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F O R E W O R D

In November 1970 the PANEL ON THE USE OF NUCLEAR TECHNIQUES

IN SOIL PHYSICS AND IRRIGATION STUDIES recommended that the Joint

FAO/f *:A Division of Atomic Energy in Food and Agriculture

in* :' *tes a coordinated research programme on "The L'se of Isotope

ara -vsdiation Techniques in Studies of Soil Water Regimes". This

p-cv;rjmme starded in 1972, involving twelve countries well

dis »:ibuted around the world. Brazil participates in that

p* gramme through the Research Agreement n9 1280 between Joint

»*2/IAEA Division and Center for Nuclear Techniques in Agriculture,

Pi"ogress in this research has been reported in annual reports. The

pfssent technical report envolves part of the work carried out in

Pl-acicaba, Brazil, during the period 1975/1976.
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SPATIAL VARIABILITY OF PHYSICAL PROPERTIES OF A TAOPICAL SOIL:
H I . THE USE OF A NEUTRON PROBE TO ACCESS SOIL HATER CONTENT*

A. tail*Olio**
K. RUckvuU***

1. INTRODUCTION

In two previous papers (REICHARDT et al., 1976, 1976a) the

spatial variability of some physical properties of a tropical soil

(earthy read latosol, terra roxa estruturada, acrohumox) was

studied in order to find the magnitude of their variation over an

entire field, j Ouring^WtesSs studies soil water contents were

measured in different plots and different depths using a neutron

probe. Since a large number of measurements has baen made, the

data collected could be useful to establish criteria for the

rational use of this method of measuring soil water content. One

question that immediately arises to the investigator using the

neutron moderation method is that of how many access tubes are

necessary to have a measurement which is representative for ths

particular field.

* Contribution from Center For Nuclear Energy in Agriculture (CEN'A)
Piracicaba, SP., Brasil.

** Department of Nuclear Energy, UFPe, Recife, PE., Brasil.

***Soil Physics, CENA

Recebido para publicação em 14 de maio de 1 976.
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This number depends on the variability of the instrument

(neutron proba) and on the variability of the field. In this

paper the authors preswt a study of these variabilities

suggesting criteria for the use of the neutron probe in a

particular field site**> O í
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2. MATERIAL AND METHODS

The neutron probe used is manufactured by NordisK

E let risk Apparat fabric, Industriparken 39-43, 2750 Balierup - Co-

penhagen, Denmark, model BASC Depth Misture Probe. The instrument

was calibrated under field conditions and some deviation was found

between the factory and experimental calibration curves, (see

Figure I).

The soil studied is described in detail in EEICHARDT et at.

1976 and 19?6a.

In order to study the variability of soil water content

measurements, three plots of 5x5 m were randomly choosen over a

10 ha field site. The plots were leveled and enclosed for water

ponding. In the center of each three neutron probe access tubes,

one meter appart from each other, were installed down to the depth

of 120 cm. Such a split plot experimental design arises quite

naturally since replications of a full plot is more expensive, and

time consuming, than replications within a plot.

The soil of each plot was saturated ponding water on them

(10,000 1 per plot) and, during steady infiltration, soil water

contents were measured in each access tube, at the depths of 15,

45, 75 and 105 cm.
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3. RESULTS, ANALYSIS AND DISCUSSION

Table I presents twenty neutron probe readings (each of 1

minute) made at one depth (75 cm) in the same access tube, during

steady infiltration. After each reading the neutron probe was

brought to surface and lowered again to the depth of 75 cm, so

that the variability of this data includes errors in the position

of the probe and instrument errors.

The data are not Poisson distributed, as it can be verified

computing the Poisson Index of dispersion; they fit fairly well to

a Gaussian distribution with a mean m = 31,288 cpm and a standard

deviation O =247 cpm, corresponding to a coefficient of variation

of 0.8%.

Soil water contents obtained using the calibration curve

shown in Figure I, for a bulk density of 1.3 g .cm"3, also seem

follow a Gaussian distribution with a mean m = 0.3956 cm3 . cm"3,

and a standard deviation a =0.0049 cm3 . cm"3, and consequently a

coefficient of variation of 1.2%. These üata are not significantly

different from a mean value m1 =0.3945 cm3 . cm"3 and a standard

deviation a' =0.0050 cm3 .cm"3, obtained using directly the mean

value of the neutron probe readings (m =31,288) and its standard

deviation (0=247) on the calibration curve.

Table II presents soil water content data obtained though

neutron probe readings, made during steady infiltration, in all

depth? and plots, hence including field variability as well.

The data are rather uniform, nevertheless their

variability is clearly larger than that one expected from the

above calculated coefficient of variation of 1.2%.

The bilk time variability (1975/1976) of the data can be

analyzed contrasting the means over all plots and all tubes, at



.5.

each depth (see Table III). It can be shown that no statistically

significant differences exist between the standard deviations

computed, so that Student's t - test can be applied to each pair

of means, using the usual expression:

isTTsl02
where mi and m2 is the pair of means to be contrasted, Oi and az

the corresponding standard deviations, and ni and rt2 the numbers

of observations of each of data.

No difference between the means shown in Table III is

statistically significant, until a level of significance as low as

20%. This fact suggests the possibility of a pooled analysis of

the data. The result of such an analysis is shown in Table IV.

The first peculiarity which this analysis pointed out, was

the drastic difference between the more superficial data (z =15 cm)

from the deeper ones. Whereas at z =15 cm the principal cause of

variability is due to the between-plots component responsable for

85% of the overall variability, at deeper depths the principal

factor is associated to the residual component. This can be

explained by the fact that the superficial soil layers are more

affected by environmental factors such as mechanical stresses.

Hence, at greater depths, local desuniformities, texture and

porosity should be of greater importance than larger spatial

variations of soil characteristics.

This peculiar situation is reflected by the results of the

F-test: nly the observations at z = 15 cm gave a significant

ratio of ft, .i squares at a 1\ level significance.

According to De BAUN and CHEW (1960) it is possible, in a
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split plot design, to determine the plot size in such a way to

optimize the design efficiency* i.e. information obtained per unit

cost. The matematical model to be used is:

Y4J = m •

where Y,. are the observations} m is the grand meanj P. is a

random variable, with zero expectation and variance a2, taking the

same value for all observations in the i plot) and e., is a

random variable, with zero expecation and variance O2, independently

distributed for each observations.

Estimates of a2 and a2 can be obtained through the

analysis of variance, which in our case will follow:

Source dBfree* of mm

freedom square

Plot 2 6 o2 + a2

P
Residual (b) 14 a2

Only the z = 15 data, for which the F-test has shown a

significant mean square ratio, will furnish the variance estimates

needed. They are:

a2 - 0.934 . 10"3
P

a2 - 0.137 . IO"3

Using the parameter r:

a2
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and using an estimative of the incremental cost of making another

observation in the same plct (i.e. install another access tube),

which we here fix as l\ of the total cost of the whole plot, we

can estimate the number of access tubes which maximizes the design

efficiency. From Table II of the cited article (page 456) we

obtain a number of 3.3 access tubes.

The non significance of the F - test for the greater

depths suggests again the possibility of an overall pooled

analysis of the data» as if 18 observations were replicates of

only one determination. In this case we have:

e7 5

0105

0

0

0

m

.324

.376

.356

0

0

0

a
.044

.019

.042

C .V.%

14

5

12

Since the coefficient of variation due to probe location

and instrumental fluctuation is 1.2%, we may asK how many

replications will be necessary to obtain a coefficient of

variation of 4% at a 5% level of significance. In this case we

have

Where n is the number of replications needed to obtain a mean

value m, such that:

p ({5*3 > d^= a

u being the populational mean value, d the choosen magnitude of

the error, and a the significance level assumed. The variable t
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is the abcissa of the normal curve that cuts off an area a at the

tails.

With the proceeding data we obtain

44

"»•• » 34

or a mean value of 28.
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4. CONCLUSIONS

For the field site under consideration the following

conclusions can be drawn from the use of a neutron probe to access

soil water content* during steady infiltration:

1. There is no statistical difference between soil water

contents made in subsequent years (1975 and 1976),

although the moisture conditions of the sites, prior to

water ponding, were very different (dry in 1975 and wet

in 1976).

2. The cause of variation of soil water content data at

the top layer (z = 15 cm) is mainly due to plot

variability.

3. The cause of variation of soil water content data at

greater depths (z =45, 75 and 105 cm) is mainly due to

local variations in the profile, i.e. to the random

component.

4. From tha point of view of plot differences, the

experimental design here used was already optimum, i.e.

3 access tubes per plot.

5. To improve the total coefficient of variability up to a

maximum of 10%, an increase of the number of observations

at each depth has to be made. At least 26 measurements

will be necessary. If these measurements will be made

at two different times, like in our case, 14 access

tubes would be necessary, i.e. 5 tubes in 3 plots or

4 tubes per 4 plots.
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Table I - Neutron probe readings (cpm) made at depth of 75 cm, in

the same access tube.

31,440

30,960

30,880

31,110

31,520

31,610

31,470

31,210

30,980

31,570

31,530

31,270

30,820

31,110

31,290

31,230

31,450

31,620

31,360

31,330



3 „ -3Table II - Soil water content (cm . cm" ) during steady infiltration.

Plot 1 - 7 5 Fxot 1 - 7 6 Plot 2 - 7 5 Plot 2 - 7 6 Plot 3 - 7 5 Plot 3 - 7 6
— Mean

1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3

IS &3<t9 0.3 5 2 0 J 5 0 0.3W9 QJUB 0 J h 3 0.3 16 04 11 0.3 17 0.3 15 0.3 13 0,309 0.379 0.387 0.3 3 7 0.3 8 9 0 J 8 3 0 J 7 6 0 J I» 8

1.5 (k2>»2 0.3 86 0.379 0.389 0.3 82 0^71 02 79 0.3 <• 5 0.30<» 0^89 0.3 <• 9 0.30 7 0.30b 0^9 1 0^92 0.3<»5 0.3 •• 2 0.3<»0 0.3 2 "t

75 0,^0 5 0.3 86 Q.» 01 0,39 9 0.3 82 0.3 9 >. 0.3 <»1 0.3 80 0.3 8 V 0.3 <• 8 0.3 7 5 0.379 0.3 $7 0.3 5 7 0.367 0.3 8 5 0.3 U 5 0.378 0.376

1 0 5 0A30 0.330 0.317 0.».0 8 0.2 51 Q.«»0 2 0,3 3 9 0.31*9 0.335 0.3*» 1 0.3 5 8 0.3^6 0.3 6 8 0.370 Q.3Í6 0.367 0.3 79 0.39 5 0.362
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Table I I I -Means standard deviations and coefficients of variation

over plots and tubes at each depth.

Y e a r

Oipth 1975 ígTÜ
mi

/

15 0.344 0.027 7.3 0.347 0.031 8.9

45 0.314 0.047 15.0 0.335 0.039 11.6

75 0.376 0.021 5.6 0.376 0.018 4.8

105 0.350 0.036 10.3 0.361 0.048 13.3



Table IV - Analysis of variance of pooled data (values are

multiplied by a factor 103).

z = 15 z - 45
Source

SSq DF MSq àSq DF MSq

Between

Residual

Between

Residual

years

(a)

plots

(b)

0.041

(12.995)

11.478

1.917

1

2

14

5.

n.
739

137

2.027

(30.343)

3.441

27.002

1

2

14

1

1

.720

.929

Total 13.436 32.470

Source

Between years

Residual (a)

Between plot?.

Residual (b)

Total

2

SSq

0.001

(6.121)

2.994

3.127

6.122

* 75

DF

1

2

14

1

0

MSq

.497

.223

2

SSq

2.116

(28.253)

2.948

25.269

30.369

= 105

DF

1

2

14

MSq

1.492

1.805
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Figura 1 - Neucrcn probe calibration curvas. Solid lines are
author's calibrations and broken lines factory
calibrations.
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