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1 .1 Historical

1 .2 .1 General

1 .2 .2 Soil Survey

1 . INTRODUCTION

According to Murphy and Easton (1950), European settlement
in the Byee flats area on Barambah Creek commenced in 1844 when Mondure
Station was occupied . From the above authors, it appears that the area was
sub-divided for grazing farms between 1900 and 1912 . Maize production
seems to have been the major pursuit on these units until dairying came to
prominence between 1911, when a butter factory started production at Murgon,
and 1923 when the Murgon to Proston railway was opened . Dairying has
declined in importance since the late 1950's and there are now only about
seven farms with milking herds in the area . Grain cropping is now the most
important farm enterprise with common crops being barley, sorghum, soybeans,
wheat and sunflowers . Though there has been some farm amalgamation, there
are still some holdings of around 50 ha .

The potential of the area for intensive irrigation develop-
ment has been recognized for many years . A public meeting was held in 1925
to organize an approach to the State Government requesting the provision of
an assured irrigation water supply . More recently, an economic investigation
(C .P . Hamilton 1973 unpublished data) was favourable to intensive
irrigation development but it included the lot feeding of beef cattle so
many of its assumptions and conclusions were rendered invalid when a slump
occurred in the beef industry . A reconnaissance land classification of the
flats and surrounding areas was made in 1973 (A .K. Wills, unpublished data)
but the entire flats area was included in the one mapping unit .

1 .2 Purpose and Extent of Soils Studies

Following public meetings in Murgon and Nanangc the Queensland
Water Resources Commission undertook investigations in the Barker and
Barambah Creeks area into the feasibility of constructing a major storage
and ancillary works to provide additional water supplies for irrigation .
The Department of Primary Industries assisted in assessing the agricultural
and economic aspects of the proposals .

As the largest area likely to receive additional irrigation
water is the Byee flats area on Barambah Creek, it was decided to undertake
soil survey and soil physical investigations to provide data on the
suitability of this area for irrigation .

The only descriptions of the soils of the area that were
available were those of Isbell et al . (1967) and Wills (A .K . 1973
unpublished data) . A detailed reconnaissance soil survey at a scale of
1:50 000 was undertaken covering 6140 he of the alluvial flats in the Byee
area . The approximate area surveyed is shown in Figure 1 . The objectives
of the survey were to describe and map the soils of the area to assess their
suitability for irrigation and to serve as a base for soil physical and land
use studies .
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1.2.3 Soil Response to Irrigation

Figure 1

	

Locality plan

No data was available on the effect of irrigation on the soils
of the area so a series of soil investigations were carried out with the
following objectives ;

To examine the effects of existing irrigation with creek and under-
ground water on soils of the major soil profile classes (see Glossary)
by soil sampling and analysis .

To establish, by laboratory leaching experiments, the likely effects
of irrigating soils of the major soil profile classes with waters of
a range of qualities which are likely to be available for irrigation .

To establish Plant Available Water for the major mapped soil profile
classes by calculation using the relationships derived by Shaw and
Yule (1978) .

2 .1 Climate

2.1 .1 Rainfall

2 . PHYSICAL ENVIRONMENT

Average monthly and annual rainfalls for Murgon, Wondai
and Mondure are set out in Table 1 while Table 2 shows the probabilities
that Murgon will receive more than given amounts of rain .



2 .1 .2 Temperature

TABLE 1

Bureau of Meteorology

+ Mean o£ 34 years, L. Russell (personal communication)

TABLE 2*

Rainfall probabilities for frgon

Monthly and annual values (mm) likely to be equalled or exceeded in 10, 50
and 90% of occurrences .

* Bureau of Meteorology, from 1931 - 1970 data .

The rainfall is strongly summer dominant . From Table 1 it
may be seen that Mondure, the source of rainfall data closest to the area
investigated, receives 70% of its average annual rainfall in the six months
October to March.

	

Thunder can be expected on thirty days of the year,
generally in the October to March period so that high intensity storm rains
are frequent at this time .

Kingaroy and Gayndah are the centres closest to the area
studied for which temperature data is available . The area is intermediate
in altitude and latitude so the temperatures should likely lie between those
of these two centres set out in Table 3 . The area experiences warm to hot
summers with mild winter days and cold winter nights .

	

Frosts may occur
between mid May and mid September .

Average monthly and annual rainfall for selected stations (nan)

Station Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dee Year

Murgon* 122 112 83 48 39 47 40 29 38 68 80 114 820

Wondai* 121 101 78 43 36 47 39 29 41 69 79 118 801

Mondure + 97 114 82 43 37 37 39 32 35 76 83 95 770

Prob . (%) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dee Year

10 217 214 215 94 84 92 72 66 82 122 161 244 1168

50 97 98 86 43 37 24 31 20 25 64 76 94 787

90 29 22 8 8 5 5 3 5 5 15 21 23 532







2 .4 Natural Vegetation

2 .5 Hydrology

2.5 .1 surface Hydrology

2.5.2 Subsurface Hydrology

Most of the area investigated has been cleared for cropping
end grazing and it is likely that the grass species composition in the
uncleared areas has been drastically altered by grazing and burning .

	

Notes
on vegetation on the soil profile classes identified in the survey were
made wherever possible and Table 5 gives the most common structural form
(Specht 1970) and species composition for each .

The most common structural form is the open forest and the
most common tree species is blue gum. It appears to have been dominant on
Wheatlands, Tregear, Terrace, Weir, Byes, Kaber and Gueena soil profile
classes while gum topped box or poplar box appear to have been dominant on
Eastgate areas .

	

Broad leaved ironbark is associated with blue gum on a
number of soil profile classes while rough barked apple is an associate
species on the Weir soil profile class .

In the uncultivated state, most soil profile classes carry
a moderately developed grass layer of blue grasses .

	

Introduced grass
species common in the area include rhodes grass, paspalum, barnyard grass
and couch.

The area is drained by a series of levee-backswamps and
broad drainage lines that often follow the bases of the surrounding hills .
This system enters Barambah Creek or an anabranch of it through natural
gullies eroded through the levee or, in two cases, through channels dug in
the levee . Drainage from the broad drainage lines is very slow and water
can still be entering the creek up to 14 days after periods of heavy
rainfall. Permanent and semi-permanent lagoons occur in these drainage
lines .

As well as rainfall within the area, the drainage system
must cope with runoff from the surrounding hills and over-bank flood
flows from Barambah Creek. Numerous unnamed gullies and minor creeks leave
the surrounding hills to lose their identity in the broad drainage lines
of the flats surveyed . The only streams to make direct confluence with
Barambah Creek within the surveyed area are Oakey Creek in the east and an
unnamed gully below "Marshlands" homestead in the west .

	

No records of the
frequency of over-bank flow from Barambah Creek are available but it
appears that flood flows occur more often than once every two years .

	

The
creek can remain at flood levels for periods of a few hours to several
days .

Little data is presently available on the subsurface hydro-
logy of the area .

	

A number of bores have been sunk for irrigation purposes
and the Queensland Water Resources Commission have sunk a number of test
holes . Much of the area is underlain by ground water of variable quality .
A number of bores, many close to the surrounding hills, have been sunk for
irrigation then abandoned due to poor quality water . Many bores have,
however, been used successfully for irrigation for a number of years .

It appears that the ground water surface is about 6 to 10 m
below ground level at the eastern end of the area and 4 to 8 m below ground
level at the western end (Queensland Water Resources Commission unpublished
data) .

	

Ground water levels above Silverleaf Weir rose significantly when



the weir was completed . Seepages are observed from the banks of Barambah
Creek below the usual water line in times of low flow so it appears that
the ground water system has connections with the creek.

Murphy and Easton (1950) note that ring-barking of timber
on the hills to the east of the area in the period 1877 to 1890 immediately
caused many springs to develop and saline seepages are now features of
valleys leading onto the surveyed area . These are prominent in the
Merlwood, Barlil and Mount McEuen areas .

	

It is likely that these seepages,
the runoff from which soaks away before reaching the flats, provide an
input of saline waters to the ground water system underlying the flats .
Water from one of these seepages was found to have an electrical conduct-
ivity of 4600 pS cm1 .

3.1 General

Five controlled traverses were run in the area to be
surveyed and 34 sites on these traverses were selected for profile descript-
ions on the basis o£ photopattern and landscape position . Soils were
exposed to 150 em by sugaring or with 5 em diameter thin walled tubes and
classified according to the Factual Key of Northcote (1971) . Profile
characteristics not included in this classification were also recorded and
used as necessary when formulating soil groups . Soil structural descriptions
were made on the 5 em diameter cores . The profile descriptions obtained
were grouped into eight soil profile classes which were used as a reference
to map the area at 1 :50 000 on 1 :25 000 colour air photographs . Mapping
was by free survey and a further 171 recorded ground observations of
sufficient detail to identify soil profile classes were made . Air photo
interpretation was used as an aid in locating many boundaries.

3.2 Soil Profile Class Derivation

3 . SOIL SURVEY METHOD

The basic soil grouping used is the soil profile class . The
soil profile classes were obtained by grouping profiles of similar morphology
so the system is an ascending one commencing from observed soil properties .
Variation in characteristic soil morphological properties is less within
classes than between classes .

	

In grouping soil profiles into soil profile
classes, emphasis has been given to those characteristics considered likely
to have greatest significance for irrigated land use . All soil profile
classes have been named and, where possible, the names indicate a locality
where the soil profile class has been mapped .

3 .3 Mapping Unit Derivation

Simple mapping units are used and in most cases one soil
profile class occupies greater than 60% of a mapping unit . Mapping units
are identified by the name of the dominant soil profile class, an
abbreviation of which appears in the actual mapped areas . Ground obser-
vation density was insufficient to identify the proportion of associated
and minor soil profile classes in most units .







4.1 Relationship to Physiography and Landscape Position

The relationship of the soil profile classes to
physiograph~y and landscape position is summarized in Table 4 . As discussed
in section 2 .3 soils of the lower alluvia are predominantly clays while
coarsdr textured gradational and duplex soils occur on the higher alluvia.
Figure 2 shows a landscape section across the area on which the relative
positions of the most important soil profile classes in terms of area are
illustrated .

J

Horizontal Scale

	

Icm = 61-63m.

	

"~
Vertical Scale

	

Icm= -937 m.

4 .2 Morphology

4.3 Soil Variability

- 10 -

4 . SOILS - MORPHOLOGY AND MAPPING

Baramhah Creek

Flgurs 2

	

Landscape section of Byee area along road north from Wheatlands school showing relative
positions of mapping units .

Table 5 gives detailed morphological descriptions of the
soil profile classes and the range of variation within them.

	

Horizon
notation follows McDonald (1977) .

The mapping units, named for the dominant soil profile
class, their area, the approximate percentage of that soil profile class,
and the associate soil profile classes are set out in Table 6 . The
dominant and associate soil profile classes together occupy at least 80%
of the mapping unit area.

East ~ I . East
gate : : gate

262.1



5 .1 Soil Sampling

5 .2 pH

TABLE 6

Mapping unit composition

5 . SOILS - CHEMICAL AND PHYSICAL CHARACTERISTICS

Nine sites in the survey area were sampled for detailed
chemical and physical analysis and the results, together with the profile
descriptions, are presented in Appendix 1. Appendix 3 gives methods of
analysis while Appendix /, gives some guidelines for the interpretation of
results . The profiles were sampled to 150 cm in 10 cm increments and a bulk
of ten 0 to 10 em surface samples from a 10 m-diameter circle surrounding
the site was also collected .

One uncultivated and one cultivated site was sampled on each
of the four soil profile classes occupying the greatest area (Weir, Byes,
Eastgate and Gueena) and one cultivated site was sampled from the Wheatlands
soil profile class .

	

The last site mentioned was on the Higher Alluvia
landscape unit while the others were from the lower Alluvia unit .

	

The
locations of these sites together with those of sites sampled for salinity
appraisal only are shown on the accompanying soils map .

(pH 6.5 - 6 .8) .
All surface (0-10 em) soils are in the neutral range

Mapping Unit
and Dominant
Soil Profile

Class

Percentage
of Dominant
Soil Profile

Class

Associate
Soil Profile

Classes

Minor
Soil Profile

Classes

Mapped
Area

(hectares)

Wheatlands 80 Eastgate 6-

Tregear 80 Eastgate 37

Terrace 90 Weir 3
Weir 60 Eastgate Terrace 2055

Gueena Byee

Byee 70 Eastgate Weir 783
Gueena

Eastgate 70 Gueena Byee 1225
Weir

Gueena 70 Eastgate Byes 1937
Weir

Kaber 90 Eastgate 17



The mean pH trend (Figure 3) with depth is for all soils
to become moderately to strongly alkaline (pH range 8 .1 - 8.8) by 150 cm.
Gueena subsoils are only moderately alkaline to 1 m.

Eastgate subsoils are the most strongly alkaline . A
maximum pH value of 9.4 was recorded at 100 cm for the Eastgate site 8 .

5 .3 Salinity

5.3 .1 Current Salinity Status

- 12-

A plot of chloride profile trends as shown in Figure 4
indicates the degree of salinity of the soils .

Apart from some sites which are affected by saline seepages
the chloride values (1 :5 soil water suspension of all soils to 1.5 m) are
less than 0.2% Cl and would thus be classified as non saline (Northcote
and Skene 1972) .

The only soils that exceed .06% chloride in the upper
metre of the profile are some Gueena soils where this occurs at around
80 - 100 cm.

The Weir and Byes soils have chloride levels in the upper
60 cm of less than .03% which are the lowest chloride levels of all groups
to this depth .

Three areas of high salinity were located -

(i) the north east section, adjacent to the surrounding
uplands, in the vicinity o£ sample sites 8, 18, 19, 20, 22 where large
saline seepages flow towards the flats.

(ii)

	

the southern section near site 24, also adjacent to
surrounding uplands.

and (iii) an area on Barambah Creek, near sites 6 and 29 .

Electrical conductivity (EC) values follow the same trend
as chloride, suggesting little or no contribution from other salts such
as gypsum .

In all three high salinity areas EC was in the range 0.9 -
1 .7 mS cm ~, roughly equivalent to an EC of 6 - 11 mS cm-1 on the saturatioi
extract using the conversion of Talsma (1968) .

5.3 .2 Salinity Changes with Time

Changes in soil salinity with time reflect changes in
hydrology or climate . A rise in water table levels will result in
increased soil salinity whereas flooding will tend to reduce soil salinity .
A previous sampling gave an opportunity to evaluate any soil salinity
changes with time end thus predict likely adverse effects which may be
occurring .

Two transacts across the Byes area were made in March 1970
(B .T . Crack unpublished data) . The major transact was sampled adjacent to
the QWRC bore hole transact . Several of these sites were resempled in
December 1978 to determine any changes in salinity. The sites resampled in
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Soil pH profiles .
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Figure 4

	

Chloride profiles .



 



5 .5 Dispersion Ratio (R,)

Exchangeable sodium percentage (ESP)

10

	

15

	

20

	

25

	

30 36

1=igun 5

	

Exchangeable sodium percentage profiles .

No other soils in the area exceed an ESP of 14 . However,
Gueena and Weir are sodic at 60 em with a maximum ESP for both soils of 13
at 90 cm .

	

The Byes soils are just sodic at 90 em but do not exceed an ESP
of 7 at 150 em. The Wheatlands soils are non-sodic .

An indication of the dispersive characteristics of the soils
is provided by the ratio R1 (Appendix 3) .

Table 8 lists the mean dispersion ratios R1 at 0 - 10 cm and
50 - 60 cm depths for the soil groups analysed .



The Eastgate soil is rated as moderate to high while the
other soils do not exceed .66 at depth suggesting moderate to low
dispersibility .

5 .6 Particle Size Distribution

Figure 6 .

- 16 -

TABLE 8

Dispersion ratio (RI) at 0-10 em and~50-60 em

Clay contents for the profiles analysed are shown in

Figure S

	

Clay content profiles .

Byes and Gueena have the highest levels of clay, exceeding
65% throughout most of the profile .

Soil Profile Class
Depth cm

Eastgate Gueena Byes Weir Wheatlands

0 - 10 .68 .37 .45 .40 .57

50 - 60 .91 .66 .46 .47 .30



5 .8 Clay Activity Ratio

- 17 -

Eastgate and Weir have less clay in surface horizons,
increase in the 30 - 60 em zone and decrease below this depth. Variations
in particle size distribution with depth in Eastgate, Weir and Wheatlands
suggest the soils are layered,

Wheatlands soil usually has sandy field texture at the
surface and in the deeper parts of the profile .

5.7 Cation Exchange Capacity (CEC)

Byes soils show the highest CEC with values of greater than
50 for most of the profile .

	

CEC values greater than 40 characterize the
Gueena and Eastgate soils while Weir soils have lower CEC ranging from
32 to 42.

Clay Activity Ratio (CEC/Clay) m. equiv. per g . of clay,gives
an indication o£ the clay mineralogy .

	

Values do not vary greatly with
depth. Ratios are in the range ,7 to .8 indicating considerable amounts
of montmorillonite present in the Weir, Gueena, Byes and Eastgate soils.

The far lower clay activity ratio (0 .5) of Wheatlands
indicates a substantially different clay mineralogy .

	

The difference in
clay activity ratio could indicate that the Wheatlands is an older soil
with more weathered clay minerals or that it was formed on alluvium of
different origins to that on which the clay soils were formed . The coarse
sand content of the Wheatlands soil also indicates that it may have
developed on an alluvium of different origins and supports the placement
of it in a different landscape unit to the clay soils .

5.9 Exchangeable Calcium and Magnesium

Magnesium is the dominant cation in all soils except Weir
and Wheatlands where calcium is dominant .

	

Table 9 shcws~the exchangeable
cations and saturation percentages for the soil groups at two selected
depths .

Byee soils .
Magnesium is the dominant cation in Eastgate, Gueena and

Emerson and Bakker (1973) suggested that a high magnesium
to calcium ratio and ESP greater than 6 can promote clay dispersion. On
this basis the Eastgate soils with magnesium to calcium ratios of 1.6 and
ESP greater than 71, at 30 em would rate as the poorest soils .

	

This view
is supported by the measurement of dispersion R, (see Appendix 3) . R,
ratios are high for the Eastgate soils being greater than .78 at 30 cm and
reach a maximum level of .91 at 60 cm . These were the highest R, levels
recorded .

Gueena and Byes also have high magnesium to calcium ratios
(i .e . 1.4 to 1.6) but have ESP values of less than 7 in the upper metre of
the profile.



t

	

m.e./100 g

per cent

5.10 Fertility

Exchangeable cations and saturation percentages at
0-10 cm and 56-60 cm depths

5 .10 .1 Phosphorus

- 18 -

TABLE 9

Table 10 sets out relevant soil fertility data for the 0-10
em depth increment of the sites sampled (see 5 .1) .

	

The results indicate
that the soils of the area are of moderate to high fertility.

Available phosphorus levels are high at all sites except the
uncultivated Byes and uncultivated Gueene sites where they are only fair .
Phosphate fertilizers are not regularly applied and it is doubtful if these
differences between the uncultivated and cultivated sites can be attributed
to fertilizer addition . The differences may be associated with increased
nutrient recycling in the cultivated soils .

It appears unlikely that phosphorus fertilizer applications
will be necessary over the bulk of the area but they could be required on
some areas of Byes and Gueena soils .

Soil Profile
class

Depth
(cm)

Exch.t
Ca

Ca*
CMG`

Exch .t
Mg

Mgt
CEC

Exch.t
Na

Na*
CEC

C.E .C .t

Eastgate 0-10 7.6 21 12 .7 35 3 .8 11 36

50-60 14 .5 32 23 .5 52 8.9 20 45

Gueena 0-10 17 .0 33 23 .0 47 1.0 2 51

50-60 15 .5 33 25 .0 53 3 .5 9 47

Byes 0-10 17.0 33 23 .0 47 1.4 3 51

50-60 20.0 36 27 .5 49 2 .8 5 56

Wheatlande 0-10 4.1 34 2.8 23 0.2 1 12

50-60 8.9 39 7.2 31 0.5 2 23

Weir 0-10 11.5 36 10.4 33 0.8 2 32

50-60 18 .0 48 17 .5 42 4.3 11 42





There are 3 aspects to the determination of the volume of
available water -

(a) measurement or prediction of the upper (W.
metric water contents for individual dept

(a)

	

Prediction of Wmax and Wm n

-20-

6 . SOIL WATER RELATIONSHIPS

Soils differ in the amount of water which can be stored and
subsequently made available to the plant before the plant becomes stressed
from lack of water . This measure of plant available water is an important
aspect of soil suitability for irrigation . To be useful for irrigation
scheduling this amount of water is expressed as a volume of available
water .

)and lower (Wmin ) gravi-
crements .

(b) selection of an appropriate bulk density to convert the gravimetric
water contents to a volume of water .

estimation of a realistic crop rooting depth below which only small
amounts of water are available to the plant .

It is well recognised that the laboratory determined upper
water content (- 1/ 3 bar) may be very different from the field measurement
due to the large effect of soil structure at this soil water potential,
(Salter and Williams 1965, Gardner 1971) .

	

Rate of wetting and overburden
also greatly affect the laboratory measurement .

	

To overcome these
limitations, Shaw and Yule (1978) found a relationship between the field
measured upper (Wmdx ) and lower (W~n ) soil water contents for Emerald
soils (under irrigated sorghum) and cation exchange capacity or -15 bar
water content .

	

The highly significant relationship with -15 bar water
content (RZ >0 .92) allows good prediction of Wmax and Wmin .

	

Shaw and Yule
(1978) also found that bulk density at Wmas could be used in calculation
to give a reliable estimate o£ the volume o£ soil water and that rooting
depth could be predicted from the pattern of accumulation of chloride in
the profile .

Before applying the predictions an experiment was conducted
at two sites in the Byes area to compare field measurements of Plant
Available Water with the calculated values .

Two soil profile classes were chosen, Weir and Gueena, and
a 60 em diameter ring was inserted 5 cm into the soil at one site on each
soil . Water was ponded in the ring for 44 hours during which 188 cm
entered Gueena and 130 em entered Weir .

	

Twenty four hours after cessation
of ponding 3 soil cores to 150 cm were taken within the area of the ring
for soil water content . Two soil cores were taken in the vicinity of the
rings prior to ponding to obtain the dry profile .

Electrical conductivity, chloride, and - 1/3 and -15 bar soil
water content determinations were made at each site .

The mean pre-ponding and the wettest post-ponding soil water
profiles are shown in Figure 7 for the 2 soils together with the laboratory
- 1 /s bar and -15 bar water contents and the predicted Wmav 'and Wmin water
contents .

	

The variability was low for all but the wetting'profiles of Gueena
site which is possibly a reflection of the extensive soil cracking . Both
sites were quite dry at the time of the experiment (January 1979) and the
pre ponding soil water contents approximate the -15 bar . The soils were well
cracked to 60-70 em in the soil cores taken. The depth of wetting was 70 cm
in Weir and 130 cm in Gueena, Figure 7 .





The predicted Wmax and Wmin soil water contents are goad
estimates of the field values apart from some underestimation for Weir in
the 30-40 cm depth. Thus the prediction is applicable to the Byes area
to allow the upper and lower field water contents to be determined.

	

The
..'/a bar moisture content is a poor estimate below the surface 20 or 30 em.

(b)

	

Prediction of RootingDepth

- 22 -

Shaw and Yule (1978) related the rooting depth to the depth
of maximum rate of increase of chloride concentration . Qn the results of
the experiment on Weir and Gueena, this estimate appears too shallow, end
the depth to peak in chloride concentration appears a better estimate of
rooting depth.

(c) Prediction of Plant Available Water

The measured available water (volumetric) for the 2 sites
based on the available water range between the wettest and driest profiles
of the sampled profiles, the wet° bulk density (Shaw and Yule

	

1978) and
the actual depths of wetting are given in Table 11 .

	

These values agree
quite well with the predicted Plant Available Water from -15 bar
regressions and the depths to peak chloride .

TABLE 11

Measured and predicted Plant Available Water

Soil

Weir

Queens

Plant available water for the four major soils was calculated
using mean values for -15 bar water content in the regression equations and
depth to peak chloride .

	

Depth to peak chloride showed considerable
variability within some soil profile classes but the mean values are
considered to be a realistic estimate for the respective profile classes.

Table 12 lists the average depth to peak chloride, the
standard error and the Plant Available Water for the major soil profile
classes.

	

The few sites in Gueena where there was no peak in chloride have
not been included .

The depth of,active rooting represents the greatest depth
at which water changes are significant between successive irrigations .

	

For
shallow rooted crops, the active root zone will be less but for the purpose
of this assessment, the depth gives a realistic comparison of the potential
available water in the soil .

Measured
Plant Available Water

cm

Depth
of Wetting

cm

Depth
to Peak
Chloride

em

Predicted
Plant Available Water

cm

13 .0 70 60 11 .2

15 .6 130 110 14 .4
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TABLE 12

Predicted Plant Available Water (PAW) for the 4 major
soil profile classes

Gueena and Byes hold most water whilst Eastgate holds least .
Soils with high Plant Available Water are easiest to manage and have greater
management flexibility (other factors being equal) since they require less
frequent irrigations with the associated reduced costs and greater
efficiencies of overall water use .

The most efficient management to utilize the amount of Plant
Available Water in the soil requires fast water application to allow water
entry before the soil cracks close .

	

Flooding is the preferred irrigation
method on cracking clays utilizing the network o£ soil cracking to wet the
soil to the rooting depth .

On cracking clays in Emerald, Shaw and Yule (1978) found
that 74% of the water entry in 5 hours ponding occurred within 30 minutes
of water application. However, if irrigation followed a 30 man rainfall,
only 60% of the water required to replenish the soil water used could enter
the soil .

	

Therefore delaying irrigation until the cracks have reopened
will allow greater water entry.

7 . SOIL RESPONSE TO IRRIGATION

7.1 Soil Changes Under Existing Irrigation

7.1 .1 Introduction

Irrigation has been practiced in the area both from the creek
and from bores for periods up to 50 years in some cases ; with waters of
varying quality.

	

Areas which have been consistently irrigated over a period
of time should indicate likely salt balance changes in the soil .

	

Any major
changes should be evident irrespective of the irrigation management used .

Soil sampling and analysis of paired sites of irrigated and
non irrigated areas on the major soils was carried out to indicate potential
water quality and soil problems .

Soil
Profile
Class

Av. Depth
Cl Peak
em

SE Modal
Depth
em

No . of
Profiles

Predicted PAW
em

Relative
Rating

(Gueena = 100%)

Weir 90 t8 .6 60 9 13 .7 91

Byee 100 ±8 .4 110 6 15 .0 99

Eastgate 70 ±4 .0 60 12 11 .5 76

Gueena 100 *'-3 .8 100 7 15 .1 100
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In laboratory experiments, by choosing a range of waterqualities on the major soil profile classes, acceptable water qualities
can be identified which will not cause long term salinity buildup in the
soils .

7 .1 .2 Methods

Farmers were contacted who had irrigated consistently for
at least 10 years with either creek water or bore water .

	

Paired sites
were chosen in the irrigated area and an adjacent non irrigated area . A
total of 5 paired sites were sampled covering 3 of the 4 major soils
namely Byes, Gueena and Weir, Table 13 . Difficulties in locating a
consistently irrigated site on Eastgate prevented its inclusion. For
soils Gueena and Weir, both creek and bore irrigated sites were obtained
whilst Byes was bore irrigated .

TABLE 13

Site info~tion, Boil pmXte class, source and period of irrigation and major crape gmmn

Main Crops Gram Recently
.

nom, some soyabeans

sorghum, previously luceme, sorghm,
anions

sorghum mainly

eoyebeans, sorghum

* present owner 5 years, previous owners over 40 years intensive irrigatioffi
** present omer only
t one profile at this site is from the soil profile class Wheatlands

rock melons - other horticulture crops,
intensively irrigated in season

At each paired site 6 profiles were sampled to 150 em, 3 in
the irrigated area and 3 in the non irrigated area. Where possible profiles
were taken at 20-30 metre spacings .

	

Each profile was cut into 10 em
increments, dried at 400C and ground to less than 2 mm after subsampling a
few small aggregates.

Electrical conductivity, pH and chloride determinations were
made on 1 :5 soil water suspensions for every second depth increment - the
techniques are reported in Appendix 3 . Soil dispersibility of the unground
aggregates in deionized water at 2 and 20 hours was estimated by Emerson's
dispersion test (Emerson 1967) and reported as Dispersion Index after
Loveday (1974)

Bore water samples were taken at the time of soil sampling
from those sites bore irrigated and analysed by the standard water analysis
methods o£ Agricultural Chemistry Branch .

	

Previous bore water analyses
were obtained where possible with the co-operation of Queensland Water
Resources Commission (QWRC) . The water analyses are presented in Table 14 .

Boil
Profile
Class

Site
No .

Location
Soils

A .M.G . Zone

on
Nap
S .G . 56

Source of
Irrigation

Period o£
Consistent
Irrigation

Weir 1 384800E 7102000H bore 10 years

Weir 2 384.600E 7101700N creek 10

Byes 3 383400E 710160ON bore 5 * 40

Wears 4 379500E 710760GN bore 7**

Gueenst 5 377500E 7105400N creek 14



(3)

(4)
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TABIE 14

Water amlyaee of irrigation bore oaters and Bad mbak and Barker Creek maters

(1) TC,5 - total soluble salts, E analyzed Ions

7.1 .3 Results and Discussion

(2) SAR = sodium adsorption ratio -

	

N.

	

(concentrations in neq/L)
(Go . Mg 1)

pHck indicates the tendency to precipitate CdC0, from the water, <8 .4, or to
dissolve CaMs from the soil >8 .4 !Avers 1977)

sdj SAR eceounts for the effect of precipitation of C0,= and HGO, on the SAR
ad) SAN

	

=

	

SAR [ L . 8.4 - PHC" ), ( Avers 1977)
N,D .

	

not detected
for this water EC estimated from TW

Figure 8 shows the mean EC and chloride profiles with depth
for both the irrigated and non irrigated profiles at the 5 sites .

	

The Weir
soil under bore irrigation was the only soil to show , a decrease in salinity
with irrigation . The remaining 4 sites showed an increase, the least being
Weir under creek irrigation . Weir is the lightest textured soil (Appendix 1)
and thus probably has greater ease of leaching .

	

The bore irrigated site
also has the best quality bore water .

	

The Weir site, bore irrigated, did
show a slight increase in soil dispersibility below 40 cm probably reflecting
leaching of the salts. The increase is small and probably of limited
significance in the field situation .

The increase in salinity in Byes soil was at a depth
approximating the normal rooting depth and in this soil, probably reflects
the equilibrium profile over many years o£ irrigation with a moderately high
salinity water . Since the increase is at depth, soil permeability can be
assumed to be adequate and management satisfactory . The increase in soil
salinity would be expected with the particular quality of water being used,

Boil Source of Date of Water Anslysia
end Irrigation

Site Water
NO .

Senpllng TIM
ng 1 °
(1)

C." Ne" Me' HC0

meq/L

C03 50,- Gl SAR
(Z)

PRO*
CB)

Ad,/
SAP
(4)

Weir bole 23 .1 .79 1350 714 4.7 4 .8 2 .7 2.6 N .D . t trace 9.6 1 .2 7,15 2 .7
1 29 .1 .75 650 318 1.8 1 .7 2 .2 1.9 - N .D . 3.8 1 .6 7,65 2 .8

Weir creek see creek water
2 data below

Bye. bore 25 .1 .79 1850 1273 3 .0 7.5 9.3 8.1 N.0 . trace 11 .7 4 .1 6.74 10 .9
3 6.12.67 1980 1103 3 .0 7.7 10,6 9.1 N.D . 0.2 12 .0 4 .6 6.68 12 .5

1965 2L00 1150 4 .2 8 .3 IM 8.7 N,D. 0.5 13 .2 4 .0 6.63 11 .1

Ones. bore 25 .1 .79 2600 1781 5 .4 7.4 15 .7 8.3 MID. trace 20 .3 6 .2 6,66 17 .0
4 7-1960 3000' 2045 5.4 8.2 18,8 9.2 N.D . 1.9 21 .3 7 .2 6 .62 20 .0

Gueena creek see creek water
5 date below

Bilverleaf Weir 26 .1 .79 700 435 1 .6 2.2 3.0 2 .2 N, D. - 4 .8 2 .1 7.60 3 .8Barambeh Creek

Barker Creek
at Wyslia
1962-1977
beet quality 2.1.0 .65 338 179 1.3 0.9 1 .2 1.0 - 0.1 2.3 1 .2 8.15 1.5
worst quality 8.10.71 2550 1317 5.6 9.4 9.9 3.3 - trace 21 .6 3 .6 6 .96 8.7
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Gueena soils also show increased salinity . The increase is
in the upper root zone (0 - 60 em) of the creek irrigated site suggesting
restricted leaching due either to low soil permeability or management
approaches . The slight reduction in salinity below 80 em suggests some
leaching does occur . The bore irrigated Gueena site shows the highest level
of salinity .

	

Difficulty was experienced in obtaining a good non irrigated
area . High salinity is present even though this site is the least
consistently irrigated and had not been irrigated over the previous 9 months .

There was no increase in soil dispersibility at any site
other than Weir bore irrigated .

The increased salinity in the heavier soils, Byes and Gueena,
suggests a water with lower salinity than those used for these soils would
be desirable for long term stable irrigation under a range of conditions .
Byee is considered a well structured permeable soil compared to the more
sodic Eastgate soils and the Gueena soils . These latter two soils are
considered most at risk from waters of high salinity .

	

Based on this study
of the effects of present irrigation practice on accumulation of salt in
the root zone the maximum salinity of irrigation water should be appreciably
less than EC 1900 uS em 1 (Byee bore) .

7 .2 Effect of Irrigation Water Quality on Surface Soil Behaviour

Soils

7.2.1 Introduction
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The quality of the water in Barambah Creek is variable
depending on the seasons .

	

The poorer quality water during dry times is
unsuitable for stable long term irrigation . Some of this information is
provided in section 7.1 . However, the surface soil behaviour is also o£
importance, particularly any physical deterioration which may affect
establishment and infiltration . The proposed water storage on Barker Creek
will receive cooling water blowdown from Tarong Powerhouse, which may also
affect water quality but can be controlled . The safe acceptable water
quality for long term irrigation is influenced by factors including crop,
soil type and climate . Two factors of water quality which require
clarification are acceptable levels of overall salinity both in terms o£ the
soil and the plant and acceptable levels for water sodicity to prevent
adverse soil problems such as dispersion resulting in reduced water entry.

An investigation was made to determine the effect of a range
of expected water qualities on the surface soil infiltration under irrigation,
and infiltration when the irrigation is followed by rain .

7 .2.2 Soils, Waters and Methods

The 0-10 and 10-20 em depths of the k major soils of the Byes
Area viz, Weir, Byes, Gueena and Eastgate were sampled, dried at 40 C, and
ground to <2 mm . The 1 - 0.5 mm size fraction was separated and packed into
8 .2 em diameter perspex columns. Packing was carried'out by placing a 7 em
diameter open ended tube inside the column on top of a layer of 2 - 1 mm
sand end gauze . Three hundred and fifty grams of the 10 - 20 cm depth was
added followed by 350 g of the 0 - 10 cm depth.

	

The inner tube was lifted
slowly as the column was rotated and tapped . Finally the column was dropped
10 times from a height of 4 em. The height of soil in the column and the
air dry moisture content of a sample of the sieved soil were determined .



Waters

Records of water quality in Barker Creek at the Wyalla
station, (Queensland Water Resources Commission unpublished data) were
examined to determine the range and trend in water quality over the period
1962 - 1977 . This is the nearest water quality data available for
Barambah Creek .

	

The waters range in electrical conductivity from 350 to
2550 pS cm-1 with corresponding sodium adsorption ratios (SAR) of 1 .3 to
3.7 .

	

There is a consistent trend between SAR of the waters and the
electrical conductivity throughout the range and over the years .
(Figure 9) .
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Figure 9

	

The relationship between sodium adsorption ratio, adjusted sodium adsorption
ratio and electrical conductivity of Barker Creek water at Wyalla .

2400 2800

On the basis of the range in quality, [, water qualities were
chosen to represent the range including the water in Silverleaf Weir at the
time of soil and water sampling (January 1979) . To approximate the possible
quality of the cooling water blowdown from Tarong Powerhouse, a fifth water
equivalent to the approximate average blowdovm water from Swanbank Power-
house (p. Ryan personal communication) was included. The waters were made
up to the required concentrations by adding calculated quantities of the
required salts (AR grade) to the water from Silverleaf We~r. Table 15 gives
the water qualities used and the ionic composition .
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Rain water from the storage tanks at the Indooroopilly
laboratories was also used. The analysis of this water is given in Table 15 .
Phenol was added to all waters to inhibit microbial growth with a final
concentration o£ 0.1,% Phenol .

Methods

TABLE 15

Irrigation water qualities

pHc* indicates the tendency to precipitate CaCO3 from the water,
<8 .4, or to dissolve CaCO 3 from the soil >8 .4 (Ayers 1977)

t adjusted SAR accounts for the precipitation o£ C03- and HCO3_ on
the SAR, adj . SAR = SAR (1 + 8.4 - pHc) . (Ayers 1977)

The experimental design involved 4 soils each ponded with 5
different water qualities .

	

Subsequently each was ponded with rain water.

All soils were ponded under a head of,approximately 1 em o£
the appropriate irrigation water for between 16 and 14 hours until approxi-
mately 5 pore volumes had passed through the soils .

	

Depth of wetting,
swelling and rate of outflow were measured regularly. After the required
amount of irrigation water had passed through the soils, the soils were
allowed to drain for at least 2 hours and then pcnded with rain water until
at least 5 pore volumes had passed through the soil .

	

The electrical
conductivity of the outflow under rain water was measured periodically.

Waters were analysed by the standard water analysis methods
of Agricultural Chemistry Branch .

	

,

Analysis
Irrigation

B C

Water

D E

Rain Water

Electrical
Conductivity 680 1030 1700 2250 2500 70
us cm7'

Ca++ m.equiv . L-1 1 .9 2 .1 4.1 5 .4 19 .8 0.4

++ .r 2 .3 4.7 7.0 10 .1 1.1 N.D .

Na+ " 2.7 3.4 6.1 8.6 ' 11 .8 0.5

HC03 "' 2 .4 3 .0 2.5 3 .3 2.6 0.5

Cl- " 4 .5 7.2 14 .7 20 .8 14 .1 0.4

S04 - - - - 14 .0 -

SAR 1.9 1.8 2 .6 3.1 3.7 1 .12

pHc* 7.58 7.19 7.19 6.89 6.98 9.14

adjusted SARI 3.5 3.9 5 .8 7.5 8.8 -



7 .2 .3 Results and Discussion
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Table 16 shows the bulk density of the packed soil column,
the pore volume of the soil in the swollen state, the degree of soil
swelling and the water content of the cores on completion after draining
for 1 day.

	

One pore volume is equal to the amount of water required to
fill the soil pore space when the soil is in the swollen condition . The
packing had acceptable uniformity within soils .

	

The degree of swelling is
greatest for Byes as expected from the clay activity ratio and clay content
and least for Weir with lower clay content .

	

(Section 5) .

TABLE 16

Mean bulk density, pare voles, degree of siueZZing and soil water content
after draining for the 5 colzaene of each soil

Table 17 summarises the outflow results listing the rates at
specified times for the irrigation and rain waters, and the number of pore
volumes passing through the soil .

outflow rates at specified times for both irrigation waters mad min water for 5 soils
TABLE 17

+

	

Irrigation water indicated by letter, see Table 15

Soil aad

Water*
Irrigation

Byes A

Outflow Bate
after 5

Hours with
Irrigation

Water
em br L

3.18 f

Pore
Volumes
at 5
Hours

1 .5

Total Per.
Volumes of
Irrigation

Water

5 .0

Outflow Rate
after 6.5

Hours with
Rain Water

em hr

3 .66

Pore
Volumes
et 6 .5
Hours

2,D

Outflow Bate
after 22

Hours with
Rain Water

em by

2.98

Pore
Valwms
after 22
Hours

6 .6
B 3.071 1 .5 4.7 2.95 1.6 1.98 5 .8
c 3 .51 1.6 4 .8 2 .99 1.8 1.70 5 .7
D 3 .59 1.6 4.7 3.31 1.7 1.80 6,0
E 2 .73 1.2 4 .7 2.45 1.4 1,46 4 .7

Oueem A 3 .37 1 .4 6 .5 3.45 2.1 2 .34 7 .6
B 3.51 1 .4 6 .4 3.62 2.3 2.14 7 .7
C 3.63 1.5 6 .5 3.47 2.4 1.75 7,3
D 3.74 1 .5 6 .7 3.40 2.4 1.80 7 .4
E 3.59 1 .3 6.3 3.01 2.0 1.69 6 .3

Weir A 5 .33 2 .8 7.7 5.70 4 .1 - 8 .8
B 6.21 3 .3 7.7 5.91 4 .4 - 6 .8
0 7.00 4 .1 7.7 5.37 4 .2 - 8 .7
D 6.60. 3.8 8 .0 5 .04 4 .1 - 9 .2
E 7.07 4.1 8 .2 5.86 4.5 - 9.1

Eastgate A 2.65 1.4 7 .3 2 .66 1.6 1 .80 5 .7
0 1.52 1.7 7 .3 3.59 2,2 2 .64 8.2
0 4 .69 2.2 6 .8 4.17 2.8 - 7.9
D 4.63 2,1 7.0 3.86 2.8 1.95 7.5
E 4.96 2.2 7 .1 4.87 3.2 - 6.3

soil Dry Bulk Danaity Pore Volume of Degree of Vertical Water Content % Saturation
Wet Soil Soil Swelling after 1 day after 1 day

Drainage Drainage
g ci , S.E . CM7 , S .E . % S .E . g g-I S.E . g g1 S .E .

Byes 0,99 =0 .006 570 =2.40 29.6 -"0 .25 0 .80 ±0.002 0.89 =0 .002

Gueena 1 .04 =0,004 483 =3 .78 18.2 10 .58 0 .65 ±0.002 0.88 =0.006

Weir 0 .98 =0 .004 484 =4.99 8 .2 10 .37 0 .60 ±0.003 0.81 =0 .004

Eastgate 0 .97 =0 .008 521 =3.78 13 .8 =0 .58 0 .69 =0.002 0.86 =0 .008



(i) Irrigation Waters
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The general trend is for the saturated hydraulic conductivity
(rate of outflow) to increase as the salinity of the irrigation water
increases . Table 18 gives the relative rates for each soil at 5 hours . The
lowest increase occurs in Byee and Gueena soils and the highest in Eastgate .
Both Byes and Gueena have low exchangeable sodium percentages (ESP) whereas
Eastgate has high ESP in the surface (Appendix 1) . Here the increasing
salinity results in flocculation of the soil with consequent increased rate
of outflow . The biggest increase in rate of outflow occurs with waters C,
D and E indicating waters with E.G . above 1000 uS cm-1 have greater effect
on flocculation.

	

The reason for the low rate for water E on Byee is unlmown .

For Weir and Eastgate soils where 8 hour rates are also
available, the rate for Weir has remained essentially constant whilst for
Eastgate, the rate has continued to increase substantially.

	

This is probably
a direct effect of the smaller quantity of water which has passed through
Eastgate after 5 hours and thus a continuing reaction with the soil .

(ii) Rain Water

TABLE 18

Relative rates of outflow for the 4 soils at 5 hours
with 5 irrigation waters

By leaching the soil with rain water after the respective
irrigation waters, any deleterious or beneficial effects of the irrigation
waters on the soils can be evaluated .

The rates of outflow after 6.5 and 22 hours of leaching with
rain water are presented in Table 17 . The relative rates of outflow at each
of the two times are shown in Table 19 .

For Byes soil, there is a decrease in outflow rate for rain
water after irrigation waters higher in salinity than water A, 700 PS em 1 .
The outflow rate for A decreased only 19% between 6.5 and 22 hours .

	

For
Gueena soil the outflow rates at 6.5 hr are about equal except for water E,
with a reduction particularly in columns with waters C, D and E by 22 hours .
The reduction in outflow rate for column A is 32% in this soil, considerably
less than for the other columns.

5031 Relative
Irrigation Water

A B

Rate of Outflow
A for each soil =

Irrigation Water
C

100%

D E

Byee 100 97 110 113 86

Gueena 100 104 l08 ill 107

Weir 100 117 131 124 133

Eastgate 100 133 177 175 187

Mean 100 113 132 131 128
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Soil

	

Time of

	

Relative Rates of Leaching with Rain Water (cm/hr)
Outflow

	

(soils irrigated with water A = 100%)
(hours)

TABLE 19

Relative rates of outflow with min water at 6 .5 and 22 hours

For Weir the 22 hour rate could not be obtained because of
the high hydraulic conductivity of this soil . However at 6.5 hours, there
was no significant reduction in rate .

	

Eastgate is the only soil which
maintained rates substantially above the rate through column A both at 6 .5
hours and 22 hours for the rates available .

The reverse mechanism to irrigation with saline water occurs
for rain water . As the salinity is reduced through leaching, the effect of
exchangeable sodium increases causing soil dispersion and reduced flow .
For Byee and Gueena soils, the ESP after irrigation with waters C, D and E
will probably be higher than in the original soil resulting in reduced rates .
For Weir end particularly for Eastgate the ESP will be lower and hence
higher outflow rates will be maintained . (The ESP of the soil in equilibrium
with the irrigation water can be estimated by SAR, U.S . Salinity Laboratory
Staff 1954) .

The results indicate that irrigation with waters C, D or E
will reduce outflow in Byes and Gueena . Water B will also cause a reduction
for Byee .

Table 15 indicates that the pRc for rain water is 9.14 which
indicates a strong tendency to dissolve calcium carbonate in the soil (Bower,
Ogata and Tucker 1968) .

	

This may be affecting the exchangeable cation
equilibrium and will have significant effects for Byes with higher mont-
morillonite clay.

The relationship derived by Quirk (1971) to express the
electrolyte concentration required to maintain stable permebility with a
given SAR value, viz

electrolyte concentration = 0.56 (SAR) + 0.6
(all concentration expressed as m.equiv/litre)

indicates that the rain water used will not maintain stable permeability
for So values of greater than about 0.5 .

	

This means the irrigation waters

B

Irrigation Water

C D

e 6.5 100 81 82 90 67

22 100 66 57 60 49

Gueena 6.5 100 105 101 99 87

22 100 91 75 77 72

Weir 6.5 100 1G4 94 88 103
22 - _ - - -

Eastgate 6.5 100 135 157 145 183

22 100 147 - 108 -



in this experiment in the long term will give SAR values greater than 0.5
and hence some dispersion will occur under rainfall, being most pronounced
with irrigation waters of higher SAR values .

(iii) Salt Leaching

Figure 10 shows the break through curves after leaching the
columns irrigated with water E. The amount of water required to drop the
salt concentration to 10% o£ its initial value is least for Weir, approx .
0 .9 pore volumes, followed by Byes and Gueena with approx . 1.5 pore volumes
and then Eastgate requiring 1.8 pore volumes .

	

This indicates the greater
difficulty in removing salts from the heavier soils . This will be a
considerable problem for Eastgate soil with high sodicity throughout the
profile .

500

0

7.2.4 Conclusions
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Figure 10

	

The electrical cofAuctivity of the outflow of columns irrigated with water E
when leached with rainwater .

Irrigation with waters having qualities worse than irrigation
water B viz EC 1000 pS em 1 and SAR 2 will result in reduced infiltration
rates for the heavier soils Byee and Gueena under rainfall . More saline
waters will have less effect o

	

the lighter textured Weir and assist
considerably in flocculating the sodic Eastgate soils, but with an associated
increase in soil salinity.

Leaching of salts will require more water for the heavier
clay soils, Eastgate, Byes and Gueena than Weir.

7.2.5 Application to Field Conditions
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5

Pore Volumes of Outflow

Water entry in the field under irrigation is through cracks
open to the soil surface so that under normal conditions, the increase in
infiltration rate indicated here for irrigation water will not be significant .

2500

x

2000
Ix
t

N

x

7

1500

1
1

ww 1000



- 34-

However if an irrigation is followed by rainfall, or if the soils are
subject to prolonged rainfall or to flooding soil physical problems in the
surface will result . The most pronounced effect being soil dispersion,
and slaking resulting in surface crusting, cloddiness after cultivation
and poor water entry.

The soils in this experiment were not subject to wetting
and drying cycles as in the field situation. Wetting and drying cycles
will result in concentration of salts and precipitation of the lees
soluble salts as calcium and magnesium carbonates.

	

Calcium sulphate will
also be precipitated for water E . This precipitation has a net effect of
increasing the SAR.

	

The adjusted SAR of Table 15 indicates the likely
SAR after precipitation of carbonates .

	

Thus in the field situation the
salinity and Sodicity are both increased by wetting and drying .

	

Irrigation
water C has an adjusted SAR of 6 which on the water quality criteria of
Ayers (1977) is the upper limit above which soil permeability problems
may occur in soils high in moAtmorillonite . McIntyre (1979) has also
suggested an ESP of about 5 for clay soils above which physical properties
are affected . The problem of maintaining an acceptable salt level for
plant growth through adequate leaching is discussed in section 7 .3 .

Based on these laboratory experiments a water quality in
which the EC does not exceed 1000 0 em 1 and the adjusted SAR does not
exceed 6 appears to be acceptable for stable long term irrigation of
soils in the Byes area .

	

Irrigation with water of EC up to 1500 uS cm-1
is considered acceptable for limited periods.

	

In the short term such
waters would cause deleterious effects only in the more salt sensitive
crops. However long term use of waters with EC appreciably in excess
of 1000 PS cm-1 could lead to a buildup of undesirable levels of soil
salinity .

1.3 Irrigation Water Quality and Plant Tolerance to Salinity and Sodicity

7 .3 .1 Introduction

Irrigation water affects plant growth directly through the
quantity and composition of the salts in the water end indirectly through
the effect of the salts on soil properties. Evapotranspiration increases
the concentration of the salts in the soil to a high level if adequate
leaching is not attained .

	

Thus there is a balance between the quality of
the irrigation water, the tolerance of plants to salinity and the amount
o£ leaching required .

The literature contains many references to the tolerances
of plants to salinity and Sodicity and whilst precise levels require an
understanding of the soil, climate, and management processes, the data
is useful in planning irrigation to achieve acceptable water qualities
and leaching of salts .

Using the published salt tolerances and the range of
irrigation water qualities discussed in section 7 .2, an assessment is made
of irrigation water quality in terms of the tolerance for the crops grown
in the area and the degree of leaching required to maintain satisfactory
levels of soil salinity and Sodicity .



7.3 .2 Crop Tolerance

(a) Salinity

The main crops grown and likely to be grown in the area are
a soybean - barley rotation with wheat and oats as minor substitutes for
the winter rotation and sorghum, sunflower and maize as substitute in the
summer rotation . Limited areas of lucerne, potatoes, pumpkins, onions and
navy beans will also be grown.

Ayers (1977) presents extensive crop tolerance levels for
both soil and water salinities for various levels of yield decline .

	

Leaching
requirements to prevent excessive salt concentration are also given . Table
20 lists the tolerances for 0% and 10% yield decline taken from the data of
Ayers (1977) for the crops grown in the area .

If the crops maize, beans, potatoes, onions and lucerne are
to be grown, the highest salinity in the irrigation water allowable is in
the order of 1000 US em 1 . This may give a slight reduction for beans and
onions .

(b) Sodicity
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The maximum likely sodicity of the irrigation waters based on
the available data - Table 15,is ad .j SAR = 9, which will result in a maximum
exchangeable sodium percentage of about 11 using the relationship given by
U.S . Salinity Laboratory Staff (1954) . Beans are the only crop likely to be
affected at this level since they are sensitive to sodium at an ESP level
of 10 - 20 (Pearson 1960) . If the level recommended in section 7.2 is
adopted none of the crops listed should be affected by sodium .

7.3 .3 Salt Leaching

Table 20 indicates that leaching requirement for the
sensitive crops is about 4 to 8% if an irrigation water of salinity about
1.0 mS cm-1 is used.

	

This should be attainable in the long term for most
soils .

	

Eastgate may be more of a problem because of the very high ESP
throughout the profile giving restricted internal drainage . Gueena soils
may also be a problem, the data of section 7.1 indicate some build up of
salts in the root zone of this soil . Some importance should be placed on
irrigation management for the heavier soils to ensure only limited salt
build up occurs .

	

To attain adequate leaching, pre and post cropping
irrigation may be required to provide sufficient water at the bottom of the
root zone for some movement to occur . If the soils are dry at depth, little
water will probably pass below the root zone since it will be used by the
crop, but if the soil is fully wet, the initial irrigations at least will
allow water to move below the root zone .

	

A post cropping irrigation will
assist in leaching salts as water will be present in the root zone for a
considerably longer time than under a crop .

Summer rainfall together with periodic flooding will also
assist in maintaining an adequate salt balance .

	

In areas where there are
saline soils (see section 5 .3) this salt will move into the water table .
Adequate control of the water table level is of utmost importance to prevent
soil salinization .



8.1 Present Land Use
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TABLE 20

Crop toZerance to salinity

8 . LAND USE

An estimated 4400 ha or 80% of the net area unoccupied by
infrastructure (roads etc.) in the study area is under cultivation. The
remaining area is used for grazing of native pastures or is occupied by
drainage lines, gullies or creeks .

	

Irrigation is practised on 600 be
(Queensland Water Resources Commission unpublished data) or 14% of the
cultivated area . An estimated 30% of the cultivated area is double
cropped in any one year .

Crpp

ECSE 1

Expected Yield

0%

ECW2 LR3

Reduction

ECSE

10%

ECW LR

Barley 8.0 5 .3 10 10 6.7 12

Sunflower* 7.0 4.7 10 8.7 5 .8 12

Wheat 6.0 4 .0 10 7 .4 4.9 12

Soybeans 5 .0 3.3 17 5.5 3.7 18

Sorghum 4.0 2.7 7 5 .1 3.4 9

Peanuts 3.2 2.1 16 3 .5 2.4 18

Maize 1.7 1.1 6 2 .5 1.7 8

Beans 1.0 0.7 5 1.5 1.0 8

Potatoes 1.7 1.1 6 2 .5 1.7 8

Onions 1.2 0.8 5 1.8 1.2 8

Lucerne 2.0 1.3 4 3 .4 2.2 7

extrapolated from data by FAO 1973

Specific data for oats and pumpkins is not available

1 ECSE = electrical conductivity of the soil saturation extract
in mS am- ' .

2 ECW = electrical conductivity of the irrigation water, m5 cm 1

assuming the salinity of the irrigation water increases
about 3 times in the soil (Ayers 1977) . In terms of the
ECSE, the ECW = z

/3 ECSE .
3 LR = the minimum leaching fraction to control soil salinity to

within the tolerance level given expressed as % of
irrigation water applied.
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The principal crops in the area are barley, sorghum, soybeans,
wheat and sunflowers . Minor areas are sown to forage sorghum, lucerne and
oats for grazing. Rainfall variability is high and crop yields frequently
suffer the effects of moisture stress . Waterlogging and flood damage also
reduce yields on some occasions .

Irrigation practices are generally aimed at supplementing
water availability to the above crops rather than supplying them with
sufficient water to obtain maximum economic yields .

	

Intensive irrigation is
not widely practised because water supply from the creek is not assured and
because its quality is variable .

Approximately 45 ha of small crops are grown in the area under
intensive irrigation (Queensland Water Resources Commission unpublished data) .
The most common crops are onions, potatoes and the cucurbits . Minor areas
of peanuts are also irrigated .

8.2 Likely Changes Under Irrigation

It is likely that the provision o£ adequate irrigation water
supplies of acceptable quality would have the following effects on land use
patterns in the area.

Increase the yields of crops presently grown under dryland and
supplementary irrigation conditions.

Increase the cultivated area by inducing cultivation on some of
the areas presently used for grazing .

Increase the proportion of the cultivated area that is double
cropped to an estimated 60 to 70% of that cultivated.

Allow the introduction of new crops and expansion of the area
under small crops .

Reduce the year to year variability in crop yields.

The suitability of the area for irrigation is dependent on climate, soils,
topography, drainage and crop management .

8.3 Physical Limitations to Irrigation

8.3 .1 Drudnage

As mentioned in section 2 .5 .1 surface drainage from much of
the area is extremely slow . To allow large scale irrigation development of
the area it will be necessary to construct an integrated drainage scheme to
collect irrigation runoff water, rainfall runoff and flood runoff . This
scheme should be designed to collect water from the lowest point or points
on all farms and channel it back to the creek. It may be feasible to
construct ditches to speed the flow of water along existing drainage lines
or it may be necessary to construct more openings in the creek levee .

	

Because
the area is subject to extensive flooding and because drainage works will
occupy low landscape positions, they should be designed to be submerged by
flood waters and then to remove surface water rapidly as levels subside .



8.3 .2 Flooding

8.3 .3 Limits to Flood Irrigation

8.3 .4 Salinity Hazards
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The Byes, Eastgate and Gueena soils will need particularly
careful drainage because of their generally low slopes and their landscape
positions .

	

Drainage necessary to remove excess water from the other soils
to an integrated drainage scheme should be easily accomplished by land-
holders.

Section 2 .5 .1 indicates that flooding is a common occurrence
in the area at present .

	

It has been estimated that, after a significant
water storage has been constructed on Barker's Creek, flood frequency will
still be approximately Once every two years (Queensland Water Resources
Commission unpublished data) . Flooding is most likely in the October to
March period when winter crops are mature or harvested and not likely to
suffer significant losses . Summer crops are susceptible to damage but
soybeans, an important summer crop in the area, is resistant to flooding .
Wherever possible, irrigation infrastructure should be designed to withstand
submergence or, for semi-portable equipment such as pumps, to be raised
above flood level .

Parts of the area studied are considered to be unsuitable
for flood irrigation because of high slopes or short slope lengths . An
estimate of the proportion of the area in this category was made from
records of slope taken during the soil survey and from a further inspection
of the area .

	

Land with slopes greater than 1 .5 to 2% and/or possible
irrigation run lengths of less than 100 to 150 m was classed as unsuitable .
It is estimated that 2000 he or 33% of the gross area surveyed is not suited
for flood irrigation . None of the minor mapping units are considered
suitable for flood irrigation and the estimated gross areas of the major
mapping units considered suitable are as follows : weir 700 he (34%)
Byee 483 ha (10096) Eastgate 950 he (81%) and Gueena 1700 ha (88x) .

Aside from the accumulation of salt and/or sodium in the soil
as a result of the long term use of poor quality irrigation water (see
section 7 .1) soil salinity problems in the area could occur through two
mechanisms :

A rise in water tables due to the expansion of irrigation
and double cropping could bring saline ground waters together with salt
accumulations in the soils into the crop root zone . The soil sampling
program showed that some sites towards the centre of the area as well as
some near the margins had high salt levels in their subsoils and ground-
waters in some parts of the area are already saline . As the aquifer systems
underlying the area appear to be connected to Barambah Creek (section 2 .5 .2),
ground water will only rise if the mavimmm rate of water loss from the
aquifers to the creek is insufficient to cope with the extra water inputs
from deep profile drainage of irrigation water .

Incursions of saline ground and surface waters from the
surrounding hills could cause salinization of a significant proportion of
the area. Saline seepages have been observed within 3 km of the surveyed
area in the vicinities of Merlwood and Barlil and soil samples taken in the
surveyed area near drainage lines from these areas show high levels of
salinity to within 50 cm of the soil surface .

	

A profile sampled adjacent
to the Mondure beds as mapped by Bill, Tweedale and Skerman (1955) showed



high salinity in the subsoil, so saline incursions from this geological
formation are also likely to occur. If groundwater levels rise under
intensive irrigation this may force incursion of saline waters from
adjacent uplands closer to the surface in the surveyed area .

Large scale irrigation development is likely to increase the
rate at which water from the aquifers underlying the study area enters the
creek. As some of these aquifers are already saline, the salinity of creek
waters below the area may be increased appreciably in times of low flow.

8.4 Crop Management

Successful long term irrigation of the area will only be
possible if irrigation water is of a quality that does not cause salt or
sodium to accumulate in the soil profile and if water tables remain below
the crop root zone . The following assumes that these problems do not
arise .

From current cropping patterns in the area and discussion with
Departmental Extensian Officers, it is possible to list crops suitable for
growing on the mapped soils using presently available technology . It is also
possible to identify potential soil limiting factors and likely management
problems from soil morphology and available analytical results . Table 21
sets out likely soil limitations, irrigated crop suitability and management
problems for the soils . Land capability classification is given in
Appendix 6 .
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8.5 Irrigation Management
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Flood irrigation will allow efficient water distribution
within the soil .

	

High application rates will maximise water entry before
the cracks close .

	

Short times may be possible provided adequate leaching
of salts can still be maintained .

Irrigation after rainfall will not replenish the Water used
by the crop as the swollen surface soil will restrict water entry. There-
fore irrigation should be delayed until the surface cracks reopen .

Irrigation should be applied when the accumulated evapo-
transpiration is about 60-705 of the Plant Available Water (PAW) i .e . when
60-705 of the Plant Available Water is used by the crop .

	

Assuming a
potential evapotranspiration rate of up to say 0 .8 em/day, this will mean
irrigation frequencies of about every 11 - 13 days for Byes and Gueena
soils to about every 8 - 10 days for Eastgate soils (based on Table 12)
when there is no rainfall . Good lateral wetting will occur, through soil
cracks, if the soils are irrigated at 60-705 of Plant Available Water so
that wide irrigation furrow spacings are possible .

With poorer quality irrigation water, furrow irrigation will
lead to salt build up in the top of the hills. If salt build up does occur,
planting into the sides of the hills will reduce the salt effects around
the plants, particularly for shallow rooted salt sensitive crops .

Irrigation water with high sodicity will result in sealing
and dispersion in the irrigated furrows and crusting and cloddiness
problems which will be aggravated under rainfall .

	

Precropping and post
cropping irrigations will give greater leaching of salts which accumulate
in the root zone through evapotranspiration but will not leach salt
accumulations out of the hills.

8.6 Cultural Management

Cultivation should be done at about the optimum soil water
content to obtain optimum seed bed conditions and maintain soil structure .
The optimum soil water content is when the soil is just moist enough that
the clods will break down without smearing or powdering.

	

The optimum
water range will be least for Byes and Gueena being the heavier soils, and
greatest for Weir. Eastgate will be difficult to manage because of the
high sodicity and will also have a narrow range .

	

Use of heavy machinery on
wet soils should be avoided as much as possible .

8.7 Sodic Soils

Some areas of Eastgate soils are sodic in the 0-20 cm depth.
These soils require careful management to maintain productivity .

Cultivation at the optimum moisture content is important if
optimum seedbed conditions are to be achieved . Fine seedbeds will result
in greater crusting than medium seedbeds .

	

Protection of the surface soil
by organic residues will assist in reducing crusting together with incorpor-
ation of organic matter and/or applications of gypsum at rates of 8 - 12
tonnes per hectare . Deep furrows will assist in maintaining optimum
structure in the hills under flood irrigation . Sprinkler irrigation will
tend to increase crusting due to disruptive forces and should be avoided in
the preparation and early establishment periods .
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Leaching of salts will be more difficult on sodic soils
because of the restricted internal drainage and therefore longer
irrigation times may be required .

	

Irrigation when the soil is cracked
will allow greatest water entry due to the very low infiltration rate
o£ the wet soil .

Sodic soils require greater management precision and
input to obtain optimal production . Under poor management soil
deterioration will inevitably occur.

9 . GLOSSARY

Mapping Unit:

	

An area cr group o£ areas coherent enough to be represented
to scale on a map, which can be adequately described in a
simple statement in terms of its main soil profile classes.
(Beckett and Webster 1971) .

Microrelief:

	

A repeating pattern of surface undulations, usually gilgai .

Plant Available Water (PAW) :

	

The volume of soil water, in the active root
zone, available to the plants expressed in cm.

Soil Profile Class .

	

A group or class of soil profiles, not necessarily
contiguous, grouped on their similarity of morphological
characteristics . (Beckett 1971, Beckett and Burrough
1971, Beckett and Webster 1971, Burrough et al . 1971) .
As mapped, they are representative of bodies of soil with
similar parent materials, topography, vegetative structure,
and generally vegetation composition.

Soil Profile Class - Dominant:

	

The soil profile class that occupies >60%
of a mapping unit area.

Soil Profile Class - Associate:

	

The soil profile class that occupies 10
to 20% of the mapping unit areas .

Soil Profile Class - Minor:

	

The soil profile class that occupies <10%
of the mapping unit area.
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Trees :
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Vegetation - Common and Specific Names

Blue gum

	

EucaZyptus tereticornis

Broad leaved ironbark

	

E. siderophloia

Gum-topped box

	

E. motuccana

Poplar box

	

E. populnea

Rough-barked apple

	

Angophora floribunda

shrubs :

APPENDIX 2

Weeping red bottle-brush

	

CaZZisternon viminalis

Grasses :

Barnyard grass

	

EchinochLoa colona

Blue grasses

	

BothrichZoa and Dichanthium sp .

Couch

	

Cynodon dactylon

Love grasses

	

Eragrostis app.

Paspalum

	

Paspalwn dilatatwn

Rhodes grass

	

ChZoris gayana



Soil Analytical Methods

Sample Preparation

Samples were dried in a forced air draught al 4000 and ground to less than
2 mm. Soil tests were carried out on the <2 mm soil except where indicated.
Results are reported m an air dry basis except where otherwise stated .

Electrical Conductivity

A 1 :5 soil deionized water suspension was shaken for one hour and the
electrical conductivity (E .C .) measured at 25oC .

PE

The soil water suspension used for determination of electrical conductivity
was used for pH . pH was determined with glass and calomel electrodes and
a Townson Specific Ian/pH meter.

Chloride

After electrical conductivity and pH were determined the same soil water
suspension was used to measure chloride . The specific ion chloride
electrode was used according to Haydon, Williams and Ahern (1974) .

organic Carbon

The wet combustion method of Walkley and Black (1934) was used on finely
ground soil (<80 mesh) . Results were obtained using the colorimetric
method of Sims and Haby (1971) . Results are reported as per cent carbon
(Walkley and Black values) on an oven dry basis .

Total Nitrogen

The sample was finely ground . Selenium catalyst was used in the Kjeldahl
method .

	

An Auto Analyser system was used for estimation of ammonium in the
digests .

	

Results are reported as per cent nitrogen on an oven dry basis .

Extractable Phosphorus
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APPENDIX 3

I

Acid extractable phosphorus was determined by the method of Kerr and von
Stieglitz (1938) by extracting with 0 .01 N H2SO4 for 16 hours.

	

An auto
analyser system was used to read the extracts using the Murphy and Riley
(1962) colour development method .

Bicarbonate extractable phosphorus (Colwell 1963) was extracted with 0.5 M
sodium bicarbonate pH 8 .5 and shaken for 16 hours .

	

The extracts were read
on an auto analyser system similar to the acid extractable phosphorus .



Total Phosphorus, Potassium and Sulphur

About 3 g of soil sample were finely ground in a 'Shatter-box' m;--
and pressed into a pellet as described by Norrish and Hutton (1964) .
The pellet was then exposed to a beam of X-rays in a Philips 1410
vacuum X-ray spectrograph.

	

Simple linear calibration was used to
obtain percentage phosphorus, potassium and sulphur from fluorescent
intensities .

Exchangeable Cations

A method similar to that reported by Loveday (1974) was used .

Prewashing was done with 60% ethanol . Exchangeable cations were removed
with 1 N NH4Cl at pH 8.5 in 60% ethanol. Absorbed ammonium was removed with
1 N sodium sulphate .

Ammonium N and C1 were determined in milliequivalents on an auto analyser
using colorimetric methods . The difference was reported as the C.E .C . on
an oven dry basis .

Particle Size Distribution

Particle size distribi.tion was determined using a modification of the
hydrometer method of Day (1956) .

Moisture Characteristics
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The gravimetric water content of the soils was measured on ground samples
equilibrated on ceramic pressure plates at 2 potentials, -1/9 bar and -15 bar,
after the method of McIntyre (1974) .

Results are reported as g/100 g O.D . soil . Available water is calculated as
the difference between the gravimetric water contents at - 1 /3 and -15 bar.
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APPENDIX 4

Interpretation of Soil Analytical Results

The interpretations are of a general nature and do not refer to any one
particular crop .

Extractable Phosphorus

Total Nitrogen (I(jetdah~l)

Soluble Salts (1 :5 soil, water suspension)

Source : Agricultural Chemistry Branch, Queensland Department of Primary
Industries.

Source : Agricultural Chemistry Branch, Queensland Department of Primary
Industries.

Source : Agricultural Chemistry Branch, Queensland Department of Primary
Industries.

P
(N/100 H2SO4) extraction (M/2 NaHC03) extraction

Very low <10 ppm <11 ppm

Low 11 - 20 ppm 12 - 20 ppm

Fair 21 - 35 ppm 21 - 30 ppm

Very Fair 36 - 45 ppm 31 - 40 ppm

High 46 - 100 ppm >40 ppm

Very High >100 ppm

Cl %

<0.01 Very low

Elect . Conductivity (ms em 1 )

<0 .15

.011 - .030 Low 0.16 - 0.45

.031 - .060 Medium 0.46 - 0.90

.061 - .20 High 0.91 - 2.0

N,`6

Very low <0.05

Low 0.05 - 0.09

Fair 0.10 - 0.14

Very Fair 0.15 - 0.24

High 0.25 - 0.49

Very High >0.50



Replaceable Potassiznn 0.05N HCZ extraction

Source : Agricultural Chemistry Branch, Queensland Department of Primary
Industries .

Sulphur

Sites with soil containing <0 .01% total sulphur were commonly found to show
fertilizer responses on a range of Queensland soils .

Source : Andrew, Crack and Rayment (1974) .

Organic Carbon (WaZkley and Black Values)

Many Australian soils have been recorded in the 1.2 to 2.3 range .

Source : Agricultural Chemistry Branch, Queensland Department of Primary
Industries .

CaZci:an and Magnesiwn
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Calcium

	

<2 meq/100 g

	

low

>2 meq/100 g w

	

adequate

Magnesium

	

<1.7 meq/100Zg

	

low
i

>1.7 meq/10a g

	

adequate

Source :

	

Consolidated Fertiliaers Interpretation Manual (1977)

K meq. %

Very low <0.15

Low 0.15 - 0.20

Fair 0.21 - 0.30

Very Fair 0.31 - 0.50

High >0.50

Very low <0.59

Low 0.60 - 1.75

Medium 1.76 - 2.9

High 3.0 - 5 .8

Very High >5 .8



Copper, Zinc, Manganese and Iron

Critical levels of DTPA - extractable micronutrients for sensitive crops .
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A rough guide when suspecting toxicity would be :-

Mn

	

>500 ppm

Zn

	

>15 ppm

Cu

	

>15 ppm

Manganese toxicity may be complicated by the soil pH, and induced zinc and
iron deficiency.

Source : Agricultural Chemistry Branch, Queensland Department of Primary
Industries .
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Sci . Soc . Amer. Inc. Madison, Wise .

Nutrient Deficient

- ppm extracted

Marginal

from soils -

Adequate

Zn 0.5 0.5 - 1.0 1.0

Fe 2.5 2.5 - 4.5 4.5

Mn 1.0 1.0

Cu 0.2 0.2

Source : Viets and Lindsay (1973) "

Available
and -15

Water (crater held between -'/ 3 bar
bar crater potentials)

Dispersion Ratio R1

<5% v . low <O .6 low dispersion

5 .1 - 8.0 low 0.6 - 0.8 moderate

8 .1 - 12 medium
dispersion

12 .1 - 15 high >0.8 high dispersion

>15 v . high



Hue
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APPENDIX 5

Conventions Used in the Description of the Morphology of Soil Profile
Classes

The pH profiles are based on field determinations made at 5, 30, 60,
90, 120 and 150 am depths .

(b) Principal Profile Forms are listed in order o£ decreasing frequency
of occurrence .

Colour codes are those of Qyama and Takehara (1967) while colour
nomenclature is that of R .C . McDonald (personal communication) based
on the Value/Chrome, rating system of Northcote (1971) and utilizing
the following table :

(d) Self mulch :

(g) Structure :

Value/Chrome, 2e, = 4/1 - 4/2 to 6/1 - 6/2

Value/Chrome, 2b = 5/3 - 5/4 to 6/3 - 6/4

~Ialue/Chrome, 1 2e, 2b

	

4

	

5
Rating

l0R

	

dark red-grey red-brown red

	

red

2.5YR

	

dark grey-brown red-brown red

	

red

5YR

	

dark grey-brown brown

	

red-brown red-brown

7.5YR

	

dark grey-brown brown

	

yellow-brown broom

10YR

	

dark grey

	

yellow-brown yellow

	

brown

2.5Y

	

dark grey

	

yellow-grey yellow

	

olive-broom

5Y

	

dark grey

	

yellow-grey yellow

	

olive

Weak = <1 cm of poorly developed self mulch

Moderate

	

= 1 - 2 an of discrete aggregates breaking to granular peds .

Strong = >2 am of discrete aggregates breaking to granular peds .

Mottling : Weak

	

= <10%

Moderate = 10 - 25%

Strong = >25%

(f)

	

Gilgai :

	

Weak

	

=

	

5 - 10 am vertical interval

Moderate

	

=

	

10 - 30 am vertical interval

As per Soil Survey Staff (1951) .
Lenticular size categories defined as for prismatic .



(h) Frequency of occurrence :

References
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Frequently

	

= on 30 - 90% of occasions

occasionally = on 10 - 30% of occasions

OYAMA, M., and TAKIIiAPA, H . (1967) - "Revised Standard Soil Color
Charts" . (Fujihara Industry Co . Ltd. : Tokyo)
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APPENDIX 6

PROVISIONAL LAND CAPABILITY CLASSIFICATION

Land Capability Classification

SoiZ ProfiZe Class Land Class Limitation Sub-Claw

Wheatlands 3 t3, pc3

Tregear 4 t3, pb3, so3

Terrace 4 f4

Weir 2 t2

Byee 1

Fastgate 3 t2, sa3, so3

%aber 3 t2, sa3, so3

Gueena 2 f2, g2

Limitation Criteria for Degree
of Limitation

Capability
Class

(If Sole
If3ting
Factor

Sub-
Class
Symbol

Slope 0.1 - 0.5% 1 -
0.5 - 1.0% 2 t2
1.0 - 2% 3 t3
2% - 4.0% 4 t4

Susceptibility No flooding 1 -
to Flooding Occasional flooding 2 f2

Moderate flooding 3 f3
Frequent flooding 4 f4

Microrelief No gilgai 1 -
Vertical interval of gilgai

<25 cm 2 g2
25 - 60 cm 3 g3
>60 cm 4 g4
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* Northcote (1971)

U.S .D.A. Soil Survey Manual (1951)

Limitation Criteria for Degree
of Limitation

Capability
Class

(If Sole
Limiting
Factor

Sub-
Class
Symbol

Stoniness No cobble, stone or rock 1
Loose cobble and stone

averaging 25-125 tonnes 3 0
per hectare

Loose cobble and stone
averaging 125-250 tonnes 4 r4
per hectare

Rock, cobble and stone
averaging >250 tonnes 5 r5
per hectare

Soil physical (1) B horizon or sub-soil
properties depth
affecting Average depth to hard
plant growth B horizon or sub-soil

and with consistence dry
management extremely hard

20-45 em 3 Pb3
<20 cm 4 pb4

(ii) Surface crust
Hardsetting surface
with consistence*
dry hard 3 PO
dry very hard 4 pc4

(iii) Distribution o£ soil
type
Soils, with surface
textures differing
more than one field
texture group**,
which have boundaries
occurring, on the
average,

150-300 m apart 3 pd3
<150 m apart 4 pd4

(iv) Texture of soils
Soils with textures
in field texture
group 1 .
Sands, or 2 .
Sandy Loams, to depths

45-90 cm 3 pt3
>90 cm 4 pt4

(v) Gravel beds
Gravel beds >15 em
thick and surface
of gravel beds <45 em
from soil surface 4 pg4



Limitation

	

Criteria for Degree

	

Capability
of Limitation

	

Class
(If Sole
Limit

Factor)

Effective

	

Deep

	

>100 em

	

1
Depth

	

bbd. deep

	

60-100 cm

	

2
Mod. shallow

	

45-60 am

	

3
Shallow

	

25-45 cm

	

4
Very shallow

	

<25 cm

	

5

Salinity
and

Sodicity

Pactor Interactions

Irrigated Land Use

CLASS 1 - ARABLE
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Electrical conductivity
at 25OC of the 1 ;5
suspension is greater
than 1 MS em- ' at depths,

30-90 em
<30 em

Exchengeable sodium
percentage of 15 at
depths,

30-90 am
<30 cm

LAND CLASSES

3

	

sa3
4

	

sa4

3

	

ao3
4

	

sod

The following are modified versions of land classes as
defined by the United States Bureau of Reclamation (1951) .

Sub-
Class
Symbol

d2
d3
d4
d5

Cases arise where there may be interaction between limiting
factors .

	

It is proposed that where there are more than two Class III
limitations that the land concerned be placed in Capability Class IV.

Lands that are highly suitable for irrigation farming, being
capable of producing sustained and relatively high yields of a wide range
of climatically adapted crops at reasonable cost.

	

They are smooth lying
with gentle slopes .

	

The soils are deep end of medium to fairly fine texture
with mellow, open structure allowing easy penetration of roots, air and
water and having free drainage yet good available moisture capacity .

	

These
soils are free from harmful accumulations of soluble salts or can be readily
reclaimed. Both soil and topographic conditions are such that no specific
drainage requirements are anticipated, minimum erosion will result from
irrigation and land development can be accomplished at relatively low cost.



CLASS 2 - ARABLE
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This class comprises lands of moderate suitability for irrigation
farming, being measurably lower than Class 1 in productive capacity . They
are not so desirable nor of such high value as lands of Class 1 because of
certain correctible or non-correctible limitations .

	

They may have a lower
available moisture capacity, as indicated by coarse texture or limited soil
depth; they may be only slowly permeable to water because of clay layers in
the subsoil ; or they also may be moderately saline which may limit product-
ivity or involve moderate costs for leaching. Topographic limitations
include uneven surface requiring moderate costs for levelling, short slopes
requiring shorter length of runs, or steeper slopes necessitating special
care and greater costs to irrigate and prevent erosion . Farm drainage may
be required at a moderate cost or loose rock or woody vegetation may have
to be removed from the surface .

	

Any one of the limitations may be sufficient
to reduce the lands from Class 1 to Class 2 but frequently a combination of
two or more of them is operating .

CLASS 3 - ARABLE

Lands that are suitable for irrigation development but are of
restricted suitability because of greater deficiencies in the soil, topo-
graphic, or drainage characteristics than described for Class 2 lands . They
may have good topography, but because of inferior soils have restricted
adaptability, require larger amounts of irrigation water or special irrigation
practices and demand greater fertilization or more intensive soil improvement
practices .

	

They may have uneven topography, moderate to high concentration
of salts or restricted drainage, amenf,ble to correction but only at relatively
high costs . Generally, greater risk may be involved in farming Class 3 lands
than better classes of land, but under proper management they are expected
to have adequate productivity .

CLASS 4 - LIMITED ARABLE OR SPECIAL USE

Lands that have an excessive, specific deficiency or deficiencies
susceptible to correction at high cost ; or they may have one or more excessive,
non-correctible deficiencies thereby limiting their utility to pasture or
other relatively permanent crops .

	

The deficiency may be inadequate drainage,
excessive salt content requiring extensive leaching, unfavourable position
allowing periodic flooding or making water distribution and removal very
difficult, rough topography, excessive quantities of loose rock on the
surface or in the plough zone . On these lands special economic and agronomic
and/or engineering studies are required to show they are capable or sustained
production.

CLASS 5 - NON-ARABLE

Lands in this Class are non-arable under existing conditions .
They have specific soil deficiencies such as shallowness or excessive rock.

Reference
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