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Abstract Readily availablie water (RAW) is the parameter used in assessing the water holding capacity of a soil, The depth and
texturg of the various soil layers which are measured in a soil survey are the main determinants of this: each soif texture
encountered having a readily available water determined from a soil moisture refention curve. In addition, the oot development
and the amount of rubble within the layers are scored and these affect the caleulated readily available water, In 1994 a
simplified formula for the calculation, based upon a different scoring system, was introduced by the Irigated Crop Management
Service of Primary industries (3A). This paper compares the resuits for calculations of root zone readily available water and root
zone depth for an irvigated vinevard near Waikerie, SA. The simplification changes root zone RAW values by more than 20% in
a fifth of the sites, Changes greater than 40% occur in about 8% of the sites. The consequences for the semivariogram, the
function describing spatial variability of readily available water across the vineyard, are also significant. Spherical models are
beotter defined and their use gives kriged estimates for irrigation valve areas which are more accurate.

1. INTRODUCTION

The Riverland is an important agricuitural area in South
Australia and is planied o many varieties of crops,
principally grapes, citrus and vegetables. The objective is ©
grow & high vield of guality crops with the minimum Of
expense. With irrigation being a significant cost, appropriate
system development and schedoling is necessary to reduce
the associated expenses without affecting crop production,
Detailed soil information is necessary o achieve this,

The Irrigated Crop Management Service (ICMS) of Primary
Industries (SA} provides an on-farm approach to improving
irrigation management. It was cstablished in 1985 and is
avatlable to growers primarily within the Murray-Darling
Basin. For & new property, attention is directed first o
understanding the soil, crops are matched to this and an
appropriate irrigation system is designed. On developed
properties assessment of the performance of the irrigation
system, in conjunction with an uaderstanding of the soil
types and crops present, allows appropriate modifications 1o
be suggested. Preparation of the irrigation scheduling plan
follows in both cases.

To obtain relevant soil information and determine where the
variations in soil propertics occur, the [CMS carries out a
detatlfed soil survey, Typically this involves the excavation of
a pit with a hackhoe, 10 a safe working depth of up to 1§
metres, so that the undistwbed in-siw soll profile can be
examined. From each sofl profile a number of soi
characteristics are recorded (Figure 1). These include the
depth (cm) and hand assessed texture {(McDonald etal,
{19901 of each soil layer, the class of each carbonate layer
encountered (Wetherby and QOades, [1975]) and the depth
{emy of the topsoil. In the Riverland the carbonate layers
tend to lic near the base of the soil profile. The other
overlying lavers comprise the topsoil. 4 further two soil
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Figure 1 A typical soil profile description.

characteristics are also recorded for developed properties.
These are the extent of oot activity (root score) within each
soif laver {McDonald ecal., [1990]) and the depth {cm) of
the cffective root zone. Other variables which may be
measared include pH, the fine earth carbonate content and
the geology of the soif layers, the salinity and the depth o a
watertable if present, but these will not be discussed in this
paper.

For the assessment of the water holding capacity of a soil,
the parameter readily available water (RAW) is calculated.
This is defined as the reservoir of soil water (in mm) which
can be stored between -8 kilopascals (full point) and -60
kilopascais (refill point). These suction pressures correspond
to a soil water depletion range which maintains maximum
¢rop production for a broad range of horticaltural crops in
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the Riverland, The depth and the texture of the various soil
layers are the main determinants of readily available water:
each soil texture encountered having a readily available
water value {(mm/cm of soil) determined from a soil
moisture tetention curve. This curve is experumentally
calculated from cores using a range of suction pressures, as
described by Loveday [1974]. The readily available water
value for the whole profile is obtained by summing the
values within each soil layer. For crops which penetrate into
the carbonate layers, the amount of rubble contained in the
layers as well as the root abundance within each layer, affect
the calculated readily available water values, and this will be
putlined later. Readily available water is always calculated
for the topsoil, however developed properties can aise have
the root zone readily available water calculated as this
reflects the actual depth o which roots are able {0 absorb
water.

Accurate mapping of the readily available water makes for
appropriate irrigation system design and aids in preparation
of the irrigation scheduling plan. The method of root zone
RAW was revised during 1994, With it being an extremely
impostant  paramedier  in vineyvard  management,  the
consequences of this new method must be investigated, An
existing vinevard near Waikerie, surveved by the ICMS in
1990 and the subject of a geostatistical analysis by Brooker
gtal, [19931, provides a study area w0 compare the methods
for oot zone RAW calculation.

2. CALCULATION OF READILY AVAILABLE
WATER (RAW)

2.1 Calculation of Topsoil RAW
Topsoil RAW is caleulated according to equation (1.

N
TSRAW {mm) = Z (STRAW, (mm/em) x LTem) (D
=1

i=

where LT, stands for the thickness of the ith layer, STRAW;
is the readily avatlable water of the soil texture of that layer,
and A is the number of layers in the topsoil. As explaiaed
above, the amount of water a soil retains is governed by its
textyre. Table T gives the values of RAW for some common
soil lexiures.

Table 1
Readily available water (RAW) stored between -8 kPa
and -6G kPa for some Riveriand soil textures

Soi Texture Code |RAW (mm/em)
Sand N 1.38
Loamy Sand 1.5 .55
Sandy Loam SL .64
Light Sandy Clay Loam | LSCL o5
Sandy Clay Loam SCL 0.62

For the profile of Figure 1 the topsoil RAW is 24 mm,

2.2 Calculation of Koot Zone RAW

Calcufation of root zone RAW may be more involved than
that described above. If the roots terminate in the topsoil but
not at 2 layer boundary, (1) must be modified to allow the
actual depth of roots 0 be used, as shown in equation (2).

i3

RZREAW {mm) = z (STRAWI- (mm / cm) X LTI- (cm}) 3
i=1 (2}

4 (STRAWW (mm/cmy ® RP (cm'i)

e

where # is the number of Iayers completely penetrated by
roots, RD is the depth extent of roots within the partially
penetrated ( pp) soif layer.

Figure 1 illusiraies such a scenanio and the calculated value
of oot zone RAW is /6 mm.

2.3 RBoot Fone Readily Available Water and the
Involvement of Carbonate Layers

Wetherby and Oades [1975] classified the {ypes of carbonate
layers found within the Riverland into classes I, 1L TIIA,
B, HIC, or IV, The basis for their distinction is a
combination of colour dilference, the extent of the very high
fine earth carbonate conlent, and the varying degrees in
their textnre and structure. This classification leads to two
important propertics in so far as crop development is
concerned; drainage ability and the degree to which root
development can be established,

Class 1 and I carbonates are very sestrictive. Class 1
comprises a very high accumulation of fine earth carbonate
in & clay magix. It has the worst drainage ability and it is
rare 10 find extensive root development in this layer. Class T
carbonate s sheet or boulder calerete and is only slightly
more conducive o root development than Class 1.

Class 111 carbonate layers consist of high accumslations of
fine earth carbonate in a loawm matrix combined with a
rubhie content. The extent and size of the rubble leads
further subdivision (Table 2). Drainage and root penctration
through Class 11 carbonates generally varies from fair
gond with increase in rubble content, although texture is
also important in the case of Class 1HA, Class IV carbonate
comprises a weak accumulation of fine earth carbonats in a
sandy matrix which provides excellent drainage and seldom
restricts or affects root development. For this reason, Class
TV carbonalte is treated as any other natural soil layer,

Vines may penetrate the carbonate layers and so the amount
of water that may be stored within these Iayers needs to be
considered. The esseace of the calculation is expressed in
equation {2), however the class of the carbonate layers and
the oot activity within them bave aditionaily had
weighting factors associated with them 0 modily the values
calculated from these layers,



To aliow for dhe presence of rubble in the carhonate layers,
the carbonate weighting factor, CWF, was introduced. Table
2 lists the range,

Table 2
Carbonate class classification and weighting factors
applied in the calculation of root zone RAW, pre-1994

Carbonare Class Rubble content CWF
Max size | Percentage
i - 0-10% t
I - 20-100%] 0
MiA lem 0-30% | 0.75
118 0em | 30-60% | 0.50
i 30cm >60% | 0.25

Similarly, a root score weighting factor, RWF, is applied
depending upon the extent of root activity within the
carbonate lavers (Table 3). It should be noted that for the
topsoil layers no such factors were ever applied.

Table3
Root scores, root getivity and weighting factors apphied
in the calculation of RAW from carbonate layers, pre-1994

Score |Root abundance | Root development | RWE
i Few Slight (poor to fair) ¢ 0350
2 Common Some (fair to good) | 075
3 Abundant M aximuom (excellent) 1

Thus for any carbonate layer the contribution to the root
zone RAW can be expressed by;

Carbonate layer RAW (mm) pre - 1994 = 3
STRAW (mm /em) x RD(em) 1 OWF x RWE 7

where RID is the depth extent {cm) of roots within the fayer.

For the soil profile of Figure 2 the root zone RAW is
calculated to be 47 mm,

3. CHANGES TO THE WEIGHTING FACTORS FOR
CARBONATE LAYERS AND THE TREATMENT
OF ROOT SCORES POST-1993

During 1994 the formula for the calcalation of root zone
RAW was changed. The carhonate weighting factor, which
was only representative. was replaced with a Iragment
percentage which is now measured in the field. This
parameter more accurately reflects the percentage of soil
utiable to directly absorb any water infilirating through, It
may, of cowse, vary [rom site to site for a particular
carbonate class, uniike the weighting factor which was
applied universally to a particular laver, The treatment of
the root score for each soil layer has changed more
fundamentally. Now all favers from the base of the root zone
which have a root score of 1 are removed from the
calculation. All other layers. regardless of their root score,
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Figure 2 A soil profile involving carbonate layers,

are weighted 100% in the calcalation of root zone RAW.
This change leads to definition of the main oot zone depth
as the depth of roots scored cither 2 or 3, For the soil profile
in Figure 2, the main root zone is seen to be 75 cm.

I the main root zone lies within the topsoil, eguation (23
applies (with the implication that only the main root zone
depth is used). For any carbonate layer inciuded in the
calcalation the new RAW calculation is expressed by,

Carbonaie laver RAW {mm) post - 1993 =
STRAW {mm / em) x R (em) % (1 - Fragment %) )
To illustrate the changes brought by the new formula, the
value of root zone RAW for the profile of Figure 2 has been
recalculated  using  fragment  percentages which  are
representative of rubble percentages for the carbonate classes
from a vineyard near Waikerie, SA, (sct 1 in Table 4), The
fragment percentages implied in the former carbonate
weighting (actors (set 2 are also presented for comparison.

Table 4
The representative and CWF fragment percentages
Carbonate Class | Rubble % Ref;ﬁgii % CWf:grgjg %

i 9-10% 0.05 {

T 90 - 100% 0.93 1
(SR 0- 30% (.03 0.25
{liB 340 60% 0.30 0.50
e > 60% 0.60 0.75

For the profile of Figure 2, the new oot zone RAW value is
35 mm, This compares with 47 mm calculated previously; a
15% variation,
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If the fragment percentage {(50%) corresponding to the CWE
(.57 is used, the RAW value is 327 mm; a 22% variation.
The difference between the original, 4/ mm, and this value,
is parely the result of root score treatment changes. The
smalier fragment percentage for the represenutive value
when compared o the CWF [ragment percentage for the
Class I8 layer, allows for an additional 3 mm.

4, CASERTUDY
4.1 Changes to Root Zone RAW

The above example illustrates that significant changes in
RAW may occur with the change in calculation method. To
further investigate this, calculations have been made for a
vinevard located about 13 kilometres from the South
Australian town of Waikerie. The vineyard is a few hundred
metres sonth of the River Murray and covers an area of
about 6 square kilomelres. Tt is planted to several different
varieties of vines of various ages, Scil profile descriptions
were collected from 926 sites using a sample gnid of 73 m x
75 m. Typically, if a restrictve layer (nommally Class I
carbonate) was intersected, the hole was terminated. There
is some vacant ground in the property and ondy 764 of these
sites give information on root growih,

The data from this property did nol contain fragment
percentage values for each carbonale layer at gach site.
Consequently, representative fragment perceniages, chosea
in retrospect by ICMS staff who surveyed the property, have
heen applied to all sites. These are the values (et 1) in Table
4 which were used in the illustrative example above. As
well, the fragment percentages (set 2), which are unplied in
the carbopate weighting factors, CWE, are used for
comparison. Use of this set allows for the effect of root
scoring increases in the carbonate layers (root scote 2
treated as 3), angd laver removals {root scores of 1 at the base
of the soil profile) to be considered againsi the previous
calculation. 1t is worth emphasising that the changes in
wreatment of the root scores can contribute both positively
and negatively 1o vooi zone RAW, When a fayer with a root
score of 1 has been removed then the contribution w RAW
from this layer s absent. However, an overtying carbonaie
laver with comumon 100t abundance is now deemed able o
take in all the water absorbed and so there is an increased
contribution to the resuitant RAW,

The irrigation system in place on the property has been
desigaed to accomimodate an upper limit of 63 mm for
RAW, and 62 pre-1994 values were cut to this, In the new
calculations any RAW value greater than 65 mm has been
similarly cut 0 63 mm. Of the 62, 25 now show a smaller
value wsing both the CWF and representative fragment
percentages.

With the CWYF fragment % {set 2) a total of 234 siies
(30.6% of 764) have a different root zone RAW value {Table
5). AL 141 sites the value changes by more than 20%, and 57
sites change in value by more than 40%. At 30 sites there is
an increase in RAW valoe, the average being 43 mm and

standard deviation 2.1 m. This increase has been because
of Class [IA and Class HIB carbonate layers. The other 204
sites are reduced in root zone RAW by up to 68% with the
average being t4.6 mm and standard deviation 9.4 mm.
This reduction is primarily because of the removal of
fayer(s} from the base of the soil profile with root score 1.
However, the change in treating layers with root score 2 as if
3. ag five sites, has moderated this reduction to some extent.

For the representative fragment % (set 1) the nember of sites
with a variation in root zone RAW increases from 234 1o
203 (38.4% of 7641, At 158 sites the value changes by more
than 20%, and at 58 sites the change is greater than 40%.
Now 59 sites previously showing no variation using set 2
values are increased in vaiue. This is attributed to the
reduction in rubbile content in the carbonate layers in going
from set 2 to set L.

For the 90 sites showing an increase in root zone RAW, the
average increase is 6.0 mm and the standard deviation is 3.8
mm, The average reduction at 203 sites which show smaller
values, drops marginally w© 143 mm with standard
deviation of 9.6 mum,

Table 5
Distribution of the variation in new root zone RAW values
involving the CWF and representative fragment percentages

Vecriation CWF Frag % Rep Frag %
Ave. | Std. Ave. | Sud,
Ho. {mum}| Dev. e, (mm) | Dev.

0 < 10 9% increase Wwlz501071 6294 1 112
D<10%reduction | 1613561 1312213321143
10< 20 % increase | 19] 542§ 1.8G 150 470 | 1.53
10 < 30 % reduction | 48} 7.17 | 220 1471711 | 2.25

20«30 G inereass | 118061 - 11418364 320
20 < 30 % reduction | 43 | 10841 3.69 1411105 3.73
30 < 40 % increase | 0 - - 811363 374
30 < 40 % reduction | 38 [ 16.18] 491 |37 }1631{ 5.00
40 < 50 % increase | O - - 2 |13.50] 071
40 < 50 % reduction | 3221410 303 | 3112123] 501
> 50 % reduction 2513132 794125]31.32] 794

4.2 Reduction in Rost Zone Depth

Removal of layers with a toot score of 1 at the base of the
soif profile results in the definition of the main root zone
depth (Figare 2), which has a smatler value than the root
zone depth. There is such a reduction at 220 sites {28.8% of
764). Table 6 details the distribution of this reduction. For
191 siles there is a reduction by more than 20%, and 109
sites were reduced by more than 40%. The average reduction
is 43.9 ¢, and the standard deviation 35 21,4 cm,

For this vingyard the main layers removed are Class IV
(105) and Class 1A (98) carbonates. For only ten topsoil
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Table &
Distribution of the reduction in root zone depth

Reduction 1 Samples | Ave {mm) | Sel.Dev.
Dg20% 29 16.72 371
20<306% 4j 29490 §.41
<40 % 42 3843 8.80

40 < 50 % 62 30.08 12.40

> 50 % 47 7021 19.75

layers (other than Class 1V carbonate) are vines terminating
with stight root development, Table 7 shows lhe summary
statistics associated with the reduction in rogt zone depih by
the removal of individual layers, and links this to the
reduction in ool zone RAW coming from such remaovals.

Table 7
Descriptive statistics for the reduction in root zone
depth {top) and root zone RAW (hotiom) with
reference to the specific soil layers removed

Removed | No. | Reduction in RZD (top) and REZRAW {below)
soif lnyer Range Ave. Sud Drev.
Class IV {105 5-100cm 4465 em 20.69

2-44 mm 19.03 mm Q95

Class TIA} 73 | 10-110em 4042 cm 2010
2-26 mm 951 mm 4.83

Class TR 24 3-115em 4417 em 25.14
1-18 mm 6.89 mm 394

Natural | 10 20-93 e 42 .50 em 2507
11-33 mm 2027 mm 701

Class I 3 30-50 cm 3800 cm 8.37
8-14 mm 10.64 mm 234

4.3 Geostatisticsl Analysis

The values of roo: zone readily available water show
considerable variation from site to site. Figure 3 shows
RAW values tor 21 sites from the pre-1994 data and at the
same sites the new RAW involving the CWF fragment %.
Since irrigation involves walering a certain area (in this case
about 1.3 hectares) by turning on appropriate irrigation
valves, it is important to properly map the value of this
variable for these areas throughout the property. The
geostatistical process of kriging [Brooker, 19911 is used 1o
estimate the average value for individual irrigation valve
areas. 1t is written as a weighted linear sum of surroundiag
sample values and the process generates optimal weights
and a measure of the accuracy of the estimate; the kriging
variance which may be converted 1o a confidence interval
for the estimate. The technigque first defines the variation
structure  of root zone RAW by calculaton of its
semivariogram and this function, together with the sample
and irrigation valve geometry, i the fundamental input ©
the estimation process.
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Figure 3 Pre-1994 root zone RAW values {top) and
the post-1993 values {below) surrounding the 225 m
x 73 m irrigation value area,

Brooker et.al., [19931 described the use of this technique 10
estimate vaiues of root zome readily available water and
topsoil depth for the irrigation valve units of this property.

hat study ideniified a marked degree of gpeometric
amisotropy in the semivariograms for oot zone RAW,
reflecting the fact that there is an underlying sand dupe
system striking E-W through the property. A spherical
model was chosen for the semivariogram and Hs parameters,
the nugget effect, Cp, the sill, Cp + C, and the range a, are
given in Table 8.

Table 8
Semivariogram models for root zone RAW
Root zane RAW Spherical model parameters
Ty Co+C |a{N-8) | al{t-W}
pre-1994 100 em® | 230 em® | 200 m | 650m
pOSE~'l993 G5 cm® 173em® | 180m | 778 m

For the irrigation valve area of Figure 3 the estimated root
zone RAW value was calculated to be 44.9 mm and the 95%
confidence interval was (37.3 mm, 52.4 mm).

Similar anisotropy is found using the new values of oot
zone RAW. A spherical model is chosen to model the spatial
variability and the parameters are also shown in Table 8.
Using this semivariogram to estimate the irrigation valve
area value gives an estimate of 37.8 mm and a 95%
confidence fnterval (31.0 mm, 44.5 mm). These values are
sather different from those calculated previcusly, reflecting
the extent of the changes in RAW daa values, Maps of such
kriged estimales for root zone RAW over the whole property
can be produced w assist in vineyard management.

The semivariograms for both the former root zone RAW
values and the new valoes are plotied in Figare 4 after
scaling distances B-W by the ratio of the range N-5 o the
range B-W 1o produce isctwopic models. There is a
somewhat lower level of overall variation in the post-1993
semivariograms and this manifests in the smaller size of the
confidence interval in that case.

Simitar calculations can be made for the same irrigation
valve area for both the oot zone depth and the aew main
rgot zone depth values shown in Figure 5. The parameters of
the spherical semivariogram models are ghven in Table 9.
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Figure 5 Root zone depth values {top) and new main
reot zone depth values (below) surrounding the 225 m

x 75 m urigation valve area.

Tahle 9
Semnivariogram models for root zone depth

Variable Spherical model parameters
Co | CorC Ja-9]aEwW)
Root zonedepth | 490 em® 11220 em® | 190 m] 660m
Main root zone depth] 330 em® | 1020 av®! 175m| 850m

The estimate and confidence interval for average rool zone
depth over the irdgation valve area of Figure 3 are 113.0 cm
and (85.6 cm, 1303 m), svhilst for the main oot zone depth
the values are 95.6 cmand (793 em, 1118 cm).

5. SUMMARY AND DISCUSSIGN

The new method of root zone RAW calculation relies on the
main root zone depth to weflect the appropriate irrigation
depth and soil water reserve which may be utilised between
irrigations, and considers that slight root development over
any depth below this provides insufficient influence. It is
expected that the majority of the water retained by the soif in
the main reot zone will be absorbed by the abundance of
roots that exist. In contrast, very little of the water retained
by the soil layer with a few roots can be expected to be
absorbed, In addidon the fragment percentage of the
carbonate layers which is now measured in the field, site by
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Figure 4 Scaled experimenial semivariograms and the isotropic spherical model for; (a) the pre-1994 root zone RAW
{(Brooker et.al,, [19931) and; (b) the post-1993 root zone RAW involving the CWF fragment %.

site, gives a better measure of the extent of the layer unable
to absorb water rather than a universally applied factor.

The results for calculations of root zone readily available
water and root zone depth for an irrigated vineyard near
Waikerie, 3A, show changes in readily avaflable water
values by more than 20% in a fifth of the siles. Changes
greater than 40% occur in about 8% of the sites. The
consequences for the spatial variability across the vineyard
are also significant. Experimental semivariograms give
betier defined spherical models which are used to calculate
more accurate kriged estimates for imigation valve areas,

In the vineyard near Waikerie, wpsoil layers make up 50%
of the total number of layers removed with slight root
development. Comparing the new calculations with the
former shows that the average reduction in root zone RAW
from these layers is around 19 mm. Carbonate layers are
also removed in 50% of the cases., Their contribution is of
the order of ¢ mm.
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