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Standardised Protocol for Management of Winery Wastewater

Dr Jeanette Chapman
Formerly CRC Soil and Land Management
Lot 5 Lower Hermitfage Houghton SA 5131
Email: jocgw@camtech.net.ay
Summary
Product Development

Two major industry publications were produced:

“Cleaner Production for the Wine Industry”, a 32 page handbook that outlines
procedures for conducting a wastewater audit, and identifying technical and non-
technical sirategies for minimising water waste, product loss, and salt. The handbook
was an outcome of a consultancy,

"Winery Wastewater: Production, Impacts and Management”, Winetitles, early
2001. The book produced on reguest by the wine industry was an opportunity to
share information gained over 10 years work on winery wastewater management.
Chapters include origins of water waste, chemical loading, variation, impacts on soil,
water, grapevines and free plantations, management systems, predictive models,
moniforing. and Cameo Winery a hypothetical company choosing a waste
management system. A small section on solid waste management is also included.
Research

The current frend in discharge of winery wastewater by imigation is a direct
response to social pressure in minimising malodours, and avoidance of costly
prefreatment systems.  Many wineries imigate freelots that yield no economic return.
A greater number of wineries are beginning to discharge their wastewater to
vineyards in response fo production, or use the wastewater fo irgate vineyards
based on normal imigation practices. These two management approaches have
considerably different potential environmental impacts and effects on yield and
quality of the winegrapes.

The research component “Use of Winery Wastewater on Vineyards® aimed to
quanfify the impacts of the ‘'use' and ‘discharge’ of winery wastewater on
winegrapes on yield and quality, and on scil and water quality.

Besides management approach, the size of the winery and site histary were
important determinants of impacts of wastewater imigation at each experimental
site,

Discharge of wastewater to winegrapes

As with most wineries the small to medium operation had no historic records on
wastewater production and characteristics. Annual wastewater production was
estimated at 3700 kL with about 75% generated during the 6-10 week vintage
beginning in February, i.e., oulside the major growing period of the vineyard. The
remaining volume was discharged sporadically throughout the remainder of the
year.

The field site confained Shiraz on Schwartzmann rootstock that had been
managed as a dryland vineyard.

The field experiment compared discharge of winery wastewater with a similar
volume of mainswater, A second non-imigated control was included to assess the
impact of imgation.

In the 1997/98 season only 3 applications occurred prior to harvest; the soils were
also imgated manually to enable soil moisture sensors to be installed, which also
effected results. Vine yield was significantly higher for the irigated treatments than
non-imigated control. Juice qudlity was unaffected by the treatments.

A model was used to estimate leaching pattems. Potentially excessive drainage
from the discharge site was predicted depending on actual volumes of wastewater



generated. Pulses of salis and nutrients would be associated with the downward
passage of water. Soil solution extracted at 1.2 m indicated effective removal of
organic carbon from the wastewater freated soil (<30 mg/L). Salinity of soil solution
exiracted from wastewater treatments was about double that of mainswater
treatments, but <50% of estimated wastewater concentrations due to dilution by
rainfall. Soil solution extracted at 0.3m was highly sodic for both wastewater and
mains water freatments. Sodicity of soil solution exiracted at 1.2m fell for both
treatments but remained moderately-highly sodic for wastewater tfreatments
compared with non-sodic levels for mains water treatments.

Unfortunately the collaborating company sold the site during 1998, which resulted
in closure of the winery. Thus the full potential for yielding useful data that could
separate effects of water from nutrients and salt was therefore not realised.

Use of wastewater for irrigation of winegrapes

The large winery annually produces about 50 ML wastewater. Vineyards
surrounding the winery are essentially the last ones harvested during vintage. Thus a
substantial proportion of wastewater is generated during the growing season, i.e.,
non-vintage wastewater from December to lanuary and vintage wastewater from
February to May.

Groundwater used for past irrigation of the Cabemet Sauvignon vineyard was
more saline than the wastewater, and had impacted on soil chemical composition.

The collaborating company wanted to compare standard 4 L/h drip system with
microjet spray. The latter system, through a combination of greater horizontal
distribution of water and lower water use efficiency, allows a higher volume of
wastewater to be discharged. Thus irmigation of winery wastewater by the two
sysiems was compared, using groundwater as a control.

Predicted improvements in, chloride, soil salinity and levels of inorganic salts
cccurred in the wastewater freatments compared with groundwater treatments.
However only wastewater imigation using the drip emitters was sustainable, the
remaining treatments led to continual increased salinity in the subsoil clay,
Application of a leaching fraction was recommended.

Juice and wine quality from grapes harvested from wastewater treatments
showed significant improvement in chloride. However, juice and wine from vines
imgated with wastewater contained significantly higher concentrations of sodium.
This effect appeared associated with the higher relative cancentration of sodium to
those of calcium and magnesium in the wastewater, known as sodicity, which can
vary considerably with extent of caustic washing of equipment. Solution
concenirations of sodium and were lower in the wastewater especially during non-
vintage than in the groundwater. The groundwater, however, contained higher
concentrations of calcium and magnesium resulting in lower sodicity. Soil sodicity
did not significantly vary between treatments.

By contrast fo salts, nutrient levels in the soil were rarely affected by either water
type or imigation method.

Vine yields were consistenily 15% higher for the wastewater freatments. Yield
increases were associated with variable effects on quality. In 1996/97 berries from
wastewater treatments remained similar in size to bemies from the groundwater
treatments, but produced wine of superior quality. By contrast, wastewater imigation
resulted in larger beries in 1998/99 and consequential loss in quality, which is the
more regular occurence according to general vineyard records. Historically the
Cabernet Sauvignon grapes from the vineyards are used in @ medium to low price
point blend sold domestically, hence loss of fruit quality is normally accepted,
parficularly since the extra volume of fruit keep profits ‘revenue neutral'. Fruit quality
could be improved by calculating the nutrient value of the wastewater and
restricting use normal vineyard requirements.
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Conclusion

Use of winery wastewater as an inigant of winegrapes has greatest economic
potential and environmental benefits for large wineries and locations with no or
saline groundwater. Smaller wineries do not produce sufficient quantity during the
growing season fo justify use on vineyards. Use of vineyards for dispasal of winery
wastewater potentially resulis in greater environmental risk. Use of tree plantafions
with discharge vineyards would provide betier environmental protection, but the
frees usually require additional imigation during dry months to maintain active growth.
In both situations continual monitoring of wastewater parameters and impacts on the
discharge environment is essential to adjust and improve management sirategies
that begin with waste minimisation within the winery.

The apparent effect of sodicity of irigation water on juice and wine quality
requires further investigation by others. Many cumrent experiments on effects of
salinity keep sodicity constant. Others have not controlied nor monitored sodicity,
creating a potential for misinterpretation of resulis.
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1.0 Background

In 1992 GWRDC funded the project “Land Disposal of Winery and Distillery
Woastewaters™. Yalumba Wines and Southcorp Wines Pty Ltd provided collaborative support.
The project quantified the removal of soluble organic carbon from the wastewaters by the
processes of adsorption and microbial metabolism in soil. The laboratory-based research
demonstrated that a high (>95%) removal of the SOC from winery wastewater was
potentially achievable, whereas distillery wastewater required pretreatment to reduce the
arganic loading prior to irrigation (Chapman |9%5a<).

In 1995 the Environment Protection Act (SA) was proclaimed (Environment protection
legislation now exists in all States). Wineries in South Australia that crushed more than 500
tonnes must be licensed for which a waste management plan is required. The plan is based

on two key principles outlined by the National Effluent Management Guidelines for Wineries
and Distilleries ARMCANZ/ANZECC (1995):

¢  Waste minimisation,
e Effective recycling and reuse.
1.1 Objectives
To provide industry-specific information on:

I. Mon-technical and technical strategies for reducing water waste and pollution load
based on Cleaner Production principles,

2. Suitability of winery wastewater for irrigation of winegrapes

2.0 Structure
2.1 Projects

Two projects were conducted, an outline is provided in Figure 2.1.

|. Cleaner Industries Demonstration Scheme Project

2. Standardised Protocol for Management of Winery Production Waste.
Each project will be reported on separately.

2.2 Technical Support

A two-tiered steering and technical committee structure was used to manage the
projects. The objective of the steering was to champion the importance of environmental
issues affecting winery waste management within the national industry. The role of the
technical committee was to ensure national relevance of information derived from the
projects. Membership for both committees came from the grape and wine industry, state
government, advisory, research institutes.

This project structure proved very successful. Interest in the technical committee was
especially high, as it became an initial point of contact and peer review for new information
on waste management.



Figure 1.1 Qutcomes, impacts and educational outreach of the Cleaner
Production and Winery Wastewater Irrigation projects.
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-Field demonstration of barrel washing (back saving method)
-End of pipe

-Field demonstration of lees separation into a duel drain

-Field demonstration of lime dosing for pH adjustment
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3.0 Cleaner Industries Demonstration Scheme
Project

3.1 Introduction

Cleaner Production is the process of developing economic strategies for minimising
volume and pollution load of waste based on the following hierarchy:

most prefarred option-
lowest cost

REDUCE

REUSE

RECYCLE OR RECLAIM

TREAT

DISPOSE least preferred option-

highest cost

Figure 3.1 Cleaner Production -hierarchy of strategies.

Usually about 80% of developed strategies are cost-neutral or cost-bensficial within 12
months of implementation. These savings can then pay for implementing more expensive
strategies that often require process modification as part of a 5-year plan.

3.1.1 Funding

The South Australian Wine and Brandy Industry Association (SAVYBIA) was awarded a
$15 000 grant' by a Commonwealth Government funded Cleaner Production program,
administered by State Environment Protection Authorities or equivalent. The project was
offered to the Cooperative Research Center for Soil and Land Management, with Dr
Chapman as the consultant

3.2 Objectives

I. Define a model wastewater audit process for wineries.

2. ldentify technical and non-technical strategies for minimising water waste and pollution
focussing on organic loading, salinity and sodicity. Solutions to encompass better
housekeeping, process control and modification, education and training, and
management.

3. Demonstrate the economic benefits of identified strategies at two agreed sites —Orlando
Wyndham, Rowland Flat, and d'Arenberg Wines, Mclaren Vale.

3.3 Outcomes

|. Production of the "Cleaner Production for the Wine Industry” handbook, 32pp,
published by SAWBIA, November |996.

' The application was prepared jointly with Dr Chapman, as the applicant had to be an industry body,
rather than a research body.
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» Development of greater industry awareness and adoption of Cleaner Production
strategies as a result of networking initiating with a 2-day workshop and field
demonstration November | 996.

e Inclusion of winery wastewater management in the curriculum of the Bachelor of
Agricultural Science (Oenology). University of Adelaide (1996 onwards, pictured on
front cover).

Members of the technical committee that assisted with the preparation of the
handbook are now part of a larger Environment Committee of SAWEBIA.

3.4 Impacts

The Australian wine industry is gradually becoming more water wise —from generating 3
to 10 kilolitres (kL) of wastewater per tonne (t) of winegrapes processed by a crushing-
bottling winery to |-3 kL/t

The Australian wine industry is struggling to become more pollutant wise.

Possible reasons for these trends include:

State Environmental Protection Autharities placing greatest (or sole) emphasis on
wastewater volume for licensing winery operations and imposing monitoring
requirements.

Communities no longer tolerate malodours; response of wineries has been towards
adopting minimal storage prior to discharge by irrigation; large volumes of wastewater
produced during wetter months is recognised as a major limitation to successful
management, and hence been specifically targeted for reduction.

Lack of benchmarks for acceptable pollution loading of winery wastewater.

The last point is especially important as quality benchmarlks, if only informal rather than

part of license agreements, enables site managers to:

choose pre-treatment systems that best meet quality targets,

¢ interpret data from site monitoring programs to ensure management meets the spirit of

license agreements (or codes of practice).

Establishing informal quality benchmarks, therefore, became a major abjective of the

Winery Wastewater Management Handbook.
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4.0 Standardised Protocol for Management of
Winery Production Waste.

41 Aims

l. Quantify the effects of winery wastewater irrigation of winegrapes on:

® Soil and water quality

*  Grape and wine quality.
2 Prepare a handbook on winery wastewater irrigation management.
The technical committee recommended that the handbook should be generic, rather than
based solely on the outcomes of the research. This proved to be a major task. A separate
report on the handbook therefore follows.

4.2 Handbook

“Winery Wastewater:
-production
-impacts
-management”

4.2.1 Introduction

The Awstralian wine industry enjoys a ‘clean and green’ marketing image. Originally this
image focussed on the core activities of growing winegrapes and making high quality wine in
an environment relatively free of pollutants unlike that found in the Northern Hemisphere.
More recently demonstrating a proactive approach to minimising environmental impacts of
these core activities and maximising the resource potential of the liquid and solid wastes
generated from the production process have become equally important

4.1.2 Sections

The handbook has 4 sections:
I. Production and characteristics
2. Impacts
3. Management
4, “Cameo Winery”

Wastewater generated by processing and cleaning operations is the predominant waste
issue. The first step of waste management is developing an understanding of the origins of
water waste and major chemical components generated by manufacture of wine. Section A
of this handbook remedies a lack of published information on this topic.

Winery wastewater is most commonly irrigated onto land. Irrigation management
requires an understanding of how different waste components may potentially affect soil and
groundwater environments, and crop growth and productivity, whether plantations or
winegrapes. Impacts of winery wastewater irrigation are outlined in Section B.
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Each winery has its unique wastewater composition, and combination of local site,
environmental and community issues, that will require different approaches to management.
Several examples of wastewater management are therefore given in Section C. Motivation,
whether must do, should do or choose to, can impart a bias towards attitudes that in turn
may influence priority allocation of waste management and successful adoption of strategies.
The role of all levels of management in developing a mission statement for waste

management is discussed. Two other key tools of waste management —budgets and
monitoring are also outlined,

The potential use of information in this handbook is demanstrated for ‘Cameo Winery'
in Section D.

Each Section consists of several Modules —14 in total. Approximately 100 pages, the
handbook will be a substantial publication.

4.1.3 Progress

A panel of industry, government and advisory persans that have a wide technical
background is currently reviewing a draft copy of the handbook. Their role is to assess that
the cantent of each module meets up-front objectives, identify definitions for inclusion in a
glossary, and make recommendations for improving current text or inclusion of additional
topics (within reason).

Drafting of 3 of the modules on management and Cameo Winery is waiting the reporting
to the South Australia Department of Industry and Trade of a tender on Winery Wastewater
Management in Environmentally Sensitive Areas due February 2000. Some of the information
from the tender, e g., costings of pretreatment options, will be useful to include in the
handbaok.

The second draft of each maodule has been forwarded on request to David Hall and Tim
James of GWRDC for reviewing.

The handbook will be published in 2000.

4.1.4 Anticipated Outcomes
The handbook should provide:

* Greater industry understanding on how processing and cleaning operations contribute
to winery wastewater composition and variability

* Make more informed decisions on reuse options focussing on irrigation

¢ Develop benchmarks for wastewater volume and composition that allow greater
focussing and potential adoption of Cleaner Production strategies

» Greater appreciation of the importance of monitoring and interpretation of data

o Stimulate industry commitment to better environmentally sustainable waste management
practices
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4.2 Winery Wastewater Irrigation

4.2.1 Background to establishment of field experiments

Two field experiments were originally proposed for an existing vineyard at Yalumba
Wines, Angaston South Australia, and a newly planted vineyard at Orlando Wyndham,
Jacobs Creek South Australia. Both companies agreed to install the irrigation system as part
of their 'in-kind' contribution —a very expensive task, and thus were closely involved with
establishing the experimental objectives and approval of the statistical design. Yalumba
Wines required 12 months to budget and install the mains, sub-mains and irrigation lines
with the field site commissioned for the 1996/97 season. Due toan unforeseen management
decision to concentrate bottling at the Rowland Flat Winery, Orlando Wyndham had to
withdraw from the project late in the year | consultation phase as irrigation blacks required
for the control water treatment could no longer be released.

In lieu of the loss of Orlanda Wyndham, GWRDC ex board member Tony Devitt
recommended that a site could be established in West Australia and negotiated with Evans
and Tate Ltd to establish an experiment at the Gnangara winery, upper Swan Valley. Due
to the extra costs of operating an interstate field site, additional funding was provided in
1996/97 to allow planning and commissioning of the irrigation system by vintage |998.

4.2.2 Objectives

|. Establish field experiments in two vineyards with contrasting systems of irrigation
management.

2. Establish key questions on management and environmental impact, develop methods for

assessment via a combination of direct field measurements and laboratory analysis.

Hypotheses are given in the reports for Evans and Tate Ltd and Yalumba Wines.

Menitor each field site for a minimum of 2 seasons.

4. Make recommendations for irrigation management

L
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5.0 Evans and Tate Ltd

5.1 Objective

This site examined the effect of discharge of winery wastewater, as dictated by
production, by drip irrigation to grapevines on:

1. sail chemistry

2. juice quality.

5.1.1 Student Project

A 4" year student, Mr. Brad Smith under the supervision of Dr Judy Eastham' from the
University of West Australia conducted the project "Investigation of the Groundwater
Pollution Potential and Simulated Deep Drainage Loss associated with Winery Wastewater
Disposal by Vineyard Irrigation”. Objectives were to:

I. Investigate the effects of wastewater irrigation on solute concentration within the
soil solution.

2. Simulate deep drainage loss and potential for pollution of groundwater for 2
scenarios of wastewater irrigation.

A transcript of the abstract’ is located in Appendix V-I; additional comments are
contained in the report

5.2 Methodology

5.2.1 Site Location and History

The winery (Figure 5.1) and experimental site were located on older upper alluvial
terraces of the northern end of the Swan Valley Region, West Australia (Australian Map Grid
reference: 405500, 6481250).

The company began as a family operation on a 4 ha allotment The Gnangara vineyard
contained ‘dryland’ blocks of own rooted Chardonnay and Shiraz, and Shiraz on
Schwarzmann rootstock, used for the experiment (Figure 5.2). Vines are spaced at |.8m
with 3.3m between rows. Grapes harvested from the vineyard were used in blends. In the
absence of historic records of juice quality, analysis samples from vintage 1997 is given in
(Table 5.1).

Figure 5.1
A panorama of the Evans and
€ Tate Ltd site at Henley

Brook, West Australia.
Photograph courtesy Mr. Brad Smith

! Dr Eastham was 2 celleague of the former Irrigated and Trees Subprogram of the Cooperative Research Center for Sail and
Land Management.
L A copy of the thesis can be obtained, on request, from Dr Jeanette Chapman,



As with most wineries in Australia, Evans and Tate Ltd expanded rapidly during mid
1990’s to a crush of 1700 tonnes in 1998. Due to a lack of available space, the company
decided in 1998 to sell the Henley Brook site and move winery operations to Margaret River
partly by vintage 1999 and completely by vintage 2000. Unfortunately the new owners
decided that the picturesque site was an ideal restaurant development, and dismantled the
winery prior to vintage | 999,

Thus only very limited information was obtained from in vintage 1998.

SWAN ROAD N

Figure 5.2 Site Plan of Evans and Tate Ltd Winery and Gnangara Vineyard,
Henley Brook, West Australia.

Table 5.1 Juice analyses of Shiraz on Schwarzmann sampled from the Evans and Tate Ltd
Gnangara vineyard, vintage 1997.

Parameter Mean | Stdev
Brix (%) 230 1.8
pH 3.88 0.13
Titratable Acidity (g/L) 3,57 0.38
Ammonium (mg/L) 63.4 10.0
Free Amino MNitrogen (mg/L) 276 43
Potassium (g/L) 213 | 043
Sodium {mg/L) 14.3 103
Chloride (mg/L) 8.9 5.9
Glucose (g/L) 16 11
Fructose (g/L) 114 I
Citric Acid (g/L) 0.24 0.07
Tartaric Acid (g/L) 7.21 0.33
Malic Acid (g/L) 1.31 0.31
MNo. Samples 18

l. Analyses courtesy Mr. Bob Frayne, WADA.
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5.2.2 Soil Type

The soil is typical of the Belhus sand series (Pym 1955) consisting of dark brown loamy sand
grading to a reddish sandy clay loam with massive structure at 350 mm depth (Figure 3.3).
Chemical characteristics of the soil prior to experimentation are shown in Table 5.2. A
compacted zone occurred at 300-400mm depth due to trafficking.

A Horizon

Figure 5.3 Belhus soil profile at Evans and

Tate Ltd, Henley Brook.

350 mm Photograph courtesy Mr. B. Smith

B Horizon

Table 5.2 Soil characteristics of the Evans and Tate Ltd Gnangara vineyard.

Depth (m) 0-0.3 0.3-0.6 0.6-1 I-1.5
Sand, Silt, Clay (g/100g) 83,8,9 82,6,12 76,8, 17 72,6,22
Total Organic Carbon 1.6 0.7 0.5 0.5
(g/100g)

Total Kjeldahl Nitrogen 850 190 120 100
(mefkg)

Bicarbonate Extractable 23 | <l <|
Phosphorus (mg'kg)

C:N:P (30:x¢y) 30:1.5:0.4 30:0.9:.0.1 30:0.5:0.1 30:0.6:0.1
pH 6.5 6.5 6.6 6.7
Electrical Conductivity 0.015 0.005 0.003 0.003
1:5H,0 (dS/m)

Na 1:5H,0 (mg/kg) 5 4 3 3

K 1:54,0 (mg'kg) 32 12 5 3
Ca 1:54,0 (mg/kg) 7 5 4 4
Mg 1:5H,0 (mg/kg) 2 I | I

Cl 1:5H,0 (mg/kg) 5 4 <l <l
SAR 0.5 0.6 0.3 0.3
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5.2.3 Wastewater Quality

As was the case with smaller wineries, there were no formal requirements to keep
records on wastewater volume and pollution load. Evans and Tate Ltd estimated that due to
the compact nature of the winery about 2-3 kL wastewater would be produced per tonne
grapes crushed, and 75% of the annual volume generated during (6-10 weeks from February).
Table 5.3 provides general wastewater characteristics based on these estimates.

Table 5.3. Estimated winery wastewater characteristics for Evans and Tate Ltd.

Parameter  Unit  Vintage Non-Vintage

Valume (kL) 3700 550
pH pH 5.2 74
TDS mg/L 1500 1000
Conductivity dS/m 2-3.5 [.5-2.5
TOC mg/L 2000 350
TKN mg/L 40 10
Phosphorus as P mg/L 0 3
C:N (30:1-2) 30:x 0.65 18.32
C:P (30:0.05) 30:Y 0.17 323
Calcium mg/L 130 130
Magnesium mg/L I5 15
Potassium mg/L 220 100
Sodium mg/L 350 320
SAR 10 9
Chloride mg/L 425 426

|. Data based on analyses of wastewater generated by a
similar size winery, and hence are approximate only.
2. SAR: Sodium Adsorption Ratio

5.2.4 Waste Management

In a scenario typical of many wineries in Australia waste management had little priarity
until proclamation of State Environmental Protection Acts, that required formal licensing of
polluting industries.

Wastewater generated by the winery was spread directly on the vineyard through a
soakage pipe that was periodically shifted, i.e. 'end-of-pipe’ approach. This approach
frequently led to floading (Figure 5.4a) and associated problems including drowning of vines
and salt scald (Figure 5.4b).

Based on external advice a storage/drip irrigation system was developed early 1997.
Wastewater was pumped from an existing sump to a conical shaped base tank to allow easy
removal of solids, with further settling time in two smaller tanks connected in series. A
fourth tank containing rainwater was used for periodic dilution of the wastewater particularly
after removal of lees and caustic washing of tanks and barrels. Irrigation water was passed
through sand filters immediately prior to irrigation, with back-flushing waste from the filters
returned to the treatment system. The wastewater was discharged by a 4L/, drip system
which could be moved between the grapevines and inter-row crop during vine dormancy.
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Formal commissioning of the irrigation system was delayed until about 3 weeks befare
vintage |998 by repeated appeals of the plans (which included expansion of the winery) by a
neighbour to the local council'. Results from the 1997/98 season therefore, do not reflect a
‘normal’ irrigation season, in which sporadic irrigation would occur throughout the growing
season.

Solid Waste was immediately disposed in the vineyard. This practice may be the reason
for high levels of potassium in the topsail (Table 5.2).

Figure 5.4 Problems associated with “end-of-pipe” wastewater management: A. flooding, B.
salt scald. Phatographs courtesy B. Smith

5.2.4 Irrigation Management

The abjective of irrigation management was to use the vineyard as a disposal site for the
wastewater. Thus the volume of wastewater generated by the winery dictated time delays
between applications. Times between successive applications to the experimental site were
anticipated to range from <24h during peak vintage to >7 days to weeks during non-vintage.

An application time of |h was used. Assuming that each 4L/h drip emitter wets a zone of
soil with radius of 300mm each application is equivalent to about | 4mm depth of water.
Estimated volumes of soil water stored within the 0.3, 0.6 and 1.2 m layers corresponding to
different soil water tensions are given in Table 5.4. Based on these estimates around 6, 4L
applications will be required without loss of water to saturate the 0-30 cm layer.

| Disputes with neighbours/community are becoming more comman and can be very protracted. The complainant in the Evans
and Tate Ltd was an exmeme aggressive example, who managed to get eompany personned, government officials and even
unsuspecting rescarchers offside, Wineries should appreach neighbaurs during phinning to avold disputes,
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Table 5.4 Estimated volume of stored within the 0-0.3m zone of soil water wetted by
each drip emitter at different soil moisture tensions.

Soil Moisture® | Estimated volume of stored water in soil layer (L)'
Tension (em) 0.0.3 0.3-06 6.6-1.2
0 36.4 348 68.8
10 23.5 228 45.4
100 10.0 8.7 16.8

|. Assumes a straight edged circular zone of radius 0.3m was waetted.
2. Soil moisture retention curves courtesy Mr. B. Smith.

Hypothesis
Irrigation in response to wastewater production increases the risk of environmental impact,

especially during times when climatic conditions exceed the wettest year in 10 used as the
| standard in design of wastewater irrigation systems. |

5.2.4.1 Soil Moisture Monitoring

Soil moisture changes in response to irrigation was monitored in 3 of
the 6 replicate treatments by combination of gypsum blocks (>100 kPa
suction) and tensionmeters (<80 kPa suction). Installation occurred at a
A 457 angle to prevent preferential flow to the sensors which were placed
. atdepths of 0.3, 0.6 and |.2 m directly underneath a drip emitter
i (irrigated treatments) located mid-way between two vines 30 cm from
d the vine row (all treatments). The sensors were automatically read every
2 hours using loggers powered by solar panels (Figure 5.5). The loggers
were connected to a communications box to enable downloading of
information via the telephone.

Due to the extremely dry condition of the soil, 6 x |h applications of
wastewater (when available) and mainswater were used to wet the plots
§ to assist installation of the sensors. Gypsum blocks were set in slurry of
B silica flour to ensure good contact with the surrounding soil.

Figure 5.5 The skills of Mr. William Besz, enabled automatic logging

B and downloading of loggers at the Evans and Tate Ltd field site possible
= from Adelaide.
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5.2.5 Experimental Design

The objective of the experiment was to evaluate the impact of discharge of winery
wastewater by surface drip on soil chemistry and juice quality. Mains water was used as the
control water source. Since the vineyard had not been previously irrigated, a second non-
irrigated control was also included.

A 3x3 Latin square design was chosen as it accounts for variation both along and
between the rows of vines. Treatments are allocated only once within a given row or column
of the square. By using 2 Latin squares side-by-side to increase the number of replicates to 6
(Figure 5.6), a 96% probability of detecting differences due to the treatments if they exist
could be achieved. Twelve vines along 3 adjacent rows were used for each treatment.
Measurements were confined to the middle 8 vines in the center row to remove edge
effects.

5.2.6 Measurements —Soil

5.2.6.1 Sampling

To determine the potential depth of soil that may be chemically altered by discharge of
the wastewater, 4 depths of sampling were used: 0-0.3, 0.3-0.6, 0.6-0.9, and 0.9-1.2m. Soil
samples were taken adjacent to the drip line immediately after harvest (as quarantine
restrictions applied at other times due to a snail pest).
5.2.6.2 Analyses

Analyses focussed on salts and nutrients that were most likely to impact soil fertility and
quality of winegrapes, decided at a meeting of the ‘Technical Committee’ on site manitoring
following preparation of a discussion paper. Potential impacts on soil and winegrapes of
wastewater components are described in the book Winery Wastewater: Characteristics,
Impacts and Management. Soil parameters and methods of analyses used are summarised in
Table 5.5

Table 5.5. Soil parameters and methods used.

Parameter Method Reference
Acidity/alkalinity pH meter (1:5 soil:water) Heanes (1981)
Salt Electrical Conductivity Rhoades (1982)
Organic Carbon Dichromate digestion Walkely and Black (1965)
Total Nitrogen Kjeldahl digestion Heanes (1981)
Ammonium Spectroscopic Heanes (1981)
Mitrate Spectroscopic Heanes (1981)
Plant Available Phosphorus Bicarbonate extraction Heanes (1981)
Plant Available Potassium Bicarbonate extraction Heanes (1981)
1:5 Na, K, Ca, Mg Spectoscopic Heanes (1981)
1:5 Chloride Silver Nitrate Titration Heanes (1981)
Texture Hydrometer Day (1965)

' The abjectiva of the mesting was to determine monitoring requirsments of the wastawater, discharge sites, groundwarter and
nearky rivers and creek, required under State Environmenml Protection Agency Winery Wastowater Licence agreements.
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5.2.7 Measurements -Vines

5.2.7.1 Sampling
Eight vines from the middle rows were harvested for yield. Juice was obtained from
about 300 grapes picked according to P. Ireland (pers. comm) that accounts for variation

within and between bunches harvested from both sides of the vines.
5.2.7.2 Analyses

Determination of juice quality was divided into 2 groups of parameters' (Table 5.6)
where group 2 parameters would only be determined if statistical significance of parameters
of group | occurred. The aim of this exercise was to minimise costs of analyses that had ta
be outsourced.

Table 5.6 |uice analyses conducted for the Evans and Tate Ltd site,

Parameter Units Method'
Group |

Brix % Hydrometer

pH Meter

Titratable Acidity (pH 8.2) gL Titration

Sodium (mg/l)  Flame Photometer Spectroscopy
Potassium (g/L) As above

Chloride (mg/L) Titration with silver nitrate
Group 2

Ammonium (mg/l) Enzymatic

Organic Acids and Sugars ~ (mg/L)  High Performance Liquid Chromatography

_Colour Density Spectral
|. Methods courtesy Mr. B. Frayne, Viticultural Laboratory Services, West Australia
Department of Agriculture

| Parametars wers selectsd by members of the West Australia Technical Committee assistng management of the Evans and
Tore Lud sita.
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FIGURE 6.6. approx. 100 m
Experimental Design, Evans and Tate Ltd
Gnangara vineyard, Henley Park WA.
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5.3 Results

5.3.1 lIrrigation volume

Irrigation can be divided into 2 phases: Phase | associated with installation of soil
moisture maonitoring equipment as outlined in Section 5.2.4.1 and, Phase 2 in response to
winery wastewater produced through pre-vintage cleaning operations. Figure 5.7 shows the
effects of the phases on soil moisture responses monitored by gypsum blocks —tensiometers
continually failed due to leaking in of air and thus did not yield any usable data.

Phase | —No Water Treatments: Between 2-4 weeks for the 0.3 m layer to 3-6
weeks for the 0.6 and |.2 m layers were required for the gypsum blocks to ‘recover’ Le.,
reach a suction of >200 kPa from the effects of being wetted for installation. Thus longer
drying times were assumed to be due to the presence of soil stored water. The example in
Figure 5.7 A shows the effect of an ‘end-of-pipe’ flood in an adjacent area. This mishap
clearly resulted in lateral flow of water at the |.2m depth. Grapevines from this plot yielded
25% higher than the average for the non watered treatment.  Significant rainfall did not
occur until March 0.

Phase | —Mains Water and Wastewater Treatments: Soil Suction remained at
<200 kPa for significantly longer periods —3 to & weeks for the 0.3m layer, and 4 to 9 weels
for the 0.6 and |.2m layers.

Phase 2 —Mains Water and Wastewater Treatments: Three applications occurred
pre-harvest (17" February 1998), that are clearly evident in Figure 5.7 B. The small volume
of application 4L from the drip emitter, at each occasion meant that the 0.3m layer only
became wetted to suction below <200kPa after harvest, after which daily irrigation occurred.
This result does not exclude the possibility that pre-harvest irrigation wetted soil above 0.3m
depth to <200kPa suction. Subsequent use of the surface stored soil water by the vines and
evaporation would explain the lack of pronounced inverted peaks in scil tension for many of
the irrigated plots pre-harvest (e.g., Figure 5.7 C). A lag of 10-14,and |4 to >21 days
occurred before the 0.6 and |.2m layers respectively began wetting.

Hypothesis: Based on the wetting pattern exhibited by the soils, it is hypothesized that
both irrigation of wastewater and mainswater treatments at the time of installation of the
sensors and irrigation in response to pre-vintage cleaning operations will effect vine
response. Results may therefore not be a true indication of effects of winery wastewater
irrigation alone.

Soil Moisture Tensions and Vine Growth: Scil stored water is nominally available for
plant uptake at soil moisture tensions between 8-1500 kPa. Establishment of the vines in
dryland conditions promoted deep root development possibly to the depth of the water
table (20m). Figure 5.7 showed that for all treatments soil moisture tension remained well
beyond permanent wilting point, except during times effected by phases | and 2 irrigation,
suggesting that the vines were reliant on their deep roots for water uptake,
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5.3.2 Soil

Irrigation over the 3-week period did not effect soil chemistry (sampled at harvest), nor
did parameters differ significantly from means obtained prior to experimentation (Table 5.2).

5.3.3 Vines

Irrigation increased yield by 22% and 32% respectively for the mains water and winery
wastewater, compared with non irrigated vines, whilst fruit quality was not affected (Table
5.7).

Table 5.7 Effect of no irrigation and irrigation of Shiraz on Schwarzmann vines with
mains water and winery wastewater on yield and juice quality in the 1997/98
vintage.

Parameter  Units No Mains Wastewater F.Pr'

Water  Water

Yield t/ha 9914 1211 13.56 99.9
Brix 2413 23.55 233 NS
pH 3.70 363 372 NS
Titratable gL 408 4.28 4.25 NS
Acidity

Sodium mg/L 14.3 13.3 15.5 NS
Potassium mg/L 1685 1490 1700 NS
Chloride mg/L 1226 10.5 11.3 NS

I. NS not significant at 90% probability level

5.3.4 Soil Solute Composition —comments from the thesis of Mr. B Smith

Ceramic cups positioned at depths of 0.3 and |.2m were used to extract soil solution at
moisture tensions close to field capacity (10 kPa). Depths of sampling were chosen to
represent the nominal treatment zone and buffer zone in which removal of organic carbon by
microbial metabolism and adsorption in soil and by vine uptake according to the madel of
Chapman (1995).

It was discussed that information derived from this method of extraction can only be
used as a guide due to a number of limiting factors including:

-nan-filling of some extractors at given sampling dates,

-potential for exclusion of solutes by the ceramic materials

~hit-and-miss' sampling in relation to passage of a solute front derived from periodic
wastewater irrigation during the 3 month sampling period.

Despite these limitations a number of interesting observations were made.

Important Note: Concentrations of salts in extracted soil solution are similar to saturated
paste extracts, and much higher than [:5 soil:water extracts e.g,, used in the Yalumba Wines

study,

Total Organic Carbon (TOC): Between 40-70 mg/L TOC was extracted at 0.3m, which
further declined ta 30 mg/L. Using the estimate TOC content of non-vintage winery
wastewater of 350 mg/L, this represents a 90% reduction in organic loading comparable to
most secondary biological treatment systems (Metcalf and Eddy 1980). Soil solution
extracted from mainswater irrigated plots at |.2m depth contained 5-24 mg/L TOC.

Total Dissolved Salts (TDS): In contrast to TOC, the TDS of soil solution extracted
from wastewater treatments at |.2m was about 2-3 times higher (0.5-1 dS/m) than that
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extracted from mainswater treatments (0.3 d5/m). The extra 0.3-0.6 dS/m contained in soil
solution extracted from wastewater irrigated plots is below estimated levels of input 1.5-2.5
d5/m (Table 5.3).

Sodium Adsorption Ratio (SAR): SAR was extremely sodic (20-28) in soil solution
extracted from both mainswater and wastewater irrigated plots at 0.3m. In mainswater
irrigated plots SAR had dropped to 3 in soil solution extracted at |.2m, while under
wastewater irrigation soil solution extracted at |.2m had SAR 4-22 (average | 2.5).

5.3.5 Simulated Deep Drainage Loss —comments from the thesis of Mr. B Smith

The Soil Water Infiltration and Movement model developed by CSIRO was used to
simulate deep drainage loss. The model uses both soil and crop parameters. Soil moisture
status, hydraulic conductivity and retention curves were based on curves fitted from direct
measurement of the scil. Similarly vine water use crop factors and leaf fall were also directly
measured as practical,

Simulated Deep Drainage Loss: Continued irrigation during vine dormancy and winter
rainfall increased deep drainage loss beyond |.5m depth. Linear increases in the volume of
application during this period would increase deep drainage by a greater than linear amount.
The exact shape of a curve of irrigation volume versus cumulative deep drainage, and hence
rate of increase will depend on the monthly pattern of wastewater irrigation, which is almost
‘unique’ for each winery (explained in Part A of Winery Wastewater: Production, Impacts
and Management).

Actual Soil Moisture Levels (neutron moisture meter): The | 998 vintage of Evans
and Tate Ltd lasted about 9 weeks (1 7% February to 6™ April), beyond which only sporadic
irrigation occurred. Irrigated treatments had similar moisture profiles to the non-irrigated
treatment at all recording dates (May to August). Wetting of the sail profile towards field
capacity therefore was dominated by rainfall,

Use of irrigation water by the vines (sapflow sensor, Figure 5.8): Water uptake by
irrigated vines was higher than non-irrigated vines (not significant). Sapflow became
negligible after 22 weeks (10" June) as the vines reached dormancy. Simulation of grapevine
crop factor (fraction of pan evaporation transpired) emphasized the greater uptake of water
during stages of active growth compared with the post harvest period.

Implications of the above summary on management will be outlined in the discussion.

Figure 5.8
Water flux analysis within vine stems using a

heat pulse sapflow sensor.
Photograph courtesy Mr. B Smith




5.4 Discussion

5.4.1 Effects of Wastewater lrrigation on Grapevines

Increases in yield of 25-35% from irrigation compared with non-irrigated vines were not
associated with a decline in juice quality measured by brix, acidity, and major salts. This
effect was partly an artifact of irrigation associated with installation of soil moisture sensors,
and of 3 applications during the 4 weeks prior to harvest However like many small wineries,
Evans and Tate Ltd generate very little wastewater outside vintage (<25% of the annual
estimated volume). Thus sporadic spreading of wastewater across the vineyard during the
active growth stage of vines in future seasons is most likely to provide the benefit of
irrigation on yield compared with dryland production.

Effect of wastewater irrigation will depend on vine responses to post harvest irrigation.
Post harvest irrigation is commonly used to delay leaf drop and increase storage of
carbohydrates and nutrients within the stems and roots prior dormancy, to provide more
rapid early growth post dormancy. Preventing excess vegetative growth and shading of grape
bunches were major factors in maintaining dryland conditions at the Gnangara vineyard.

Thus it is probable that continued disposal of winery wastewater would increase the 'risk’ of
excess Vigour.

5.4.2 Impact of Wastewater Irrigation on Soil Chemistry

Insufficient wastewater had been applied to effect soil chemistry in 1998. However given the
relative high salt content and SAR of the wastewater to that of the soil, it was anticipated
that these parameters would have increased by vintage 1999, Irrigation of previously
dryland managed sites normally changes soil chemistry as a result of extra leaching of salts
and nutrients. It was regrettable that the field site was closed prior to 1999, as it
represented a rare opportunity to quantitatively monitor these changes.

5.4.3 Impact of Wastewater Irrigation on Soil Solution Chemistry

TOC: The work of Mr. Brad Smith suggested that added total organic carbon could be
effectively removed from the soil solution by:

| an irrigation management strategy of applying small volumes of wastewater ata
given irrigation, in combination with

2. long retention times within the combined treatment (nominally 0-0.3m) and buffer
(0.3-1.2m) zones. For Evans and Tate Ltd, the elapsed time between initial measurement of
the soil solution (67 June) and start (17" February) and end (167 April) of vintage wastewater
irrigation was 16 and 10 weeks respectively. NMM probe readings indicated that the soil
profile only became moderately saturated late July. Simulation of deep drainage from rain-fed
vines indicated drainage beyond |.2m beginning in July.

Total Dissolved Salts: Salts contained in irrigation water usually leaches from the
rootzone. Storing salts within the rootzone during the irrigation season by preventing
drainage only delays the inevitable. Salt levels in extracted soil solution from wastewater
irrigated plots were around 30-50% of the estimated input levels in the wastewater. Sporadic
irrigation after cessation of vintage and thus dominance of rainfall in generating drainage
during the sampling period would lead to some dilution of salts. In addition sampling times
could not be accurately coordinated with passage of a solute front following intermittent
irrigation with wastewater.

However salt levels in the soil solution extracted from wastewater treatments remained
2-3 times higher than mainswater treatments, highlighting the inability of the soil system to
remove substantial amounts of dissolved salts in irrigation water.
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Sodium Adsorption Ratio: The substantial decrease in SAR between 0.3m and |.2m
in mainswater irrigated plots was attributed to exchange of sodium from the solution to
colloidal surfaces. Higher starting concentrations of sodium within the soil solution from

wastewater irrigated plots limited reduction of SAR between the 0.3m and |.2m layer, which
remained sodic (average of [2.5).

5.4.4 Implications for management

The inability of biological treatment systems to remove salts makes this parameter the
most limiting factor to sustainable irrigation of wastewater, and arguably most water sources.

Sodium added through caustic washing is a major component of the total dissolved salt
content winery wastewater. A direct result of higher starting concentrations of sodium in
the soil solution was reduced exchange of the ion from solution to soil colloids within the
subsoil layer. Thus by vintage 1999 an increase in SAR of the soil would be predicted.
Closure of this site through the sale and dismantling of the winery meant that this prediction
could not be measured.

In contrast to inorganic salts, organic substrates added in the wastewater could
potentially be reduced by acceptable (>90%) percentages by keeping newly added substrates
in the upper aerated zone where removal by microbial metabalism is highest (Chapman 1995
a, b), and (ll) maximising residency times.

Simulating higher volumes of wastewater discharged per hectare of vineyard increased
deep drainage beyond |.5m depth by a greater than linear increase in input irrigation. Deep
drainage also began earlier, therefore minimising potential residency time of organic
substrates within the nominal treatment and buffer zone.

5.4.5 Recommendations for Winery Wastewater Management

Evans and Tate Ltd had outgrown the Henley Brook site primarily due to the lack of
vineyard available for sustainable discharge of the wastewater.

Waste Management within the Winery: Management of the site would require a major
effort in adopting Cleaner Production strategies to minimise:

|. water waste, due to potential excessive deep drainage from the vineyard, and to
maximise residency time of organic substrates within the upper |1.5m soil depth.

2 use of caustic soda for cleaning, to minimise impacts of total dissolved salts and
sodicity. Minimising production loss could also reduce total salt content of the
wastewater. Good quality water (mains supplied) had always been used for winery
operations at Evans and Tate Ltd —an example that other wineries should follow.

Pretreatment of the wastewater: The current system of solids separation and short-

term storage to reduce variability of wastewater parameters by mixing would be regarded as

a minimal standard, but one affordable to wineries of similar size as Evans and Tate Ltd

(1700 tonnes).

Irrigation Management The current system pitched at maximising removal of total

organic carbon is recommended, viz.

|. applying small volumes of wastewater at a given irrigation to nominally keep the newly
added water within the upper aerated zone.

2. maximising residency time within the rootzone before deep drainage occurs.
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Appendix V.|

ABSTRACT

“Investigation of the Groundwater Pollution Potential and Simulated Deep
Drainage Loss associated with Winery Wastewater Disposal by Vineyard
Irrigation.”

Mr Brad Smith
4" Year Student
Bachelor of Natural Resource Management
The University of West Australia

Rapid expansion of the wine-grape viticultural industry within Australia recently, has
increased wine production within major wine-grape producing regions and consequently
increased the amount of wastewater generated within wineries. A by-product of winery
treatment operations, it Is estimated that wineries generate between 2 and 5 kilolitres (kL) of
wastewater per tonne of grapes crushed. The traditional method of wastewater disposal by
most wineries, storage within evaporative lagoons, has more recently been over-shadowed
by the general move towards wastewater disposal by vineyard irrigation. The Australian
wine industry sought to review wastewater disposal and in doing so has targeted wastewater
to be utlilised as a source of water for vine irrigation and for improved soil fertility and
structure. However, since peak wastewater production and peak vineyard water demand are
asynchronous in wine-grape producing areas worldwide, recycling wastewater by vine
irrigation could generate deleterious effects on drainage water quality.

| examined soil solution at (0.3 and) |.2m depth within the drip zone of wastewater and
mainswater irrigation treatment plots in a trial site at the Evans and Tate Ltd vineyard at
Henley Brook, to determine the effects of wastewatsr irrigation on solute concentrations
within soil solution. Solution samples from porous ceramic extractor vessels were examined
for total arganic carbon concentration (TOC), sodium adsorption ratio (SAR) and electrical
conductivity (EC) as a measure of potential groundwater pollution of winery wastewater
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disposal by vineyard irrigation. The maximum abserved TOC concentration in solution at
|.2m depth within wastewater treatment plots was approximately 30 mg/L, less than the
proposed organic carbon thresheld level of 50 mg/L. Observed SAR values were greater
than observed within mainswater treatments at the same depth. A maximum SAR value of
23 was observed in solution at |.2m depth for the wastewater treatment. The dissolved salt
concentrations of solution at |.2m depth were significantly greater (P<0.05) within
wastewater treatment plots than mainswater, with a maximum electrical conductivity reading
of 997 uSfem. In lieu of a substantial amount of wastewater generated within the Evans and
Tate Ltd winery being directly discharged onto the vineyard, outside of the experimental
plot, due to filter blockages, measure solute concentrations are possible under-estimated
values. Additionally, measured concentrations may not be representative of actual maximum
solute concentrations since sample collection was not coordinated with the period of vertical
drainage moving pass the sampler (too costly to undertake).

Additionally, | investigated drainage loss below |.5m depth within the drip zone
associated with hypothetical upper and lower limit wastewater irrigation scenarios. These
were calculated based on the estimated annual grape crush of 1700 tonnes at Evans and Tate
Ltd winery, and used to simulate drainage using the Soil Water Infileration and Movement
(SWIM) model. The range of potential annual wastewater production volumes according to
the estimated 1700 tonne grape crush were between 34000 and 8500 kL. Simulated weekly
drainage loss using SWIM were based on estimated volumes of weekly wastewater input
determined from a wastewater production hydrograph. Simulated drainage loss within the
drip zone in response to rainfall plus 1982 mm annual irrigation input (based on the upper
estimated limit) was 2400 mm, approximately 24 times greater than was predicted under no
irrigation (rainfall effect). Alternatively, rainfall plus 794mm annual irrigation input per
dripper (lower limit) simulated drainage loss within the dripper zone of approximately
700mm. |t appears that wastewater minimisation strategies with wineries have an important
role for wastewater disposal by vine irrigation to be viable for wine-grape producing regions
where shallow receiving groundwater environments already pose a threat of intrusion into
the root zone. Similarity between simulated profile water contents for no irrigation and
observed profile water contents within the drip zone over § measurement dates lends itself
toward more comprehensive assessment for potentially assisting decision-making on the
acceptableness of wastewater disposal by irrigation in these areas.
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6.0 Yalumba Wines
6.1 Objective

Effects of winery wastewater as an irrigant of winegrapes on yield and quality were
quantified. Impacts of wastewater irrigation on soil chemistry were also examined.

6.2 Methodology
6.2.1 Location and Site History

The experimental site is located in the Mexican Vale vineyards, Angaston, South Australia
(Australian Map Grid (AMG) Reference: 54H UG |33829).

The Mexican Vale vineyards were established adjacent to the southern side of the winery
in 19971/72 and occupy about |2 ha on an easterly aspect. Lower slopes (5-10%) are planted
with Cabernet Sauvignon and upper slopes (10-20 %) with Shiraz. The experimental block is
located adjacent to Angaston Creek in the southern Cabernet Sauvignon vineyard. Rows are
spaced at 3.7 m and vines at 2.5 m using a tee trellis. The vineyard has been irrigated since
planting with groundwater using a standard 4L/h drip system. Grapes from the vineyards are
traditionally harvested in April-May and are used to make Yalumba Oxford Landing Cabernet
Shiraz, a medium to lower price point wine.

6.2.2 Soil Types

Soil types are classified according to the texture and colour of the first subsoil layer, as vines
are deep rooted. Two distinct soil types were identified in the experimental block:

l. Duplex yellowish red clay (plots 1,3,5,7,9,11,13-20)

2 Duplex black clay (plots 2,4,6,8,10,12)

Physical, chemical and plant nutrient status of the soil types is given in Tables 6.1 to 6.3 and a
map showing their distribution within the experimental site in Appendix 6.1.

Since changes in soil type commonly occur within an area too small to separate into
separate irrigation blocks, as in this case, it was decided to include both soil types within the
experimental design.

Table 6.1  Soil physical status' —Yalumba Wines, Angaston SA.

Layer Teature Wel Struchure Mechanical Properties: | Foot Stabiity Leyer Change
Mo Calour Densily
Sand | St | Clay | Cless Distinct| Shape | Size | Hard- | Plast- | Sticki- Sizked | Dispers| Abrupt- | Shape
% es " mom I ness | dty | ness ed | ness
Duplex Yellowizh Red Clay
i B15| 78] 107| Sandy | Dark |Moder-|Granu-| 25 |Frizble]| Nl | Hil [mm- Yes | Mo |Diffuse{Smosih
Loam | Reddsh | ale lar anl
_Beown ; | |
7 773| BB 43| Loam | Lig |Moder|Gami| 25 | Had | W@ | NI | Few | Yes | Mo | Clear [Smooth
Reddish | ale fat [dey)
! -— B{m ..... . e -
3 B55| 95| 240|Light Clay | Yellowish | Weak | Blocky | 50-T00| Hard | Shohl | Shignl | Few | Yes | Mo
Red
Gradational Black Clay
1 FAT 7541 T45] Loam | Dark | Moder-|Grana-| 50 | Fim | Mode- [Moder-| Many | Yes | No | Abnpt Smooth|
Grayish | ate lar rate Bl
L N[ S ~ Erown =
2 §3] T38| 233|Ughi Gy | Biack |Moder|Blocky | 520 | Hard | High | High | Few | Yes | Mo Abnupt | Smooth
&1& e -
3 E32| 143] 325| Medum | Derk | Wesk | Mas- Very | High | High | Very | Yes | Ne
Clay | Yellowish sive Hard Fen
Brown

|. Field scoring system courtesy Alfred Cass.
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Table 6.2  Soil chemical properties' —Yalumba Wines, Angaston SA.

rﬁnﬁlem Layer | ECps | aH Soluble cations Total cations SARE Exchangeable cations as
il
water | Ca I Mg | K ! Ma | Ca | Mg l_ K I Ma Ca ] Ma ! K I Na
dSim - mmimod c+kg mimal e+kg % of Tolal cations

Duplex Yellowish Red Clay =
i T T o0 1 68 [ 36 | 107 | 191 | 357 | %91 | 622 | 288 | BO2 | 060 | B6.13 | 8284 | 3384 | 5643
—T % (am | 71 | 220 | 081 | 348 | 137 | 1877 | 613 | 6.5 | 485 | 130 | 888 B | 435 | 1174
[ G35 T 75 1677 [ 347 | 640 | 086 | 032 | 942 | 1390 | 553 | 180 | 7964 | 6382 | 3585 | B39
Gradational Black Clay =
Z T T HI0] 70 1438 | 1% | 477 | 462 [ G068 | 921 | 809 [ 1228 ] 128 | 9134 BE35 | 4103 | 622 |
T 006 | 70 | 453 | 165 | 5&4 | 176 | 6655 | 1294 [ 1085 | 841 | 147 | 9165 | 872 21 | TREE
T Oor | 73 | 778 | 361 | 712 | 088 | &42 | 1558 | 1325 | 683 137 | Eifs | ToE3 | 426 | &YW

|. Table format courtesy Alfred Cass.
2. SAR: Sodium Adsorption Ratio

Table 6.3  Plant nutrient status' —Yalumba Wines, Angaston 5A.

leie Mo | Layer Prant nultiants Drganic [Exirae
Mo Carbon | -iable
Fe

MG [NHeM | P L 5

malkg % [mm
Duplex Yoliowish Red Clay

1 1 57 | 16 | 76e8 | 2158 | 1351 | 1112 | 112
Z 77 | 14 | 1235 | 1617 | 229 | 0367 | B8E
T 3070 | 74 | 41% 202 | 218t | 0282 | 1285

Gradational Black Glay | !
] 1 BE | 24 | 1%6 | 3511 | 9483 | 161 | 1637
T ] 34 | 25 | 276 | 2947 | 1891 | 1285 | 713
3 17 1 18 | %81 | 24 | 2090 | 0488 | 1520 |

|. Table Format courtesy Alfred Cass.

6.2.3 Water Quality’

Composition of the groundwater bore and winery wastewater sampled during vintage
(approximately February to May) and non-vintage (June to January) are given in Table 6.4.
Groundwater was sempled from the bore after a minimum 20 minutes pumping time had
elapsed. Samples of winery wastewater were collected by a proportional flow sampler at
the outlet point prior ta distribution through the irrigation network. Frequencies of
sampling were according to Yalumba Wines Wastewater License conditions, viz. 6-7 samples
across each of vintage and non-vintage, and 6 monthly intervals for the groundwater.
Analyses were conducted by the Australian Water Quality Center using Standard Methods
(1989).

| A detailed account of the production of individual winery wastewater characteristics and impacts on
soil and winegrapes is provided in the Bool: Winery Wastewater: Production, Impacts and

Management
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Hypotheses:

Due to a lower content of inorganic salt irrigation with winery wastewater will result in
smaller increases in soil salinity and levels of inorganic salts, than continued irrigation with
the saline groundwater.

Since own rooted grapevines are more sensitive to effects of salts, it is further
hypothesized that the wastewater irrigated vines will exhibit more superior yield and quality
characteristics than when irrigated with the groundwater,

If irrigation is managed according to the model in Figure |, it is hypothesized that the
extra nutrients within the wastewater will be metabolised by soil dwelling micro-organisms
and hence will not negatively impact on vine growth.

Table 6.4 Composition of the groundwater and winery wastewater produced
during vintage (approximately February to May) and non-vintage

(June to January).
Parameter Groundwater Winery Wastewater
Bore Yintage Mon-Yintage

Units | Mean Std. | Mean Std. Mean Std.
pH none 7.50 0.20 4.69 0.38 482 49
Electrical dS/m | 2.39 012 1.98 0.35 1.8] 0.38
Conductivity
Total Organic mg/L |.6 12| 19836 4560 5705 4322
Carbon
Total Phosphorus mg/L 0.10 0.08 9.02 8.63 7.03 226
Total Kjeldahl mg/L 1.05 1.65 3265 104 3219 12.16
MNitrogen
C:N:P 30y 20:2 43:2 | 0501 0605 0601 0802
NO,;+NO; mg/L 1.22 0.18 0.28 0.34 0.11 0.13
SAR mg/L 4.88 0.35 7.26 |.83 7.36 1.67
Ma mg/L 27767 21.13 2517 1162 | 58.1 61.8
K mg/L 147 09| (8218 4378 [5%9.12 50.46
Ca™ mg/L | 107.53 4.74 B646  61.17 6173 2275
Mg* mg/L B3.77 3.39 2517 1162 1581 6.18
HCO, mg/lL | 47883 3676 | 13395 16669 16365 16511
SO” mg/L Ti22 472 | 24882 2/0.28 153.54 138.6
Cr mg/L 5445 1752 | 14977 6072 150.55 49.15
Mo Samples 6 20 24

b Yalumba Wines provided the analyses.

B.2.4 History of Wastewater Management

Yalumba has a long history and is regarded as a champion of wastewater management
within the wine industry.

Establishment of the winery on the side of a hill enables wastewater to gravitate to a
single collection point. The winery also has approximately | hectare (ha) of open processing
area that acts as a large catchment area for stormwater. Until the early 1970's wastewater
was stored in a dam and directly released into the Angaston Creek at times of high flow.
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Centinual polluting of the creek became unacceptable and a unilateral decision was made at
Yalumba to establish a formal waste management system.

The system consisted of solids separation prior to secondary treatment by a series of
aerobic lagoons, with wastewater gravitating from one lagoon to another. Aerators placed
in the first 2 lagoons keep the wastewater completely mixed and aerated to promote
breakdown of the organic material by aerobic microbial metabolism. The remaining 2
lagoons were used to allow the sludge to settle out. Accumulation of sludge in the aerated
dams led to wastewater being re-routed through the fourth large pond prior to aeration. The
total treatment time was approximately 10 days. Treated wastewater was then spray
irrigated onto 4 hectares of pasture.

By the late 1980's Yalumba began searching for economical uses of the treated
wastewater. A | ha treelot of red gums trial in 1990, which was later concluded to provide
little economic return. In 1994 Yalumba began irrigating a previously non-irrigated 2 ha
vineyard known as the Triangle Block with the treated wastewater, which showed no
adverse effects of using the treated wastewater on grape and wine guality.

Rapid expansion in production from approximately 10 000 tonnes in 1972 to =25 000
tonnes of grapes in 1996 resulted in a similar rapid increase in production of wastewater
from about 30 megalitres (ML) per annum in the early |970's to the current annual level of
50 ML. Unable to cope, the aerated lagoons were phased out in 1994, with wastewater
directly irrigated from the settling lagoon. At that time continual rise in the salinity of
groundwater used to irrigate the Mexican Vale vineyards adjacent to the winery became a
major concern, and a decision was made to switch to winery wastewater as the irrigant.

The current pretreatment system, commissioned in vintage 1999, consists of solids
separation by screening and settling in an enclosed tank. To assist in balancing the pH of the
normally acidic wastewater, recycled caustic washwater (pH >10) is separated and added
back at times of low pH (<5.5). Treated wastewater then gravitates to 2 large tanks capable
of holding wastewater produced during peak flows in vintage for 24 hours, with longer
holding periods in non-vintage. A backup lagoon assists in balancing shock loads of water,
e.g., produced during heavy rainfall. Sand filtration and regular line flushing minimise blocking
of emitters. Irrigation of a further 20 ha of new vineyards is proposed when established.
Future plans aim to treat and store wastewater produced during the dormant period of vine
to maximise its reuse for grape production.

6.2.5 Wastewater Irrigation Management at Mexican Vale

Winery wastewater is used as a substitute for groundwater, with weeldy volumes applied
based on normal vineyard practices that avoid excessive irrigation in premium quality
vineyards. Excess wastewater can be redirected to the tree plantation/pasture discharge
site.

Hypothesis:
Irrigating with winery wastewater to normal vine needs minimises impacts on grape and
wine quality and, soil and groundwater quality.

6.2.5.1 Irrigation of the Experimental Block

Yalumba Wines wanted to assess two types of emitters they were currently using
microjet spray, and the industry standard 4 L/h drip. As a result of greater evaporative losses
and higher horizontal surface area of coverage, microjet spray enables higher volumes of
wastewater to be discharged at a given irrigation. This is reflected in the calculated loading of
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salts and nutrients added in the groundwater and wastewater by the drip and spray emitters
given in Table 6.5.

Shorter times and split applications were used whenever practical to keep the
wastewater within the top 0.3m of soil for treatment of organic substrates by axidative
microbial metabolism, according to the model described by Chapman (1995a). Due to soil

compaction along the wheel tracks, vine roots were rarely encountered in the upper 0.3m of
soil in the inter-row area.

Table 6.5 Annual nutrient loading:

TOCTKN TP Na K Ca Mg CI SO,

Groundwater all units kg/ha L

Drip  1996/97 2 I 0 578 29 206 1&7 1095 |5

1997/98 I 0 0 315 6 22 93 599 82

1998/99 2 | 0 771 39 293 242 1522 216

Spray 1996/97 3 | 0O 785 40 280 227 1488 205

1997/98 p 0 0 &0l 30 233 |78 1141 156

1998/99 4 2 0O 1184 60 45| 372 2339 332
Wastewater

Drip 1996/97 2880 36 Il 532 235 09 46 298 272

1997/98 1434 29 8 224 124 66 22 |59 209
1998/99 3456 55 9 386 257 187 38 206 662
Spray 19%96/97 303 46 Il 570 266 120 53 334 357
1997/98 4016  8I 22 622 351 184 62 435 591
1998/99 7119 115 I8 845 568 453 B6 436 1551

6.2.6 Statistical Design

The statistical design was prepared as an ‘in-kind' contribution by Dr Ray Correll, CSIRO
Biometrics. The objective of any experimental design is to maximise the probability of
detecting differences due to treatment effects on measured parameters above those caused
by the natural variability of the site and error associated with measurement (together called
the residual error).

A 2x2 Latin square design was used at Yalumba Wines as it allowed allocation of
treatments along vine rows and different rows of vines as replicates. Each row of vines is
divided into halves, called columns. Impacts of site variation, particularly that due to
distribution of scil types, on treatments both along and between rows is reduced by
restricting the number of times any given combination of water type/irrigation method is
repeated within each column to a maximum of 3. Each plot consisted of four rows with only
the middle two rows measured to remove edge effects. Using five replicates there was a
96% chance of detecting an interaction between the source of water and irrigation method, if
one existed.

As with most field sites, establishing treatments according to a design on paper was not
easy —several designs incorporating additional treatments requested by Yalumba Wines were
prepared before the final one was accepted. Figure 6.1 shows the field layout of treatments
and irrigation system installed by Yalumba Wines, which required new sub-mains for
wastewater/groundwater to isolate the site from adjacent blocks, replacing and/or modifying
existing irrigation lines along 40 rows of vines, and installing water meters'.

T Planning to commissioning the site took about |5 months.
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Figure 6.1 Field layout of treatments and required irrigation installations for the
Yalumba Wines, Angaston site.
Statistical Design courtesy Ray Correll, CSIRO: Irrigation Design courtesy Bill Tapscott,
Yalumba YWines.
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6.2.7 Measurements-soil

6.2.7.1 Sampling

Distribution of water applied by drip and spray emitters, effects of winter leaching, and
spatial and temporal variation in soil properties were assessed for their impact on
parameters.
Horizontal distribution of wetting —drip emitters wet sail in a characteristic onion
shape whereas spray emitters nominally provide even horizontal coverage over at least B0%
of the surface (Figure 6.2), thus require higher volumes of water to wet the soil to a given
depth. Drip irrigation often forms puddles under the emitter resulting in deeper penetration
from saturated flow.

| Hypotheses:

It is hypothesized that spray irrigation as a result of higher application volumes will result
in greater increases of inorganic salts within the sail profile, and resultant impacts on juice
and wine quality.

It is further hypothesized that better horizontal distribution of spray irrigated water and
slower unsaturated flow within the 0-0.3m layer, will potentially enable more rapid and
extensive microbial metabolism of added organic carbon and nutrients, than drip irrigation.

Two distances of sampling from the emitters were used, 0.6 m to coincide with the edge of
the wetting zone of drip-irrigated plots, and |.85 m mid-way between vine rows (Figure 6.2).
Effects of past history of drip irrigation will also be detected.

DEPTH

Soil Layers
Vine

.- DISTANCE .. '™ Om
o 185m 06m L
203
o | Middie 05075 m

s Il m
Bottom

Figure 6.2 Theoretical distribution of water emitted by drip and spray systems
and relationship to depth of sail layers.

Effects of irrigation and winter rainfall —The objective of the model system described
by Chapman (1995a) is to keep the newly added irrigation water within the upper aerated
zone (0.3-0.45 m) for at least 2 days to allow removal of the organic substrates by axidative
microbial metabalism before repeated irrigation. Furthermore, current irrigation
management of the Mexican Vale vineyards by Yalumba Wines aims to keep added water
within the rootzone during the growing season of the vines, with leaching to remove salts
reliant on winter rainfall.
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Hypothesis:

Irrigation with saline water usually requires a leaching fraction, an application of extra
irrigation water to assist winter leaching. It is therefore hypothesized that irrigation of both
the groundwater and winery wastewater, which both have salinities >1.9 dS/m, will be
unsustainable without application of a leaching fraction (indicated by continual buildup of
salts within the soil profile).

Sampling immediately before irrigation (November) and 2 weeks after the post-harvest
irrigation (June) over three seasons will assess the impacts of irrigation and effectiveness of
leaching.

Climatic differences between years will influence changes in soil chemistry both during and
after irrigation. Variation of parameters within a sampling time, i.e., November-June and
June to November, between years will be assessed against differences due to the irrigation
method and water type treatments.

Soil textural and chemical change with depth —Both scil types contained 3 layers,
hereafter referred to the Top (0 to 0.2-0.3 m), Middle (0.2-0.3 to 0.5-0.75 m) and Bottom
{(0.5-0.75 to | m). The treatment zone of the model includes the top layer and upper
portion of the middle layer (Figure 6.2) wetted during irrigation. The lower portion of the
middle layer and beyond to a depth of |m acts as a buffer zone. The buffer zone receives
water displaced from the treatment zone by subsequent irrigation and during winter leaching
(which may move beyond |m depth).

Hypothesis:

It is hypothesized that during irrigation greater increases in salts and nutrients will occur
in the top and middle soil layers, while subsequent leaching during winter will result increase
salt levels within the bottom layer.

Different soil textural layers differ in their capacity to retain salts. Organic matter and
nutrients are typically concentrated in the topsoil. Structural arrangement of these layers,
e.g, presence of a compacted layer within the middle layer, may influence water and salt
movement modifying anticipated movement of salts and nutrients.

Distribution of different seil textural layers and structural arrangement of these layers
across the four combinations of water type and irrigation method will therefore impart a
residual error.

Sampling Program: Table 6.6 summaries the sampling program. In totl 720 scil samples
for taken for chemical analyses.
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Table 6.6 Soil sampling positions and times for Yalumba Wine Company.

TIME DISTANCE HORIZON
96/97 Before (Movember 0.6 m 1.85m | Top Middle | Bottom
96) | (edge of (midway | (Oto | (0203 | (0.5-0.75
After (June 97) wetting zone  between 02-03 to 0.5- to Im)
97/98 Before  (November F’f .drir.! rows) m) 0.75 m}
97) irrigation)
After {June 98)
98/99 Before  (Movember
28)
After (June 99)
REPLICATION: 5

6.2.7.2 Analyses

Analyses focussed on salts and nutrients that were most likely to impact soil fertility and
quality of winegrapes, decided at a meeting of the “Technical Committee’ on site monitoring’
following preparation of a discussion paper. Potential impacts on soil and winegrapes of
wastewater components are described in the book Winery Wastewater: Characteristics,
Impacts and Management. Soil parameters and methods of analyses used are summarised in
Table 6.7. Analysis of soil sampled post harvest |998/99 was conducted by CSBP Scil and
Plant Laboratories, Perth.

Table 6.7 Soil parameters analysed and methods used.

Parameter Method Reference
Acidity/alkalinity ;H meter (1:5 soil:water) Heanes (1981)
Salt Electrical Conductivity Rhoades (1982)
Organic Carbon Dichromate digestion Wallely and Black (1965)
Total Nitrogen Kjeldahl digestion Heanes (1981)
Ammonium Spectroscopic Heanes (1981)
Nitrate Spectroscopic Heanes (1981)
Plant Available Bicarbonate extraction Heanes (1981)
Phospharus

Plant Available Potassium Bicarbonate extraction Heanes (1981}
I:5 Na, K, Ca, Mg Spectoscopic Heanes (1981)
|:5 Chloride Silver Mitrate Titration Heanes (1981)
Texture Hydrometer Day (1965)

' The objective of the meeting was to determine monitoring requirements of the wastewater,
discharge sites, groundwater and nearby rivers and creek, required under State Environmental
Protection Agency Winery Wastewater License agreements.




6.2.8 Measurements —Juice and Wine

6.2.8.1 Sampling

Approximately |00 vines from the middle 2 rows were harvested for yield and
preparation of laboratory scale wines after the 1996/97 season. Juice was obtained from

about 300 grapes picked according to (P. Ireland pers. comm.) that accounts for variation
within and between bunches harvested from both sides of the vines.

Mote that in1997/98 the plots were not harvested separately, due to a misunderstanding
by contractors.

6.2.8.2 Analyses

Analysis of juice and wine was an ‘in kind' contribution by Yalumba Wines. Parameters and
methods used are summarised in Table 6.8.

Table 68 Juice and wine parameters analysed and methods used'.

PARAMETER METHOD REFERENCE
Alcohol (%V:V) Distillation/Refractometry Yalumba Wines
Sugar (g/L) Enzymatic

Specific Gravity Density Meter

Brix Hydrometry

Baume (1996/97) Hydrometry

pH pH meter

Titratable Acidity (8.2, Titration

glL)

Total Glycosyl Glucese Assay Williams et al. {(1993)
(GG, pmolffresh berry wt)

Red Free GG (umol/fresh Assay Ireland et al. {1996)
berry wt)

Total Anthocyanin Spectroscopic (Spec) Ireland (1998)

Total Phenalic Spectroscopic Ireland (1998)

Na (mg/L) Atomic Absorption Spec. AWRI

K (mg/L) Atomic Absorption Spec. AWRI

Cl (as NaCl mg/L) HPLC AWRI

5O, (as K,SO, mg/L) HPLC AWRI

I Information courtesy Yalumba Wines.

Benchpress used by Yalumba Wines to
extract juice for lab-scale winemaking.
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6.3 Results

6.3.1 Soil

Wetting Pattern —Chloride

Distribution prior to experimentation: Chloride was significantly higher in soil sampled
at 0.6m than at |.85m from the vine row, and significantly increased with depth of soil layer
(Figures 6.3-6.4). Higher chioride in soil sampled 0.6m from the vine row was an artifact of
past drip irrigation with saline groundwater as covariate analysis using 1996 data removed
significance from subsequent sampling dates compared with analysis without the cavariate
(Figure 6.3). Leaching of salts from upper to lower soil layers during the winter rainfall
period accounted for higher chloride with depth of sail layer, as this trend continued
throughout the experiment (Figure 6.4).
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Figure 6.3 Distribution of chloride in soil sampled 0.6m and |.85m from
the vine row pre and post irrigation with saline groundwater
and winery wastewater. Covariate analysis with pre 1996/97
data (cv) accounted for variation in future sampling dates.
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Figure 6.4 Variation of Cl| with sampling depth pre and post irrigation with saline
groundwater and winery wastewater (LSD 95% given, NS not significant).

Effect of drip and spray irrigation: Spray irrigation restulted in higher scil chloride
than drip irrigation. Within drip irrigated plots greater increases in chloride occurred in the
top soil layer, whereas spray irrigated plots showed greater net increases in chloride in the
middle and lower soil layers (Figure 6.5). Differences became non-significant or less
pronounced after winter |eaching.
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Figure 6.5 Effect of drip and spray irrigation and leaching during winter on
distribution of chloride with depth of sail layer (LSD 95% given, NS not

significant)

Effect of water type: Groundwater added significantly higher amounts of chloride than
winery wastewater during irrigation in 1996/97, with differences remaining significant (Figure
6.6). No interactions of water type with irrigation method, sampling depth or distance were
observed.
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Figure 6.6 Effect of irrigation with saline groundwater and winery wastewater on
soil chloride (LSD95% given, NS not significant).

Seasonal Effects and Weather Events: Leaching during winter resulted in significant falls
in chloride from the top and middle layers and often accumulation in the bottom layer. The
high mobility of chioride in soil made the parameter susceptible to seasonal differences and
weather events. For example, dry conditions were experienced during the 1997/98
irrigation season, whilst a high rainfall of >50 mm occurred immediately after the post-
harvest irrigation in 1998/99, prior to sampling. Thus no long-term trends in soil chloride

were observed.
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Salt

Distribution prior to experimentation: The salt content of soil was significantly higher
in samples taken 0.6m from the vine row than at |.85m (data not shown), and from the top
and bottom soll layers than middle layer (Figure 6.7). Higher salt content closer to the vine
row was an artifact of past drip irrigation as outlined for chloride.
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Figure 6.7 Variation of electrical conductivity with sampling depth of soll,
pre and post irrigation with saline groundwater and winery
wastewater (LSD 95% given, NS not significant).

Seasonal Effects: Leaching during winter rainfall reduced salinity in the upper top and
middle soil layers (Figure 6.7). In contrast to the upper soil layers the salt content of the
bottom layer gradually increased. Average rates of increase in subsoil salinity are shown for
the combinations of irrigation method and water type in Figure 6.8. Regression analysis of
the slopes was not significant (high variability between replicates). Differences in subsoil
salinity only became significant after thel 998/99 season (indicated by a, b, ¢ in Figure 6.8).
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Spray Groundw ater ¥ Spray Wastew ater

Figure 6.8 Influence of drip and spray irrigation with saline groundwater and winery
wastewater on long-term trends in subsail salinity levels.

Effects of irrigation method and water type: Spray irrigation resulted in significantly
higher soil salinity than drip irrigation after the 1997/98 and | 998/99 seasons (Figure 6.9),
differences were not significant after subsequent winter leaching. Irrigation with saline
groundwater also led to higher soil salinity than wastewater irrigation, but differences were
only significant for soils sampled in 1998. As mentioned above, small gradual increases in salt
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content in the order of wastewater drip <groundwater drip and wastewater spray
<groundwater spray showed up as significant interactions with depth in |999 (Figure 6.8).
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Figure 6.9  Effect of irrigation with saline groundwater and winery wastewater on
soil salinity (LSD 95% given, NS not significant).
Sodicity

Distribution pattern and seasonal effects: SAR tended to increase with depth of soil
layer after leaching of salts during the winter rainfall period, with the trend reversed after
irrigation (Figure 6.10). Levels of sodicity post irrigation 1998/99 were comparable to pre
irrigation levels in 1996/97. Thus long-term effects of treatments on sodicity were

inconclusive.
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Figure 6.10 Variation of SAR with sampling depth pre and post irrigation with

saline groundwater and winery wastewater (LSD 95% given, NS not
significant).

Effect of irrigation method and water type: Following irrigation in 1996/97, sodicity
became significantly higher in spray than drip irrigated plots, with differences remaining
significant thereafter (Figure 6.1 1). Irrigation increased sodicity in |996/97 but lowered
sodicity in 1997/98 and | 998/99 compared to pre-irrigation levels. Water type did not effect

this parameter.
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Figure 6.11 Effect of drip and spray application on sodicity of soils irrigated with
saline groundwater and winery wastewater (LSD 95% given, NS not

Sodium:
Distribution Pattern Prior to Irrigation: Sodium levels in soil showed a similar pattern

of distribution outlined for chloride, viz. 0.6m=>|.85m; top<middle<bottom (Figures 6.12-
6.13).

As with chloride and salinity, higher levels of sodium in soils sampled at 0.6m from the vine
row were mostly an artifact of previous irrigation with the saline groundwater, as covariate
analysis using the 1996 data removed significance from most of the subsequent sampling
periods (Figure 6.12).
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Figure 6.12 Distribution of sodium in soil with sampling distance from vine row pre and post
drip and spray irrigation with saline groundwater and winery wastewater
(LSD95% given, NS not significant).

Variation of sodium decreased with depth of soil layer and showed no consistent response
to irrigation and leaching (Figure 6.13).
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Figure 6.13 Variation of sodium with depth of soil horizon pre and post drip and spray

irrigation with saline groundwater and winery wastewater (LSD95% given, NS
not significant).

Following irrigation in |996/97 sodium was significantly higher in spray irrigated soil; effects
remained significant with the exception of soil sampled prior to irrigation in 1997/98 (Figure
6.14). Soil irrigated with saline groundwater contained higher levels of sodium than when
irrigated with winery wastewater, but differences were only significant after irrigation in
1998/99 (data not shown).
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Figure 6.14 Effect of drip and spray irrigation with saline groundwater and winery wastewater
on sodium levels of soil (LSD95% given, NS not significant).

Woetting pattern of drip emitters —
Yalumba Wines.
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Nutrients ~Organic carbon, total Kjeldahl nitrogen (TKN) and
bicarbonate extractable phosphorus (AvaP):
Organic carbon significantly decreased with depth of sail layer (Figure 6. I5); TKN and AvaP
were significantly higher in the top soil layer than middle and bottom layers (Figures 6.1 6-

6.17). There were no effects of irrigation method and water type on these parameters, nor
were any long-term trends observed over the 3 seasons.
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Figure 6.15 Variation of organic carbon with sampling depth pre and post irrigation
with saline groundwater and winery wastewater (LSD95% given).
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Figure .16 Variation of total Kjeldahl nitrogen with depth of soil pre and post irrigation
with saline groundwater and winery wastewater (LSD 95% given).
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Figure 6.17 Variation of bicarbonate extractable phosphorus with depth of soil pre and
post irrigation with saline groundwater and winery wastewater (LSD 95%

given).
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Carbon: Nitrogen: Phosphorus Ratio: Relative to organic carbon, amounts of
nitrogen and phosphorus remained consistently low over the 3 seasons —C:N:P 30: |-3:
0.05-0.15. Higher relative amounts of nitrogen and phesphorus occurred pre-irrigation, and
for lower soil horizons where organic carbon levels were very low, and hence close to limits

of detection.

Nitrate and Ammonium: Both these parameters were occasionally significantly higher
in the top, soil layer than middle and bottom layers (Figures 6.18-6.19). Irrigation method
and water type had very occasional and inconsistent interactions with sampling distance and
depth. No long-term trends were observed for these parameters,
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Figure 6.18 Variation of nitrate with depth of soil sampled pre and post irrigation
with saline groundwater and winery wastewater (LSD 95% given, CV

covariate, NS not significant).
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Figure 6.19 Variation of ammonium with depth of soil sampled pre and post irrigation
with saline groundwater and winery wastewater (LSD 95% given, NS not

significant).
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Bicarbonate Extractable Potassium (AvaK): AvaK was significantly higher in the
top soil layer than middle and bottom layers (Figure 6.20). There were no significant effects
of irrigation method or water type or any significant long term trends in this parameter,
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Figure 6.20 Variation of bicarbonate extractable potassium with depth of soil sampled pre
and post irrigation with saline groundwater and winery wastewater (LSD
95% given, CV covariate, NS not significant).

Acidity: Acidity decreased with depth of soil layer; significant differences were only
observed prior to irrigation in all seasons (Figure 6.21). There were no significant effects of
irrigation method or water type or any significant long term trends in this parameter.
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Figure 6.21 Variation of pH with depth of soil sampled pre and post irrigation with
saline groundwater and winery wastewater (LSD 95% given, CV covarifate,
NS not significant).



6.3.2 Winegrapes

Yield

Vines irrigated with winery wastewater yielded about | 5% higher than groundwater irrigated
vines (Figure 6,22) with differences significant at the 90%, and 95% probability levels
respectively in the 1996/97 and 1998/99 seasons. Irrigation method did not significanty
influence differences in yield above those due to water type, although vines drip irrigated
with winery wastewater yielded highest, >20% higher than vines spray irrigated with
groundwater.

10

[:1]

E 8§

2 6 @ Groundwater
= 4

= m VWastewater
s 24

> 0

1906/87 1998/39

Figure 6.22 Effect of irrigation with saline groundwater and winery
wastewater on vine yield; levels of significance are shown.

Juice Quality

Berry Size: Size of berries was unaffected by the treatments in |996/97 (Tables 6.9, 6. 10).
Berries harvested in 1998/99 were significantly larger in wastewater treatments (Figure
6.23), which were significantly higher again in drip irrigated treatments (Figure 6.24). For
groundwater treatments, spray irrigated vines had the larger berries in |998/99 (Figure
6.24).
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Figure 6.23 Effect of application of winery wastawater and groundwater and spray and
drip irrigation on 200 berry weight in the |998/99 season.



Figure 6.24 Effect of drip and spray irrigation with saline groundwater and winery
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Quality Parameters: Juice quality was occasionally effected by water type and almost
entirely unaffected by irrigation method (Tables 6.9-6.10). The fall in total phenolics in
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berries from wastewater treatments (8%) is similar to the relative increase in berry size (7%)

compared to groundwater treatments,

Levels of sodium, calcium and chloride were exceptions, as outlined below.

Table 6.9 Effects of irrigation with saline groundwater and winery wastewater averaged
for irrigation method on fruit quality, |998/99 seasan unless indicated,
significance: NS <90%, * 95%, ** 99%, % >99,9% probability level.

PARAMETER GROUNDWATER WASTEWATER  SIGNIFICANCE
200 Berry (1996/97, g) 179 182 NS
200 Berry (g) 150 160 +
Brix (1996/97) 25.08 26.35 NS
Brix 26.35 26.04 NS
Baume (1996/97) 13.93 14.02 NS
Titratable Acidity (g/L) 6.45 6.64 NS
pH 3.93 4.00 *
Total Glycosyl 287 287 NS
Glucose (GG, umol)

Red Free GG (pmol) 2.63 263 NS
Total Anthocyanin 58.95 56.1 NS
Total Phenclic 124.5 115.5 *
Ma (mg/L) 49.6 66.6 s
K (mg/L) 3812 3830 NS
Ca (mg/L) 121.2 108.2 L
Cl (as NaCl mg/L)’ | 267 979 »
SO, (as K50, mg/L) 685 683 NS

| Chloride is quoted as sodium chloride for convenience: re legal limit of | g/L for export.
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Table 6.10 Effects of drip and spray irrigation averaged for water type on fruit quality,
| 998/99 season unless indicated, significance: NS <90%, * 95%, ¥ >59.9%
probability level.

PARAMETER DRIP SPRAY SIGNIFICANCE
200 Berry (1996/97, g) 178 183 NS
200 Berry (g) |57 | 54 NS
Brix (1996/97) 25.23 26.09 NS
Brix 2617 26.21 NS
Baume (1996/97) [4.02 13.93 ™S
Titratable Acidity (g/L) 6.41 6.68 NS
pH 3.96 3.98 NS
Total Glycosyl 283 2.91 NS
Glucose (GG, pmaol)

Red Free GG (umol) 260 267 NS
Total Anthocyanin 56.7 58.4 NS
(ODg;HCI)

Total Phenolic |18 122 NS
(ODux-4)

Na (mg/L) 51.8 64.4 ok
K (mg/L) 3779 3863 NS
Ca (mg/L) 1138 1156 NS
Cl (as NaCl mg/L) 1079 167 *
SO, (as K,SO. mglL) 665 683 NS

Sodium (1998/99): Sodium was significantly higher in juice from vines spray irrigated
than drip irrigated or irrigated with winery wastewater than groundwater {Figure 6.25).
Thus the separate effects of irrigation method and water type resulted in vines spray
irrigated with winery wastewater having the highest sodium levels (6.26). This result
contrasts concentrations of sodium in the wastewater and groundwater (Table 6.4) and in
the respective soil treatments (data not shown), but is consistent with the higher sodicity of
the wastewater than groundwater (Table 6.4).
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Figure 6.25 Effects of spray and drip irrigation, and of irrigation with saline groundwater and

winery wastewater on sodium in juice from grapes harvested in | 998/99, level of

significance shown.



Page 47

80

~ 80

= i
E’ 40 @ Drip
" m Spray
<

=]
I

Groundwater Wastewater

Figure 6.26 Differences in sodium levels in juice from vines spray and drip irrigated

with saline groundwater and winery wastewater (interactions were not
significant NS,

Calcium 1998/99: Calcium was significantly higher in juice from vines irrigated with

groundwater than winery wastewater (Figure 6.27). Irrigation method did not effect calcium
levels no interacted with water type.
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Figure .27 Effect of application of winery wastewater and saline groundwater and
of spray and drip irrigation on calcium levels in juice samples obtained
in 1998/9%. Level of significance shown (NS <50% probability).

Chloride 1998/99: Chloride was significantly higher in juice from vines drip-irrigated with
groundwater, than spray irrigated with groundwater or drip and spray irrigated with
wastewater (Figures 6.28-6.29). These results concur with chloride levels in sail.
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Figure 6.28 Effect of application of wastewater and saline groundwater and of drip

and spray irrigation on chloride in juice from vines harvested in
1998/99 (levels of significance shown: NS <90%).
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Differences in chloride levels in juice from vines spray and drip

irrigated with saline groundwater and winery wastewater (level of
significance shown).

Wine quality 1996/97 season
Wine made from grapes irrigated with winery wastewater had significantly superior levels in
a number of quality indices: alcohol, colour, total anthocyanin, and phenolics {(higher) and
chloride (lower), but inferior (higher) levels of sodium (Table 6.11). Irrigation method only
effected sodium and chloride (Table 6.12). Differences in wine quality were not associated
with berry size, which varied by about 2% between all treatments (Tables 6.9 and 6.10).

Table 6.11 Effects of irrigation with saline groundwater and winery wastewater averaged
for irrigation method on wine quality made from grapes harvested in |996/97,
significance: NS <90%, + 90%, * 95%, ¥ 99% probability level.

PARAMETER GROUNDWATER | WASTEWATER | SIGNIFICANCE

Alcchal (%V:V) i4.51 14.86 *

3G 0.99 0.99 NS

Sugar (g/L) 0.18 0.1 -

Titratable Acidity (g/L) 6.03 6.18 NS

pH 4.1 401 NS

| Total Anthocyanin 13,95 16.26 s

Total Phenolic 239 26.2 *

Colour 6.57 7.64 2

Na (mg/L) 39.2 47.1 *

K (mg/L) 1994 1903 NS

Ca (mg/L) 66.7 65 NS

Cl (as NaCl mg/L) 501 419 ¥

SO, (as K,50, mg/L) 411 396 NS
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Table 6.12  Effects of drip and spray irrigation averaged for water type on wine quality
made from grapes harvested in 1996/97, significance: NS <90%, + 90%, *
95%, ** 99% probability level.

PARAMETER GROUNDWATER | WASTEWATER | SIGNIFICANCE
Alcohol (%V:V) 14.77 14.60 NS
Specific Gravity 0.99 0.99 NS

Sugar (g/L) 0.14 0.15 NS
Titratable Acidity { g/L) 6.03 6.18 NS

pH 411 401 NS

Total Anthacyanin 15.37 14.85 NS

Tota!l Phenclic 253 2482 NS

Colour . 7.20 7.00 NS

Na (mg/L) 39.3 470 *

K (mg/L) 1957 1940 NS

Ca (mg/L) 66.0 65.7 NS
Cl (as NaCl mg/L) 434 487 +

SO, (as K,SO, mg/L) 391 418 NS

Sodium: Sodium was significantly higher in wine made from vines spray irrigated than drip
irrigated or irrigated with winery wastewater than groundwater (Figure 6.30). As with the
juice samples, wine made from grapes harvested from sites spray irrigated with winery
wastewater contained the highest levels of sodium (Figure 6.31).

Wastewater [ i _.:
Groundwater : 95%.
Spray ]
Drip
°o n® ®» B 4o @
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Figure 6.30  Effects of spray and drip irrigation, and of irrigation with saline
groundwater and winery wastewater on sodium in wine made from grapes
harvested in 1996/97 (level of significance shown).
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Figure 6.31 Effect of drip and spray irrigation with saline groundwater and
winery wastewater on sodium in wine made from vines
harvested in 1996/97 (differences between pairs of means were
not significant).

Chloride: Drip irrigation with groundwater resulted in significantly higher chloride in wine
than spray irrigation with groundwater or drip and spray irrigation with wastewater (Figures
6.32-6.33). These results concur with both juice samples and chloride levels in soil.
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Figure 6.32 Effect of drip and spray irrigation and irrigation with saline groundwater
and winery wastewater on chloride in wine made from vines harvested in
1996/97 (levels of significance shown).
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Figure 6.33  Effects of drip and spray irrigation with saline groundwater and
winery wastewater on chloride in wine made from vines harvested
in 1996/97 (level of significance is shown).
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6.3 Discussion

6.3.1 Effects of Wastewater Irrigation on Grapevines

Application of winery wastewater via the industry standard 4L/h drip system realised a
15% increase in yield from the own rooted Cabernet Sauvignon, attributed to a combination
of lower inorganic salts and additional nutrients contained in the wastewater.

Increased yield was associated with variable quality. Wine made from the wastewater
treatments in the | 996/97 vintage exhibited superior indices of anthocyanin, total phenolics
and colour. Berry size varied little between treatments in 1996/97, whereas berries from the
1998/99 vintage were larger for the wastewater irrigated treatments. |n this season larger
berry size from wastewater treatments was associated with a similar percentage decrease in
total phenclics compared with groundwater treatments.

Lower chloride concentrations in the wastewater significantly reduced chloride in both

the juice and wine. However, chloride levels in the juice samples in 1998/99 were close to
the legal limit of | g/l as NaCl

Sodium concentrations remained significantly higher in juice and wine from wastewater
irrigated treatments. This effect is contrary to lower concentrations of sodium found in the
wastewater produced particularly during non-vintage used for irrigation of the vines from
December to early January. It is likely higher uptake of sodium under wastewater irrigation
is related to the high sodium adsorption ratio -concentration of sodium relative to those of
calcium and magnesium, which is almost 2-times higher than in the groundwater.

6.3.2 Impacts of Wastewater Irrigation on Soil Chemistry
Salts

Yalumba Wines chose to use winery wastewater to irrigate the Mexican Vale vineyards
partly because of its lower inorganic salt content compared with the saline groundwater
(Table 6.4). As anticipated, soil irrigated with wastewater contained significantly lower
amounts of chioride and total salts, particularly when applied by 4L/h drip. Levels of sodium
in soil and sodicity were unaffected by water type.

Mutrients

Amounts and distribution of nutrients with distance and depth were unaffected by water
type, despite the disparity in loading particularly of spray irrigation with wastewater (Table
6.5). Total amounts of organic carbon, nitrogen and phosphorus added annually through
wastewater irrigation remained low in comparison to soil levels (T; ables 6.2 and 6.3).

Chapman (1995a) noted that after 20 years wastewater irrigation of the original pasture
site of Yalumba Wines, organic carbon content of the soil had only increased by 0.8 of a per
cent compared with non irrigated soil under similar management. Most of the organic
carbon was most likely lost as carbon dioxide.

6.3.3 Effect of Spray and Drip lrrigation on Soil Chemistry
Salts

The spray system enabled discharge of higher volurnes of wastewater than drip emitters
due to a much greater horizontal spread of water and lower efficiency in delivering water to
the surface layer of soil. Higher loading of salts under spray irrigation was reflected in
significantly higher levels of inorganic salts remaining in the soil profile than under drip
irrigation and unsustainable increases in sub-soil salinity.
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6.3.4 Seasonal Effects and Long Term Trends
Salts

Distribution of salts within the soil often varied by a greater amount between successive

sampling dates, than differences resulting from treatment effects, emphasizing the impartance
seasonal effects on impacts of irrigation.

Winter rainfall was only effective in leaching salts from the rootzone (i.e,, > m depth) of
the drip wastewater treatment. Ineffective leaching resulted in accumulation of salt in the
bottom clay layer at annual rates of 0.024 d5/m for wastewater spray and groundwater drip,
and 0.048 d5/m for the groundwater spray treatment By the last sampling time in June 1999
salinity levels in the bottom clay layer had sufficiently diverged between treatments to show
up as a significant interaction with depth of scil layer (Figure 6.8).

Mutrients

Mitrate and ammonium exhibited the greatest seasonal variation indicative of their higher
mobility in soil compared with most other nutrients, no trends were observed.

Higher plant available phosphorus in the topsoil at the November, pre-irrigation sampling
may be due in part to a post vintage decline of microbial populations in response to lower
organic and nutrient loading and lower activity during the colder months. Turnover of the
biomass during a more rapid phase of microbial activity in spring may release previously
micrabial assimilated phosphorus and other non-available forms of phosphorus.  Subsequent
decline in topsoil phosphorus may be attributed to use of the phosphorus by the vines and by
new microbial populations metabolising organic substrates especially during vintage.

6.3.5 Implications for Management

Irrigation of winery wastewater by 4L/h drip was the only environmentally sustainable
management system. This system though potentially results in larger berry size and thus
reduced quality. A number of management options could be adopted to reduce berry size:

|. Calculate the fertiliser value of the wastewater and balance loading with normal
vineyard requirements of nutrients.

2. Reduce product loss in the winery, which is the main source of major nutrients.
3. Maintain a sward of grass on the mounds.

Spray irrigation with winery wastewater was not sustainable under current management
practices due to accumulation of salts within the soil profile. Annual application of a leaching
fraction using the groundwater to assist winter leaching of the salts will be essential. An
initial high application is necessary to flush out salts that have accumulated over the 5 seasons
of wastewater irrigation by this method.

Success of the leaching irrigation can be assessed by either maintaining the twice-yearly
soil sampling at 60 cm from the vine row as described in section 6.1.7, using a minimum 10
sites to reduce effects of soil variability. Routine monitoring of the vineyards occurs as part
of the wastewater license agreement

6.3.6 Economic Evaluation (D. Zimmermann pers. comm.)

Cabernet Shiraz from the Mexican Vale vineyards is sold to the domestic market in a
medium to low price point blend. Occasionally the Shiraz has been of sufficient quality to be
incorporated in higher price point fsignatureg blends.
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Increases in yield associated with increased berry size (e.g. |998/99 vintage), resultin

poorer quality blends. As a result income from the additional cases available for sale is offset
by lower prices, hence revenue neutral.

Yield increases in 1996/97 that were associated with better quality fruit, realised the
benefits of higher volumes of wines that attracted higher prices.

Successful use of the wastewater for irrigation of winegrapes enabled development of an
additional 20 ha of new vineyard on the Northern side of the Yalumba Wines winery at a site
that had questionable availability of suitable groundwater (groundwater from the bore at
Mexican Vale has been used during establishment).

6.3.7 Further Research

Results of this study suggest that the salinity and sodicity of irrigation water affect juice
quality. Other researchers examining effects of salinity on winegrapes usually kept sodicity
constant, or allowed SAR to vary with EC in a non-uniform manner (R. Walker pers. comm.)
A glasshouse study is recommended to test effects of irrigation water of variable salinity and
sodicity on sap composition of salts for a small selection of red and white cultivars, own-
rooted and |-2 commeonly used rootstocks is therefore recommended. Sap composition is
preferred as many differences between cultivars and rootstocks in uptake of salts are due to
exclusion by roots. Sap composition may be related to yield and/or quality via field
measurements using existing experiments (This may also require determining effect of rate of
sap flow on composition).

Potential effects of salt and sodicity may depend on growth stage. This may have
important cansequences for targeting application of better and poor quality water where
more than once source could be used for irrigation (e.g, dam and groundwater). A
secondary study on effects of salt and sodicity at different growth stages of vines is also
recommended.

Potential collaborators would be Dr R. Walker (CSIRO Plant Industry), and Mr R.
Stevens (PIRSA).
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Appendix 6.1 Distribution of soil types at Yalumba Wines
Mexican Vale Vineyard.
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7.0 General Discussion

The prominence of environmental management has substantially increased during
the past decade.

| I strongly recommend that the National Australian Wine Industry develop an
Environmental Management Awareness statement (an example is given in the book Winery
Wastewater: Production, Impacts, Management).

State Environmental Protection legislation exists across Australia. In some states
wineries abave a minimum production capacity are licensed for waste management that
requires an agreed management program. Environment Management Systems (EMS) are
outlined in the book Winery Wastewater: Production, Impacts, and Management. EMS
development requires an understanding of local, state and national laws and by-laws effecting
management and discharge, for which there is considerable inconsistency across States,

| recommend that at Federal and State legislation on water use and wastewater
management be reviewed for similarities, differences, cost of administering, and effectiveness
in achieving environmental outcomes. This will enable the industry to position itself to
influence review of legislation to ensure better consistency across States.

Audit of waste management and monitoring of discharge environments are required
components of license agreements. Information on these subjects is in Chapman (1996) and
EPA-SA (1996). The major problem in obtaining data is making use of it, and the lack of a
national data base that could assist wineries and others in obtaining general wastewater
parameters.

| recommend that a national wine industry data base on wastewater characteristics be
established. This may require providing assistance to State Environment Protection
Authorities (EPA) in data entry and establishing links to established systems.

The audit and review of relevant legislation enables wastewater characteristics to be
ranked in importance of management priority. All current State EPA legislation base
licensing on water waste, which then becomes the major focus of management
systems.

Fact: Reduction in water waste is not being matched by concurrent reduction in salt and
nutrient loading.

This research identified salt loading as the second most important management
issue behind water waste. Using sodium hydroxide (caustic soda) for cleaning equipment is
the major source of salt and sodium. Use of caustic soda is based on a perception that all
residues on the walls of equipment must be removed to prevent tainting of juice and wine.
Some newer wineries have successfully used high pressure and temperature cleaning to
minimise use of caustic.
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| strongly recommend: that a study on the feasibility of high pressure and temperature
spraying as a partial substitute for caustic washing of tanks be conducted. The study would
compare the effectiveness of the two cleaning systems in removing residues off the walls by
examining what is left behind (usually protein). Subsequent batches of juice or wine would
be tested for contamination by the residues (laboratory analysis and taste). The Australian
Wine Research Institute would be the potential collaborator.

| A practical guide on tank cleaning would be praduced.

The enviranmental aim could be to reduce caustic use by 20-40 % across the industry.
Savings in citric/tartaric acid rinsing, used to neutralise caustic residues, will also occur.

Salts are also added through product loss.

I recommend an industry awareness program on the economic and environmental benefits
of reducing product loss. The program could assist wineries to estimate current losses and
identify practices leading to unnecessary loss. ]

Management is based on the hierarchy of Cleaner Production.

Important Fact: Objective of irrigation management is a major determinant of potential
environmental impact. Two distinct objectives of winery wastewater irrigation are currently
used:

I, Evans and Tate Ltd example: irrigation is used to discharge wastewater; minimal site
area, volume and/or frequency of application are dictated by volume generated in the
winery. Higher potential risk of environmental harm.

2. Yalumba Wines example: wastewater is used as a source of water for economic use in
irrigating vineyards, application volumes based on vine needs, excess wastewater can be
re-routed to a treelot used as back-up. Lower risk of environmental harm.

Given the distinct objectives of irrigation management, monitoring is essential. This
research highlighted a number of important aspects of soil monitoring:

|. lIrrigation always impacts the environment, the question is which direction:
positive or negative! Site history will be a major determinant. Yalumba Wines is
an example of positive effects, particularly saits, due to past irrigation using a
groundwater of poorer quality than the wastewater, Evans and Tate Ltd irrigation of
a past dryland site had negative effects on salinity and sodicity.

2. Different monitoring programs will be necessary for discharge/reuse sites.

3. Wastewater irrigation at Yalumba Wines had relatively immediate effects on
inorganic salts than nutrient levels. Thus different meonitoring programs will be
needed for salts (more intensive) and nutrients (less intensive)-an article on this
issue will be published.

4. Long-term effects: e.g., salt buildup within bottom clay soil layer due to
incomplete leaching by winter rainfall at the Yalumba Wines site.

The research project also highlighted the value of multiple component monitoring,
e.g., plants and soil, in detecting unexpected effects of wastewater irrigation. The sodicity
of the water source appeared to effect grape quality at Yalumba Wines,
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I recommend a review of state winery wastewater audit and monitoring procedures for
consistency between States, cost of complying, environmental importance, and effectiveness
in reviewing management strategies.

| further recommend an education program on the value of site monitoring.

Environmental management is perpetual, and should be available for external
auditing.
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