for assessing natural land
condition consist of inventory items of resourse base and production base. In
addition, data files for assessment system for agro-economlcal condition

consist of items of production base and management base.

From data files of the information system, production potential, suitabili-
ty index are computed. TFrom remote gensing data, vegetation index or biomass
index are obtained. By using these assessment data, it is possible to classify
the unutilized land into preoduction potential area, unlts of agricultural

development plan and agricultural land use district.

Items required for agricultural landuse classification, that is, slope,
soll texture, depth of soll and gravel content are definitely described in

chapter 4.

In the case when detail information about soil condition, climate condi-
tion, ferrile condition and etc., cannot be aquired, it 1s necessary to
introduced new biclogleal factors which enable to evaluate the suitabllity of

agricultural land.

In the developing country as Indonesia, it is impossible to obtain all of

required data, because of lack of data.

Accordingly, an assessment system which effectively makes use of remote
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LAND RESOURCE
INVENTORY ITEMS

Resotrce
Base

Production
Base

Management
Bage

Geology Soil |

AGRICULTURAL
INFRASTRACTURE

INFORMATION SYSTEM
(spatial data base)

ABSESSMENT SYSTEM

Vegetation
Climate
Geography Q
= Land Informa-
tion System
Landuse {:]
Yield &
Production {f]
Agro-Economic
— Information
System

MODEL;
Suitability Aasessment

Suitability Index
Productivity Index
Vegetation Index

Classification Units

Production Potential
Area Resource Planning
Unit

Crop Produc-
tion
Technology
Production
Costs Trans-
Portation

T

)

g

(GRID CELL DATA FILE)

Fig. 2.1 Agricultural Infrastructure Evaluation System
and The Major Factors
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sensing data, must be developed, This is one of the important reasons to apply
the remote sensing technique for assessment of agricultural development plan in

the developing country.

2.4 Multistage screening process for site selection for agricultural develop-

ment
2.4,1 Multistage screening process

As described before, it is very important to develop a new evaluating
system by combining Landsat data and other spatial information. In the develop-
ing countries, it is difficult to say all part of the land are thoughly
investigated. So it is desired to apply the mutistage screening process.

Large area of country wide level is firstly examined whether any part of these
area can be developed or not, secondly smaller area of regional level is more
definitely examined and evaluated, and finally final candldate sites are
selected after evaluating their agro-economical and natural site properties.
Fig. 2.2 shows a flow diagram of multistage screening process. Necessary
spatial information factors and thematic maps are also indicated. It is notice-
able that evaluating factors in each stage are different each other. For
example in lst and 2nd stages of sattelite level, agro—economical factors are
not so important for assessment, but in 3rd and 4th stages, these factors

become important.
2.4.2 Data characteristics for multistage evaluation

Fig. 2.3 shows map scales which are considered to be necessary for evalua-
tion in each stage as an example of North Smatra. In the country wide level,
scale of 1:1,000,000 becomes a measure of evaluation and data are aquired from
Landsat data, NOAA data and others, In 2nd stage of reglonal level, scale of
1:250,000 and the study area of 100 km x 100 km are reasonable and data are alse
cbtained from Landsat and NOAA.

For the local are, scale of 1:50,000 and the study area of 20 km x 20 km
are appropriate, and data are acquired with aircraft and/or the enlargement of
Landsat data. For final condidate sites, the most sultable area is 4 km x 4 km
and scale 1s about 1:5,000. Data are obtained by aerial survey and ground

investigation.
2.4.3 Grid cell data file and evaluation

Thematic maps classified by specified evaluating factors are encoded
digitally and filed by grid cells as shown in Fig. 2.4. 1f necessary, these
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grid cell data aye welghted with factors depending on contribution of each
evaluating factor to the final objective.

In applying the grid cell System, the relationship between resolution size
and size of each grid cell has to be noticed,

A smaller grid cell size as 10 p would minimize the geographical error but
increase data volume. It {g expected that size of grid cell is determined

corresponding to scales of topographic features. Size of 500 m cell is ap-

propriate for regional assessment, In Fig. 2.3 required resolution in the term

of size of grid cell are indicated in each stage. Grid cell data file is
enough to cover only the necessary area in line with primary objectives, For

regional assessment, grid cell data file of mountain area are not necessary but
limited to the objective study area.

2.4.4 Classification and trotal assessment of site selection system for
agricultural development

It is necessary to totally evaluate all of evaluating factors such as
s0il condition, topography, landcover...etc,, as well ag other gpatial informa-~
tion for selection of agricultural suitable land,

As shown in TFig, 2.5, total evaluation can be visually attained by over-
laying thematic maps which are deduced from evaluating each factor.

Numerical evaluation is accomplished by sumning evaluated values of
corresponding grid cell in each grid cell data files.

In some case, weighted summation of evaluated values depending on impor-
tance of eadﬁ.evaluating factor to the final objective is used for total
evaluation. Though there are many mathematical models to fulfill the total
evaluation as shown in Table 2.1, the ranking method described in the chapter

4 1s recommended.

Table 2.1 Mathematic for Total Evaluation

« Statilecal pattern classification
» Multi-variate analysis

+ AND/OR/NOT Logic

. Weighting . Filtering

» Screening

- Thresholding

« + s+« ate.
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( START ]

Country Wide

Soll —I: P.H.
Screening Soil type
— Climate —=—— Railnfall
I Topography —I: Elevation
1st Slope
Ranking of
State Regions —  Water — Hydrology
L Landuse
Regional
Sodl Soil type
Assessment P.H.
2nd Depth of soil
Stage
& — Agriculture
Selection of ———
—— Topograph: Slope
Target Local opograpiy P
Area —— Landuse

Fig. 2.2 Flow of Screening Pracess (1)
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CONTINUE

Local Area
Assesgment St
[—— Slope
3zd —— Dranage
stage —— Landuse
—— Environmental data
Selection of —— Sociofeconomic
Candidate Proparties —— Accessibility/transportation
b—— Ownership
Final Site
Analysis & Zoning
Evoluation —— Environmental constraines
4th —— Land costs
stage — Construction costs
—— Landuse
— Accessibility

Final Results

L——-Again, brain storm!
"What data elements will be
needed ?

Fig. 2.2 TFlow of Screening Process (2)
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Area

Country
Wide
Assessment
(ist Stage)

td

Regional
Asgessment
(2nd Stage)

Local Area
Assesgsment
(3rd Stage)

Site
Assegsnent
(4th Stage)

Size & Scale Resolution

TOTAL
COUNTRY
(NATIONAL)

1:1,000,000

100km x 100km

1:250,000

20km x 20km

1:50,000

Gkm x 4km

1:5,000
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Size)

2kem x 2lkm

4 - 8 ha

250m x 250m

0.2 ~ 0.4ha

S30m x 50m

10m x 10m

Fig. 2.3 Data Characteristic for Multi-Stage Evaluation
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