MANAGING HEAT IN VINEYARDS - FINAL REPORT

The Managing Heat in Vineyards project entailed working with local growers to assess and analyse data
trends of various heat mitigation techniques being trialled in the Langhorne Creek wine region during
the 2019-20 growing season.

Above: Low emission overhead cooling mist sprinklers in action at a trial site — Grower /.

Background

In recent years extreme heat impacting the Langhorne Creek wine region has led growers to become
more focussed and inventive with trialling means to help mitigate negative impacts of these events.
Activities include altering irrigation programs, mulching and methods to cool the vineyard environment
such as low emission overhead sprinklers, under vine misters and misting fans. The methods being
employed often reflect the resources and capacity available to each grower for their site. Data is often
collected in various forms but not used to the extent that it could be to better understand the impact

of treatments or inform further decision making.

Growers

From a call for expressions of interest seven Langhorne Creek wine grape growers initially joined the
project. One grower could not continue with the process, but a further grower was recruited after the
project Crop Walk field day that was held in February 2020.

The growers were trialling a variety of in-vineyard techniques and treatments hoping to help manage

the impacts of heat events on their vines (Table 1) and agreed to provide some standard in-canopy

data for assessment from the blocks where heat mitigating methods were being trialled.
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Table 1: Growers and treatments

|Grower ID |BIockNariety |Treatment
|Grower 1 |Ma|bec |Overhead Wobbler Sprinklers
Malbec Undervine Mister Sprinklers
Grower 2 - -
Shiraz Mounding
|Grower3 |Ma|bec |Fo|iar Spray, Mulch, Pulse Irrigation, Mist Fan
Malbec Undervine Misters
Grower 4 - -
Malbec Undervine Misters
Growers Malbec M!st!ng Fan .
Malbec Misting Fan + Foliar Spray
|Grower6 |Ma|bec |Mu|ching
|Grower7 |Shiraz |Overhead Mister Sprinklers
Equipment

Kestrel drop tags were used at grower sites 1-6 to measure in-canopy conditions for treated sites as

well as nearby untreated areas for comparison. https://kestrelmeters.com.au/

The small battery operated Kestrel units were already in use by one of the project growers and were
found to be reliable, easy to use, price appropriate, responsive, robust, and adequate for recording the
key vineyard canopy climatic measures in a format useful for the comparisons in this project.

The units are the size of a key ring and can be easily attached or hung to wires or posts in vineyards.
A mobile phone app allowed the users to easily download data via Bluetooth. The data was imported
for spreadsheet analysis.

The D3 and D2 models were used; providing measures of temperature, humidity, Heat Index

(calculated), and Dew Point Temperature - the primary data useful for this project (Figure 1).

Primary data collected

o Time

e Date

e Temperature
e Humidity

o Heat Index
e Dew Point
Temperature

Figure 1: Example of the Kestrel drop units used in the project.
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Grower 7/ joined the project later and provided data from a prototype TEMPStick device being trialled
at the site. This device recorded temperature at multiple levels from the soil surface to the top of the

canopy (Figure 2).
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Figure 2 (L-R): TEMPStick with controller, TEMPStick data collector/controller, TEMPStick with
loggers at various canopy heights — Grower /.

Data from the Natural Resources SA Langhorne Creek central automated weather station was also

used as a regional climate reference.

Data Management

A Senior Consultant, Sustainable Agriculture, with Rural Solutions SA was appointed to the role of
Project Officer to undertake the task of analysing and interpreting the collected. The data from the
Kestrel units (Growers 1-8) was downloaded by the growers and forwarded to the Langhorne Creek
Grape and Wine office for transfer to the project of ficer as manageable excel-format data files. Data
from Grower 7 was provided directly in graph format from their device or in a spreadsheet form for

manually collected records.

Though various climatic data parameters were collected, the canopy temperature and humidity were
the focus of this limited project.

With the limited scope of this project, not all treatments applied by the growers were assessed in detail.

Heat Events
The project used data loggers to continuously measure temperature and humidity in the vine canopy
from an area undertaking a mitigation activity compared to a control area, capturing key heat events

during the season.

A heat event was defined as air temperature greater than 36 C and eleven key events were identified
between November 2019 and January 2020. The maximum air temperature recorded from the central
Langhorne Creek automated weather station (managed by the Natural Resources, SA) is presented in
the table 2 with the continuous logged temperature from this station for the same period displayed in
figure 2.
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Month | November | December January

Temp 20 8 17 18 20 27 30 3 9 30 31
C

Air 42.3 377 | 406 | 436 |446 |413 422 | 414|408 | 434 | 36.7
Soll 26.4 248 | 275 | 286 |286 |2/5 268 |2/5 (271|279 |2/5

Table 2: Main heat events that occurred in the Langhorne Creek wine region November 2019-

January 2020 with maximum daily temperatures as recorded by the central regional weather
station.

The soil temperatures of are interest but obviously do not suffer the same temperature extremes as
the air temperature.

Air Soil

Temperature C
N
o
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Figure 2: Langhorne Creek central weather station — air and soil temperature Nov 2019-Jan

2020.

Results

Activities that had the greatest effect on reducing canopy temperature are described in the following:

e Overhead low emission sprinklers on average reduced canopy temperature by 10 C (Grower
1) for key heat events compared to the control block. The trial by Grower 7 showed a similar
reduction of 8 C on the 30 January 2020. (Refer to Case Study 1 & 3.)

e Cooling fans at Grower 3 site reduced temperature between 3°C to 6 C on the 9 and 30
January 2020. On other dates there was short-term or negligible reduction in temperature
that requires further investigation. (Refer to Case Study 4.)

Within water and infrastructure constraints at vineyard sites, these activities show promise to reduce
canopy temperature and hence grape bunch temperatures and could be a viable option especially for
specific high value vineyard sites. This approach would benefit from further work to determine the best

overhead sprinkler spacing to reduce canopy temperatures whilst minimising water use.
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Unfortunately, due to strong winds on the extreme heat days, the misting fans at Grower 5 site were

not able to be used to see if they had a similar cooling effect or indeed showed similarities to Grower 3.
Activities that had minor effects on canopy temperature are described in the following:

e Undervine misters at Grower 2 and Grower 4 sites, although not reducing canopy
temperature to the extent that overhead misters did, did result in a 1-2 "C temperature
decrease, and this was sufficient to reduce the hours that canopy temperature was above
35°C or 38°C compared to the control block. (Refer to Case Study 2.)

Undervine misting has been successfully demonstrated in research trials funded by Wine Australia. In
this research, undervine and supplementary irrigation variations were investigated with undervine
misting showing particular promise (Using in-canopy misters to mitigate the negative effects of
heatwaves on grapevines; Vinay Pagay, University of Adelaide, 2018;

https://www.wineaustralia.com/research/projects/using-in-canopy-misters-to-mitigate-the ).

It is expected that the structural layout and functional capacity of these systems would be critical for
success. Further work may be required to better optimise undervine systems to sites and to understand
the effect of cooling on the root system and other vine physiological benefits.

Activities that were found to have no effect on canopy temperature during this project included:
e Pulse irrigation
e  Mulching and or mounding of vine rows

While these activities may not have directly affected canopy temperature, they may have affected
the resilience of the vines in other ways e.g. a decrease in soil/root temperature, which was outside the

scope and capacity of this project to investigate, record or analyse.

Another area of interest that has not been covered in detail in this project is the use of commercially
available plant stress management products, often in the form of foliar sprays and soil and nutrient
ameliorants. Both Grower 3 and Grower 5 have been using some of these products as part of overall
vine stress management programs. Grower 5 has indicated some positive trends in Malbec yield in
areas treated during the vintage 2020 growing season and looks forward to assessing the quality
parameters from barrel samples later in the year. This would appear to be worthy of further

consideration in the management of vines for resilience during heat events.
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The maximum temperature that vine canopies are exposed to will strongly influence the ability of the
vines (and fruit) to recover from or cope with extreme heat. For participating vineyards, the maximum
temperatures recorded for treated and control blocks are displayed in Table 3. Sites with relatively
large differences between the treated and control blocks are highlighted in orange and minor effects in

yellow.

Table 3: Maximum temperature for key heat events in treated and control areas

20 8 18 19 20 27 30 3 30
Nov  Dec Dec Dec Dec Dec Dec  Jan Jan

Grower 1 ~ OHM 386 856 387 366 [ 858  36.9 388 396 [36.8

Case
Study 1 Control 422 41.0 421 372 440 | 396 41.3 402 | 470

UVM 423 386 414 358 439 407 419  40.7 418
Grower 4

Control 422 380 421 382 434 403 40.8 403 414

Grower 2 UVM 418 387 [437 397 449 434 432 1 46.7 472

é Case
% Study 2 Control 433 401 46.0 390 461 438 444 433 46.0
Grower 3  FS,PILM 425 395 439 367 437 401 414 408 425
Case
Study 4 Control 439 386 448 364 440 424 413 426 480
Grower /7 OHM 33.7
Case
Study 3 Control 41.7
MD 420 398 438 342 437 416 440 436 468
Grower 2
Control 422 404 440 358 439 420 441 440 46.5
é M 431 420 452 362 450 421 406 443 455
Z Grower6
° Control 381 442 371 448 426 40.0 46.7 477
O
= FSSM 423 433 374 438 413 398
Grower 5
Control 421 432 384 403 408 398
Air 423 377 436 365 446 413 422 414 434

OHM - overhead misters, UVM - undervine misters, M- mulch, MD - Mound, FS - Foliar spray, Pl -
pulse irrigation. Air temperatures shown are the maximums from the Langhorne Creek central weather
station.

1
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The duration that the vine canopy is exposed to extreme temperature is also likely to contribute to
impacts on fruit and vine recovery. The difference in time and the actual number of hours that canopy
temperatures were above 35°C and 38 C between the treated and control blocks are detailed in Table

4 (again greater effects in orange, lesser in yellow).

Table 4: Number of hours that the treated block is different to the control

20 8 18 20 27 30 3 30 Aver

= Nov  Dec Dec Dec Dec Dec Jan Jan -age
Grower 1 35 [-49 -140 -83 -40 -27 -33 -60 -62
Case OHM
Study 1 38 1 =8.0 -89 -39 -35 -19 -47 -85 -56

35 0.0 00 -05 0.0 0.0 1.0 -05 00 0.0
Grower 4  UVM
38 0.0 05 [-15 0.0 00 0.5 1.0 0.5 0.1

S
é Grower 2 35 1-15 -05 -10 -05 05 -20 0.5 -05 | -06
~ Case UVM
Study 2 38 -15 -05 -10 -05 05 -20 05 -05 ' -06
Grower 3 35 0.0 02 10 0.0 05 0.0 0.3 0.3 0.3
Case PL.M
Study 4 38 0.0 1.0 05 05 10 0.0 0.2 0.3 0.4
35 -05 00 00 -05 00 0.0 0.0 0.0 -0.1
Grower 2 MD
38 -05 00 00 -05 00 0.0 0.0 0.0 -0.1
= 35 0.0 00 20 0.0 00 0.5 0.5 0.5 0.4
= Grower6 M
g 38 0.0 20 05 00 10 0.5 -05 00 0.4
o
>

35 0.0 00 -05 00 00 0.5 0.0 0.0 0.0
Grower 5 FS,M
38 0.0 0.0 00 05 00 0.0 -05 00 0.0

OHM - overhead misters, UVM - undervine misters, M- mulch, MD - Mound, FS - Foliar spray, Pl -
pulse irrigation. Negative number is less time above 35°C or 38 'C. (Not assessed for Grower 7)
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The total number of hours that blocks were above 35°C or 38 C under the various treatments are
detailed in Tables 5 & 6 respectively (greatest treatment impacts in orange, lesser treatment impacts

in yellow).

Table 5: Number of hours above 35 C, comparing treatments and controls for each grower.

Grower 1 Grower 4 | Grower 2 | Grower 2 | Grower 3 | Grower 6 | Grower 5

Co Co Co Co Co Co Co
OH | ntro | UV | ntro | UV | ntro ntro | PI, ntro ntro | FS, | ntr
M | M | M [ MD || M [ M | M ol
20 12. | 10. [10. |12. | 13. | 10. 10. | 10. 12. |12
Nov [ Z6 [5 0 0 0 5 5 11010 0 5 5
8
Dec 60 |60 [60 |65 |65 |65 |22 |20 |65 |65
18 18.

Dec |48 |5 65 |70 |85 [96 |65 |65 (80 |70 |90 |70 |85 |90

20
Dec 03 |87 |90 [90 |90 |95 |85 |90 |85 |85 |90 [90 |90 |90

27
Dec |15 |88 |60 (60 |70 |65 |65 |65 |65 |60 |65 |65

30
Dec {08 |85 |45 (35 |40 |60 (60 |60 [35 |35 |60 |55 |40 |35

Jan |42 |75 |75 |80 [95 |90 |85 (85 |77 |73 |90 |85 [80 |80

30 14. | 14. | 10. 10. | 10.
Jan 188 [958 |0 0 5 11.0 10 0 92 |88 |80 |75

OHM - overhead misters, UVM - undervine misters, M- mulch, MD - Mound, FS - Foliar spray, Pl -
pulse irrigation. (Not assessed for Grower 7)
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Table 6: Number of hours above 38 C comparing treatments and controls for each grower.

Grower 1 Grower 4 | Grower 2 | Grower 2 | Grower 3 | Grower 6 | Grower 5

Co Co Co Co Co Co Co
OH | ntro | UV | ntro | UV | ntro ntro | PI, ntro ntro | FS, | ntr
M | M | M [ MD | | M [ M | M ol
20 12. [ 13. | 10.
Nov |05 |85 [85 |85 |0 5 5 1101 9.0 |90 9.0 |90
8
Dec 05 |00 |60 |65 |65 |65 |12 |02 |25 |05
18

Dec |01 |90 [35 |50 [85 [95 |65 |65 |50 |45 |60 |55 |65 |65

20
Dec {00 |00 |45 (50 |60 |65 |00 |05 [00 |00 |65 |65 |00 |05

27
Dec {00 |89 |80 |80 [90 |95 |85 |90 |80 |75 |85 |85 |85 |80

30
Dec 100 |85 |45 (45 |70 |65 |65 |65 |40 |30 |55 |45

Jan |01 |20 (25 |20 (40 |60 |60 [60 |25 |25 |30 |25 [25 |25

30
Jan [O3 |80 |55 |45 |95 |90 |85 |85 |53 |52 |60 [65 [45 |50

OHM - overhead misters, UVM - undervine misters, M- mulch, MD - Mound, FS - Foliar spray, Pl -

pulse irrigation. (Not assessed for Grower 7)
Learnings

Using simple data collection devices allowed real time monitoring by the grower. The Kestrel logging
devices performed well but did require monitoring for battery life to avoid data loss and this
understandably was not always a priority in the throes of a difficult vintage, compounded by impacts of
COVID-19 on business function.

Scientifically replicated trial set up is obviously the ideal for robust analysis but is not always practical
and significant findings can still be achieved when working with growers within the constraints of

running a functional vineyard.

The water availability and delivery capacity of vineyard infrastructure can be highly variable and will
impact the capability for adoption of sprinkler-based systems. There is potential to work with the
individual site characteristics and weather exposure to maximise the use of sprinkler-based cooling

systems.

1
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Fan systems would appear to have some but limited value as cooling systems. They are also limited in
functionality in high wind conditions. Unfortunately, very limited data was available from sites where
misting fans were employed and it would have been interesting to determine the reach (distance) of

any cooling effect into the vineyards.

Only looking at one set of remotely collected data has limitation and relies on detailed recording of
occurrences in the vineyard over the season that might help explain the occasional unusual anomaly
(eg: Grower 3, Case Study 4 data).

Resource constraints and vintage circumstances greatly impacted the capacity for learnings from this
project. Vintage 2020 was a tough year with poor fruit set and very low yields making it difficult to
assess impacts of treatments on fruit quality or yield in most cases. Therefore, these aspects of the

project were not pursued.

Having said this, Malbec is a variety notorious for variable yield and susceptibility to heat stress but in a
vintage synonymous with poor fruit set and crop losses, Grower 1 did (anecdotally) achieve an

excellent crop from their trial block.

From the experiences of the growers involved in this project, the participants have already determined

future steps they will be taking.

e  Grower 1 has used overhead sprinklers successfully in a Malbec block for two seasons now and
will continue to refine the system in this block.

o  Grower 2 is reconsidering the infrastructure and cost-benefit limitations in the undervine
sprinkler system they employed.

o Grower 3 is reconsidering management of their Malbec blocks.

e  Grower 4 continues to improve the irrigation system in critical blocks with a view to better
employing the undervine sprinkler system.

e Grower 5 plans to remodel Malbec blocks and install an overhead sprinkler system for heat and
frost mitigation, and combined with other soil improvement, foliar and nutrient inputs expect to
achieve positive results.

e  Grower 6 has had limited water delivery to trial other than mulching but work with mulch will
continue.

o  Grower / will expand their trial and consider larger sprinkler spacing in hope of using strong
north winds during heat events to extend the cooling effects of overhead sprinklers.

Conclusion

The project used data loggers to continuously measure temperature and humidity in the vine canopy
from an area undertaking a mitigation activity compared to a control area. While this was not @
replicated trial, the trends identified in this novel project have identified activities that reduced canopy

temperatures and that have potential for easy and economical adoption by growers.

Of the trials assessed during this project, the use of overhead misting or wobbler sprinklers presented

the most promising results.

The maximum temperature and duration that the vine canopies are exposed to will strongly influence
impacts on fruit and the ability of the vines to recover from the extreme heat.
It is expected that the structural layout and functional capacity of overhead or undervine systems will

be critical for success.

1
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Future
Further work would
a) better optimise systems to sites,
b) improve understanding of the effect of cooling on root systems and other vine physiological
traits,
c) provide opportunity to assess the outcome of heat mitigation practices on the ultimate fruit
yield or quality,
d) determine the cost-benefit of successfully implemented systems thereby giving confidence to
these vineyard management decisions, and
e) expand investigations to consider potential benefits of commercially available plant stress
management products on vine resilience.

Resources:

Case Study 1: Overhead wobbler sprinklers
Case Study 2: Undervine misters | Mounding
Case Study 3: Overhead sprinklers

Case Study 4: Cooling fan | Mulch
Communique May 2020
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