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Figure 3 Examples of 8 soil observations at nested sumpling distances 10m, 50m, 100m

4.3 Nested sampling in practise
4.3.1 Lang Bien area

From a 1:10.000 field map the farm was divided into squares each 1000 x 1000 m;
four of these were chosen with centres at a distance of 2000 m. Each of these squares
was then divided into 25 sub-squares, each 200 x 200 m; two sub-squares were chosen
at random, subject to the condition that their centres were 500 m apart. This resulted
in 8 points on the map, each the centre of 8 soil borings; these were located along
random orientations in pairs at 10, 50 and 100m apart. An example of such a cluster
of 8 borings is shown in Figure 3.

Sixty-four borings were carried out, and the results were entered on a field sheet,
an example of which is given in Table 2. The 64 points were located accurately by
a land survey team. The soil surveyors followed to carry out the borings and observa-
tions.
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No. of average
Level replicates distance (m)
Long Bien 858
1 4 2000 1000
2 8 500 260

i A R

Figure 4 Structure of the sampling scheme for 64 soil observations
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Table | Analysis of variance for hierarchial classification with five levels (stages)

Source Degrees of’ Sums of squares Estimated components
freedom in mean squares
fi
Stage 1 fi-1 L mE-x)? U”cr% + Uj30% + Uygod + U0l + u‘;
i=1 ¢
f, n;
Stage 2 fy-f) z z mij(iij—ii}z Uy03 + Ujyo3 + Uyod + of
i=1 j=I
: f| n; nij - . )
S[ilge3 Fs-fl = x z m,-jkﬁ,-jk-iij) U]jCF% + U3403 =+ a5
i=l j=1 k=l A
f, n; nij nijk _ 5 ’
Stage4 fa-T3 z z z L mya(Xije-Kije) Ugag + o3
i=1 j=1 k=1 I=I
) f n; nj Mjk  Mijk .- o
Stage 5 n-fy z 2 b z T Mijam(ijkim Kijkr) o3
i=l j=1 k=1 1=1 m=I
n; nj nyg m Dy
Total n-1 b b3 z 3 L ijkimx)
i=1 j=1 k=1 1=1 m=I

g

n;, n;;, arc the numbers of classes at the 2nd, 3rd stage
ijth, class at the Ist, 2nd, stages

y*
m;, mj,

f, is the number of classes at the stage

-+ are the numbers of observation in the ith,
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Table 2 Example of a completed field sheet from Lang Bien area

Profile  Date Surv. Grid Alti- Land Topo-  Drain.  Parent  Salt Groundw.-cm to cm to Perdysic Class. EC

number name ref. tude use graph.  class. mal. efflor. table jarosite  pyrite horizon code topsoil

X10 11/3/82 1.241 4.2 0 1 3 1 82 60 110 tSuTp 0.725

Horizon Begin End % clay Hue Value Chroma pH pH Ripening Mottles Brown Red Organic
depth depth field airdry jarosite mottles  mottles  matter

Ah 0 8 4 4.0 3.7 3 0 0 0 2

Bgl 8 40 4 3 0- I 0 0

Bg2 40 60 4 3 0 1 0 0

Bg3 60 110 4 2 1 1 0 0

Cr 110 200 4 5Y 4 1 2 0 0 0 0




43.2 85B area

From a 1:10.000 field map, 8 adjacent (4 x 2)squares of 1000 x 1000 m were chosen.
As in Lang Bien each of these squares was divided into 25 sub-squares of 200 x 200
m; two were chosen at random with midpoints at 250m distance. Each midpoint was,
again, the centre of a cluster of 8 borings in pairs at 10, 50 and 100 m.

A total of 128 borings was carried out. By choosing 8 adjacent blocks,the statistical
analysis could be carried out for 3 adjacent areas, each comprising 4 squares, 8 sub-
squares and 64 borings. These areas will be called 1, 1/2 and 2 from now on.

5 Results and discussion
5.1 Correlations between properties

Tabulated summaries of the results for Lang Bien and 85B are given in table 3 and
table 4, respectively.

As can be seen from the field sheet (Table 2) all properties have been recorded as
numbers on ratio scale. These data were analysed using correlation matrices and nested
analysis of variance.

Correlation analysis showed that there were few large correlations between soil pro-
perties in the two areas. The large correlations found are rather obvious: depth to
the C horizon and depth to pyrite have a correlation coefficient of 0.815 in Lang Bien
and 0.861 in 85B area. Moderate correlation coefficients (0.5 -0.7) were found between
some properties in Lang Bien: e.g. relative altitude and groundwater table, depth to
jarosite and groundwater table, depth to pyrite and groundwater table, depth to pyrite
and depth to jarosite, depth to jarosite and depth to the C horizon. These high correla-
tions are not very surprising, all these properties are relief-associated.

5.2 Variance of properties

The nested analysis of variance for all properties in Lang Bien is presented in Figures
5a, 5b and 5c and for some properties in 85B in figure 6a to 6f. The cumulative percen-
tage of variance at each sampling level has been plotted against sample spacing. The
complexity of the figures reflects the presence of several overlapping scales ofvanauon
in the soil pattern. The following mterpretanons can be made:

5.2.1  InLang Bien

The short-range variance of EC (74% at 10 m distance) is so large that for all practical
purposes it is a useless attribute for distinguishing between soil units at any scale.

The large percentage short-range variance of most properties of the C horizon (Hue,
Value, texture, ripening stage, organic matter content) reflects the spatial uniformity
of the subsoil in the area. The variance of texture of the C horizon only changes be-
tween 50 and 100 m, which suggests that variation of soil texture is caused by infilling
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Table 3 Sumniary 0

f Lang Bien properties

Property Mean Minimum Maximum Nr misses Cv%
Altitude (m) 1.33 1.05 1.74 0 13.83
Groundwater (cm) . 62 17 130 | 33.96
Depth jar. (cm) 66 24 145 12 34.59
Depth pyr. (cm) 106 67 169 12 22 .41
Thickness A (cm) 19 6 50 0 56.22
pH field 44 33 6 1 13.18
ECmS/cm 0,54 0.1 1.05 9 42.59
Depth C (cm) 123 60 181 0 19.17
Value C 4.7 3 6 1 14.52
Chroma C 1 0 s 1 58.2
Land use : Reeds 39.1%; other natural vagetation 10.9%; floating rice 29.7%; floating rice mixed

Drainage
Salt efflorescence:
Org. matter
Texture C
Hue C

Org. matter C
Ripening C

with other natural vegetation 17.2%; Melaleuca 3.1%

: Very poor 9.4%; poor 82.8%; moderate 7.8%

23% of observations with salt efflorescence on the surface

: 0-10% Org. matter: 25%; 10-20% Org. matter: 75%

: Class 1; 3.1%; class 2: 0%; class 3: 7.8%; class 4: 89.1%
+ SYR: 1.6%: SYR: 4.8%:; 10YR: 12.7%:; 5Y: 52.4%: N: 23.8%: 5GY: 1.6%; 5bg/3.2%
: 0-10% Org. matter: 85.7%; 10-20% Org. matter: 12.7%:; 20-30% Org. matter: 1.6%

: Unripe: 42.2%; halfripe: 50.8%; ripe: 7.9%

Table 4 Summary of 85B properties

Property Mean Minimum Maximum Nr misses Cv%
Altitude (m) 0.54 0.13 0.99 0 39.08
Groundwater (cm) 137 89 187 23 15.34
Depth jar. (cm) 55 20 95 53 33.55
Depth pyr. (cm) 76 10 112 2 23.44
EC mS/cm 0.44 0.1 1.6 7 60.49
Thickness A (cm) 17 5 46 2 44.93
pH field A 34 2.5 44 9 10
phairdry A 34 2.7 4.9 6 9.55
Value C 45 2 6 2 1691
Chroma C 1.3 0 4 2 4341
Depth C 84 10 133 2 25.48
Topography . Slightly undulating: 9%: flat plain: 91%

Drainage : 100% flooded 3-6 months per year

Brownmottles A : None: 11%; few: 64%; common: 25%

Ripening C : Ripe: 3%; halfripe: 86%; unripe: 11%

Org. matter C

Org. Mottles C1

Org. Mottles Ctotal :
T SYR:2%:; 7.5YR: 4%; 10YR: 49%; 2.5Y: 2%; 2.5Y: 2%; N: 1%, 5GY: 2%

Hue C

: 0-10% Org.matter:39%;10-20% Org.matter: 52%;20-30% Org.matter:86%; > 30%

Org. matter: 2%
: None: 19%: few: 56%; common: 25%
None: 15%:; few: 57%; common: 28%
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Figure 5¢ Variogram ol 5 properlies

of small gullies with lighter textured material in a predominantly heavy clay area.

The variation in the thickness of the A horizon, with a jump between 50 and 100
m may be attributed to land use (ploughing).

The variance of depth to jarosite (an important characteristic in distinguishing types
of acid sulfate soils according to Soil Taxonomy) has jumps between 10 m and 50
m, and between 100 m and 500 m. So this property can be mapped by surveys at
various scales with sampling distances somewhere between 100 and 500 m (leading
to maps of scales 1:20,000 to 1:100,000). To reduce the confusion caused by the short
range variance, for mapping it would be advisable to use average values from multiple
observations within a small area (bulked samples) rather than single borings.

Properties with clear jumps in the variance occurring at distances between 500 and
2000 m can best be used for mapping at small scales, for example field pH.

522 85B

In 85B most properties have a large percentage short-range variance (variance within
10 m), and reach more than 70% of the total cumulative variance within 100 m. This
reflects the general uniformity of the soil propertiesin the area: exceptions are elevation
(see Figure 6a) and topography.

Depth to jarosite (see Figure 6b) also shows a large shortrange variance,and a gener-
al upward trend without jumps, making this property of little use for distinguishing
soil units in the 85B area. A complicating factor is that in many cases no jarosite
is found in the area. The original nested analysis of variance regards such observations
as missing values, assuming that jarosite is present in every boring. Of the 64 borings
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in each of the three areas the number of missing values was 31, 22 and 36 respectively.
Because these were too large to be ignored, the nested analysis of variance was applied
to data indicating the presence and absence of jarosite (see Figure 6d). The outcome
was very surprising: about half the variance was reached within 50 m, but between
50 and 280 m, for two out of three areas, no further rise occurred, and a large rise
was found between 280 and 1000 m.

This indicates that, in this area, the presence or absence of jarosite is a useful charac-
teristic for surveys at mapping scales varying between 1:56.000 and 1:200.000.

Relative altitude shows a similar large jump between 280 and 1000 m, but unfortuna-
tely correlation analysis shows that this property bears no relation to any of the other
properties thought important for mapping acid sulfate soils.

6 Conclusions

a. How usefulis a reconnaissance study of spatial variability? In a very limited amount
of time (for Lang Bien four, for,85B six days) a large number of data were collected
from which the sizes of the main scales of the soil patterns were found. This was
important for choosing the scale at which a reliable soil map could be made. The
study also quickly indicated the most suitable attributes that could be used for
distinguishing between soil units. This is important information in an area such
as the Mekong delta, where only a limited amount of surveys have been executed.

b. The Lang Bien study showed the uselessness of EC for distinguishing between soil
units. It should be remembered, that outside the zone with sea water intrusion,
EC has a direct relationship to the sulfate content in soil moisture.

c. Depth to jarosite, which is a stable characteristic of acid sulfate soils (contrary
to pH for example, which changes with every season), is a reasonably reliable criter-
ion for surveys at various scales. Short range variation should be suppressed by
using average values from multiple augerings within small areas (bulk sampling).

d. Properties associated with relief (elevation, depth to jarosite, depth to pyrite,
ground water table, depth to the C horizon, drainage class) show a reasonable
degree of correlation in the Lang Bien area.

e. In areas such as 85B, where acid sulfate soils with and without jarosite occur, the
presence or absence of jarosite is a reliable characteristic for distinguishing mapping
units at scales between 1:50.000 and 1:200.000. Field information indicated that
soils with jarosite have a somewhat higher agricultural potential, emphasizing the
importance of this characteristic.
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