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1. ABSTRACT

The project “Herbicide reduction strategies for winegrape production” amed to investigate
the potentia for physica and culturd weed management practices to reduce the requirement
for herbicide gpplications in vineyards. It investigated the capacity for a range of cover
crops to compete with weeds, and a variety of mulching materids to inhibit weed
germination and growth in the undervine area. The impact of these practices on vine growth,
yied and qudity varied between the four trid locations, depending on soil type, irrigation
and fertigation practices and cropping potentid.

Associated work investigated the impact of different cover crop termination practices on
summer weed growth, the development of a ribbed roller to lay down cover crops and a
gponge wiper for control of weeds in the mid-row and the under-vine area and the water
use and competitiveness with weeds of severd native species.

2. EXECUTIVE SUMMARY

What is a vineyard weed? This is one of the questions that was asked in the project
“Herbicide reduction srategies for winegrape production” funded by growers through the
GWRDC. How do weeds differ from sown cover crops, and are there ways these plants
can be managed rather than annually being removed with herbicides? Are weeds plants
other than those planted in the vineyard, or do they have particular characteristics which
make them undesirable — prickles, growth in the canopy, competition for soil moisture and
nutrients, or purely nuisance value may be enough to classfy a plant as aweed. However,
when the full cogt of eradication is accounted for, including environmenta cods that may be
associated with chemica application or cultivation, then the tolerance to plants other than

vinesin avineyard may change.

Inevitably however, weeds do exist and need controlling. Are there cost effective options to
herbicides for weed control? This project took a four pronged approach to the
invegtigation, namdy:
- undervine mulching
cover cropping
cover crop termination
machinery development.

Undervine mulching

Undervine management is the mog critica for the hedth of the vines, as it contains the
greatest concentration of vine roots. Conventional weed control involves the creation of a
bare drip by usng knockdown and resdud herbicides or less frequently, cultivation.
Environmentally, how benign are these practices though? A bare soil surface is not
conducive to good soil sructure which has implications for water infiltration. Nor is it
conducive to generd soil hedth, including chemical and biologicd fertility.

If it is accepted that weeds need to be controlled in the under-vine area, then what are the
options? Mowing is used quite successfully to reduce the plants leaf area and consequent
evapo-trangpiration. Steam weeding has now been developed to the stage where it can be
used codt effectively in samaler vineyards. There are numerous mechanica devices avalable
which use disc or rotary tillage principles for control. While this equipment can be effective
given suitable plant and soil conditions, they are often costly to purchase and require repest




goplications. This project focussed instead on the use of mulches to suppress weed
emergence, thereby providing longer-term weed control and potentiadly nutritiona benefits
aswdll.

For weed suppression, wheat straw applied to 20 cm depth was most cost effective.
Composted products, including recycled organic materids and grape marc, dong with grape
sems, applied to 7.5 cm depth, were equaly effective in weed suppression, but there
effectiveness was dependant on the species prevadent a the site and the management of the
mid-row. If there was any seed rain from the plants in the mid-row, then the compost
provided an ided medium for seed germination.

Jute matting provided effective contral in the two years prior to decomposition.

Compost mulches dso provided significant nutritiona benefits at some sites, leading to yied
increases of up to 50% without alossin juice qudlity.

Cover Cropping

The mid-row area often accounts for about 70% of the vineyard floor, and weed
management is the principal reason for activities on thisarea. Cover cropping is now widdy
practiced, which may be used as a green manure in spring, or less frequently to sde throw
under the vines as a weed mulch and nutrient source for the vines in an area of greeter vine
root activity.

The capacity for cover crops to competitive with weeds varies considerably between
species. Cereds, especidly barley, and to lesser degrees whet, triticae, rye and oats, are
srong competitors. Fodder turnip dso displays strong early growth to compete with
weeds. Dense stands of medics and sub-clovers generate large amounts of spring biomass,
and will compete strongly, particularly in nitrogen deficient soil. Perennia ryegrass and
medics/sub-clover were also a very compatible mix for weed control.

In an associated trid, perennid prodtrate saltbush and native grasses were investigated for
ther potential  as subgtitute pecies for mid-row plantings. Their respective capacities to
inhibit weed growth while smultaneoudy having minimal impact on soil water avalability to
the vines are the primary assessment criteria at this early sage. Visud observation suggests
the three species investigated competed strongly with weeds. Wallaby and windmill grass
gppear to be usng more water than perennid ryegrass, while sdtbush is asmilar. Despite a
limited amount of research work with these species and their applicability to vineyards, they
are dready being used on commercid properties, showing there is interest in enhancing
vineyard biodiversity usng native species.

The mid-row region therefore needs greater attention paid to how it is utilised, so costs can
be minimised and benefits to the vine redised. Suitable cover crops can then be grown
which reduce weed growth but smultaneocudy enhance the vines without costing annudly in
excess of $100 /hato sow.

Cover Crop Termination

This trid was designed to answer the question of which is the best way to terminate cover
crop growth to reduce summer weed populations. Sashing ether soldly or followed by
herbicide and or cultivation is most commonly used to finish cover crop growth. As an
dternative to dashing, where plants are reduced to smal particles which bresk down
rapidly, a ribbed roller (see next section) was developed to lay cover crop on the soil




aurface. This was aso compared to a herbicide agpplication and then leaving the crop
ganding.

Rotary hoeing following dashing enhanced the germination of marshmdlow and medics. The
other trestments had smilar populations. This area of cover crop management requires
further investigation, as there is dso potentid for the sdlection of cover crop species as
competition and suppression for particular weed species. For example, it appears that
barley has strong dlelopathic potentid againgt wireweed, which can be a mgor summer
weed problem.

Machinery Development

The potentid for developing machines pecificdly suited to vineyards, which were effective,
chegp to manufacture and of low maintenance requirements was pursued within a limited
budget. As noted previoudy, a ribbed roller was developed to lay down cover crops,
smultaneoudy creasing the stlems to cease growth.  This machine was very effective for tall
growing cereds, brasscas and weeds, where the soil surface was flat or soft enough to
enable the cutting edge to function across the width of the roller. It was relaively cheap to
fabricate, and is very low maintenance, S0 attracted alot of attention at the field days where
it was exhibited.

Glyphosate usage is limited in vineyards to the vines dormant period or the use of covered
CDA sprayers in suitable conditions. To enhance the range of application timesfor thisvery
useful and chegp product, sponge wiper technology from the USA was modified for use in
both the mid-rows and under-vine. This machine was very effective a providing sdective
control based on plant height in a wide range of species while providing drift-free
gpplication. Care Hill needs to be taken that no contact is made with water shoots or
pendulous canes, but otherwise the machine was very easy to use and maintain, and
received pleasing reviews from those who assessed it.

In conclusion, this project has shown thet it is possible to reduce herbicide use (and
cultivations) in vineyards. Managers firgtly need to reassess what a weed is in a vineyard
and what is the purpose of the mid-row, then manage accordingly so cost-effective benefits
can be provided to the vine and the vineyard floor. However, further work is required in
developing improved management of summer weeds, in further assessng the potentia of
native perenniad grasses and sdtbushes and developing improved seeding techniques for
these species, and in better management of the under-vine area, S0 soil hedlth is enhanced
with consequent benefits to vine yidd and qudity.



3. BACKGROUND

Grape production systems in Austrdia are by world standards of low chemicd input.
However, in an industry so market driven as wine, there is no room for complacency.
European and Japanese markets are becoming increasingly senditive to chemica usagein
food and beverage production, requiring vignerons to pursue best practice management
based on low pedticide input. The threat of herbicide resistant weeds, and the potentia for
on and off-farm pollution al increase the need for technologica solutions which are
ecologicdly and economicaly sound. Weed control in vineyards, when poorly managed,
has the potentia to be very expensive, environmentaly damaging and detrimenta to vine
productivity and grape qudity.

The project “Herbicide Reduction Strategies for Winegrape Production” was aimed at the
development d non-chemica or reduced chemicad weed management systems to provide
both organic and conventiona growers with a broader spectrum of opportunities for weed
control. Thiswas designed to assist the wine industry in achieving goa's of reduced chemicd
application and in meeting environmenta requirements that would consolidate the ‘clean and
green’ image of the indudtry.

4. PROJECT AIMS AND PERFORMANCE TARGETS

Aims:
To devdop dable, robust weed management systems with reduced reliance on
herbicides, for arange of agroclimatic zones
To integrate weed management in a sysems agpproach with vineyard management,
incorporating the needs of water, nutrient, pest and disease management with production
€conomics.
To provide a package of weed control strategies that will enable both conventiond and
organic producers to either minimise or negate their herbicide requirements, without
compromising ether grapeyield or qudity.

The following outputs and performance targets were origindly suggested:



Outputs Performance Tar gets
1. Established A grower group consgting of 10 members established for each trid
grower groups ste by March 2001.

2. Weed inventory

3. Literature
review

4. Edablishtrids

5. Progress report

6. Harvested trids

7. Extend
informetion

8.Continuing
project submission

9. Find report

For each site develop aweed inventory by May 2001.

Review the literature on te individua weed species, to determine
their biology, ecology and management options, by June, 2001.

By July, 2001 and 2002, have planned and implemented trids at a
minimum of five Stes.

By July 13, 2001, provide the corporation with a progress report and
statement of receipts and expenditure.

By May of 2002 and 2003, trids will be harvested and the fruit
assesed for yield and qudity.

By December, 2002, field days will have been conducted at least
once & each dte, aticles will have been published in industry
magazines, and further extensgon undertaken where possible.

Submit application for project continuation by December 15,
2001and 2002.

By the 28" of September, 2003, the final report will be submitted to
the GWRDC.

In addition to the above, new research directions proposed in 2002 |ed to the following:

Outputs (for 2002/2003) Performance Target (for 2002/2003)

1.Water use and weed suppression trid 1. By December 2002, establish a

2.Inter-vine
development

replicated trid a Roseworthy investigating
the relative water use of a range of native
perennid species which will provide weed
suppression in the mid row.

herbicide gpplicator 2. By July, 2002, develop an effective

sponge wiping mechaniam for safe, efficient,
low cost non-selective herbicide application
aong the vine row.

The balance of this report will describe the methodology and outcomes of this project.



5.METHODS
This project involved four principle components, as listed below:
The design and implementation of on-farm trids

The design, manufacture and assessment of new equipment

The prdiminary investigation of native perennids as suitable cover crops.
The ddivery of outcomesto indudtry.

5.1 Thedesgn and implementation of on-farm trials

5.1.1 Background

Weed management in vineyards is based on the management of two didtinct aress — the
mid-row and the undervine area.  To provide long-term control of weeds in both aress, it
was necessary to investigate practices other than conventional knockdown techniques based
on herbicides. A range of environments was aso required in order to cover different weed

spectrums, soil types and rainfdl / irrigation regimes.

5.1.2 Trial Stes

Four off campus dStes were chosen to provide the environmentd diversity required for this
project to be relevant to a large group of growers. The dite characterigtics are shown in
table 1. Thetria Steswerelocated at:
Clare — Southcorp vineyard
Kingston on Murray — BRL Hardy’s Banrock Station
Langhorne Creek — Rosemount Wines

BarossaVdley — Ann Wdls

Rosaworthy Campus

Table 1: The principa characteristics of each trid Ste are shown below.

Site Varieties Soil type Rainfall | Dominant weed species
(Ave)
Clare Chardonnay | Dark grey | 634 Capeweed, wireweed,
Merlot brown fine sandy brome grass, milk thistle
clay loam
Kingson on| Chardonnay | Dark brown | 244 Long fruited turnip,
Murray loamy fine sand wireweed, milk thigle
catrop (in summer)
Langhorne Cabernet Dak brownish | 383 Blackberry nightshade,
Creek sauvignon grey fine sandy dlverlesf nightshede, wild
clay loam radish
Tanunda Shiraz Dark brownish | 547 Capeweed, ryegrass,
Cabernet grey fine sandy bromegrass, wireweed
sauvignon clay loam
Rosaworthy | No vines Dark brownish | 446 Wireweed, capeweed,
grey fine sandy ryegrass.
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5.1.3 Trid desgns

At each off-campus ste, two experiments were established in 2001. Both experiments
were designed in consultation with biometricians to ensure satistical robusiness. The trids
were:

5.1.3.1 Determination of the ability of a range of cover crop species to congtrain weed
growth and to examine the impact of the cover crops on vine nutrition, growth and yidd.

The cover crops included annua pasture legumes and grasses which were expected to
regenerate each year, perennid ryegrass and a green manure crop. Species were chosen
specificaly for each ste according to soil type and rainfal. Where possble, cultivars with
resistance to insect pests such as red-legged earth mite were dso chosen.

The trid was established in a randomised block design of 5 treatments replicated five times,
with each plot covering 2 panels. The cover crop was sown on both sides of the vinesfrom
which measurements were to be taken. The control plots received the same tillage as other
treatments, but no seed was sown.

Assessment:

Crop vsweed biomass production:
In spring of both years, biomass cuts using a 0.1 n? quadrat (2 per plot) were sampled and
sorted to crop and non-crop species, oven dried and weighed.

Vine petiole and leaf blade total N content:
Nitrogen, in its nitrate form, is highly mohile in the soil, and readily taken up by the vines root
system. Using this characterigtic of nitrogen, petiole samples from the vines adjacent to the
high legume component treatments and the control plots with no legumes were andysed in
2001 and 2002. Petioles were sampled at 50% capfal and leaf blades at harvest, dried at
40°C, ground and analysed for total N using Complete Combustion Gas Chromotography
at Waite Andytical Services.

Yidd and quality (baume, pH, TA, colour ):
Pots (excluding buffers) were hand-harvested, grapes were weighed on-Ste, and samples
were then sent to company laboratories for qudity assessment. Colour analysis of red
grapes was performed at the AWRI |aboratories.

Table 2: Cover crop alocation over the four tria sites, 2001/02.

Cover crop used Banrock Clare Langhorne Barossa
Station Creek Valey

Cered ryebarley / legume | Year 1 Year 1 Year 1 Year 1

green manure

Fodder turnip Year 2 Year 2 Year 2 Year 2

Medic /annual ryegrass v v v

Sub-clover / annud v

ryegrass

Perennia ryegrass v \ \

10



Note: The cultivars used at each Ste are shown in Appendix 1.
5.1.3.2 Determination of the ahility of arange of mulching materids gpplied to the undervine
area to suppress weed establishment, and their subsequent impact on soil chemigtry, vine
growth, yied and grape quality.

The mulching materids utilised in the trid were commercidly avalable products. All
materias were gpplied to arow width of 60 cms. Plots were 2 panels in length with 6 vines
in totd, giving a plot length of 9 — 12 metres, depending on vine spacing. A Latin square
trid design was used, so the trid extended over 5 or 6 rows (Banrock), with each treatment
represented in each row.
The products used and there gpplication rates were:
1. Jute matting, 800 gmvn? density, laid on the soil surface and cut to
fit around the vine trunks and pogts.
2. Recycled organics compog, referred to as Nitramulch (Peats Soils) or Jeffries
Compost. Thiswas applied to a 75mm depth.
3. Grape marc compost, produced by Peats Soils, made from grape marc and animal
manures composted Smultaneoudy, gpplied 75mm deep.
4. Whest straw, applied 200 mm deep.
5. Grape staks, a winery waste product from the de-stemming process. These were
applied at 75mm deep.

All experiments included a nil treatment control, which was treated in accordance with
standard vineyard practice — that is sprayed or mechanicaly weeded.

Assessment:

Weed populations and biomass. where the populations were smal, weeds were counted
dong the entire plot length excepting the buffers.  Alternatively, biomass cuts (2* 0.5 nf /
plot) were taken.

Soil chemistry: prior to implementation of the trid, soil samples (3 / plot) to 15 cms deep
were taken, oven dried at 40°C, and stored. This was repeated at the conclusion of the
trid, and al samples were analysed for total N, ammonium N, P, S, organic carbon, Fe,
EC, pH (CaCl), pH (H,0), texture and colour. The change from antecedent to new levels
was caculated and gatisticaly analysed.

Vine nutrition: Vine petioles were sampled a 50% capfall and treated as per section
5131

Grape quality: Asper 5.1.3.1.

The mulch trestments applied at the four Sites are shown below.

Table 3: Mulch materids and thelr Ste of application.

Mulching Materid Banrock Clare Langhorne | Barossa
Station Creek Vley

Jute matting v v v v

Green organicscompost | ¥ v v v

11




Green organics mulch v v
Grape marc compost v v
Grape stalks v
5.1.3.3. Cover crop Management - Roseworthy Trids
M ethodology
Y ear 2002

To determine the effect of cover crop management on summer weed growth, a range of
cover crops were sown then treated in spring by ether rolling, dashing, dashing and rotary
hoeing or left ganding. Assessment of this trid was through plant counts and biomass
production of wireweed (Polygonum aviculare) during the summer period.
Four cover crops, involving a range of species, were sown in a randomised complete block
design with four rdlications. The cover crops used were:

1. barley/medic green manure mix

2. medic/ryegrass mix

3. fodder turnip

4. perennid ryegrass

5. control

Biomass sampling and weed populations were determined through dry matter cuts (15-3-

02).

Y ear 2003.
In year 1 there appeared to be a strong ale opathic impact from barley on wireweed. To
determine if this was influenced by cover crop management, a crop of Mundah barley was
sown, and the same treatments were imposed a grain fill sage of crop maturity.
Termination trestments were applied a early grain fill (9-10-02), by which time the barley
had generated 4.9 t/ha of biomass. The treatments applied were:
1. weed wiper using glyphosate residue left standing
2. layed down on the soil surface with aribbed roller
3. mulch with Slvan mulching mower
4. mulch and rotary hoe.

Weed counts and biomass production were determined on 13-5-03.

5.2 Thedesign, manufactur e and assessment of new equipment

The termination of cover crop growth in spring generdly involves dashing or mowing, then
ether spraying the regrowth with a broad-pectrum herbicide or usng cultivation. Mowing
breaks the cover crop up into very smal pieces which decompose quickly, providing little
mulching benefit for weed suppresson or moisture conservation. Other downsides of these
techniques are the additiond mid-row traffic, cogt in time, energy, mantenance and
herbicide. Herbicide application is seen as the more environmentaly benign gpproach to
weed control because it prevents the need for tillage. To overcome some gpparent gaps in
equipment now used by growers for terminating cover crops and gpplying herbicides, two
new pieces of machinery were desgned and manufactured. These were aribbed roller and
a sponge wiper mounted on the front of a four whed ATV. With additiond funding from
GWRDC in 2002, an under-vine version of the sponge wiper was aso devel oped.

12



In addition, a Bezzerides under-vine weeder was donated to the project by the Cadifornian
company and was evaluated by severd growers.

5.3. Theprdiminary investigation of native perennials as suitable cover crops.

In spring of 2002, an extinct water use site which was aready equipped with neutron probe
access tubes, was planted to 7 native perennid species. The trid desgn enabled 3

replicates of each treatment.

The dte was initidly irrigated by soaker hose to enable plant establishment. This ceased a
the beginning of September, and so0il water measurements using a neutron probe
commenced at the end of September, and were conducted monthly until April. Biomass
cuts were taken in mid-December to determine weed vs trestment differences in

productivity.

Table 4. Perennid species used to determine comparative water use and weed
compstitiveness, Roseworthy, 2002/3.

Scientific name

Common Name

Atriplex semibaccata creeping sdtbush
Chloris truncata \Windmill grass
Myoporum

Phyla nodiflora Lippia
Dichondra microlata Tom thumb
perennia ryegrass

Danthonialinkel \Wallaby grass
Control | Bare soil

5.4. The ddlivery of outcomesto industry.

The ddivery of results to indudry through the wine industry press and spesking at
conferences, seminars and workshops has been a sgnificant part of this project. The

articles written and presentations made are listed in Appendix 1.

13



6. RESULTS AND DISCUSSION

The vineyard floor congsts of two discreet areas namdy the undervine and mid-row. This
section will address the outcomes of the trids dedicated to these zones of the vineyard floor.

6.1 Undervine

6.1.1 Weed control.

The trid dtes displayed consderable differences in weed pressure.  The capecity of the
gpplied trestments to smother weed growth was tested differently by the species present.
However, a dl dtes there were dgnificant reductions in weed populaions from the
goplication of dl mulching materias in the first year. Ther vaue in weed suppresson then
atered in the second year depending on the weed control in the under-vine area and the
mid-row in the first year. Where seed rain occurred onto the mulch, germination and growth
in the second year were consderable, particularly on the jute and compost treatments. This
was particularly evident at the Barossasite (Fig 1).

600
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0
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()
0
£
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m
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0 T T T T
Jute Straw Fine Coarse Control

compost compost

Figure1: Weed biomassin the undervine area, Barossa, 31-10-02

The performance of the individua products as weed suppressing agents is discussed further
below.

Jute matting

Jute matting was included in the trid as it was expected to provide a biodegradable mulching
materid suitable for use in establishing a new vineyard. It was gpplied in 60 cm wide strips
of 800 gm/n? density materia, which is gpproximately 8mm thick. It was rolled out in a
continuous length aong the row, and cuts were placed a each vine trunk <o it fitted neatly.
Jute in the first year provided very good control of most plants, excepting nightshede a
Langhorne Creek. However, its steady decomposition through the summer and autumn
period compromised its value as a weed mat over the second season. Its use is therefore

14



not recommended for use in either new or established plantings for reasons of gpplication
cog, problems with handling and its period of efficacy.

Cereal straw

Wheat straw gpplied 20 cm deep proved to be a very effective smothering agent.
However, at Langhorne Creek, the Solonacea spp (Slverleaf and blackberry nightshade)
had sufficient energy to emerge through it. The need for caution when importing the product
onto the property was gpparent at Banrock Station, where in the first year aprolific stland of
wheat was produced in the straw via seed contained in it (see Fig 2). Fortunately this was
an innocuous “weed” with a short seed bank life and was readily sprayed ou, but some
herbicide resstant species are not S0 amenable. Where weed contral is the main reason for
undervine mulching, and where soil nutrition is not limiting vine performance, the results of
this trid would recommend the use of clean wheat or triticale cereal straw as an undervine

mulch. In most yearsit is aso readily avalable for a reasonable price, and the spreading is
now mechanised and efficient.

160.0

140.0

120.0

100.0

80.0

60.0

Weed numbers / m2

40.0

20.0

N I

Jute straw grape green grape herbicide
underfelt marc organic stalks control
compost compost

Figure 2: Banrock Station weed numbers, October, 2001

Grape marc compost, green organic compost and forest mulch.

In 2001 when this project was established, there was an issue with the disposa of winery
grape marc. Composting the marc was undertaken to add value to this product and provide
a source of organic compost available for use in vineyards and other intensive agriculture.
This product was used in the experiments a Banrock Station and Langhorne Creek.

15
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Figure 3. Weed populations, Langhorne Creek, February 2002.

As shown in figure 3, the grape marc compost provided better control of weeds than finely
seved green organics compost. It aso showed a grester capacity for inhibition of
nightshade over the summer period, and grasses over the winter period, while at Banrock
Station during the winter period, turnip weed emergence was suppressed more effectively
by the grape marc based compost. The population differences are dso sgnificant to the
extent that further weed control would be expected where the fine compost has been
applied but it would be difficult to justify a only 1.7 plants / nf as shown a Langhorne
Creek.

The difference in efficacy is possbly explained by the tannins contained in the grape marc,
which are sugpected of having dleopathic qudities (Ka burtji, 2001).

The levd of weed suppression provided by the fine organic compost was dependent on the
weed species present. At the Barossa site, the principle weeds were grasses, and their
emergence was controlled by this product. Larger seeded broadleaf weeds at the other
gtes were not controlled, suggesting the possibility of germination inhibitors contained in the
marc, and maybe an increase in energy requirement as shown in the larger seeded broadl esf
weeds to emerge through products with a coarser composition such as grape marc and
forest mulch products.

Grape Stalks

Banrock Station was the only site where this product was investigated. Grape stalks are
another winery waste product and were being used on the Banrock vineyard as an
undervine mulch, so they were included in the trid as avineyard best practice contral.

16



60

o 50 T
£ |
g
> 30 —
©
§ 20 —
10 T —
O T T T T T 1
Jute straw grape marc  green grape control
underfelt compost organic stalks
compost

Figure 4: Weed populations, Banrock Station, 11-9-02

Despite the grape stalks only being applied to 7.5 cms. deep, which is about half that used
by Banrock management, they were as effective as the other treetments at containing weed
growth, as shown in figure 4. The chesp nature of this product, low trangport cost and
efficacy compared to other products, would suggest this to be the preferred product for cost
effective weed suppression in the Riverland region.

6.1.2 Yidd and Quality

The impact of mulches on grape yield has been reported frequently (eg. Buckerfield, 2001),
but the range of mulches under invedtigation in this trid have not been previoudy been
compared for yield and qudity benefits at the same Site.

Langhorne Creek

This dte proved to be highly yield respondve to the addition of compost mulches.
Significant yield increases were recorded in 2002 and 2003, with a 50% increase observed
in 2003 with the use of green organic materia, as shown in figure 6 below. The reasons for
this increase are a combination of greater water availability through less weed growth and
the reduced evaporation due to mulch application, and the nutrient benefit of the compost
compared to cereal straw. The nutritiond benefits of the mulches are discussed further in
section 6.1.3.
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Figure5: Grapeyidds, Langhorne Creek, 2003( LSD = 806)

Mugt qudity was dso affected by the mulching trestments. Figure 6 shows a dight but
ggnificant decrease in Baume and pH from mulching with straw and increasesin TA through
straw and green organics compost gpplication.
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Figure 6: Mug qudity characteristics, Langhorne Creek mulching trid, 2003 (LSD’s.
Baume 0.28; pH 0.1; TA 0.67

The yield increases recorded were impressive, and would readily pay for the materid and
goreading cods in the first year. While qudity differences were recorded, it is unclear
whether these would be recognised as significant by winemakers.

Clare.

The 2002 harvest was low yidlding, and showed no sgnificant trestment differences. This
may have been due to the September application of the mulches, providing a limited time
period for the uptake of available nutrients into the vine.

The 2003 harvest was better, and trestment differences became evident, as shown in Figure
7.
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Figure 7. Theimpact of arange of mulching materids on grape yidd, Clare 2003 (LSD =
1025)

In this season, both the forest mulch and the compost achieved sgnificantly higher yields
than the control. The reasons for the yield increase are a combination of improved soil
moisture tatus and nutritiona benefits generated by the mulches, which are discussed further
in section 6.1.3.

Qudity analysis over both years showed no significant difference between any treatments.

Banrock Station

Grape yields at Banrock Station showed no trestment differences in either year, despite a
sgnificant increase in petiole N where green organic compost was applied. This outcome is
most likely explained by the masking of any nutrient or soil moisture conserving benefit of the
mulches by the large water gpplications used in this region, together with fertigation to supply
optima nutrient supply to the vines. The water conservation achieved through mulching is
smal compared to the quantity of water applied (> 5 ML/ha), preventing trestment
differences to be apparent. With al the vines nutrient requirements aso supplied through the
irrigetion system, there is no benefit in additiona nutrients being provided in the compodts.
The grape stalk mulch presently being used on this property provides smilar reductions in
weed growth to the other trestments, without any yield suppression, and is sourced localy
S0 it is much more cogt- effective than other mulches used on this Site.

The acid profiles of the must showed asmall but significant increase in pH (0.031 and 0.082
pH units respectively) where grape marc compost and grape stalks were applied, which
correlates with the increased levels of soil potassum observed under these treatments. The
importance of this pH increase from awinemaking perspective has not been determined, but
it should be monitored over the longer term to ensure the addition of grape stalks in this
environment is not adverse to quality specifications

Barossa

The dite selected for the undervine mulching trid displayed a high degree of varigbility within
the vines, preventing the collection of meaningful yield data. Grape berries were sampled for
quality assessment, and showed grester colour development following the gpplication of
jute, compost and forest mulch. Berry colour is influenced by factors such as nitrogen
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content and consequent skin thickness, berry sze (Dahnburg, pers. comm.), and fruit
exposure to light (Smart and Robinson, 1993). It is often suggested that these requirements
are more readily met by fruit from lower yieding vines, but as Campbel noted in Smart
(1993), the best wines came from higher yidding vines. This may well be due to a better
baance of soil nutrients, supporting the outcome from this Ste, that the vines fertilised with
compost produced better colour characteristics.

6.1.3 Pruning weights and shoot numbers

Pruning weights and shoot numbers were determined a the Clare and Langhorne Creek
gtes. They were not done at the Kingstornron-Murray Ste because it was a minimaly
pruned vineyard, and the Barossa Site again contained too much variability between vines.
The results for pruning weights are shown below. Shoot numbers were not significantly
different at either Ste.
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Figure 8 Pruning weights for the undervine mulching trids, Clare and Langhorne Creek
trids sites, 2003.

The # vaue for pruning weights and yied was 0.61 for Langhorne Creek and 0.05 for
Clare, indicating for the kiter Ste that other factors such as bunch and berry numbers and
sze were the primary reason for yidd differences. However, there were no significant
differences in these parameters ether. At Langhorne Creek the shoots were heavier and
there was avery strong (r* = 0.87) correlation between yield and bunch number, indicating a
change, possibly to soil moisture or nutrition, initiated an increase in bunch number the
previous season. Work by Skinner and Mathews reported in Coombe and Dry (1992) by
Robinson refers to low bunch numbers being attributed to restricted phosphorus supply.

Table 5 shows a sgnificant increase in soil P associated with grape marc application but the
highest yield came from the green organics compost treetment.  The impacts on yield and
pruning weights are therefore mogt likely from a combination of eements rather than any one
inisolation.

6.1.4 Soil chemistry:
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During the 2 year period of the trid, some very sgnificant changes to the soils nutritiona
status occurred, which in some cases was influentid on grape yield, sugar contents and acid
baance. The outcome of chemicd andysis performed on soil sampled before mulching and
after 21 months are shown below.

Table 5: The ggnificant changes in soil chemidry, expressed as a percentage, from 2001 to
2003. Those trestments which are sgnificantly different (0.05%) are shaded

Treatment

Clare N NH4P K |S |[OC|Fe|EC [pH CaCl [pH H20
jute 5 5 W0 5
Straw -71 37 |19 )
fores mulch |71 34 |20 11
compost -25 155 (114 16
control -25 12 (90 2
Langhorne

Ck

jute -64 0 |20 3.8 -0.4
Straw -14 62 |11 1.4 5.8
grapemarc 11 295 (338 6.8 5.8
compost 188 37 (120 3.4 -2
control -35 6 [-10 4.2 -0.2
Banrock

jute -2 |30 57

Straw 15 |9 57

grape marc 63 |147 187

compost 2.7 163 116

grape stalks -18 |124 74

control -16 [-22 27

Bar ossa

jute 63 |6 -8 3 6
Straw 136 |-23 0 3 )
forest mulch 220 |- 26 1 [10 17
compost 329 103 140 (10 16
control 88 |40 -13 3 8

An important outcome of thiswork isthat it expanded the information base about the impact
of mulches on weeds and productivity from the previous trids of Buckerfidd and Webgter.
This project applied the mulches in other environments which had not previoudy been
asessed. Thisis discussed below, based around some important soil parameters that were
anaysed.
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Nitrogen: At the Qare ste, soil N levels decreased under the straw and forest mulch
compost product, and increased significantly at Langhorne Creek where compost was
goplied. The Banrock and Barossa sites displayed no sgnificant change to soil N. The
nitrogen contents of the mulching materids ranged from 2.5% for grape marc compost to
1.1% for the forest mulch product. According to Wilkinson (2003), (Wilkinson and Bidla,
2001), composts need to have an N content greater than about 1.5% to supply significant
amounts d N. The grape marc products, despite having the highest N content, had no
sgnificant impact on soil N at the two Stes where it was gpplied. By contrast, green organic
compost gpplied at Langhorne Creek resulted in a 188% increase in soil N compared with
the control. This outcome would normally be treated with suspicion, but it correlates well
with the yidld increase (fig 5) dso shown a this dte. The reason for this discrepancy in
compost efficacy between sites is possibly due to the increased frequency of irrigation and
quantity of water gpplied, enabling grester minerdisation of the organic nitrogen and
increasing its availahility to the vines.

At Banrock, it is likely the nitrogen was ether utilised by the vines or leached through the
coarsdly textured soil, resulting in no change from the control trestment.

The Barossa and Clare Sites displayed no change in soil or petiole N, but the Barossa soil
was sufficiently buffered and N use by the young vines was low, so deficienciesin N through
the high C:N mulches (straw and forest mulch) did not occur.

Phosphorus: The grape marc compost contained in excess of 0.5% P, and a both Stes
where it was gpplied (Langhorne Creek and Banrock Station), a significant increase in soil P
occurred.

Potassium: The recycled organic composts contained approximately 3% potassum, and
generated up to 330% increase in soil K over the two year period of the trid. The grape
marc compost had a smilar effect a dl dtes except Clare and grape staks were dso
effective a raisng K levels at Banrock.

There have been concerns raised about the use of composted products which have high
available K contents and their potential impact on grape juice qudity through raised pH
(Agnew et d, 2003). Results from this trid would support the hypothesis of Agnew et d,
that grape vines have the capacity to regulate the rate of potassum uptake and therefore
have no detrimental effect on berry pH. This was determined by berry analyss a harvest.
Of the dtes used in this tria program, the Langhorne Creek dte provided the most
gpectacular responses to the mulching treatments. Grape marc compost, which raised sl
potassum by 338% (see Table 5), and significantly increased petiole potassum, did not
create an increase in must pH (figure 6).

Electrical conductivity: At Banrock, dl trestments resulted in increased EC's, with the
composted grape marc and green organics being sgnificantly greater than the control. A
possble explanation for this lies in the cgpacity of mulches to prevent water from reaching
the soil, particularly in the case of amdl rainfdl events. The 2002 year was a drought in the
Riverland region, and the leaching of sdts which may normaly have occurred with rainfdl
over the winter period may have been prevented or reduced by the mulches applied over
the surface. However, the soil dinity at dl stesislow (Hunt and Gilkes, 1992) and would
not be impacting on productivity.
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pH: The compos products, with pH levels ranging from 7 — 8.2, led to sgnificant increases
in soil pH at al Stes except Banrock Station. The 10% risein pH found at the Barossasite
represents a 0.5 unit rise, but the level remains in the pH neutrd level. At the Banrock site,
where the pH (CaCl) is 7.9 and therefore smilar to the most dkaine compog, the soil was
strongly buffered againgt any further rise. By contradt, the Clare Site antecedent pH (CaCl)
was 4.86, and by 2003 this had risen 0.5 units on the composted treatments. The compost
is therefore providing a vauable liming effect on acidic soils, but it would be seen as
detrimenta to nutrient balance to have them increase the pH beyond neutral on soils such as
those in the Barossa.

6.1.5 Vine Nutrition

It is difficult to redize the investment in undervine mulching purdy on the reduced
requirement for herbicides over the lifetime of the mulching materid. Other benefits such as
improved vine nutrition or soil moisture conservation may result in higher yields and thereby
repay the cost of mulching. As shown above, at the Clare and Langhorne Creek Sites,
mulching with the compost products generated Sgnificant yield increases.  Improved
nutrition for the vines is likely to be one factor creating the improvement in yidd. The
nutritiona differences between treetments were determined through andyss of vine petioles
and leaf blades.

The results from Langhorne Creek are shown below, and for the other sSites, in Appendix
54-5.6.
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Figure 9 Vine petiole andyss, Langhorne Creek, 2002, for (a) nitrogen (b) cacium and
potassium, (c) boron and zinc and (d) magnesium, sodium and phosphorus.
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The petiole analys's results mostly mirror the changes measured in soil nutrition, shown in
Table 5. For the two stes where yidd differences were evident, nutrient concentrations in
petioles provide judtification for the yied differences. At Langhorne Creek, increased
nitrogen, zinc and phosphorus were evident, but the only eement recognised as deficient
was nitrogen. These results would therefore confirm the benefits of the use of the
composted products to raise soil nitrogen levels, while smultaneoudy providing a balance of
other nutrients and improved soil moisture status to provide a yield benefit.

The information provided in figure 10 shows the inter-relationship between soil moisture,
nutrition and yield. Soil data showed the composts suppressed the soil nitrogen status over
the three year period, but this may have been through vine uptake rather than depletion
induced by the compost having a high C:N ratio. It is therefore predicted that on the
compost trestments, through improved soil moisture status, organic matter mineraisation has
occurred, and this nitrogen has been taken up by the vine, improving vegetative growth and
increasing bunch numbers.
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Figure 10: Langhorne Creek 2002, showing the relationship (r* =0.73) between yidd
(LSD=1.28), soil nitrogen content (LSD = .079) and moisture (LSD = 1.274)

This outcome is of condderable importance when discussng sudainable resource
management. The application of recycled organic matter to the soil as compost initsdf isan
eco-friendly venture. In doing so, ayield increase of 51% was achieved at the Langhorne
Creek dte, smply by providing the vine with better soil nutrients and water status and
thereby improving the water use efficiency. The use of recycled and composted organic
meaiter on vines in this regon is therefore recommended to improve yields and economic
returns.

The agpplication of compost was not dways nutritiondly beneficid to the vine. At the
Banrock Station site, the vines are fertigated, and much larger quantities of water are gpplied
over the growing season. It is possible that the mulches mineraised nitrogen in the sail, but
this was rapidly removed, ether into the vine or logt through volatdisation and leaching.
Increases in petiole concentrations of soil minerals occurred with calcium, potassum and
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phosphorus, and declined with magnesum. These rdatively stable soil minerds are less
prone to leaching and represent vauable nutrient input from the compost products.

At the Clare gte, Sgnificant differences in petiole nitrogen, manganese, zinc, potassum and
phosphorus occurred to varying degrees through the use of the mulching maerids. Of
interest was the increase in petiole N from the straw mulch trestment, which is agan
explained by improved moisture relations leading to increased organic matter minerdisaion
rates. At this Ste, petiole nutrient levels were quite adequate for al eements tested for
which there are published standards, so they were not ayidd congtraint. The exemption to
this may have been molybdenum. Williams (2003) has found that inadequate leves of this
element may be a cause of the ‘hen and chicken’ phenomena, which was evident in the
Merlot variety grown at this Ste. However the minimum detection limits for molybdenum
using the ICP system ae below the adequate levels required for vines, so this could not be
assessed.

Mulching at the Barossa dite led to increases in petiole potassum using jute, forest mulch
and compost but not by straw. Magnesum and phosphorus appear to be inversdy
proportiond to one another — that is, increased petiole phosphorus leads to reduced
magnesum. This outcome was aso shown a Banrock Station (Appendix 5.6). Again, dl
nutrient levels were found to be in the adequate range.

6.1.6 Conclusion

Mulches may have a greater influence on vineyard productivity than just weed contral.

However, where weed control and moisture conservation are the primary objectives, cered
sraw and grape staks are the chegpest and therefore most cost-€effective raw materid to
use. The compost products in some environments will provide nutrient benefits to the vine
which can have dgnificant effects on yield and to alesser degree qudlity.

The outcomes of this work emphasises the need for trids to be conducted on ste by the
growers rather than relying on research results generated a other Sites where management
and environment may be quite different. Nutritiondly, the compost mulches benefited the
vines a Langhorne Creek and to a lesser degree a Clare, but were of no apparent benefit
at the Barossa or Banrock sites.

6.2. Vineyard mid-row

6.2.1 Weed Control

Trids were established as four Sites, with the cover crop species sdected on a Site specific
bass. This section will therefore focus on these sites and discuss the individud trestments
used and their efficacy. Pertinent to al Stesisthe varigble rainfal experienced over the two
years (2001/02) which resulted in tremendous differences in biomass production.

Clare

This high rainfdl ste with adidic soil (pH h H,O — 5.4) characteristics was sown to the
green manure and pasture species mixes shown in gopendix 5. The biomass production in
2001 was very high on the green manure plots in particular, where the in-determinant growth
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habit of the legumes enabled utilisation of the additiona moisture. The dominant weed
species a Clare were capeweed (Arctotheca calendula), wireweed (Polygonum
aviculare) and brome grass Bromus diandrus). All the sown cover crops competed
effectively with these pecies and produced a much greater amount of total plant biomass
than the unseeded control. In these soils with low organic matter contents, high clay content
and high rainfdl, it is desrable to increase the soil organic matter content through mulching
vigorous cover crops and leaving them on the surface. It would be expected that the three
ryegrass / pasture legume mixes would be preferred in this role as they should al regenerate
in the following years if managed to maximise the seed st in the fird year. The
edablishment costs could therefore be amortised over many years, and soil organic levels
would benefit congderably, as has been shown in long-term trids in South Audtrdian
broadacre systems.
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Figure11. Clare cover crop biomass production, 2001

Banrock Station

The 2001 season at Banrock Station produced very good cover crop stands, but the 2002
season was a redlity check, as there was no regeneration of the medic pastures, and the
sown cered green manure died soon after emergence.  Results from the 2001 season are
shown below.
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Figure 12: Cover crop biomass, Banrock Station, 2001.

The dominant weed a Banrock Station is long fruited turnip Brassica tournefortii), as
displayed in the nil treetment control. All of the cover crops competed strongly againgt the
turnip, with the cered mix of rye and barley performing the best of dl trestments.

This outcome brings into question the definition of aweed. Turnip grows very well in this
environment, and has established a substantial weed seed bank. It would seem to have no
negetive attributes if managed during the spring by mulching through rolling or dashing onto
the ground surface. This prevents the dry plants bresking a the stem base and blowing
againg fences and vine rows. It has dso been suggested that long fruited turnip has bio-
fumigation properties in common with many brassca plants, and may thereby congrain the
populations of harmful soil borne nematodes.

Would it therefore be more cost-effective in this environment to allow the endemic species
to regenerate annudly rather than growing annua cover crops as is presently the case?
Rainfdl in this environment is generdly low, inhibiting biomass production from any cover
crop. Drip irrigation systems are well recognised for their enhanced irrigation efficiencies
compared to microjet and overhead sprinkler systems, so their useis to be supported in the
Riverland / Sunraysa growing environments.  Without sprinkler or flood irrigetion, the
growth of conventiona cover crops using exotic species is going to be difficult and success
will be rare. In addition, without moisture being goplied to the mid-row, there will not be
any vineroot activity in that area, so there will not be any nutrient benefit derived by the vine
from the cover crop.

Sowing annual cover crops requires soil disturbance, which even with direct drilling can be
enough to encourage wind or water eroson. Management must therefore be directed in this
environment to providing soil cover which does not involve sowing. It is therefore
recommended that management of the endemic or naturalised volunteer species is a much
better option than sowing cover cropsin the Riverland region.

As reported by Thompson (2002), this approach has benefits for predatory control of light
brown apple moth, which has associated savings in insecticide gpplication dong with the
savings made from not sowing cover crops. This cost, estimated at approximately $85/hain
the Riverland / Sunraysia areas is significant, and does not include the negative environmental
impact of soil disturbance in these fragile environments.

Barossa

The Barossa vineyard, which is managed by organic principles, had a very low weed
populaion in the mid-row. It should be noted however that annua ryegrass has not been
classfied as a weed, as it is recognised by the vineyard owner as a vauable part of the
gpecies mix. The cover crops produced very large amount of biomass in the 2001 growing
season as shown below, and competed very strongly with the dominant weed species
(capeweed).
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The sub-clover and medic mixtures of cover crop species performed very wdl, producing
over 10 tonnes/ hatotd biomass, including some 150 kg of biologicaly fixed nitrogen. This
materid could then be sde thrown under the vines as a nutrient source, and managed to
alow seed st in the mid-row every three or four years, thereby ensuring the regeneration of
these cover crops over the long term. The only drawback of the leguminous pasture
legumes as cover crops in this region is the possible hogting of light — brown apple moths,
which may require manipulation of the species mix to provide habitat for predatory insects.
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Figure 13: Biomass production, Barossa, 2001

Langhorne Creek

The Langhorne Creek ste wasthe last sown in 2001 and isin alower rainfdl region than
Clare and the Barossa, which accounts for the lower levels of biomass production. Ceredl
ryeiswdl suited to this environment, and in combination with barley is a very competitive
mix.
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Figure 14: Biomass production, Langhorne Creek, 2001

Radish Raphanus raphanistrum) in itsdf is a strong competitor and was the dominant
weed a this dte, but its growth was subdued very effectively by the cereds. Broadlesf
crops and pastures by comparison did not restrict radish growth as effectively.  Perennid
ryegrass is the main cover crop on this property, but as shown it does not compete well with
radish. Its suitability to the environment however would suggest it should continue to be
used as a cover crop, and the radish managed using the sponge wiper developed in this
project, which would provide sdective control based on plant height and minimise control
costs by using low rates of non-selective herbicide.

Concluson

The capacity for mid-row cover crops to contain the growth of weeds in a range of
environments has been digplayed in this component of the trid. Cered crops, and in
paticular cered rye, barley and triticdle, are very strong competitors given suitable
conditions for gowth. However, even these crops need to be weed free in their early
stages of growth. Therefore, weeds such as soursob (Oxalis spp.) are going to be very
hard to control by culturd means done. Using oxdis as an example, it is necessary to
determine if the soursob is redly aweed, and if not, they can be left in Situ to compete with
other less desrable plants and provide very chegp and colourful ground cover over the
winter and spring periods.

As noted earlier, the judtification for growing a cover crop needs to be established prior to
gpecies selection. Once the need is recognized, suitable species can be selected to fulfil the
required tasks in most Stuations, and with good agronomic practice the required outcome
can be achieved.

6.2.2 Theimpact of cover cropson vine nutrition

Introduction.

The role of the mid-row area in the total vineyard context needs to be well defined, as it
accounts for some two thirds of the floor area on land which is often highly vaued in
financid terms. Does the cover gop earn its way in terms of providing the vine with
nutrition, or is it ingead a ground cover with other functions such as impeding weed growth,
preventing erosion, improving soil properties to enhance water storage and root access and
increasing the flord biodiversty of the vineyard and thereby beneficid insect habitat.

The literature provides scarce information to quantify the value of soil nutrition contained in
the mid-row to the vines. The cover cropping sites established to investigate weed control
were therefore aso used to begin investigating this important question, because the role of
the cover crop will have a direct influence on the species to be grown in the mid-row, which
will ultimately affect weed management.

Results and discussion

In this short duration trial, there were no gpparent differences between cover crop and the
nitrogen status of the vine at the Clare, Barossa or Langhorne Creek Sites. Banrock Station
was not investigated because the irrigation practice used and the environment made root
activity in the mid-row very unlikely. The Barossa Ste in 2001 produced in the vicinity of
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150 kg of nitrogen per sown ha (trestment 2, figure 13), or about 90 kg of nitrogen per ha
of vineyard floor, which includes the vine row. Of thisamount, it is expected approximeately
30% would be minerdised and avallable for the following crop. With vines in this block
yielding approximately 9 t/ha, the replacement nitrogen requirement would be 9-15 kg/ha. If
the vine roots were actively sourcing water and nutrients from the mid-row, the 50kg of
mineraised and available N from the cover crop should have been observed as an increase
in petiole N compared to the control, but this did not occur.. Despite the lower than
average rainfal experienced in 2002, it would still be expected that roots which were active
in the mid-row would have accessed nitrogen and water.

This anomay may dso be explaned by the indifference of grapevines to nitrogen
application. Freeman (1987) makes note of the frequency of poor response to N fertiliser
found in nutrition experiments with grgpevines. There may dso be a lag period before the
response is observed, as reported by Robinson (1987) for a nutrition trid in nor+irrigated
vinesin the Barossa

It is concluded that further work on this subject is required, because the mid-row accounts
for such alarge proportion of the vineyard floor, its management can be very codtly, and its
vaue to the vines is under question. Further work should therefore ascertain and provide
guidelines for best practice floor management on aregiond basis.

6.3 Cover crop Management — Roseworthy Trials

Introduction

There are many approaches used in the termination of cover crops. Frequently they are
dashed then sprayed to kill regrowth. Other gpproaches are dashing followed by rotary
hoeing and dde throw dashing. To minimise frost damage, cover crops are sddom |eft
ganding, and rotary hoeing is often judtified by growers to reduce frogt risk. However,
exposng the soil through cultivation and reducing cover crops to fine paticle szes by
mulching, would appear to be encouraging summer weed problems. A trid was established
a Roseworthy in 2001 to investigate the effect of different cover crop termination practices
on wireweed (Polygonum aviculare) growth over the summer period.

Results and Discussion

2001.
While there were no differences in wireweed biomass or populations between termination
treatments, there was between cover crops, as shown in figure 15 below.
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Figure 15: The influence of cover crop species on the germination and growth of wireweed,
15-3-02. (LSD numbers = 14.8; weights = 23)

The barley (var. Mundah) appeared to display a strong negative aleopathic influence on the
wireweed. This outcome would suggest that the choice rather than the trestment of cover
crop might be the most important criteria in the reduction of wireweed populations over
LUmmer.

2002
The methods of terminating cover crops (see plate 1) had a dramatic impact on summer
weed populations. The trend shown below (fig. 16) is for the grester the area of bare soil,
the grester the weed population. There was no difference between mulching and rolling the
cover crop.  Rotary hoeing is significantly different to rolling and mulching, where an ided
s0il medium is created for weed germination without the smothering effect of mulcheslaid on
the surface. These mulches may dso lead to
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Plate 1. An investigaion of cultura practices in summer weed control, where barley has
been mulched (left of picture), rolled (centre) and mulched followed by rotary hoeing (right
of picture).

insect predation of weed seeds, as the mulched soil creates habitat for creatures such as
ants.
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Figure 16: The effect of cover crop termination trestment on weed germination.

It has been established in this trid that cover crop sdection is an important determinant of
weed suppresson during the growing season.  This smal short-term triad suggests that the
selection of cover crop and the treatment of that cover crop is dso likdy to influence
summer weed populations. These are important outcomes, as it is the summer weeds which
have the greatest influence on soil moisture availahility to the crop, and are the hardest and
most expensive to control due to canopy development restricting the herbicides available for
use. This work has just begun to explore the potentid for cultura techniques of weed
management in vineyards, but it has shown that through some smple, chegp dterations to
management it may be possble to significantly reduce herbicide requirements for summer
weed control.

6.4 Machinery Development

Introduction

The potentid for adgptation of machinery to suit vineyard gpplications, that would lead to
reduced herbicide gpplication and / or soil tillage, was investigated in this project. The
following machines were developed, tested and made avalable to producers for
demondiration during the project:

1. Ribbed roller

This was developed as a chegp, low maintenance means of cover crop termination thet
would maintain the integrity of the cover crop on the soil surface, thereby improving its
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mulching effect and reducing the rate of breskdown. The roller (plate 2) served these
functions very wel in most circumstances. It worked superbly in tal cered, brassica or
weedy cover crops on ether flat hard ground or soft soil.  If the ground was hard and
uneven, the cutting or creasng mechanism of the ribs againg the soil surface was not
possible where a gap existed under the ribs of the roller. Where the soil was soft and
uneven this was not an issue, as the blades were able to compensate in cutting depth.

This machine generated a considerable amount of interest when displayed at the Watervde
and Riverland fidd days, with severd farmers saying they were going to build them at home.

2. Sponge wiper

Sdlective weed control in vineyards is often necessary to remove undesirable species from a
dand of preferred species, or al plants from within an actively growing canopy. The
herbicides used to achieve sdective control are often expensive, or where non-selectives are
used, there isthe potentia for herbicide drift onto the vine.

Sponge wipers are a derivation on wick wipers which have been available for many years.
Concentrated glyphosate herbicide with a dilution of 1:3 or 1.5 is gpplied to plants that
contact the wet sponge.  Sdectivity is gained by adjusting the operating height, making it
possble to remove tdl growing species (eg Sdvation Jane) from a cover crop (eg.
Ryegrass). This is achieved using the chegper, low mammaian toxicity broad-spectrum
herbicide without any fear of herbicide drift onto the vines as there is no atomisation of the
chemica mixture involved.

A derivation of the sponge wiper for use in the under-vine area was dso developed with
additiona funding ($3,000) provided by GWRDC (plate 3). This machine provided the
benefits of sponge wiping while retracting around vine trunks and posts.

The sponge wipers attracted a considerable amount of attention at the field days, as growers
redized thar potentid in preventing herbicide drift while effectively removing unwanted
weeds.
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Plate 3: A sponge wiper for weed removd in the mid-row and the undervine area,
mounted on an ATV bike.

3. Bezzerides under-vine weeder.

This machine (see plate 4) was donated to the project by the Bezzerides company in
Cdifornia It was included in the project to potentialy provide a low cost option for
mechanical under-vine weed control. It was loaned to four growers for evauation during
the coarse of the project. Where soil conditions are suitable and the vineyard is configured
to handle the machine (set row widths, no exposed irrigation risers, established vines with
trunk diameters of 30 mm minimum) the machine worked very well, leaving weeds to
desiccate on the soil surface. The lack of an agent in Australia and caution on the producers
behdf that it can rdliably work given its smplicity has to date hindered the purchase of any
machines.
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Plate 4: T Bezzides nd- vine .v_\'/eeder bel né evauated in a Langhorne Creek vineyard.




6.5 The preliminary investigation of perennial native species as suitable vineyard
cover crops.

Introduction

The cover crops currently used in Audrdian vineyards are ether exotic species usudly
grown as broadacre crop or pasture plants, or resident regenerating weed species. The
potentid for the use of native perennid plant species is condderable, as they are well
adapted to the Audrdian environment, and may provide additiond biodiversty to the
vineyards.

A preliminary assessment of a range of cover crops, based on their ability to compete with
weeds and their soil water use, was therefore undertaken in a paddock stuation without
vines at Rosaworthy Campus. The species chosen for thistrid are listed in table 4.

The trid was established in the August / September period of 2002. The ryegrass was
sown as seed, while dl other plants were hand sown as seedlings following purchase from a
local nursery. To guarantee establishment, the plots were irrigated with soaker hose until

9/11/02 then became rainfed as a test of their surviva over summer. Soil moisture was

determined monthly using a neutron probe. The area surrounding the access tube over a1.5
meire diameter zone was maintained weed free, and the control was bare soil. Weed
biomass measurements were obtained using a 1000 cnf? quadrat from 2 sampling Sites per
plot (beyond the weed free zone), which were sorted in primary weed species, dried and
weighed.

Plate 5: Chloris truncata (windmill grass) surrounding an auminium neutron probe access
tube, native perennialstrid ste, Roseworthy, 2002.
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Soil Water Use

Three species viz Myoporum, Phyla and Dichondra performed poorly in this environment
without additiond irrigation, while the others established and continued to grow well over the
summer period.

Figure 17 below shows the sgnificant changes in soil water content from 70 — 120 cms
depth for the last reading prior to the opening rains in 2003. The trend over the 4'/, month
period of moisture measurements, was for the perennia ryegrass to show the driest profile
until it senesced, in December.
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Figure 17: Neutron probe counts to determine soil moisture at three depths, native
perennid plantstrid, Roseworthy, 9-4-02

For the 2003/04 season, readings are continuing to be taken, despite the trid now being
unfunded. This is important because the trestments now comprise mature plants, so the
results have greater relevance than those from the first year of the trid. Wheat straw mulch
has replaced the Myoporum spp as a second control. Table 6 below shows the significant
differences in soil moisture a three depths, and these results extend to 90 cms. At dl

depths, the walaby grass and windmill grass use more water than the bare earth control,
while the straw is very effectively reducing evaporative losses. The soil profile contained
lesswater under cregping sdtbush only at 70 cms. but gppears to be conserving water in the
shdlower profile. Cregping sdtbush forms a very dense prostrate mait of foliage which

reduces evaporative losses. It is expected this plant will therefore have a Smilar moisture
profile to the bare soil control until the surface horizons dry, causing the roots to extract from
deeper in the profile.

The Walaby grass is a winter active C3 plant while windmill grass is a summer active C4
gpecies. Both species gppear to be using smilar amounts of water to perennial ryegrass,
which is now commonly grown in vineyards. Unfortunately, straw is not an option for
covering the mid-row dueto its cost. If it isrecognised that it is desirable to have coverage
of the soil on the vineyard floor, can natives provide a desirable option to conventiond cover
crops? Thisisvery likely, because they are wdl suited to the environment, require minimal
maintenance and are perennias. Where the native species compliment the ecology of the
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vineyard they may be dedrable to establish. Are they cost effective? At present the
edablishment of natives in the vineyards is expendve, but it is expected that with the
development of seed orchards to provide cheaper seed, and the development of improved
seeding systems, costs can be reduced consderably, and such species can viably be
introduced to the vineyard ecosystem.

Table 6: Neutron probe counts used to determine soil moisture a Sx depths, native
perennids trid, Roseworthy, 30-10-03. Those measurements which are sgnificantly
different (P < 0.05) to the control are shaded.

Depth |Creeping Windmill |straw [perennial |Wallaby [control |F calc LS
saltbush |grass ryegrass |grass D

15 9435 7378 14806 (5138 6695 0222  |0.002 (350
2

30 16636  |16509 22578 (16290 15173 |18612 [0.003 [299
2

50 16953 16317 22500 [15168 14942 119831 [0.001 (285
4

70 17399 16394 21643 [15546 15324  |19616 [0.001 (198
5

90 17276  |15644 20161 [16856 16179 |18064 [0.001 (162
2

120 17116  |16824 17635 (17947 18347 |17687 [|0.15 (120
4

Competition with weeds

Results and Discussion

Visud observation of the dte suggested there were condderable differences in the
competitive cgpacity of the sown species with weeds. However, the dte variability
oveweighed the trestment effects & the time of sampling. Sampling will again be
undertaken in 2003/04 to determine the impacts of amature stand on weed populations.

7.OUTCOMES/ CONCLUSION
This project has produced several worthy outcomes, which are listed below.

1. Mulches gpplied under the vine rows will impact on weed populations. Wheset straw
was the mogt effective inhibitor of weeds. Compost based mulches inhibited the growth
of most weeds, but if seed rain from the mid-row occurred, they aso presented avery
desrable growing medium for weeds. Grape staks and sems were equdly useful a
reducing weed growth as the composted products. Jute matting was very effective in
its first year after gpplication, but was aso prone to supporting weed growth after seed
shed. It dso began decomposing during the second year, which further reduced its

efficacy.
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2 Mulches can provide additiond nutrient and water consarving benefits in some

environments, resulting in yied increases up to 50%. Their benefit to the vine will
depend on the soil nutrient Satus, soil type, irrigation application rate, grape yields, and
fertigation practices

3 The role of the mid-row area in a vineyard needs to be defined. This will vary
according to rainfall, irrigation system, soil type, whed track compaction, vineyard age,
rootstock and establishment techniques and management preferences.

4  Where the mid-row has little impact on vine growth and production, management
can be directed to minimising cost. If indead it is a source of nutrients for the vines,
then suitable cover crop species can be grown, then side thrown under the vine in
soring. I it is a source of water, then low water use crops should be grown and a
weed free mulch maintained on the soil surface to prevent evaporetion.

5 The growth of competitive cover crop species using good agronomic practice can
effectively suppress the growth of most winter weed species.

6 Barley (var. Mundah) appears to have strong dlelopathic effects on wireweed, an
important summer weed of vineyards.

7 Practices used to terminate cover crops can impact on summer weeds in the mid-
row. Tillage encourages weed germination, while leaving the cover crop as amulch on
the soil surface, ether by rolling or dashing, discourages weed germination and growth.

8 Sponge wipers could play avauable role in vineyard weed control while minimising
herbicide application. An attractive feature of this form of herbicide goplication is they
generate no fine particles, so drift is not an issue, enabling the use of glyphosate when
the canopy is devel oped.

9 Native perennids provide an attractive option to conventional cover crops as weed
suppressants.

This project has been vauable in consolidating other related work such as that
conducted by Porter on cover crops and and Buckerfield and Websters work on
mulches. It has extended that work into a sysems based approach to floor
management, where the impact of practices designed to reduce weed growth has been
quantified in terms of impacts on grapevine yidd and must qudity. An extenson to this
applied research has been the development and testing of a ribbed roller for cover crop
termination, and a sponge wiper for mid-row and undervine weed control and the use of
native perennia plants as potentia options for cover crops. The project has determined
the potentid for numerous products and technologies to cost effectively reduce the need
for herbicidesin vineyards. Grower verificaion through on-farm tridsto test the vaidity
of these research outcomes over a range of environments is now required and should
lead to the adoption of many practices, which ultimately will reduce herbicide usage in
Audrdian viticulture.
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8. RECOMMENDATIONS

1 The outcomes of this work need to be transferred to the grower community. This
may occur through articles written by the principa investigator, but dso requiresan
active extenson process to disseminate the information.

2 Therole of the mid—row in vineyards of the many regions of Audraian viticulture
needs to be defined. If it is found to provide sgnificant benefit to the vines, then it
should be managed accordingly, with cover crops sdected, grown and managed to
sarve the requirements of the vine.  Where the mid-row has no impact on vine
performance, management should be directed to minimising cost and maximising soil
conservation protocols.

3 The benfits achieved through mulching would suggest consderable increases in
irrigation efficiency can be achieved through closer atention being paid in some
regions to soil improvement. The common practice of removing al vegetation from
the under-vine area by herbicides or cultivation leaves a bare soil with dedlining
organic maiter levels and subsequent reduction in soil hedth. This will ultimately
lead to reduced yidlds and potentidly poorer qudity fruit, as the terroir of the
vineyard deteriorates through poor soil hedlth. A research program to address this
issue istherefore necessary.

4 Native perenniad ground covers and grasses may have condderable potentid as
mid-row cover crops. They seem well adapted to a wide range of environments,
and their water use and weed competitiveness suggests they could be well suited to
vineyards. However, their establishment is presently expensive. The development
of seed treatment techniques for a range of native species, that will enable ready
establishment through conventional seeding equipment will make the adoption of
native perennids in Audrdian vineyards more readily accomplished.
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Conference Papers

Penfold, C.M. (2002) Weed management for organic viticulturalists 7"  Internationd
Congress on Organic Viticulture and Wine, Victoria, Canada

Penfold, C.M. (2002) Weed Management in Organic Viticulture, Biologicd Farmers of
Austraia Conference, October 3-4, Lismore, N.S.W.

Penfold, C.M. (2002) Weed management without herbicides in Environment SA Vol 9,
No. 2, 2002.

Penfold, C.M. (2002) Herbicide reduction strategies for winegrape production In: 2™
Nationd Wine Industry Environment Conference and Exhibition, November, 25-26,
Addaide, SA.
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Weed Management in Organic Viticuture, Austrdian Wine Industry Technica Conference,
September 11, 2001, Adelaide.

Soil and Weed Management in Organic Viticulture. Organic Viticulture Workshops, Loxton
and Mildura, September 2002. Convened by C.M Penfold and D. Madge

Cover Cropping, WineTech, Addaide, July 16-17, 2003

Industry Journals

Australian red and whites go green in LAB News, February / March, 2001.

Weed control study encouraged by Sharon Wett, Nationa Grapegrower magazine,
December 2001.

Options trialled for weed control by Sharon Wait, Nationd Grapegrower magazine,
December 2001.

New project with a focus on reducing herbicide use by Kate Dowler, Nationa
Grapegrower magazine, June 2002

Cover cropping — an agronomists perspective in Grapegrower and Winemaker, No.
473, June 2003.

Weed Management in CRCV Newdetter, January — February, 2003

Native grasses a better option in Nationa Grapegrowers, July 2003.

Cover crops and vine nutrition in Grapegrower and Winemaker, No. 478, November
2003

Weed suppression with mulches, Viticare News, November, 2003

Field Days

Watervae Field Day, Clare Vdley, 2002 and 2003.
Riverland Field Day, Barmera, 2002.

40



APPENDIX 2: INTELLECTUAL PROPERTY

No intellectua property rights have arisen from this project. Patenting the undervine sponge
wiper has been talked about but has not been pursued.
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APPENDIX 5:

Appendix 5.1 Cover crop species, as sown in 2001.

Green manure | carus faba bean
Lathyrus cicera
Marloo Oats
Regenerating Wimmeraryegrass
swvard Prima gland clover
Sava snall medic
Regenerating Wimmeraryegrass
swvard Fronteir balansa
SA5045
Perennial Permagreen 1
Sapo
Control \Volunteer plants

Green manure |lcarus beans
Lathyrus cicera
Marloo oats
Regenerating Wimmeraryegrass
svard Antus subclover
Cdiph burr medic
Dakieth sub clover
Regenerating [Wimmeraryegrass
Ssvard Pima
Fronteir
Mogul
Perennial Permagreen 1
Losa sub clover
SA 5045
Control no planting

Clare cover crop treatments

Bar ossa cover crop species

Cereds rye

barley
Green manure oats

peas

vetch
Regenerating swardmedic

ryegrass
Perennid sward  |ryegrass
Control volunteer plants

Cereals Bevy rye plus
Mundah barley
Regenerating |Bevy ryeplus
sward Mundah barley plus
Cdiph medic
Harbinger AR
Green manure (oats /pess /vetch
Regenerating (Wimmerarye plus
svard Cdiph medic
Harbinger AR
Control \volunteer plants

Banrock cover crop species

Langhorne Creek cover crop species
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Appendix 5.2. Chemica andyss of grape marc compost, green organic compost (nitra
mulch and Jeffries compost) and forest mulch products prior to gpplication.
(Note: pH, EC, Sdinity, TDS andysed a Rosaworthy Campus Soil Laboratory)

N [Fe Mn B |[Cu [Mo [Co |Ni Zn [Ca Mg
% mg/kg [mg/kg [mg/kg [mg/kg [mgrkg Imalkg [mg/kg  [mg/kg Img/kg mg/kg

GRAPE 23 3700137 51 99 |18 |17 |55 |132 [13600 (3000
MARC
COMPOST
L/H CK
GRAPE 25 2900151 44 (72 |17 |14 |54 |148 [17900 (3500
MARC

COMPOST

BANROCK

NITRA- 2.2 (1130260 32 68 [1.7 4.1 |15 290 [29000 6000
MULCH 0

BANROCK

NITRA- 14 (1330250 60 99 (15 (.7 |14 440 (39000 (6500
MULCH L/H 0

CREEK

JEFFRIES 1.2 1020230 43 |70 (16 39 (13 310 [32000 5000
COMPOST 0
FOREST 1.1 5900102 33 81 25 |22 (16 130 ({20000 (3200
MULCH

Na [K P S Al [cd |pH |pH [EC [Salinity [TDS
mg/kg [mg/kg [ma/kg [mg/kg [mgkg |mglkg [H20 |CaCl mS (% mg/L
GRAPE 1360 [34000 (5000 [3000 (3400 < 0.6[7.5 6.8 6.2 [3.3 3260
MARC
COMPOST
L/H CK
GRAPE 1760 |27000 (5400|2900 3100 < 0.6(7.1 6.6 (5.8 [3.2 3130
MARC
COMPOST
BANROCK
NITRA- 2400 (13100 4100 (6800 |1160 < 0.6/6.8 6.5 5.2 |2.8 2740
MULCH 0
BANROCK
NITRA- 2500 (14800 |3100 3700|1320 1.2 82 (/.5 40 |21 2040
MULCH L/MH 0
CREEK




JEFFRIES 1880 |10900 {2400 [2600 (9500 (0.77 [7.9 [71.2 (3.5 |1.8 1800
COMPOST
FOREST 1760 8500 (1230|1800 5200 < 0.6{7.0 6.5 [3.5 |18 1750
MULCH

Appendix 5.3 Grgpe qudity as influenced by mulching treatment, Langhorne Creek and
Banrock Station sites, 2003.

Baume pH TA phenalics
Trestment Langhorne

Creek
jute 13.84 3.68 5.44 10.9
Straw 13.38 3.58 6.24 0.89
grape marc 13.46 3.78 5.68 0.76
compost 13.5 3.42 6.36 10.24
control 13.8 3.75 5.44 10.99
Treatment Banrock Station
jute 3.57
Straw 3.58
grape marc 3.68
compost 3.59
grape staks 3.63
control 3.6

Appendix 5.4: Petiole andysis results, Clare 2002, for (a) nitrogen (LSD = 0.0741), (b)
manganese (LSD = 55) and zinc (LSD = 8.6) and (¢) potassum (LSD = 5733) and
phosphorus (LSD = 975).
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Appendix 5.5: Petiole andyss
results, Barossa 2002, for (&) potassium (LSD 0.05 = 3422),(b) magnesium (LSD = 757)
and phosphorus (LSD = 706)
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Appendix 5.6: Petiole anayss results, Banrock 2002 for (&) cacium (LSD = 574) and
potassium (LSD = 2710) and (b) magnesium (LSD = 273) and phosphorus (158)
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