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Australia's water resources are in a serious state, both in reduced quantity and declining quality due to
rising salinity levels. In the future, the availability of good quality irrigation water resouiL;CS will be exposed
to further risk from reduced rainfoll and increased evaporative demand as a result of dimate change. To
ensure sustainable crop production in the future, it is imperative that rrrore efficient methods of irrigation
are identified and theirimpact on water use, root zone salinity and nun'entloss thoroughly evaluated.

The aim of this project was to increase our understanding of the effects of supplementing saline water
sources, such as winery wastewater, for irrigation of vines and orchards. The project specifically
addressed the impacts of saline and wastewater application via drip irrigation on soil salt distribution.
These outcomes were achieved through the monitoring of existing field sites and the interpretation of
current dabsets.

Four sites, allocated in South Australia, were investigated during the course of this project. Each site has
been treated as a separate module in this report. The sites under investigation were:

. MCLaren Vale (vineyard). The site was sub-divided into two sites (BB, and BB2) which were
irrigated with redaimed water from the Willunga Basin Water Company using conventional and sub-
surface drip irrigation, respectively.

. Willunga (almond orchard). The site was drip irrigated using saline bore water from three surface
dripperlines (site SS, ) and from a single surface dripperline (site SS2).

. Currency Creek (vineyard). The site was subdivided into fourtreatment blocks each irrigated with
Finniss River water using conventional drip irrigation. Treatment I received water from rainfall and
irrigation, plus an additional Ieaching irrigation, Treatment 2 received the same as Treatment I plus
mulch, Treatment 3 received water from rainfall and irrigation, and Treatment 4 received the same
as Treatment 3 plus mulch.

. Langhome Creek (vineyard). The vineyard was irrigated with darn water from Lake Alexandrina
using conventional drip irrigation. As salinity levels in Lake Alexandrina increased, the irrigation
water was mixed with less saline water from other sources.

Summary

Monitoring of salt distrlbution through the soil profiles was undertaken at each site using SoluSAMPLERTM
solution extractors. The extractors were installed at 30, 60 and 90 cm depths at between three and seven
locations within each site. Where pre-existing data were available, the soil water solution electrical
condudivities (ECsw) measured were compared with electrical conductivity values determined from
saturated soil paste extracts (ECe) or 1:5 coinwater suspensions (EGG). Where possible, attempts were
made to establish the relationships between ECsw and ECe/EQs values ateach site.

The data obtained were used to produce plots of the spatial and temporal EC distributions through the root
zones. The outcomes from this project have led to an increased understanding of the impacts of using
saline and wastewater sources in conjunction with drip irrigation techniques. With the addition of further
monitoring and analyses, the results of this study will assist in overcoming the constraints of saline and
wastewater use imposed by its effects on salt distrlbution and soil properties.



RootZone Salinity in Logan's Legacy Vineyard, MCLaren Vale

Executive Summary

The purpose of this report was to examine the effects of conventional and subsurface drip irrigation on
the accumulation of salt in the soil profile. Salinity data from a South Australian vineyard were
analysed to determine the temporal and spatial distributions of salt under the vines. An attempt was
made to establish a relationship between salinity values obtained from saturated soil. pas^e, ^!;tracts
(ECe)andsoilwatersalinity(ECsw). '
The majorfindings from the investigation were:

. The data collected were sporadic and highly variable, therefore clearrelationships were
difficult to ascertain.

. Salt accumulation was more rapid and variable under conventional drip irrigation (CDl)
than under subsurface drip irrigation (SDl).

The average conversion from ECe to ECsw was ECsw = 2.6 x ECe; however this
conversion ranged from 0.7 to 5.3 x ECe.

While it is clear that root zone salinity data are highly variable, this report recommends that further
sampling and analyses be undertaken at the site to examine the impacts of the irrigation methods on
salt accumulation in the root zone.

.

Soil salinity and root-zone salinity damage can have major impacts on plant yield and survival. Chiqal
threshold salinity values for own rooted vines have been established using the electrical condudivity
(EC) of saturated soil paste extracts (ECe) (Zhang at a1, 2002). These values represent, as a guide,
thresholds for maximum production and reduced yield levels.

Plant yield and performance can be related to soil root zone salinity using measurements .of ECe;
however this laboratory method can be tedious and costly where ongoing monitoring is required. EC
values can also be obtained using suction cups (e. g. SoluSAMPLER'"). Where frequent monitoring is
required, suction cups can be used to obtain soil water salinity (ECsw) values, which are
representative of the salinity levels directly experienced by the plant roots. Previous studies have
shown ECsw to be approximately twice the ECe in a range of sandy loam to silty clay loam field soils
(Biswas eta1. 2007; Biswas eta1. 2008).

This study represents a preliminary analysis of ECe and ECsw data obtained from a monitoring site
during the period 2006-2008. The purpose of the investigation was to use this data to determine how
the irrigation method employed influenced the spatial and temporal distributions of salt under the vines.
An attemptwas also made to determine the relationship beMeen ECe and ECsw at the site.

Introduction

A trial was established in MCLaren Vale, South Australia on own rooted Shiraz vines. Soiltype was
loamy sand to clay loam over light medium clay to medium clay. The vines were irrigated with
reclaimed water from the Willunga Basin Water Company (average irrigation water quality = 1.2
ms. cm') using conventional drip irrigation (CDl) at Site One (BBl) and sub-surface drip irrigation
(SDl) at Site Two (BB2). Montorlng commenced on November 30, 2005.

To examine the spatial and temporal accumulation of salt in the root zone, suction cups
(SoluSAMPLERT") were installed in nests of three at seven locations under each irrigation treatment.
Samples were collected fortnightly from 30, 60 and 90 cm depths and analysed for ECsw. ECe data
were obtained annually between August and September from soil cores extracted at 0, 15 and 30 cm
along the drip line and 25, 50, 100 and 150 cm along the inid-row. Sub samples were taken from each

Materials and Methods
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core at O to 10 (2008 only), 30, 60, 90, 120 and 150 cm depths. Data from three replicates were
available for 2008 only. For both 2006 and 2007, one ECe value averaged from two replicates were
available. The data were graphed using Microsoft Excelto determine the impact of irrigation method
on salt accumulation through the soil profile. Attempts were made on January 21 and 29 2010 to
collect additional soil water samples; however the solution extractors at both sites were either dry or
contained a sample inadequate for analysis.

Results

ECe values obtained from the 2006 core samples indicated a difference in the sandistribution through
the soil profile at each site during the first year of monitoring (Table I).

ECevsECsw

Table , ECe values at a ringe oldepths and distance from the drip line (DL) under
Conventional Drip Irrigation (BB, ) and Subsufface Drip Irrigation (BB2) during 2006

Depth
cm

Distance
from DL

cm

30

60

90

120

150
30

60

90
120

150

30

60

90

120

150

One ECsw value only was obtained during this period (ECsw = 5.2, -30 cm). This value is
approximately 2.5 x ECe at BBl and 1.8 x ECe at BB2.

Forthe 2007-2008 data, ECsw ranged from 0.7 to 5.3times greater that ECe (Table 2).

ECe mslcm

BB2BB,

1.77 2.64

2.82 3.41

2.645.13

3.74 3.00

3.36 3.46
1.94 2.97

3.20 3.28

3.87 2.96
3.43 2.71

3.13 3.14

2.52 3.20

5.33 3.64
3.313.62

4753.97
3.58 4.12

o

o

o

o

o
15

15

15
15

15

30

30
30

30

30



Table2 Comparison between ECe and ECswvalues obtained underBB, and BB2, 2007-
2008

Average Average
ECswECG
mslan EconlECemsicm

5.36.11.15
2.99.63.34
2.98.83.02
,42.71.93
2.55.32.12
2.68.33.13
2.35.02.17
2.65.11.97
3410.53.12
0.72.33.19
2.3773.37
NIAN/A3.61

Year

2007

Site

BBl

SoluSampler
de h cm

30

60

90

30

60

90

30

60

90

30

60

90

BB2

When combined with the 2006 data, the average conversion from ECe to ECsw is ECe x 2.6. Visual
comparisons between ECe and ECsw are presented for BB, and BB2 in Appendix I and Appendix 2,
respectively.

2008

BB,

BB2

The change in ECsw overtime was evaluated for each site. Between May 2005 and May 2009 there
was a temporal increase in ECsw occurring at-90 cm, and a decrease at-30 and -60 cm (Figure I).
Vanability in ECsw at -30 cm also increased with time. At site BB2, ECsw gradually increased with
time at all depths (Figure 2). Soil water salinity was consistently greatest at -90 cm, followed by -60
and -30 cm. Throughoutthe soil profile, ECsw was greater and more variable at site BBl than at site
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Figure 2 Change in ECsw at Site BB2 between May 2005 and May 2009.

The temporal and spatial variations in ECe under each jingation treatment are presented in Figures 15
to 20 (seeAppendix3). The data were variable; however two general patterns could be observed. The
salinity distribution through the soil profile at BB, was slightly paretolic as salt accumulated in the
middle of the root zone. At BB2, the salinity increase with depth was linear. Over time, the soil salinity
change at BB2 was more marginal than at BB, .

At site BBl both underneath and 15 cm from the drip line, ECe in the top half of the root zone has
decreased since 2006. At depths greater than 100 cm, salinity was generally higher in 2008 than 2007
(Figures 15 and 17). At 30 cm from the drip line, this pattern was reversed (see Figure 19). At site BB2
underneath the drip line, ECe was generally greater in 2008 than 2006, and less than ECe data
obtained in 2007 (Figure 16). Figure 18 shows that the ECe 15 cm horn the drip line was greatest in
2008 until approximately -120 cm, where salinity levels were slightly less than those recorded in 2007.
At 30 cm from the drip line, ECe during 2008 was similart0 2006 at the top of the soil profile; greatest
in the middle of the rootzone, and less than 2006 and 2007 below -, 20 cm (Figure 20).

Appendix 4 shows a yearby-year comparison of ECe under each irrigation treatment at 0, 15 and 30
cm from the drip line. By 2008, the soil under subsurface drip irrigation was more saline than that
under conventional drip irrigation (Figures 21-29).

30un

Ref07

Year

60ari

riby-09

Conclusions

ECsw data from the site suggest that salt accumulation was more rapid and variable under
conventional drip irrigation (CDl) than under subsurface drip irrigation (SDl). Root zone salinity is a
dynamic process; therefore data obtained provide insight to a snapshot in time only. A fixed
relationship between the electrical condudivity of soil paste extracts (ECe) and soilwater(ECsw) was
difficult to determine. The average conversion from ECe to ECsw under the vines was found to be
ECsw = 2.6 x ECe; however, during 2007 and 2008 this conversion ranged from 0.7 to 5.3 x ECe.

ogodri



Appendix ,: Comparison between ECe and ECsw at BB, (CDl)
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2006. The blLie line represents data calculated at one depth only the green line represents ECG at a particular depth calculated as an
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Appendix 2: Comparison between ECe and ECswat BB2 (SDl)
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Appendix 3: Variation in ECe along the Drip Line (DL)
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Figure us and 16: ECG data obtained from soilcores sampled below to drip line at BB, (Fig 15) and BB2 (Fig 16). 20062008. The cores
were analysed also, -60 -90, 420 and 4500nidepths.
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endix4: ECe Comparison between CDland SDlme\
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RootZone Salinity in Sunnyside Almond Orchard, Willunga

The purpose of this report was to examine the effects multiple drip irrigation lines on the accumulation of
salt in the soil profile. Salinity data from a South Australian almond orchard were analysed to determine
the temporal and spatial distributions of saltthrough the soil profile. An attempt was made to establish a
relationship between salinity values obtained horn sattirated soil paste extracts (ECe) or 1:5 soil/water
suspensions (EC, s), and soilwater salinity (ECsw).

Executive Summary

The major findings from the investigation were:

. The data collected were sporadic and variable, therefore dear relationships were
difficult to ascertain.

. At SS, . salinity increased with depth from -30cm to -90cm.

. The average conversion from EQs to ECsw was ECsw = 7.4 x EC, ,5. This figure
ranged from 1.03 to 1.69 x EQs.

. The average conversion from ECe to ECsw was ECsw = 3.9 x ECe. This figure ranged
from 2.2 to 6.9 x ECe.

While it is dearthatroot zone salinity is a dynamic process, this report recommends that further sampling
and analyses be undertaken at the site before any condusions can be made.

. The average soil water salinity was greater during the summer months (Site itsSI.
three surtace drip lines) = 13.09 ms. cm', Site 2 (SS2, single suitace drip line) = 12.89
ms. cm')than during the winter months (SS, = 4.54 ms. cm', SS2 = 5.11mS. cm').

Almond is regarded as a saltsensitive tree crop (Maas, 1990). In view of this sensitivity, the management
of irrigation and soil salinity in almond orchards is a critical factor for nut production and plant survival.

The orchard under investigation was irrigated with moderately saline water using precision (^rip)
irrigation, and therefore must be managed correctly to prevent salt build-up in the soil profile. The salinity
of saturated soil paste extracts (ECe) can be related to plant yield and performance. This method
accounts for soiltexh. Ire but can be tedious. The salinity of 1:5 soil/water suspensions (EQs) can be used
to estimate soil salt content, however can be subject to errors caused by water contents more dilute than
field conditions (Shaw, 1999). Where regular monitoring is required, solution extractors, e. g. .
SoluSAMPLER", can be used to assess root zone salinity by measurlng the salt content of the soil
solution (ECsw) within the soil profile. This value is representative of the salinity levels directly
experienced by the plant roots. It should be rioted that the successful use of solution extractors requires
sufficient moisture in the soil profile.

This study represents a preliminary analysis of ECe, EQg and ECsw data obtained from a monitoring site
during the period 2006-2009 (Biswas at al, unpub). The purpose of the investigation was to use the data
to determine how the irrigation method employed influenced the spatial and temporal distribution of salt
under the orchard. The relationships between ECe, or EQg. and the corresponding ECsw values, were
also examined.

Introduction



The field site was located in an almond orchard in Willunga, South Australia. The orchard was planted in
1997 at 6.2 in row and 4.0 in tree spacing. Solution extractors (SoluSAMPLER") were installed at 30. 60
and 90 cm depths and were analysed for ECsw. The soil type was classified as alluvial clay. The site was
subdivided into two smaller sites (SS, and SS2), approximately 30 in apart. SS, and SS2 were irrigated
with bore water using three surface drip lines at Site I (SS, ) and a single surface drip line at Site 2 (SS2).
Monitoring commenced on 19 April, 2006

During October 2007, the irrigation at SSl was increased from one drip line to three parallel drip lines at
0.75 in spacing, with drippers located every 3.0 in along the line. SS2 was irrigated with drippers located

3.0 I Id"'t' I'. I't' I'add'It t f8.0 d"Thevery 3.0 in along a single drip irrigation line. lingation was applied daily at a rate of 8.0 min d' . The
water was sourced from a bore located on the property approximately 400 in from the experimental site
and at a depth of 120 in (EC 1.6 to 3.0 ms cm"). Between 14 October and 3 December 2006, eight
applications of liquid fertilizer were delivered to SS, via the drip irrigation system. Each application
consisted of 18.3 kg ha' equivalent of NH4N03. At both SSl and SS2, broadcast fertilizer was applied
on I May and 15 July 2007 at 5.0 kg ha' (Biswas etal, unpub).

SoluSAMPLERs were installed in nests of three at three locations under each treatment site. Samples
were collected from -30, -60 and -90 cm 15 cm from the dripperline and 150 cm from the tree at SS, , and
150 cm from three consecutive trees at SS2. During October 2007, additional suction cups were buried
at-150 cm. At SS, , ECe data were obtained annually between September and October from soil cores
extracted from 0. 50, 100 and 150 cm along the drip line. Sub samples were taken from each core at-30,
-60, -90, -120 and -, 50cm. The data obtained were then graphed using Microsoft Excel to investigate the
impact of irrigation method on salt accumulation through the soil profile.

Materials and Methods

EC, ,51ECe

EQs values obtained from the 2006 SS, cores indicated that the salt content of the soil was greatest
directly underneath the dripper line at-30 cm (Table I).

Table , ECt, ssam Ies obtained from soilcores extracted from SS, during October 2006
SAMPLE

DEPTH

(coli

30

60

90

120

150

30

60

90

120

150

30

60

90

120

150

30

60

90

120

150

Results

YEAR SITE
DISTANCE

(an)

2006

ECG mslan

(1:5 soil:water)

SS,

5.83

285

2.04

2.26

238

3.21

2.39

240

2.12

3.56

204

1.38

1.46

147

1.70

1.08

0.98

1.40

1.63

1.88

100

150



The salinity decreased until approximately 90 cm, at which pointitwas relatively constant with depth. The
salt content 50 cm from the dripper line was variable; however a decrease in salinity to approximately -
100 cm, followed by an increase, can be observed. ECt5 values recorded 100 and 150 cm from the
dripper line were relatively uniform with depth. At 100 cm, a slight decrease in ECt5 with depth was
favoured, and all50 cm, an increase in EC, swas evident(Figure I).

^

.50

E

SS, 2006

"
^

E
^
a

Eel:5 Irislcm)

100cm .-, 50cm50cmOcm

Figure I EC, ,svalues obtained from SSl during October, 2006 at five depths at four distances from the dripper.

ECe values obtained from the 2007 cores samples are presented in Table 2. The cores were extracted
from the sites where the -, 50cm SoluSAMPLERs were installed, referred to as Reps I, 2 and 3.

Table 2 ECe values at SS, determined from soilcores extracted dunn September 2007
SAMPLE

ECeDEPTH

ms/Gincm

2.5430

0.9360

0.2690

0.66120

4.2930

1.5560

0.6990

2.3430

1.9960

1.1090

042120

0.63150

The data from Table 2 is reproduced in Figure 2. The figures suggest that on average, the soil salt
content decreased with depth at the particular location under investigation. Few condusive observations
could be made as difficulties with sample collestions resulted in a lack of available data from the site.

8

-, 00

YEAR SITE

2007

REP

SSl
2

3



^

-50

E
Û
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Figure 2 ECe data obtained from three replicate soil cores extracted at SS, during September, 2007.

Comparisons between ECe under each irrigation treatment could riot be made due to a lack of sumcient
data from SS2.

ECsw

The change in ECswwith depth and time at SS, and SS2, are presented in Figures 3 and 4 respectively.
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Figure 3 ECsw measurements from SS, during 2006-2009. The black lines representthe periods during which
fertilisers were applied to the site.
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Figure 4 ECsw measurements during 2007-2009. The black line represents an application offerIiliserto the site.

The salt content of the soil water at SS, increased with depth for the duration of the monitoring period
during the 2006-07 and 2007-08 growing seasons (Figure 3). The peaks in ECsw correspond to the
summer months, where it is expected that the soil water salinity will increase due to increased
evapotr'anspiretion, and increased irrigation with relatively saline bore water. In the first peak, a lag time of
approximately one month was evident between the peak at -30 cm (, 5 ms. cm') and at -90 cm 08
ms. cm'). These peaks occurred during inid-December 2006 and mid-January 2007 respectively. During
the second growing season, this lag time increased to three months. The -30cm peak occurred during
inid-December 2007 03.4 ms. cm') and during inid- March 2008 at-90cm (27.6 ms. cm'). Both peaks
occurred after fertiliser application events, which were found to contribute up to 2% only of the salts
moving through the soil profile (Biswas at al, unpub).

Monitoring at SS2 commenced during 2007. The data were more variable than at SS, , therefore the
relationship between salt content and depth was riot as dear. The monitoring conduded during early
March 2009, thus only one peak was analysed (Figure 4). On average, the salinity of the soil water was
greatest at-90 cm; however during the 2007/08 summer months, the soil water salinity at-30 cm was
greater than that at-60 and -90 cm. The respective ECsw maxima at -30, 60, and -90 cm were 16.3
ms. cm' (6 Feb 08), 11.1 ms. cm' (27 Feb 08), and 14.8 ms. cm' (27 Feb 08). At SS, , the depth
boundaries were more dearly defined by changes in saltcontentthan at SS2.

SS, and SS2 data ovenain with ECsw measurements from -, 50 cm are presented in Figures 5 and 6
Data were collected fort5 and 17 month periods only.

o

Sep-05

30cm Soln

D D

Sep07
Year

60cm Soln . 90cm Soln

^

Sep09



30

25

E 20u 20
co

- 15

^

^

18.3 kgfria NH4N03
(6.3kg of Nina)

Ferbgation weekly Oct

^ ,,

to De

D

5

o

Sty05

5kglha YamMla BroadcastD
Feinlser(06kg of Nina &

025kg of Pma)-Sept D'

SS,

n
o

D

Sep07
Year

30cm Sdn o600m Soln n 90 cm Soln Alsocm Soln

Figure 5 ECsw measurements at fourdepths during 2006-2009.
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At both sites, the soil water salinity at -150 cm was less than at the shallower depths from the end of
spring through to early to inid-autumn, and greater from late automn through to mid-spring. At SS, , the
peak ECsw 01.3 ms. cm') was recorded during late May 2008 (-150 cm was riot monitored during the
previous season). This peak was lower and broader than peaks at the other soil depths. At SS2, the
ECsw maximum (12.1 ms. cm') was recorded on 27 May 2008. During the 2008 winter months, Econ
values did riotreturn to the levels recorded during 2007 at any soil depth. ECsw data are missing where
no liquid or insufficient soil water samples were colleded during summer. ECsw data obtained from both
sites during the coinparable time period (October 2007 to October 2008) are summarised in Table 3.
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Figure 6 ECsw measurements from fourdepths during 2007-2009. .
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Table 3 Comparisons between ECswdataobtalned fromSS, and SS2 between 12 October 2007
and 29 October 2008

SI^

SS,

SS2

SS,

SS2

sS,
SS2

SSl

SS2

PERIOD

12

2007 -29

Oct

2008

DEPTH

DATEMIN ECsw MINSS, -DATEMAXEC8w MAXSS, -

toSICm) MINSS2 RECORDED (msicm) MHSS2 RECORDED
12/1rv20077.912/12/200713.4

2.6 28/10/20075.3-2.9 6102/200o16.3
,211rv20076.318/03/200821.4

1.7 121, or20074.610.3 27/02/200811.1
12/1rv20075.218/03/200827.6

0.4 12/10/20074.812.8 27/02/200814.8
,2110r20073.127/05/200811.3

-0.1 I^, pyro073.2^. 8 2710^200812. ,

-30

-30

60

60

eO

$0

-, 50

-, 50

ECGEC, ,gvsECswatSSf

Table4 EC . ECe and Econvalues determined atSS, dunn the nod2006-2007
Total Total

average average
EC, :5 ECgy

toSICm) (ms/cm) ECa"/ECi, g EC"IECe
NA1.346.064.52
NA1.032.71262
NA1.693.762.22

2.24NA6.85NA
2.73NA4.06NA
6.90NA4.72NA

Year

Total

SoluSAMPLER average ECe
depth(am) (mslern)

NA80

NA-60

NA-90

3.06-30

1.4960

0.68-90

2006

2007

During 2006, ECj, 5 measurements were obtained from soil core samples Crable 4). When compared. to
ECsw data collected during the same month, ECsw was found to be approximately 14 x EQ. a During
2007, ECsw data were found to be an average of 3.9 x ECe; however this value ranged from 2.2 to 6.9 x
ECe. Comparisons between EQ, 51ECe and ECsw are presented in Figures 7 and 8.
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Figure 8 Average EC values obtained from saturated

soil paste exlracls (blue) and soil water samples
(red) at SS, dimng 2007

The relationship between ECe and ECsw could not be investigated for SS2 due to a lack of available
data; therefore the influence of irrigation method on this relationship could riot be determined.

F1gur. 7 Average EC values obtained from 1:5 solVwatersuspensions
(blue) and soilwater samples (red) at SS, dimng 2006
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ECsw data from the site suggest that salt accumulation is greatest during the summer months and
increases with depth through the root zone. The data obtained from the single dripper line site (SS2)
appear more variable than under three dripper lines (SS, ). Both sites appear to be increasing in both
salinity and variability with time; however further sampling is required before any conclusive observations
can be made

Conclusions

The dynamic nature of root zone salinity processes make relationships between the electrical
conductivity of soil paste extracts (ECe) or 1:5 soil/water suspensions (EQs) and soil water (ECsw)
difficult to ascertain. . ECe and EC, s data were available for SS, only. The average conversions from
EC, ,51ECe to ECsw were found to be ECsw = 1.4 x EC, ,5; and ECsw = 3.9 x ECe; however these
conversions were highly variable.
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Executive Summary

The productivity and survival of irrigated vineyards relies heavily on adequate salinity management
strategies. Much of the irrigation water used in the Currency Creek wine region is sourced from streams
which, due to reduced flows, become highly saline during the peak growing season. This report, using
data obtained from two previous studies (Biswas at al, unpub and Zurcher, 2008), attempted to
investigate the impacts of different irrigation treatments on the spatial and temporal distributions of salt
under the vines.

RootZone Salinity in Brooks Vineyard, Currency Creek

The main findings of the studywere:

A post-harvest(30 January 2007)Ieaching irrigation of, 3.2 mm did riot successfully flush
salt through the root zone. Salinity increased by 0.5 ms. cm' at -30cm (January 22 to
January 31), increased by 0.1 ms. cm' at -60 cm (January 23 to February I), and
increased by 0.1 ms. cm' at-90 cm (January 23 to February I). At-60 cm, a temporary
decrease in salinity of 0.2 ms. cm' was observed on February 2, followed by an increase
of 0.3 ms. cm' on February 3.

The application of an 11.0 min spring Ieachin^ irrigation (11 September 2007) reducedthe soil water salinity at-60 cm by 2.1 ms. cm' (September 7 to September 14) and by
0.9 ms. cm' at-90cm (September 7 to September 14), and increased salinity at-30 cm
by 2.3 ms. cm' (September6 to September, 3).

At the sites under normal plus a Ieaching irrigation, the addition of mulch (T2) increased
the average ECsw by 2.6 ms. cm' at-30cm, 8.3 ms. cm" at-60cm, and 6.7 ms. cm' at-
90cm.

Due to the break down of an irrigation pump during winter 2007. the trial was unable to be undertaken
during the desired time period. This report recommends that the trial be repeated after the onset of winter
rains to ensure that irrigation water electrical conductivity (EC) and evaporation are low, and that soil
moisture content is high. Additional monitoring should also be undertaken at the site to indude soil data,
particularly during periods where the soilis too dry to obtain samples with the suction cups used during
this trial.

At the sites under normal jingation, the addition of mulch (T4) decreased the average
ECsw by 1.7 ms. cm' at-30cm, by 1.8 ms. cm' at-60cm and increased the average
ECsw 2.2 ms. cm' at-90cm.

Irrigation water generally contains dissolved salts; therefore salinity management of irrigated vineyards is
critical to their production and survival. Significant water savings have been made in semi-and regions
such as the Lower Murray River, where the use of precision irrigation practices have improved water use
efficiency (WUE) (Biswas at al, unpub). As water is applied to meet crop demand only, much of this salt
accumulates in the root zone if Ieaching is inadequate. To maintain irrigation sustainability and to prevent
planttoxicity, it is importantthat a compromise between high WUE and an adequate Ieaching of salts is
met. The critical productivity threshold salinity for own rooted vines, as measured by the electrical
conductivity of soil saturated paste extracts (ECe) was found to be 1.8 ms. cm' (Zhang eta1, 2002).

Much of the irrigation water used in the Currency Creek wine region is sourced from the streams of the
Eastern Mt Lofty Ranges, which are recharged by winter rainfalls. Flows from the Finniss River are
minimal during the peak growing season, resulting in very high water salinities (average 3.46.0 ms. cm'
from November 06 to March 07, Biswas at al, unpub). Prolonged drought periods have intensified the
problem due to a lack of water available for salt removal, resulting in a build up of salt in the root zone. It
is imperative that root zone salinity is correctly managed to ensure sustainable wine grape production.

Introduction



This study provides an overview of the Currency Creek site based on soil water salinity (ECsw) d^to
obtained during 2006-2008 (Biswas at al, unpub and Zurcher, 2008). The purpose of the investigation
was to use the data to determine how the irrigation of the vineyard influenced the spatial and temporal
distribution of saltin the vine roo^one,

Materials and Methods

The field site was established in a 5 year old vineyard located in Currency Creek, South Australia, on own
rooted Cabernet Sauvignon vines. The vines were planed at 3.0 in row and 1.5 in plant spacing. The soil
type was dassified as a sandy day loam over yellowish made day. Solution extractors
(SoluSAMPLERT") were installed at 30, 60 and 90 cm depths and were analysed for ECsw. The site was
irrigated with Finniss water using conventional drip irrigation. Monitoring took placed between November
2006 and January 2008.

The site was subdivided into fourtreatment blocks. Treatment, received water from rainfall and irrigation,
plus an additional Ieaching irrigation, Treatment 2 received the same as Treatrnent I plus surface under
vine mulch, Treaiment 3 received water from rainfall and irrigation, and Treatrnent 4 received the same as
Treatment 3 plus mulch (Zurcher 2008, p. 25).

During the 2006/07 vintage, the property received 345 mm of rainfall and 184 min of irrigation water from
the Finniss River (Biswas at al, unpub). Suchon cups (SoluSAMPLER'") were used to monitor the
movement and accumulation of salt through the soil profile. The suction cups were installed in nests of
three at three locations under the vines. Samples were collected from -30, -60 and -90 cm within 15 cm of
the dripper line. Samples were collected at weekly to fortnightly intervals to determine the salinity of the
soilwater and to assess the movement of saltthrough the soil profile.

Results

Minimum and maximum ECsw values for samples collected along the vine row during 2007 are presented
in Table I. Where the treatment number is labelled 'All', this refers to the data obtained by Michael Cutting
I(S^MDBNRMj, IECsww^$000sjster!^y^tanir!impm_at. 39,111deptli, ^!IdIncreased ms. analty_with_depth, _ _

Table I Soilwatersallnity(ECsw)from each treatinent site along the vine row, recorded between
24June 2007-25 November 2007

TreatrnentSoluSAMPLERMaxECs" Date MinECgy Date
mslcm recorded mslcm recordednumber DBthcm

Minerow

All

2

3

4

All

2

3

4

All

2

3

4

-30

-30

80

80

-30

60

60

-60

60

60

-90

-90

.90

-90

-90

7.6 74,0007

7.6 7-Nov-07

8.1 24-Jun07

10.3 26-Sep-07
8.5 24.1un4)7

10.9 26\Iun4)7

10.9 25-. Iun-07

16.5 8-Noc07

15.7 27-Jul-07

14.2 7-Au 7

9.4 26-Jun4)7

9.3 14-Aug-07
16.9 14-Aug-07
17.4 25Noc07

17,914A 7

1.3 20-. Iu107

1.3 20\Iu1-07

4.9 13-Sep-07
5,924Au 7

3.2 17-Sep-07
4.7 14Se 7

4.9 14Sep-07
13.6 ,4-Sep-07
13.4 25.1un4)7

10.6 27-Jul-07

6.6 18-Sep-07
6.9 18-Sep-07

12.4 15-Sep-07
11.6 27-Jul^7

11.9 25\lurk07

Comment ringm, ,: Somethin
g likethis- check



The highest ECsw values (in ms. cm')recorded at each depth were 10.3 (-30 cm, treainient 3, September),
16.5 (-60 cm, treatment 2, November) and 17.9 (-90 cm, treaiment 4, August). The minimum values
obtained were 1.3 (-30cm. treatment I, July), 4.7 (-60 cm. combined data, September), and 6.6 (-90 cm,
combined data, September).

In Figure I, the 2007 vine row data have been averaged across all depths and are presented as average
root zone salinity (ECsw). The data were obtained from the Treainient I site only, as this site contained the
majority of the available data due to longer term monitoring being undertaken at the site.
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Figure , Average soil water salinity (ECsw)for 30, 60, 90 cm depth. rainfall and irrigation recorded at the Currency
Creek site during 2006-2007.

Across the root zone, the ECsw maxima occurred between March and June (Max = 10.9) and the minima
occurred between July and October 2007 (Min = 40). Low ECsw readings were also recorded between

^

Average ECsy

o

Jul4)6

O o0

October and December 2006 (Min = 4. ^). The peak ECswvalues were likely to be caused by irrigation with
saline water(approximately 4.0 ms. cm' ). Irrigation was applied at a rate of only 1.1 madday (Biswas at al,

o

o

unpub); therefore water available for Ieaching was negligible. The long orange bar present at the end of
January represents a Ieaching irrigation event. When viewed againstthe average ECsw data, it is evident
that this event had very lime impact on root zone salinity. During the summer months, irrigation water was
also more saline (approximately 5.0 ms. cm', Biswas etal, unpub).

The purpose of the trial was to demonstrate that applying a Ieaching irrigation after the onset of winter rains
will flush salts from the root zone more effectiveIy than post harvest irrigations, due to already increased
soil moisture content. Between July and August 2007, the irrigation pump at the site broke down; therefore
the opportunity to apply a winter Ieaching irrigation was missed (Biswas at al, unpub). The first Ieaching
irrigation was applied on 11 September 2007 tit. O min), and was repeated the following day to push the
water through the soil profile. The effects of these two irrigation events on root zone salinity at different
depths are shown in Figure 2.
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Ê

Eggw at-30, -60 and-90cm

Year

.ling. Rain 30cm ECsw 60cm ECsw 90cm ECsw

Figure 2 Root zone soil water salinity (ECsw)for 30, 60, 90 cm depth, rainfall and jingation recorded at the Currency
Creek site during 2006-2007

The data in Figure 2 show that after the Ieaching irrigation event, the soilwater salinity at-30 cm increased
from 1.8 ms. cm' (6 September)to 4.1 ms. cm' 03 September). This figure remained constant until ^any
October. The soil water salinity at-60 cm decreased from 6.8 ms. cm' (7 September)to 4.7 ms. cm' (, 4
September), then steadily increased back to 6.1 ms. cm' (2 October). At -90 cm, the soil water salinity
decreased from 7.6 ms. cm' (7 September)to 6.7 ms. cm" (, 4 September), and steadily increased to 7.4
ms. cm' by 2 October. The data in both figures suggest that the Ieaching event applied during September
was more effective in decreasing the salt content of the soilthrough the root zone than the Ieaching event
applied allhe end of January.

Soilwater salinity data collected from sites I and 3 only between 2 June 2008 and 14 December 2008 are
presented in Table 2.

Table 2 Sallwatersallnity (ECsw)from each treatrnentsite along the vine row, recorded between 2
June 2008-, 4 December 2008

ax
Data

ECgy
recorded

ms/cm

11.0 17-Dec-08

9.7 12-Nov-08

10.5 12-Aug4)8
14.2 2-Sep-08
8.5 8-Oct4)8

12.0 23-Sep-08

o

Jul-06

.
.

.L
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. .
.

Jan-07
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Treaim, ent SoluS PLER
De tit cmnumber

^

^

During 2008, the soil water salinity maxima (ms. cm') were 11.0 (-30 cm, treainient I, December), 14.2 (-
60 cm, treatment 3, September) and 12.0 (-90 cm, treatment 3, September). The salinity, minima were 1.3 (-
30 cm, reamient 3, June), 5.8 (-60 cm, treatment I, October) and 5.0 (-90 cm, treatment I, August).
Deeper in the root zone (-60 to -90 cm), the minimum salinity values recorded during 2008 were
significantiy less (approximately one halo at site I than at site 3. Salinity maxima at treatment site 3 were
also consistently greater at these depths. In both cases, this pattern is reversed at the shallower levels (-30

3

3

3

cm).

All data collected along the vine row at each treatment site is presented in Figures 3-6. Soil salt content is
consistenty less at-30 cm than at greater depths.
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Treatment I

During June at site I, salinity at-30 cm was significanUy less than at-60 and -90 cm, which were similar at
this time. Through to early spring, ECsw at-30 and -90 cm increased gradually and deereased at-60 cm.
Post the leadiing irrigation, salinity at -60 cm and -90 cm decreased singhUy and increased significantly at -
30 cm. Salinity at all depths then increased through to the summer months, when data collection ceased
due to a lack of sufficient soil moisture. This pattern was similar in the 2008 data; however in the absence
of a September Ieaching irrigation. a greater spike in ECsw can be observed around August and
September. Both years recorded similar ECsw values at-60 cm during October. and ECsw was less in
2008 at-30 cm and greater at-90 cm.
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Figure 3 Soil water salinity (ECsw) data obtained from three depths between inid 2007 and Jan 2009 from s

Treatment2

Data at site 2 were collected between June and November 2007. During this time, salinity at -30 cm was
less than at greater depths through the root zone. Unlike the data collected at treatment site I (where a
clear distinction can be observed), salt content of the soil water at treatment site 2 was very similar at -60
and -90 cm during this time. ECsw at all depths decreased after the September Ieaching irrigation. The
difference between salinity values at -30 cm and those at greater depths was also more significant at
treatment site 2 than treatment site I. Average salinity values at site 2 were greater at all depths than those
recorded at the previous site.
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Figure 4 Soil water salinity (ECsw) data obtained from'three depths between inid 2007 and Jan 2009 from treatment
site 2.
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Similar to site 2, the ECsw values recorded at site 3 were greater than those recorded at the first treatment
site. Salinity values at -30 cm were consistentiy less than those at -60 and -90 cm, which once again
recorded very similar values up untillater October, where the Econ at-90 cm was greater than at-60 cm.
This pattern continued until data collection ceased during late November. During 2008. the highest salinity
readings at this site were recorded at ^O cm; however very lime data at depths greater than 30 cm was
available during this period. Salinity values recorded at -60 and -90 cm were similar to those recorded at
site 2, whereas the data collected at-30 cm was greater at treatment site 3. The difference between the
salinity at-30 cm and at greater depths was slightly less (<,. O ms. cm' ) at beamient site 3 than at site 2.

Treatment3
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^19ure 5 Soil water salinity (ECsw) data obtained from three depths between inid 2007 and Jan 2009 from treatme
site 3.
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Treatment4

The salinity of the soil water at treatment site 4 had a greater range of values than those from the previous
three sites. At -30 and -60 cm, the values recorded were less than those at site 3; however the data
obtained from -90 cm were more saline than at the other sites (up to 20 ms. cm'). At site 4, soil water
salinity clearly increased with depth through the soil profile, accumulating at the bottom of the root zone.
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Figure 2 Soil water salinity (ECsw) data obtained from three depths between inid 2007 and Jan 2009 from treatment
site 4. .
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While data collection at most sites was limited due to low soil moisture contents during the warmer months,
it is evident from the above figures that, for the soil type and site under investigation, applying mulch to a
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site otherwise receiving an identical irrigation treatment to an adjacent site may result in elevated soil water
salt contents.

Soilwatersalinity data collected along the inid row during 2007 are SIrown in Table 3.

Table 3 Soilwatersalinity(ECsw)from each treatrnent site along the inId row, recorded between
24June 2007-25 November 2007

Max
Data

ECey
recorded

msicm

3.2

4.4

4.8

2.9

3.8

10.6

16.9

10.3

8.4

21.0

19.6

18.0

inId, ow

Treatrnent SoluSAMPLER

number Deft, cm

2

3

4

2

3

4

2

3

4

The salinity maxima (ms. cm') were 4.8 (-30 cm, site 4, August), 16.9 (-60 cm, site 3, August) and 21.0 (-
90 cm, site 3, August). The salinity minima were 1.3 (-30 cm, treatment site 4. July), 3.4 (-60 cm, treatment
site I, July) and 5.3 (-90 cm, treatment site I, August).

No data were collected after the September Ieaching irrigation at site I (Figure 7) therefore the impact of
this additional irrigation on root zone salinity through the inid row could not determined.
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Figure 7 Soil water salinity (ECsw) data obtained along the inid row from three depths between inid 2007 and Jan
2009, from treatment site I.
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The addition of mulch (site 2) to the same jingation application as site I resulted in an elevated soil salt
content along the inid row similarto that observed in the vine row data (compare Figures 7 & 8). This may
be the result of nutrients from the mulch Ieaching through the soil profile. Lower ECsw values at shallower
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depths may also be the result of mulch retaining moisture in the soil and reducing soil evaporation (Zurcher,
2008).
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Figure 8 Soil water colinity (ECsw) data obtained along the inid row from three depths between inid 2007 and Jan
2009, from Ireainient site 2. .

Data collected from along the inid row at site 3 (Figure 9) indicated that, similarly to the vine row data, the
ECswwas lowest at-30 cm and values obtained from -60 and -90 cm are again relatively uniform.
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Figure 9 Soil water salinity (ECsw) data obtained along the inid row from three depths between inid 2007 and Jan
2009, from treatrient site 3.

The -30 cm ECsw at site 4 was lower than at the mevious site, and may be the result of reduced soil
evaporation caused by the application of mulch. Unlike treatment site 3, the ECsw values at site 4 were
significantydifferent between -60 and -90 cm. ECsw at-60 cm was much lower at site 4 than treatment site
3. Data obtained at-90 cm were similarfor both sites.
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Figure ,O Soilwater salinity (ECsw) data obtained along the inid row from three depths between inid 2007 and Ja
2009, from treatment site 4.
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The data obtained from the trial suggest that the application of Ieaching irrigations may be more effective if
undertaken during a period of higher soil moisture content, e. g. after the onset of winter rains, and during
the period when the electrical conductivity of the irrigation water is also alits lowest. Due to the break down
of the irrigation pump during the winter months of the Biswas at almal, this was riot able to be tested during
the optimum time period; however the Ieaching irrigation applied during inid September still appeared to
flush salts through the root zone more effectiveIy than the post-harvest summer Ieaching irrigation.
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Irrigating with high salinity water increases the risk of salt accumulation in the root zone. During the
summer months, flows from the Finniss River are significantly reduced and the salinity of the river water
increases. In an attempt to mitigate these salinity risks, monitoring was undertaken to determine the
optimum time for the application of Ieaching irrigations, so as to flush salts in the soil and move them
below the root zone. Soil water salinity (ECsw) data obtained from the site suggest that Ieaching
irrigations are most effective when applied during periods of higher soil moisture content, and when
irrigation water is least saline. Due to the breakdown of the irrigation pump during the winter months, this
was not able to be tested during the desired period; however the data still show that a Ieaching irrigation
applied during early spring is more effeative at mobilising salts in the soil profile than traditional post
harvest irrigations for the site under investigation. This report recommends that this trial be repeated
during the inid winter months in order to better determine the influence of soil moisture and lower
irrigation water EC on the movement of salts through the soil profile. The data obtained between
treatment sites also suggest that the application of mulch will help to reduced soil water salinity in the
upper regions of the soil profile; however the Ieaching of nutrients from the mulch may also contribute to
higher salinity values deeper in the root zone.

The collection of soil data, such as saturated soil paste extracts, would also be useful for developing a
salinity management strategy at the site, particularly during periods where the soilis too dry to monitorthe
site using solution extractors.

Conclusions
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Executive Summary

The purpose of this report was to examine the influence of decreased irrigation water quality on salt
accumulation in the vine root zone. Soil water salinity (Econ) data obtained from a Langhorne Creek
monitoring site during 2006-2009 were analysed to determine the spatial and temporal distributions of salt
under the vines.

RootZone Salinity in Langhorne Creek

The main findings from the investigation were,

. The average salinity of irrigation water from Lake Alexandrina increased from 1.3 ms. cm'
' during October 2006 to March 2007 to 3.1 ms. cm' during October 2007 to March 2008.

. As the salinity of the irrigation water increased, the average soil water salinity between -
30 and -90 cm under the vines also increased.

. Soilwater salinity increased with depth through the soil profile.

. Between January 2006 and March 2009. the average ECsw at the site increased from
3.9 ms. cm' to 7.5 ms. cm'.

During October 2008 to March 2009, Lake Alexandrina water was mixed with less saline water from other
sources to mitigate root zone salinity risks. This report recommends that ongoing monitoring be
undertaken at the site to determine the impacts of decreasing the irrigation water salinity on salt
accumulation in the root zone.

Root zone salinity management of irrigated vineyards is critical for plant yield and survival. Critical
threshold salinity values for own rooted vines were established by Zhang at a1(2002) using the electrical
conductivity (EC) of sattirated soil paste extracts (ECe). These values represent, as a guide, thresholds
for maximum production and reduced yield levels.

Using measurements of ECe, root zone salinity values can be related to plant yield and performance.
Where ongoing monitoring is required, suction cups can also be used to obtain soil water (ECsw)
samples at more frequentintervals. The EC values obtained from soilwater samples are representative of
the salinity levels directiy experienced by the plant roots. Previous studies have shown ECsw to be
approximately twice the ECe in a range of sandy loam to silty day loam field soils (Biswas at a1. 2007;
Biswas eta1. 2008).

This study represents a preliminary analysis of ECsw data obtained from a monitoring site during the
period 2006-2009. The purpose of the investigation was to determine the spatial and temporal
distributions of salt under the vines as the salinity of the irrigation water increased.

Introduction

A monitoring site was established in Langhorne Creek, South Australia on own rooted Cabernet
Sauvignon vines. To examine the spatial and temporal accumulation of salt in the root zone, solution
extractors (SoluSAMPLER") were installed at 30, 60 and 90 cm depths within 15 cm of the dripper line
at three locations under the vines, and analysed for ECsw. Soiltype was loamy sand over loamy medium
day. The vines were irrigated with darn water pumped from Lake Alexandrina (average irrigation water
quality = 1.3 ms. cm') using conventional drip irrigation (CDl). The row under investigation was irrigated
using conventional drip irrigation (CDl) at a flow rate of 2.0 L. hr". The pump inlet was located 2.5 km west
of Milang. When the water level dropped during late 2007, the channel was dredged further out into the
lake. During late 2008 and 2009, the water from Lake Alexandria was mixed with water from other
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sources, including groundwater, to reduce the irrigation water salinity. Monitoring commenced on January
26, 2006.

Results

ECsw at all monitored depths, water quality, and the anrount of irrigation water applied during 2006-2009
are presented in Figure I.
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From the onset of monitoring untilate 2007, the salinity of the irrigation water remained constant
(approximately 1.3 ms. cm')(Figure I), During late 2007, the water levels in Lake Alexandrina decreased
significantly (see Figure 2), and consequentiy, the salinity of the irrigation water increased. The average
irrigation water electrical conductivities (ECiw) for each irrigation period are shown in Table I. The volume
of irrigation water applied also increased during late 2007 due to rainfall deficiencies.
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Table , Average irrigation water electrical conductivity(ECM) and average soilwatersallnlty
(Econ)determined from Econ rinasurements at 30, 60 and 90cm under the vines.

The data show that as the ECiw increased (average irrigation water salinity during late 2007-2008 = 3.1
ms. cm') and the irrigation volume increased, the average root zone salinity calculated between -30 and -
90 cm under the vines also increased rapidly (3.4 ms. cm' during 2006-2007 to 6.2 ms. cm' during 2007-
2008). Forthe duration of the monitoring period, ECsw increased with depth through the soil profile. Peak
ECsw values were observed during early July 2008, approximately 3.5 months after irrigation was
complete. These peaks were followed by a rapid decrease in ECsw. most likely due to the onset of winter
rains.

Average
Irrigation Average
water EC ECav

Irrigation period (mslcm) (mslcm)
Jan-06 to Mar^6 1.1 3.9
Oct^6 to Mar-07 1.3 3.4

Oct-07 to Mar^8 3.1 6.2

Oct^7 to Mar^9 (1) 4.72.1

Oct-07 to Mar^9 (2) 5.43.6

Oct4)7 to Mar^9 (3) I. 2 7.5

The irrigation water quality during the 2008-2009 irrigation period is shown in Figure I as three flat lines
of water quality data points. During this time, the water pumped from Lake Alexandrina had become
increasingly saline (EC = 5.5 ms. cm' as recorded in Milang by the Environmental Protection Agency on
09/01/2009), and was therefore combined with water from other sources, such as groundwater, to
decrease the ECM. Detailed information regarding these water sources was not available at the time this
report was compiled. The irrigation water was mixed to three different water qualities during the 2008-
2009 jingation period, and are marked in Table I as EC values (1), (2) and (3). Average root zone salinity
increased after irrigation commenced; however a significant decrease in ECsw at all depths can be
observed during mid-January 08/01/2009) due to a large rainfall event(220 min) on January 13. This
event may have helped to flush salts through the soil profile. delaying the rate at which salt accumulation
occurred. From December I 2008 to January 29 2009, the EC of the irrigation water increased from 2.1
ms. cm' to 3.6 ms. cm', resulting in ECsw increasing at all depths. From February I 2009, the EC of the
irrigation water was reduced to 1.2 ms. cm'. ECsw continued to rise at all depths until March 4 2009,
where ECsw at-30 and -60 cm began to decrease. These initial decreases in electrical conductivity may
have been the result of irrigation with less saline water; however monitoring ceased on this date,
therefore no condusive observations could be made. Between January 2006 and March 2009, the
average ECsw at the Langhome Creek site increased from 3.9 ms. cm' to 7.5 ms. cm'.

Due to the accumulation of salts in the vine root zone, precision (drip) irrigation of vineyards with saline
water poses potential risks to plant productivity and survival. In recent years, the water quality and
quantity of Lake Alexandrina has decreased significantly, therefore careful monitoring of sites irrigated
with Lake Alexandrina water must be undertaken in order to mitigate salinity risks. ECsw, water quality
and irrigation data from a Langhome Creek monitoring site suggest that a decrease in irrigation water
quality is contributing to increased soil water salinity. Attempts to mitigate this increase have induded the
mixing of irrigation water from a number of different sources; however further monitoring at the site must
be undertaken before the impactofthis method can be determined.

Conclusions



Resources

I. Biswas, T. K. , Pitt, T. , and Schrale, G. (2007). Monitoring rootzone salinity.

2. Biswas, T eta1(2008). Rootzone Salinity Management of Premium Wine Grapes
lingated With Poor Quality Water

Department of Water, Land and Biodiversity Conservation (2010). Historical Levels
in Lake Alexandrina. viewed 16 February 2010,
htlp://WWW. dwibc. co. gov. au/assets/files/RMDrought_HistorlcalLakeLevels, 978200
8. pdf ~

SA Environmental Protection Authority (2010). Lower lakes water quality
monitoring - March 2009, viewed 16 February 2010,
htlp://WWW. epa. sagov. au/environmental_info/water_quality/monitoring_programs_
and_assessments!lower_lakes ~

5. Zhang at a1, 2002, "Yield-salinity relationships of different grapevine (Vitus Vinifera)
scion-rootstock combinations". As J. Grape and Wine Research, a 150-156.

3.

4.


