
SOILSALINISATIONRISKASSESSMENTl. ISINGSALINE

IRRIGATIONWATERINTHELOWERNAMOIVALLEY

I. Triantafilis', M. F. Aimed' 1.0. A. Odeh' and B. Wad'
'Australian Cotton Cooperative Research Centre, The University of Sydney, NSW 2006, Australia.

Deparinient of Soil Science, White Knights, University of Reading, us.

Introduction

Dryland salinity is on the increase in the upper catchments of the central and
northern river valleys of New South Wales (Mumay Darling Basin Ministerial Council-
^BC, 1999). Tile consequence of this is increased salinity in river water. This could
adversely affectirrigated schemes downstreani; as inigation withinoderate to highly saline
water can lead to increased salinity in the root-zone, if there is insufficient 16aching. in
order to determine the potential impact and long-tenn sustainability of irrigated production
we need to know the spatial distribution of soil and effects of water quality changes.
Important also is the soil-water balance, which needs to be modeled in order to provide
estimates of potential salinity accumulation and deep drainage as affected by the current
quality of irrigation water. Worst-case scenarios can be applicable in this case.

There are several models used for salinity prediction, and estimation of Ieaching
fraction and deep drainage. These include the steady-state Ieac}ling requirement model
(United Stated Saliriity Laboratory, 1954), SODICS-a transient mass balance model(Rose
at a1. , 1979) and the Salt and Leachirig Fraction model SaLF (Shaw and Thorbum, 1985).

The SaLF modelis based on the assumption that soilleachirig or deep drainage is related to
the soil hydraulic conductivity, which in toriiis influenced by the annount of clay (%), clay
mineralogy (defined by Cation EXchange Capacity/Clay %) and eXchangeable sodium
percentage (ESP). Once these soil properties and water quality and quantity paranieters
have been deterrnined the empirical}y-based model can be used to estimate the average
root-zone EC, at steady-state using progressiveIy saline water.

Disjunctive Kriging (DK) can be used to estimate the conditional probability that an
indicator variable (e. g. EC, ) exceeds a critical tolerance level(Yates at o1. , 1986a; Wood at

o1. , 1990). The conditional probability can be targeted to the level at which some form of

management action is needed. For example, Webster and Oliver (1989) applied the
method to detemnirie when and where remedial action would be necessary for soil pH.
Finke and Stem (1994) used DKto estimate Ieaching fraction at field scale.

in this paper, we combine Sal, F model predictions of EC, with DK to assess the
current status and potential triteat of soil salinity using data from soil and water surveys in
the lower Namoivalley of northern NSW, Australia. We tested differentsimulations based

on the application of water of variable quality (i. e. , EC, 0.47, 1.5, 4 and 9 dS/in). We
identified best management strategies to forestallthe threat of soil saliriisation to irrigation.

.
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Figure 2. Physiographic units of the lower Namoi valley (after Stormard and Keny, 1977).

Soil and water data

The soil data used for this study were from two sources: I) the Edgeroi data set

(MCGarry at o1. , 1989), and 2) soil survey data for the area west of Edgeroi. The Edgeroi

data consist of 210 sampling sites arranged in a systematic equilateral triangular grid with

an approximate 2.8 kin spacing. filthis paper we did not use profiles east of the Newell

Highway (17igure 3), which are associated with the hilly and undulating areas of the

landscape close to the Nandewar Ranges. Additional sites were used from the Australian
Cotton Research institute and I. A. Watson Wheat Research Centre. Detailed transects

were also taken at "Liono", "Noel"ring", "Oohole" and in the Wee Waa area. At each

location a core was recovered and sampled for laboratory analysis at depths of 0.0-0.1, 0.1-

0.2, 0.3-0.4, 0.7-0.8, 1.2-1.3, and 2.5-2.6 in. The samples were air-dried and ground to

pass a 2-11uiL sieve. The soil was analysed for eXchangeable cations (nunol(+)/ICg) based

on Tucker's (1974) method using a mechanical Ieaching device (Holingren at o1. , 1977);

silt and clay (%) were determined using the pipette method (Coventry and Fett, 1979).

The soil survey data for the area west of the Edgeroi district consists of 125 sites,

which were selected using a stratified simple random sampling design with site spacings

ranging from 2 to 10 kill(Figure I). To be consistent with the Edgeroi data, soil samples

were collected from the same depth ranges with particle size analysis and cation eXchange

capacity (BCEC) detemnined using the sanie methods.
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Data on current water quality was obtained from two saniples collected from
along the Namoi River: one from Collins Bridge (near Wee Waa) and the other in the
township of Nanabri. Another sample was taken from the Mooki River. At Colliris
Bridge and Nanabri water salinity (ECw) was 0,569 dS/in and 0,366 dS/in, respectively.
The ECw sample from the Mooki River (tributary of the Nanioi) was 0.759 dS/in. These
values suggest that by the time the water reach Nanabriand Wee Waa (avg. 0.47 dS/in)the
Namoi River water and other tributaries have diluted salts received from the Mooki River.

As such, water available to inIgators is of good quality (avg. 0.47 dS/in).

SaLF Modeling
in order to detemnine the salinity risk associated with inigated farming systems we

chose three progressiveIy saline water qualities for simulation using the SaLF model.
These are: EC, values of 1.5, 4.0 and 9.0 dS/in. The first value is predicted to be the
saliriity of water in the Namoi valley and available for irrigation in the year 2100 (IvroBC,
1999). The other two values of salinity are used for irrigation in Colorado and Tunisia,
respectively (Rhoades at o1. , 1992). Each of the 329 sites were inputted to the SaLF
program, including the attributes of clay content and CEC at four depths (i. e. 0-0. I, 0.3-
0.4, 0.6-0.7 and 1.24.3m) and eXchangeable sodium at a depth of 1.2m. AllECw of 0,468
dS/in was used for estimating current saliriity status of the study area. futile Sal"F model,
we assumed that average armual rainfall and irrigation water were 584 nun and 600 nun,
respectively. Estimates of average root zone EC, at steady-state were then calculated.

Geostatistical methods

Geostatistical methods of spatial interpolation are not new to the soil science
community. Various methods - ranging from linear (ordinary-, simple-, co-kriging and
xiiging with an external drift) to non-linear methods (indicator-, multiple indicator- and
disjunctive krigirig) have been used. Ordinary haging (OK) is one of the most basic
geostatistical methods. However, when the distribution of the variable being interpolated
is not nomial(i. e. skewed) mean-type estimators such as OK rapidly lose their accuracy.
As a result OK may be inappropriate when the distributional assumption is not met.
Disjunctive Krigirig (DK) can handle this type of data better and has the added advantage
that estimates of the conditional probability that a measured variable (e. g. soil sannity:
EC, ) exceeds a critical tolerance level(Yates and Yates, 1988) are also obtained. The
conditional probability can be used in management decision-making to detennine the level
at which some form of management action needs to be implemented. Two types of
infonnation are required: the firstis the critical level at which the variable becomes a treat
(i. e. the cut-off); the second is the probability level that spurs management action (Yates
and Yates, 1988). Many examples of its use exist msoilscience (Yates et o1. , 1986a and b:
Yates, 1986; Yates and Yates, 1988; Webster and Oliver, 1989; and Finke and Stein,

1994). DK is presented tildetail in Rivoirard (1994).
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Prediction of conditional probability
Our primary aim was to conduct various water quality simulations in order to

detennine which soiltypes and what cropsin the lower Namoivalley would be susceptible
to salt build-up if water quality diminished. The cut-off values of EC, at steady state
considered in tins study included 2, 4, 6 and 7.7 dS/in. Respectively, these values
representlevels of sannity where some foam of soil, water or crop management would be
required to ensure continued use of legumes (e. g. Donch"s LQb Lab), most crops (Bowers
and Wilcox, 1965), gi'ams (e. g. wheat) and cotton.

Results

Estimates of soil salinity
Figure 5 shows the blob plots and frequency distribution of estimated soil EC,

using the current water quality (ECw 0.47 dS in"). The average salinity value is 0.70 dS/in.
This suggests EC, in the root-zone would not accumulate to levels deleterious for crops
predominant}y used in the current irrigated fanning system (i. e. Dorich"s lab lab, wheat
and cotton). This result is consistent with the prevailing soil saliriity values in the lower
Namoivalley around Wee Waa. With respectto the use of water of EC, 1.5 dS/in in 2100

(^DBC, 1999), average EC, will have been 1.79 dS/in. Figure 5b shows that sensitive
crops such as Donch, ,s Lob Lob (i. e. EC, > 2 dS/in) may require management to ensure
continued use. This would be the case for almost half of the sites. Figure 5c shows

frequency distribution of soil EC, if water with quality of EC, of 4.0 dS/in was applied.
Potential average EC, across the district would be 3.73 dS/in. Approximately 60 and 5 %
of sites would require some fonn of management to enable inclusion of legumes and wheat
production (i. e. EC, > 6 dS/in) as part of the current irrigated cotton farming system. If

water quality of EC, 9.0 dS/in were applied, more than half the sites would require
management to enable wheat cropping while all would require management for legumes
and 30 % needing management to reduce salt build up for cotton production (i. e. ECe > 7.7
dS/in).

Spatial distribution of cut-off EC, values for crop production
Figure 5 also shows patterns of spatial distribution of EC, (SaLF estimates) using

ECw values = 0.47, 1.5, 4 and 9 dS/in. It is apparent that responses in the Edgeroi and the
Wee Waa data sets are different. This is most obvious on either side of Spring Plains
Road. To the northeast, soil EC, is generally higher as compared with the area to the
southwest and around the township of Wee Waa. The reason for this is attributable to the

generally sandier and coarser textured sediments associated with the prior sireani charmel
of the Namoi River, which flowed in a northwesterly direction, parallel with Spring Plains
Road. As such fewer soluble salts (e. g. sodium) have accumulated and the soilis well
drained compared to the clay plainsto the northwest(Triantafilis eta1. , 2000 and 2001a).
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Figure I. Location soilsampling locations in the lower Namoi valley study area.

Materials and methods

Study area

The study area is approximately centred on the smalltownship of Wee Waa located
in the lower Nanioi valley in northern New South Wales, Australia (Figure I). The area
covers approximately 6,600 kiri' and includes one of the largest grazing pro erries in the
district (i. e. "Boolcorrol Fann"). It also includes the large cotton growing farms of
"AUScott" and "Togo" and the area known as "The Gardens" as well as several medium

(e. g. "Woveney" and "Cudgewoo") and smallsized operations (e. g. "Cwmberdee""). The
area was selected for several reasons: I) it is one of the oldest irrigated cotton-growing
regions in Australia, 2) a large number of irrigated farms are concentrated in a relatively
small area, and 3) dryland saliriity is prevalent in the upper parts of the Namoicatchment.

Physiography

Starmard and Keny (1977) carried out a reconnaissance soil survey of the lower
Namoi valley and identified eig}It physiographic units: I) the clay plains, 2) prior stream
fomiations, and 3) the low dissected floodplains. These fomithe principal irrigation
districts of the area, although some irrigation is practiced in and around the Pilli a Scrub
complex (Figure 2). The dominant clay plains are generally uniform in topogr. aphy except
where dissected by cument streams. The uppennost sediments are of a fine-textured
nature, which are overlain by self-mulching clay soil.
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Spatial estimates of conditional probability
1/1 order to better understand the results described above, the conditional

probability (i. e. risk) produced by each of the simulations were ina ed. The It
shown in Figures 4-7. Figure 4 shows the spatial distribution of condit' I b b'I'
(CP) where soil EC, exceeded 2 dS/in if water with quality of EC, 1.5 dS/in was
simulated. The white areas indicate lowest risk (i. e. CF < 0.2) whilstthe To e I
darker gray scale areas indicate higher probabilities (darkest shade: CP ;^: 0.8). It is evid t
that much of the area sumoundirig the township of Wee Waa exhibits a I ' k itI th
critical value for legume crops (i. e. EC, ;;11 2 dS/in) would be exceeded. The areas of
highest risk are associated with the clay alluvial plains; north of the Kaniilar ' H' h
and Spring Plains Road and north and south ofBurren Junction and B 'Ib kith
areas, the continued use of sensitive crops such aslegumes would re uire so f f
soil, crop or irrigation management if this water quality was used. This is adjcularl th
case on the heavy clay plains soil types evident at "Togo" and "AUScott" (Triantafilis et
o1. , 2001b and c). The risk map when EC, exceeds 4 dS/in if water of 4 dS/in w
simulated was similar to that shown in Figure 4. As such, it indicates that in t
would require management tilthe high-risk areas (CP Eiji 0.6) in order to be included in an
irrigated farming system using moderately saline water. With res ectto wheat and c tt
production, (i. e. EC. 2: 6 and 7.7 dS/in, respectively) the risk (i. e. CP) was less than 0.2
across the entire area and therefore irrigating for production of these crops could
conceivably be sustainable with minimal soil, water and crop mana Ginent.
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Figure 5 shows the result when EC, exceeds 4 dS/in if ECw = 9 dS/in was
simulated. It is evidentthat most crops would require some fonn of management to enable
production, exceptinthe area southeast of Wee Waa (i. e. Pithoa Scrub Complex soil).
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The risk map shown in Figure 5 was similar to where EC, exceeds 2 dS/in and if
ECw of 4 dS/in was applied. filthis case leguminous crops would not be able to included
in an irrigated farming system ifthe moderately saline water quality of ECw = 4 dS/in was
applied withoutsome for of soil, water or crop management.

The results achieved if ECe cut-off value of 6 dS/in was considered along with the
application of9 dS/in of water is shown in Figure 6. It is clear from this figure that the soil
salinisation risk, with respect to continued wheat cultivation, is highest (CF ;;^: 0.80) in the
areas associated with the clay alluvial plains northeast of Spring Plains Road. This is
particularly evident on "AUScott" and "Togo, " as well as to the nortti of the townshi of
Edgeroi. This is similarly the case in smaller areas adjacent to "The Gardens"
"Woody@Ie, " "Greylonds" and "Doreen" and the area south of the Kanitllaroi Hi hwa

between Barren Junction and Bugilbone. Apart from the area north of Edgeroi the other
areas have been extensively developed for irrigated cotton production and would therefore
require a combination of soil, water and crop management to remain viable with respectto
including wheat as part of an irrigated farming system with this water quality.

Conversely, the areas of lowest risk (CF < 0.4) are mostly associated with the area
southwest of Spring Plains Road and associated with the sandier soiltypes associated with
the prior stream charmels, which rims in this general direction and past "Cudgewoo" and
"Willowood. " This is similarly the case southeast of Wee Waa at landholdiri s such as

"Cwmberdeen, " and around the township of Pilliga, except at these locals the lower risk is
due to the coarser sediments of the Pilliga Scrub Complex.
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Figure 7 illustrates the likely risk areas if water of EC, = 9 dS/in was applied and
the EC, cut-off value was 7.7 dS/in. It is clear, that the area sumounding Wee Waa
exhibits the lowest risk. It is also evident that a corridor of low risk (i. e. 0.2 CP 0.4) rims
in the same general direction as the Kaniillaroi Highway from Wee Waa in a west-
northwesterly direction to Barren Junction and thence onto Bugilbone. The reason forthis
is that a prior stream charmel of the Nanioi River generally also rims in this direction (see
Figure 2). As mentioned previously, the soil here is generally coarser textured and
therefore generally lower in soluable salts (e. g. , Na, etc. ,.) as compared with the clay
alluvial plains. Consequently, this part of the landscape is likely to be more freely draining
and hence possesses a lower risk of accumulating salts applied with saline irrigation water
than the clay alluvial plains. Conversely, it is clear that many of the larger and medium
size farms in the area would require some fonn of management if this water quality was
used as concentrations of salt in the soil would exceed the critical levels for even salt

tolerant crops such as cotton (ECG > 7.7 dS/in).

Discussion

Soil, water and crop management strategies
There are several strategies that can be employed ifthe water quality diminishes to

moderately saline levels (i. e. EC, = 4-9 dS/in) or soil salimty becomes a problem in an
irrigated area. These can be broken down into three main managernent strategies, namely
soil, water and crop (Rhoades at a!., 1992). In tenns of soil management the suitability of
soil for cropping depends principalIy on its ability to conduct water and air and on

aggregate properties that control fr'jability of the seedbed. As such the preparation of the
soil and its condition prior to germination is of critical importance to crop gemiination and
productivity. In order to ensure optimal conditions a number of soil management
considerations are of importance particularly in an inigated systern. Some of these include
landpreparation, the use of amenorants, mulch and seedbed orientation.

Land Management: Land. preparation is critical in preparing soil that is to be flood
irrigated. Care should be taken at the land plainting stage of development to ensure that a
urnfonn gr. ade is achieved across the field. This will produce an area of land that will have
a more urnfonn water application and as a result better salimty control

Seed bed design: Despite the preparation of a unitforrn gi. ade, problems may arise in
the seedbed due to the movement of salts during wetting of the soil by furrow irrigation.
Salts in low concentrations witliin the irrigation water and the soil will be mobilised and
concentrated in particular areas of the seedbed. Therefore, it is critical to ensure that the

design of the seedbed and the subsequent placement of the seed in not where salts will
concentrate after water application

Amenorants: When considering sodic soil profiles particularly those affected at the
soil surface, crusting and consolidation of the soil will occur and may prevent seed
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emergence. The most commonly used amenorantis gypsum, particularly for sodic soil
reclamation and when using saline water with a bigli SAR value for irrigation. Calcium
chloride, a biglily soluble molecule, would also be a satisfactory amenorant es eciall
when added to irrigation water. The amenorarits are usualI a liedto Gifti tr I'
soilreaction (decrease pH of an alkaline soil), or eXchange sodium and with calcium. As a
result of these amenorantsimprove the water entry and storage of the soilwith the removal
of salts, a desirable effectin the long terni. The maintenance of Iar e amounts of
material at the surface will also maintatrigood soiltilth.

In ternis of water management, the most important considerations for sannity
controlin irrigated schanes are frequentirrigations, adequate Ieaclinig, drama e and water
table depth control. In any irrigation scheme the efficienttraris ort, a Iication and
of water is also of paramount importance, since it is these processes, which can seriousl
impactthe long-ternisustainability of the system.

On farm irrigation: General improvements in salimty control can be made from
maximizing on-faniiirrigation efficiency. This is achieved by sup I'n the necess
amount of water at the appropriate time with Inglimmfonnity. The ideal jingation scheme
should provide water more or less continuously to the growin cro to inth
evapotranspiration losses and to keep water content in the root zone witliin narrow limits.
Continualirrigation will reduce salt buildup around the growin roots ensuri I
osmotic potential in this volume of soil and optimal conditions for water and nutrie t
uptake.

Leaching: The earliest reinediation of saline soilinvolved Ieaching by ponding
water on the soil surface. To prevent the accumulation of salts in the root zone, irrigation
must be sufficient to Ieach out harmful salts. At the same time accumulations of salt near
the soil surface as a consequence of excessive irrigation, must be minimized. S It 11
accumulate in the root zone as the plant extracts water necessary for gi. owth. The removal
of the water due to transpiration and evaporation creates the potential for water to fl
upwards. This may lead to the steady accumulation of salts ifa shallow saline wat t bl
begins to rise.

Irrigation Timing: The success of irrigation on a saline soilis heavil Tenant on a
sufficientirrigation strategy. The more frequent the irrigations the lower the osmotic stre
the plant will encounter and the less chance there will be of salts accumulatiri n th
developing root mass. Scheduling in his way will enable the depth of Ieachin water to b
accurately detennined and will prevent excessive deep percolation. More fi'e ue t
irrigation will also tent to soften surface crusts on sodic soil and will encoura e bette
stands.

Conjunctive water use: Often jingators have access to two or more sources of
water. The primary source may be river water, water from aquifers or water tables or even
tail or drainage waters. Each will vary in levels of soluble salt. Therefore, each can be
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utilised at different times with respect to the irrigation management of a adjcular cro .
When the crop is most susceptible to satinity stress, at germination, good quality water can
be used to ensure establishment. Subsequent irrigations may be facilitated with water of
poorer quality where the plant is not nearly so sensitive to saline conditions. At crop
maturation a rentiito the use of good quality water is used to 16ach out any undesirable or
excess salts that may have accumulated and ensure that the crop is able to set satisfactorily.

Finally, there are various crop management options also available. The most
important stage in crop gr'0^lis gemiination. In most cases it is the most sensitive
growth stage and is crucial in ternis of maxirntzing economic reinni. That is, o tmial
productivity is not possible without satisfactory establishment. The choice of crop as well
as planting strategies can be used to great effect where the presence of excessive amounts
of salts have the potential to reduce productivity.

Choice of Crop: The tolerance of plants to sannity varies between species and
cultivars. Where saniiity calmot be contained withn suitable limits by 16aching, selection
of a particular crop of greater tolerance is suggested. Many sensitive crops can still be
grown in soils of litglisalimty. This is achieved by nursing than tlirougli critical stages of
gi'0^I, particularly at gennination when plants are most vulnerable. Often as part of the
management strategy tomporary sprinklers are installed that enable the surface soilto

Tonaln constantly moist and free of the harmful effects of salt. Pre-irrigation to remove
these salts can also be used to gr. eat effect. Surface irrigation is then applied to grow the
established crop.

Planting techniques: In a furrow or seedbed that contains excessive amounts of

soluble SIats, concentrating these salts in parts of the seedbed away from the germinating
crop is sufficient to enable establishment. Designing a seedbed or furrow may be
accomplished by a simple alteration to existing tiliage implements. The seeds are then
planted on the sides of these furrow ridges away from the saline areas. Farther, on
replanting of an armual crop an effort should be made to place the seedsin that part of the
seedbed where the previous years crop was grown. To ensure a good stand, plant density
can also be increased to compensate for smaller plant sizes that occur under saline
conditions.

Conclusions

This paper provides a step-by-step account on how the Salt and Leaching Fraction
(SaLF) modelin conjunction with non-linear methods of kriging was implemented to
identify salinity risk for various worst-case scenarios in the lower Namoi valley. The
results suggest the use of water of good quality (EC, = 0.4 dS/in) drawn from the Namoi
River does not pose as a triteatto the irrigated-cotton farming systems as it may not result
in potential increase in soil sannisation. If water of SIiglitly lower quality (EC, = 1.5
dS/in)is used there may be some cause for concern aboutthe viabinty ofgi. owing Doltchz, s
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Lab Lab and other sensitive leguminous crops in the area studied. nit
case for the irrigation farms located in the clay alluvial lains, wh I
sodium are stored. As aconsequencethisislikelyto impedede dra' dh
cause salts to accumulate in the root zone.

Further, ifwater of even lower quality is used (ECw = 4 or 9 dS/in), the worst-ca
scenarios eventuate. Potential threat of soilsalinisation increases dram t' U t I I
where some management would be necessary in order to continue with the inclu ' f
wheatin the irrigated cotton fanning system. The area to the north t fS
Road is particularly vulnerable. Conversely, the areas associated with th
charmels and the Pilliga Scrub (which runs along the southern border of the stud ,
potentially have a lower risk of accumulation of salts. However, the e t d itI d
drainage is biglier and the saline water may contaritinate the groundwater reserves. Ihi
would reduce management options to farmers who could use the good quality groundwater
as currently exists in the valley.
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