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Abstract

Background: A growing ability to collect data, together with the
development and adoption of the FAIR guiding principles, has
increased the amount of data available in many disciplines. This has
given rise to an urgent need for robust metadata. Within the
Australian grains industry, data from thousands of on-farm research
trials (Trial Projects) have been made available via the Online Farm
Trials (OFT) website. OFT Trial Project metadata were developed as
filters to refine front-end database searches, but could also be used as
a dataset to investigate trends in metadata elements. Australian
grains crops are being sown earlier, but whether on-farm research
trials reflect this change is currently unknown.

Methods: We investigated whether OFT Trial Project metadata could
be used to detect trends in sowing dates of on-farm crop research
trials across Australia, testing the hypothesis that research trials are
being sown earlier in line with local farming practices. The
investigation included 15 autumn-sown, winter crop species listed in
the database, with trial records from 1993 to 2019.

Results: Our analyses showed that (i) OFT Trial Project metadata can
be used as a dataset to detect trends in sowing date; and (ii) cropping
research trials are being sown earlier in Victoria and Western
Australia, but no trend exists within the other states.
Discussion/Conclusion: Our findings show that OFT Trial Project
metadata can be used to detect trends in crop sowing date,
suggesting that metadata could also be used to detect trends in other
elements such as harvest date. Because OFT is a national database of
research trials, further assessment of metadata may uncover
important agronomic, cultural or economic trends within or across the
Australian cropping regions. New information could then be used to
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lead practice change and increase productivity within the Australian
grains industry.

Keywords
metadata, FAIR, grains, crop, sowing timing, wheat, barley, canola

This article is included in the Agriculture, Food

and Nutrition gateway.

This article is included in the Data: Use and

Reuse collection.

Corresponding author: Judi Walters (jr.walters@federation.edu.au)

Author roles: Walters J: Data Curation, Investigation, Methodology, Project Administration, Writing - Original Draft Preparation, Writing
- Review & Editing; Light K: Conceptualization, Data Curation, Formal Analysis, Methodology, Writing - Review & Editing; Robinson N:
Supervision, Writing - Review & Editing

Competing interests: No competing interests were disclosed.
Grant information: The author(s) declared that no grants were involved in supporting this work.

Copyright: © 2021 Walters ] et al. This is an open access article distributed under the terms of the Creative Commons Attribution License
, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

How to cite this article: Walters J, Light K and Robinson N. Using agricultural metadata: a novel investigation of trends in sowing
date in on-farm research trials using the Online Farm Trials database [version 2; peer review: 1 approved, 2 approved with
reservations] F1000Research 2021, 9:1305 https://doi.org/10.12688/f1000research.26903.2

First published: 06 Nov 2020, 9:1305 https://doi.org/10.12688/f1000research.26903.1

Page 2 of 23


mailto:jr.walters@federation.edu.au
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.12688/f1000research.26903.2
https://doi.org/10.12688/f1000research.26903.1
https://f1000research.com/gateways/agriculture-food-nutrition
https://f1000research.com/gateways/agriculture-food-nutrition
https://f1000research.com/gateways/agriculture-food-nutrition
https://f1000research.com/collections/datausereuse
https://f1000research.com/collections/datausereuse
https://f1000research.com/collections/datausereuse

J3747) Amendments from Version 1

This version of the work includes responses to the suggestions
made by reviewers. Please refer to their comments. There are a
number of changes that have been made in the text to increase
clarity and provide further information about specific items as
requested by the reviewers.

Any further responses from the reviewers can be found at
the end of the article

Introduction

Digital data

The amount of digital data being generated around the world
every day is truly massive. More data were generated between
2013 and 2015 than in the whole length of human history
before that (Marr, 2015). It is expected that the entire digital
universe is expected to reach 44 zettabytes' by 2020 and by
2025, it’s estimated that 463 exabytes’ of data will be cre-
ated globally each day (Desjardins, 2019). The sheer volume
of data being produced means that excellent data manage-
ment is essential (Harper er al., 2018). However, it has been
estimated that between 80 and 93% of data are held on per-
sonal computers or in offline repositories (Babcock, 2015),
where they are left in the ‘dark’, and are of limited use
(Sadig, 2016). There are increasing calls for data to be made
more widely available for maximum use, as well as the view that
research funded by taxpayers should be more readily accessible
(Stow er al., 2018). Research data is no longer just ‘nice to
have’: such data underpin decisions about health, development
of public policy, innovation, profitability and environmental
sustainability (Barbour, 2019).

Metadata

For data to be used they need to be brought out of the ‘dark’
and into the ‘light’. That is, they need to be findable. Mak-
ing data findable is the first step in the ‘FAIR Guiding Princi-
ples’ (i.e. Findable, Accessible, Interoperable and Reusable) for
scientific data management and stewardship (Wilkinson er al.,
2016), and for data to begin to be considered ‘findable’ they
must first be available in digital formation in an online platform
(i.e. on the internet). Once online, data are made more findable
by having rich metadata. The term ‘metadata’ generally
refers to ‘information about information’, or ‘data about data’
(Brand er al., 2003), and there are increasing calls for
metadata to be treated as equally important as the objects
they describe (de Waard & Kircz, 2003). However, metadata
records vary greatly in their richness; that is, how much or little
of the data is described and captured in the metadata record,
where generally the ‘richer the metadata record, the greater the
possibilities” (Brand et al., 2003).

The term ‘metadata’ can mean different things within differ-
ent settings, and there are many different ways that metadata

'A zettabyte is 1 x 10007 bytes.
> An exabyte is 1 x 10004 bytes.
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can be classified. The ‘Metadata, Encoding and Transmission
Standard” (METS) divides metadata into three broad catego-
ries: ‘descriptive’, ‘structural’ and ‘administrative’ (Davenhall,
2011). Of these, descriptive metadata elements are the most
commonly used in outward-facing online searches. For example,
putting ‘keywords’ into a search engine such as Google allows
sources of online information to be identified and selected as
appropriate. Thus, the richer the metadata applied to a data
source, the more findable the data becomes.

The creation and use of meaningful metadata are now recog-
nised as crucial elements in providing value-added services
(Simek et al., 2013). Metadata are increasingly being used to
detect trends and obtain insights into social, economic and
political interactions (Conte er al., 2012; Lazer et al., 2009;
Oh & Park, 2018). For example, many scientific publications
have reported use of Google Trends to identify changes in peo-
ple’s search behaviour as indicators of changing interest in a
topic (Kampf ez al., 2015), measures of public health (e.g. Cook
et al., 2011), economics (Kristoufek, 2015) and environmen-
tal events (Cha & Stow, 2015). Such studies have typically
relied upon metadata from internet usage or high-throughput
data; however, trend detection can be conducted on other types
of metadata. For example, metadata from weather stations
have been used to detect changepoints that indicate events
such as gauge changes or station relocation (Li & Lund, 2015).

Accessibility

To maximise use once a data source has been found, the data
also need to be accessible. Making data ‘accessible’ is the sec-
ond step in the FAIR Guiding Principles, meaning that people
seeking to use the data can access them at the defined time and
by the defined method (Luque, 2019). Further, there are increas-
ing calls to make research data and findings ‘open’, meaning
that data can be ‘used, reused and redistributed freely by any
person, and that are subject, at most, to the requirement of
attribution and to be shared in the same manner in which
they appear’ (Dietrich er al, 2015). This is especially the
case for projects that are publicly funded (Chugh & Howah,
2019). Thus, the process of and results from experimental
research should be open, transparent, reproducible and test-
able (Davenhall, 2011). Science funders, publishers and gov-
ernmental agencies now often require data management and
stewardship plans for data that are generated in publicly funded
research projects (Wilkinson er al, 2016). These typically
state that data should be published under an ‘open access’ (OA)
model. OA is a set of principles and practices through which
research outputs are distributed online, free of cost or other
access barriers (Suber, 2004).

Data repositories

Many types of data and information lend themselves well to
OA. For example, many scholarly publishers now provide
authors with the opportunity to make the research manuscripts
available through OA publishing models, and application of
licenses such as those by Creative Commons promote shar-
ing of research outputs. For some types of experimental and
research data — particularly those from laboratory-based or
sensor-driven experiments — there are a number of well-curated,
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deeply integrated, special-purpose open data repositories such
as Genbank (Benson er al., 2013), the Worldwide Protein
Data Bank (Berman er al., 2003), and UniProt (The Uniprot
Consortium, 2019). A number of ‘general-purpose’ reposi-
tories such as Figshare and DataHub, have also been devel-
oped, but not all research data or data types can be captured
by or submitted to these repositories, and searching repositor-
ies that hold such disparate data is often problematic. Indeed,
many potentially valuable datasets emerging from traditional,
low-throughput research trials don’t fit well into these repositories
(Subramaniam, 2004).

Agricultural data

The use of agricultural trial data has enormous potential to
improve cropping and management practices (Hyman er al.,
2017). Serra da Cruz & do Nascimento (2019) identified a
number of difficulties in data-driven research projects in agri-
culture, including a lack of appropriate infrastructure to store
and preserve data and difficulty in sharing datasets. Harper
et al. (2018) asserted that ‘the future of agricultural research
depends on data’, and that ‘the sheer volume of agricultural
biological data being produced today makes excellent data
management essential’. These authors also suggest that the
‘value of data increases exponentially when they are properly
stored, described, integrated and shared, so they can be easily
utilized in future analyses’.

Grains trials

Within the grains and cropping sector in Australia, many thou-
sands of field-based and on-farm research trials have been
conducted by grower and farming systems groups, govern-
ment researchers, universities and private industry groups with
the aim of improving the profitability and sustainability of
Australian grain production (Wills er al., 2019). However,
the results from much of this work is traditionally retained
‘in house’” — on personal computers or institutional and pri-
vate websites (Serra da Cruz & do Nascimento, 2019) that can
be accessed only via subscription or membership status. The
data are thus neither findable nor accessible, so the potential
value from the re-use of research findings is not being realised.
Further, many research topics are being duplicated in both
time and space, resulting in wasted time, effort and funding
investment (Sexton ef al., 2019).

Identification of this urgent need for greater dissemination of
research trial data and findings within the Australian grains
research community led to the development of Online Farm
Trials (OFT) — an open online database that provides open
access to on-farm or field-based cropping research trial data and
information. Hosting past and present research trials under-
taken and contributed by a range of contributors throughout
Australia, OFT is a source of knowledge and information to
support decision making, practice change and improvements
in farm profitability and sustainability.

OFT can be considered as a ‘biocurator’ (Harper er al., 2018),
striving to present ‘accessible, accurate and comprehensive
representation of biological knowledge’. Biocuration is the
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process of ‘selecting and integrating biological knowledge,
data and metadata within a structured database so that it can be
accessible, understandable and reusable by the research com-
munity’ (Harper er al., 2018). Data and metadata are taken
from trial reports to form the basis of the Trial Projects, which
are integrated with other data, including SILO and Bureau of
Meteorology weather data and the Soil and Landscape Grid of
Australia to deliver a value-added product to database users.
OFT Trial Project metadata can be considered as ‘descriptive’,
providing information about the basic parameters of each
research trial project within the database. The online fields into
which mandatory metadata are entered on the OFT website are
Trial project code, Trial project title, Growing season Yyear,
Trial site, Crop type, Trial type, Trial design and Treatment type.
These fields have been defined as the minimum information
metadata elements required for the creation of a Trial Project in
the OFT database. On-farm crop research trials typically fol-
low the basic scientific procedure whereby experiments are
conducted under controlled, documented conditions, and the
results are used to determine the best inputs to achieve the
desired outputs. However, this may not be the case for dem-
onstration trials, and scientific publishing standards have not
generally been applied within the on-farm research activi-
ties in the past, so legacy trial reports do not always contain
all the required information to generate searchable metadata
within OFT (Robinson er al., 2019).

Sowing timing

Sowing time is critical in determining crop yield, so get-
ting the right sowing timing for a crop is one of the most use-
ful ways of maximising grain yield in dryland agriculture
(Sharma er al., 2008). It is generally acknowledged within
the Australian grains industry that crops are being sown ear-
lier than in the past (Anderson et al., 2016; Flohr er al., 2018;
GRDC, 2011), and it could be expected that cropping research
trials would be designed to follow the same practices as those
being employed within the general industry to ensure results
data are relevant to what growers are doing in their pad-
docks. However, Stephens & Lyons (1998) suggested that
is not always the case, and, to the best of our knowledge,
investigations into their claim have not yet been reported.

In the first study of its kind in the grains industry, we aimed
to determine whether OFT Trial Project metadata could be
used to detect trends in sowing dates from on-farm crop
research trials across Australia, testing the hypothesis that
research trial are being sown earlier in line with local farm-
ing practices (i.e. that sowing dates have moved to earlier in the
year within the study period).

Methods

At the time of analysis (18 December 2019), there were 11,458
Trial Projects (i.e. site x growing year X crop type combina-
tions) in the OFT database. These included both published
and unpublished trials. Of these, 3634 (30.72%) contained
a sowing date (SD) in the available metadata field. Where
multiple dates were available (i.e. ‘time of sowing’ trials),
the earliest date was used to provide the broadest range of
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dates being trialled by researchers and to corresponded with
the first date used in trials with only a single sowing date.
Trial Projects that met the following criteria were included
in the analysis of sowing date:

1. winter crop species; specifically, barley, canola, chick-
peas, faba beans, field peas, kaspa peas, lentils, linseed,
lucerne, lupins, mustard, oats, triticale, vetch and wheat;
and

2. sown in an ‘autumn’ period; specifically, between 1 March
and 31 July.

The winter crop species selected were those that (i) were con-
tained in records in the OFT database, and (ii) rely on an
autumn rainfall ‘break’ to germinate, so would traditionally be
sown within a specific ‘sowing window’ aimed at achiev-
ing optimal growth and yield. The period between 1 March and
31 July incorporates the broadest possible sowing window for
these crop species.

The remaining 3067 Trial Projects were included in the meta-
data export. The export was saved as an MS Excel spread-
sheet, and contained data for ‘Sow date’, ‘Crop type(s)’,
‘Growing season year(s)’ and ‘Trial site(s)’ (i.e. trial loca-
tion) from the OFT database. Sowing dates were converted
from calendar dates to Julian days, the frequency of dates was
assessed to determine whether they were normally distributed.
All data were found to display a normal distribution, so no
data cleaning was required.

Trial Projects sites were located on a map of Australia to
show the spatial distribution of trials. Trials in the export
were then classified by state (i.e. New South Wales (NSW),
Queensland (Qld), South Australia (SA), Tasmania (Tas.),
Victoria (Vic.) and Western Australia (WA)) and by crop type
(species). There were a limited number of Trial Projects for
crop types other than wheat, barley and canola, so data assess-
ments focussed on the six states x three crop types (wheat,
barley, canola) and an ‘all crops’ category including all crop
types listed above. A total of 24 combinations were generated
for analysis.

To determine the minimum number of Trial Projects needed
in each state x crop type combination to provide a margin
of error (MOE) required for a 95% confidence interval (CI),
we calculated the standard deviation of SD across the years
on record, then used the following equation to calculate p,
where p is the sample size of n > (z¥*6/MOE)?; z* = 1.96 (value
corresponding to CI of 95%) and o is standard deviation of
the population. The standard deviation of the sample was 19.5
days, and we selected a MOE of 7 days. From this, a sam-
ple size of >29.8 days was calculated. Thus, in the analyses,
we included only state x crop type combinations with >30
Trial Projects. SDs were averaged for each year within the
remaining state X crop type combination. Ordinary least
squares regression plots of SD versus year were created for
each of the state x crop type combinations. Linear regression
analysis was conducted in StatPlus:macLE build 7.1.1.0 to
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investigate the relationship between SD and year. The effect
of the resultant coefficient of determination (R?) values were
considered following Moore ef al. (2013):

e R?<0.3 =none or very weak,
e R’suchthat 0.3 <r<0.5 = weak,
e R?such that 0.5 < r < 0.7 = moderate, and

e R2>0.7 = strong.

Plots of residuals versus fitted values were created for each
regression to check validity of the assumption of normality
in the data. One-way analysis of variance (ANOVA) was
used to test the overall significance of the regressions via
Student’s r-tests. The significance of results was considered:
P < 0.001, highly significant; P < 0.01, moderately signifi-
cant; and P < 0.05, significant; P > 0.05, not significant. Plots
of residuals demonstrated that the assumption of normality
was validated for all regression plots (data not shown).

The sowing date of trials that formed the National Variety
Trials (NVT) between 2010 and 2019 were also investigated.
An NVT dataset of 6084 trials meeting the same require-
ments for SD and crop type as utilised above was investi-
gated following the same protocol as specified for the OFT
dataset.

Results and discussion

Metadata is critical to increase the findability of digital infor-
mation, but it can also be used to detect trends and thus make
predictions. Here we used Trial Project metadata from the
OFT database as a stand-alone dataset to investigate pos-
sible trends in sowing date (SD) of on-farm research trials
from across Australia from 1993 to 2019, which was the year
range resulting from analysis of the database. The primary
purpose of our analysis was to determine if a dataset such as
this could be interrogated to provide insights into agricultural
trends. In-depth discussions of any agronomic or other fac-
tors that could explain specific trends are beyond the scope
of the current study.

The 3067 Trial Projects identified and used in the analysis
covered a broad spatial spread of trial sites (Figure 1) with a
similar number of research trials having been conducted in
each year across the study period. Our results show that OFT
Trial Project metadata can be used to detect trends in SD
when sufficient data are accessible. The median SD for all
Trial Projects included in the analysis was 140.4 Julian days,
which equates to 20 May in a non-leap year (19 May in leap
years). The frequency of SDs between designed dates (1 March
to 31 July) followed a normal distribution (data not shown),
with a standard deviation of 19.5 days. The calculated sample
size needed for analysis within each state X crop type com-
bination was 30 Trial Projects, and for the state x crop type
combinations that met these criteria, there was only a weak
relationship (R*> = 0.25) between the number of SD data
points and the R?> value of the SD vs year plot, suggesting
that 30 data points was sufficient to detect a trend where it
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Figure 1. Spatial distribution of Trial Projects from Online Farm Trials used in analysis of sowing date.

existed, and a larger sample size beyond this did not neces-
sarily lead to better trend detection. Similarly, the relationship
between the number of years in a state X crop type combi-
nation and R® value of the SD vs year plot was also weak
(R* = 0.44), suggesting that a greater span did not always lead
to a stronger trend.

Of the 11,458 Trial Projects in the OFT database at the time
of analysis, only 3067 contained a record of sowing date
(SD) and met the crop-type (i.e. winter crops, see ‘Materi-
als and methods’) and date criteria (i.e. sown between 1 March
and 31 July). At the present time, the SD metadata element
field in OFT is highly recommended, but is not mandatory
because the bulk of Trial Projects in OFT are legacy trials,
many of which did not contain a record of SD, or sowing was
recorded simply as a period such as ‘late autumn’ or ‘mid-
June’, rather than a specific calendar date. These factors lim-
ited the number of Trial Projects that could be included in
the analyses, and this demonstrates that (i) a record of the SD
should be considered mandatory for the reporting of future
research trials; (ii) it would be useful for SD to be a man-
datory field for current and future Trial Projects from more
recent research, and (iii) the format of the date should include a

specific date to be references to the Gregorian calendar, which
can be converted to a single Julian day if required. Further-
more, we suggest that an international standard should be
used to report the date in OFT to increase clarity and interoper-
ability of data. For example, the ISO 8601 standard requires
that date and time values are ordered from the largest to small-
est unit of time starting with year, month and day, separated
by hyphens, e.g. 2020/08/04, meaning the 4th of August 2020.

Analyses of metadata in the OFT database showed that
changes in research trial sowing dates over time have differed
between the states and crops within the regional cropping
areas of Australia. In general, our results suggest that research
trial sowing dates in Vic. and WA have been moving ear-
lier each year across the study period (Table 1), but dates in the
other states (SA, NSW and Tas.) do not seem to have changed
markedly in the last ~25 years (since ~1993).

Similar trends were undetected in the NVT dataset inves-
tigated. No state x crop type combinations had significant
changes in SD across years. This is most likely due to the fact
that NVT trials are required to be sown during a mandated
(specified in trial contracts) sowing window that is deemed
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Table 1. Summary of Trial Projects with sowing date (SD) available in the Online
Farm Trials database metadata record with > 30 Trial Projects within a state

x crop type combination. (NSW = New South Wales; Qld = Queensland; SA = South
Australia; Tas. = Tasmania; Vic. = Victoria; WA = Western Australia).

State x crop type Trial year No. of years No. of trials R? P-value
combination” range in range included

NSW ‘all crops™ 1999-2018 20 399 0.1515  0.099
NSW barley 2001-2017 17 48 0.3771 0.025
NSW canola 1999-2017 19 31 0.0465  0.479
NSW wheat 1999-2018 20 207 0.1917  0.060
Qld all crops’ 2006-2015 10 62 0.1587  0.288
Qld wheat 2006-2015 10 32 0.0010  0.946
SA‘all crops’ 2003-2018 16 499 03405  0.017
SA barley 2003-2018 16 79 03497  0.033
SA canola 2004-2018 15 62 0.2338 0.131
SA wheat 2005-2018 14 223 0.1651 0.189
Tas. ‘all crops’ 2000-2014 15 68 0.0301 0.589
Vic. ‘all crops’ 1993-2018 26 1053 0.6097 <0.001
Vic. barley 1993-2017 25 226 0.6496  <0.001
Vic. canola 1994-2018 25 145 0.5066 0.001
Vic. wheat 1997-2018 22 441 0.6783  <0.001
WA “all crops’ 1998-2018 21 978 0.6817  <0.001
WA barley 2001-2018 18 146 0.5997 <0.001
WA canola 1998-2019 22 193 0.8739  <0.001
WA wheat 2000-2018 19 489 0.6431 <0.001

“Crops were sown in ‘autumn’, between 1 March and 31 July.

‘The category of ‘all crops’ included barley, canola, chickpeas, faba beans, field peas, lentils, linseed,
lucerne, lupins, mustard, oats, kaspa peas, triticale, vetch and wheat.

appropriate for the crop variety and specific location. SD is
therefore predetermined, and is not an independent variable
for NVT trials.

One complication in comparing reports of SD lies in the
definition of the ‘time of sowing’ (TOS, or ‘sowing date’).
Flohr et al. (2018) define TOS as ‘the calendar date at which
seeds become imbibed and begin the process of germina-
tion. For instance, this could be the date on which they are
planted into a moist seed bed, or the date on which they
receive rainfall/irrigation after being sown into a dry seed
bed’. However, we suspect that most reports do not apply this
definition, but rather, simply use the date on which the seeds
were planted regardless of whether they were dry-sown or
how long after the first significant rain (or ‘break’) occurred.
Fletcher er al. (2015, 2016a, 2019) noted that growers are sowing
earlier regardless of rainfall, likely negating the severity of
the complication of comparisons; however, the observation

that rainfall of significant magnitude to germinate seed (i.e. the
‘autumn break’) is arriving later, and could be influencing these
results (Flohr et al., 2021; Pook et al., 2009).

Another complication arises from the observation that choice
of sowing date for a crop on a farm is influenced by many
factors including climate (especially rainfall events), the size
of the cropping enterprise, the equipment and labour avail-
able, the tillage method and other management tools to be
employed, the crop type and variety to be sown. For research
trials, many of these factors are negated, but other limitations
may influence the date chosen for sowing. For example, avail-
ability of funding, equipment and staff, as well as access to the
trial site may play a role in determining the sowing date of a
trial. However, these influences are probably usually minor, so
likely insufficient to change the desired date significantly.
Thus, the SD of a research trial is usually the function of a
single establishment date, whereas a sowing schedule on a
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farm may take anywhere from several days up to a month
depending on the size of the area being planted (Hunt er al.,
2019) due to constraints on the availability of machinery and
labour (Fletcher er al., 2016a). In practice, the SD of a research
trial can be considered as a distinct entity as the entire trial is
usually planted on one day. We suggest it should be compared
with the midpoint of farm sowing dates reported elsewhere,
which is considered as a good mean measure of whether crops
are sown early or late (Stephens & Lyons, 1998).

Western Australia

The sowing date for cropping research trials for WA SDs, with
trials in ‘all crops’ moving earlier by around 1.9 days per year
between 1998 and 2018; and wheat, barley and canola trials
in WA were sown about 1.7, 2.1 and 2.3 days earlier each
year, respectively, for the year analysed in each of these crop
species (Figure 2; Table 2).

These findings correspond with multiple reports of earlier
sowing of crops in general farming practices in WA. Fletcher
et al. (2016a); Fletcher er al. (2016b) reported that field
records from seven farms in WA showed sowing of the first
cereal crop (wheat or barley) on-farm had advanced markedly
in recent years, and was most prominent from 2010 to 2014.
The sowing date moved from late May to late April at most
sites (although the actual pattern of change was notably dif-
ferent at the seven sites included in the report; see Figure 1
in Fletcher er al. (2016b)) and was likely impacted by changes
in management and agronomical practices, including adop-
tion of no-till methods and herbicide resistant crop varieties
(Fletcher et al., 2019). This work was based on the report by
Stephens & Lyons (1998), who reported that sowing dates of
wheat in WA had moved earlier by 1.2 days per year between
1977 and 1990, and confirmed that sowing dates continued to
move earlier from around 1995 to 2015. Flohr er al. (2018) also
confirmed the general shift, reporting that wheat sowing date
records from the Yield Prophet database (the online commer-
cialised version of the crop production models APSIM) in WA
show a shift of around 1.3 days/year over the 10-year period
from 2008 to 2015. Farre er al. (2019) asserted that trends
in earlier sowing in WA over the last decade also apply to
canola crops, and used APSIM-canola simulations to estab-
lish the optimum sowing window to maximise grain yield
for different locations in WA. A report by DPIRD WA (2019)
also noted that ‘in the last decade there has been a trend
toward earlier sowing of canola by Western Australian growers’.

Results from the OFT metadata analysis show that sowing
of crops in WA research trials reflect the trends seen in gen-
eral practice in this cropping district, and extends the current
knowledge to show that the trend is continuing past 2015, at
least as far as 2018, and possibly beyond.

Victoria

In Vic., the SD for cropping research trials for ‘all crops’ moved
earlier by around 1.3 days per year between 1993 and 2018;
wheat, barley and canola trials in Vic. were sown approximately
1.9, 1.6 and 1.6 days earlier each year for the years
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analysed for each of these crop types (Figure 2; Table 2).
This result is similar to the data from the Yield Prophet
database showing a rate of change of 2 days/year between
2008 and 2015 for wheat in Victoria (Flohr er al., 2018). How-
ever, it differs from findings of Stephens & Lyons (1998),
whose survey work showed no change in sowing date in
the state between 1977 and 1990. These authors note that
their data were based on only five survey responses (the least
number of any state), so ‘little confidence can be placed on the
results’. The OFT metadata suggests that sowing of research
trials in Vic. has moved forwards during the study period, in
a similar fashion to WA, and thus reflect general practice in
cropping across the state.

Other states

We detected weak trends in SD in three of the state x crop type
combinations in these states: NSW barley R*> = 0.3771, SA
‘all crops’ R* = 0.3405 and SA barley R* = 0.3497. R* values
for all other NSW, Qld, SA and Tas. state X crop type
combinations were very weak (< 0.3771), suggesting no clear
or consistent relationship between SD and year.

These results differ from those of Stephens & Lyons (1998),
who reported that ‘during the 1980s, sowing progressed a
day earlier each year at a national scale’. For NSW; how-
ever, they note that there were large standard deviations in
sowing (wheat) midpoints (see their Figure 4), averaging
21.2 days. Flohr er al. (2018) show that NSW wheat crops
were planted 1.1 days/year earlier between 2008 and 2015,
but note that southern NSW had the lowest number of fields
subscribed to Yield Prophet and that there is a very broad sow-
ing window in this environment. These authors reported
sowing of wheat crops in SA has moved 1.3 days/year ear-
lier in the same period. Maitland (2013) reported in the South
Australian No Till Farmers Association (SANTFA) newsletter
that ‘in recent years, farmers have sown crops earlier in
the season’; however, this report contains no data, and thus
provides little evidence on which to base further analyses. No
published data could be found for QId or Tas.

Trend detection

There are several possibilities that could explain why we
detected no strong trends in SD in OFT metadata for NSW,
Qld, SA and Tas. First, reports of earlier sowing of crops in
paddocks may be anecdotal or outdated, and crops were not
actually sown earlier in these areas during the period included
in our analyses. Stephens & Lyons (1998) surveyed wheat
farmers undertaken between 1978 and 1990, which is sev-
eral years before the earliest record used in our analyses, and
almost 20 years before the bulk of the data used here. These
authors noted that the national trend towards reduced or
minimum tillage techniques coincided with their reported
earlier sowing dates, so it is possible that once any farmers
who were adopting these different management methods had
done so, sowing dates ceased to move any further forwards.
Other reports providing data regarding sowing trends in these
states were from the Yield Prophet database, which is biased
towards early adopters of technology (J. Hunt, pers. comm.).
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Figure 2. Correlations between mean sowing date and year for state x crop type combinations (>30 trials, R>>0.50). The category
of ‘all crops’ included barley, canola, chickpeas, faba beans, field peas, lentils, linseed, lucerne, lupins, mustard, oats, kaspa peas, triticale,
vetch and wheat. Blue line indicates predicted SD, dashed red lines indicate 95% confidence intervals, and green dashed lines indicate 95%

prediction intervals.
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Table 2. Linear regression analysis of
sowing date (SD, Julian days) vs year with
records of >30 Trial projects available for
that state x crop type combination.

State x crop type Slope of P-value
combinations regression

Vic. ‘all crops” -1.3 <0.001
Vic. wheat =119 <0.001
Vic. barley -1.6 <0.001
Vic. canola -1.6 <0.001
WA “all crops’ -1.9 <0.001
WA wheat -1.7 <0.001
WA barley -2.1 <0.001
WA canola -2.3 <0.001

“All crops' included barley, canola, chickpeas, faba
beans, field peas, lentils, linseed, lucerne, lupins,
mustard, oats, kaspa peas, triticale, vetch and
wheat.

Thus, it is possible that sowing dates for crops in NSW,
Qld, SA and Tas. have not changed significantly in the years
included in our analyses.

A second possible reason why no notable trends between
SD and year were detected for NSW, Qld, SA or Tas., is that
research trial SDs in these areas may not reflect general prac-
tice in the region, so in fact have not been sown earlier across
the study period even if farmers were sowing crops ear-
lier. If the main reason why farmers are sowing crops earlier
is increased farm size, then the need for earlier sowing is
negated in research trials, meaning they are simply not sown
earlier.

Third, it may be that trends in SD exist only within smaller
geographic regions within each state, and so have been
masked by separate agro-ecological zones. Sowing dates are
known to be strongly influenced by geographical regions
(NSW DPI, 2019), driven by variation in a plethora of envi-
ronmental variables such as rainfall (particularly in autumn;
Bloomfield er al., 2018), spring temperatures and frost risk
(Hunt er al., 2019). Large-scale rainfall anomalies have been
cited as a driving factor for sowing dates, especially in states
with a distinct Mediterranean climate (Stephens & Lyons,
1998). Frost risk was recently reported to vary considerably
across the northern grains region, and manipulation of sowing
time was identified as one way to minimise yield losses (in
chickpeas) due to frost (Chauhan & Ryan, 2020). There are
likely many reasons that have contributed to this change
but investigations into and discussion of the agronomic fac-
tors driving earlier sowing are beyond the scope of the cur-
rent investigation. However, our work demonstrates that OFT
provides a useful source of information, and could be used
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to investigate trends within, for example, different agro-
environmental zones or across different rainfall gradients.

OFT metadata

The OFT database currently provides for the inclusion of
exact and accurate geolocation of a trial in the form of lati-
tude and longitude. If entered, this information can be dis-
played or, for privacy reasons, hidden from the public view at
the request of the contributor. Whether hidden or displayed,
it can be used to accurately geo-locate a trial site for which
climatic variables can be derived for use in analyses. How-
ever, few legacy reports contain accurate location informa-
tion, and even where it may be available, the information is not
always entered into the database because it is an optional field.
Accurate geo-location (e.g. measurements made via a global
positioning system (GPS) could be useful in future analyses,
and the location of research trials should be recorded and
entered into the database.

The present process of Trial Project creation in OFT is one
of manual biocuration, and requires a multidisciplinary effort
involving subject area experts, software and technical devel-
opers, researchers and project staff. The process of manual
biocuration typically involves reading of the trial report and
entering data manually into the database. It requires a good
understanding of both the research work being entered as well
as the functional capacity of the database itself. The origi-
nal Trial Project entry process for OFT was conducted via a
spreadsheet import process, which was managed in-house.
Once an upload of projects was completed, the contribu-
tor was notified and asked to check that the information had
been entered and represented correctly before it was published
to the live site (online). However, this process was labour-
intensive and slow, and required members of the OFT team to
facilitate data entry and publication, so an ‘administration’
centre was developed to allow contributors to enter their data
directly to the OFT database without input from the in-house
OFT team. This made it easier for contributors to enter data
and removed the need for double-handling of trials, however,
it simultaneously introduced the problem of quality control.
Without the need for Trial Projects to be checked by a mem-
ber of the OFT team before being published, entry of
non-mandatory metadata had not been monitored. Harper
et al. (2018) note that manual biocuration is perhaps the best
way to curate data, but no database has enough resources to
curate all data manually. Investments into the Australian grains
industry have been recognised as critical drivers for achieving
future productivity gains essential for the sustainability and
profitability of cropping enterprises (Walters et al., 2018), so
it will be important to evaluate the benefits against the costs
of collecting more metadata within the context of ongoing
OFT database curation and quality control. There is generally a
time investment required to collect metadata, and it is
recognised that enriching existing metadata records can be
‘difficult and time consuming’ (Kemp er al., 2018), so recog-
nition of the trade-off remains an important consideration in
the collection of metadata for OFT Trial Projects.
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For wheat in particular, the trend of earlier sowing dates may
have been facilitated by an increase in use of winter wheat
varieties investigated in these areas, as the trend towards ear-
lier sowing is reported to have resulted in the planting of
more longer-season varieties and less shorter-season varieties
(Hamblin & Kyneur, 1993; Stephens, 1995). There is cur-
rently no metadata field for variety in OFT, thus, the possible
role of varietal-driven differences in sowing date trends could
not be accounted for in our analyses. Future development of
OFT Trial Project metadata to include variety could be highly
beneficial in understanding the role of variety in sowing date
trends across the different Australian cropping regions.

Future trends

In our analyses we used simple linear regression, and results
suggest that in some areas, research trial crops are continu-
ing to be sown earlier (up to the end of analyses, which was
~2018-19). Simulation studies of wheat in WA suggest that
the optimal flowering period (and by extension, sowing
date) may move earlier by as much as 29 days under a drier
climate (Chen er al., 2020). This raises the question of how
much earlier can crops be planted before the advantage
is negated, i.e. how many more years will the current
trends persist, and what will be the best way to continue to
monitor ongoing shifts in sowing dates in the future to allow
for the expected effects of ongoing climate change on crop
phenology (Kukal & Imrak, 2018)? As Trial Projects from
current and future research trials are added to the OFT data-
base, further analyses may show further changes in SD trends,
and these could be useful in predicting sowing dates to be
used during the planning of future research trials. Further,
the question of whether earlier sowing in research trials has
led to the expected benefits in terms of crop yield has yet to
be investigated. At the present time, there is much informa-
tion in OFT that is not captured in metadata fields, but future
development to improve the richness of the metadata would
enable these questions, and many others, to be investigated
using Trial Project metadata from the OFT database.

Conclusions

The Online Farm Trials database has increased the accessi-
bility of Australian cropping research trial projects and trial
data. Trial Project metadata from the OFT database is unique
in that it can be used in two distinct ways: as filters for online
searches of the database; and as a stand-alone dataset that can
be interrogated to detect trends in recorded fields. Using OFT
Trial Project metadata as a dataset we demonstrated that
sowing dates of on-farm research trials for ‘all crops’, barley,
canola and wheat have moved earlier by 1.3-2.3 days per year
from 1993 to 2018 in Vic. and WA. Trends in SD in the other
cropping states in Australia were either weak or very weak,
suggesting research trials in these areas have not been sown
earlier during the study period (1993-2018). To help improve
OFT Trial Project metadata for future data discoveries, we rec-
ommend that future projects include sowing date as a mandatory
field. Numerous other research questions could be investigated
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using OFT Trial Project metadata, and our work shows that the
database provides an effective way for users to access, search,
filter and re-use on-farm trials to help improve sustainability
and profitability of Australian grains research.

Data availability

Figshare: Dataset 1: Online Farm Trials Sowing Date Metadata
export 18 December 2019 https://doi.org/10.6084/m9.figshare.
12895103.v2 (Walters, 2020a).

This project contains the following underlying data:

e figshare_Dataset 1_Online Farm Trials.xlsx. This dataset
was compiled from the Online Farm Trials metadata
export on 18 December 2019. It shows the autumn
sowing dates (limited to those between 1 March and
31 July) of various crop types across cropping states
within Australia between 1993 and 2018. The 'all crops'
categories includes barley, canola, chickpeas, faba beans,
field peas, lentils, linseed, lucerne, lupins, mustard, oats,
kaspa peas, triticale, vetch and wheat.

Figshare: Dataset 2: Online Farm Trials spatial spread of
trial sites export 18 December 2019 https://doi.org/10.6084/
m9.figshare.12932732.v1 (Walters, 2020b).

This project contains the following underlying data:

e figshare_Dataset 2_Online Farm Trials.xIsx. This dataset
was compiled from the Online Farm Trials export
on 18 December 2019. It shows the autumn sowing
dates (limited to those between 1 March and 31 July)
of various crop types across cropping states within
Australia between 1993 and 2018. The data were used
to generate a map showing trial site locations within
Australia.

Data are available under the terms of the Creative Commons
Attribution 4.0 International (CC BY 4.0) Licence.

Readers are also encouraged to visit the Online Farm
Trials website where metadata and other information on
grain-based trials from across Australia can be accessed
(www.farmtrials.com.au).
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The authors cite FAIR, but in fact, there is nothing in this paper on interoperability and very little
on accessibility or reusability - this work is primarily about the value of specifying metadata fields
beyond the generic typically requested in standard metadata schemas. However, I wonder how
realistic this is - how many fields can be reasonably added to metadata schemas? Aren't NLP and
text mining techniques able to get at information to inform this sort of analysis without adding
fields to metadata schemas? Data can be richly mined if interoperability using controlled
vocabularies or ontologies to describe data variables is implemented by design, surely?

Nonetheless, this work is interesting and could provide a bit more impetus to improve annotations
of research data. It would be good to see more discussion around the possibilities, and how such
derivable value could address challenges. I'd focus less on FAIR since this work doesn't really
address all aspects of FAIR.

OFT seems like an interesting resource, but I was unable to export data that was open - and not all
of the data in the db is - so that needs to be better clarified in the paper. I wanted to see more on
the metadata schema used, the decisions that went into this, how it was received by
researchers/data managers, etc. I would suggest a bit of a rewrite to explore these angles, leading
into the particular use cases - which are good.

One nitpicky point: The authors say "More data were generated between 2015 and 2017 than in
the whole length of human history before that (Marr, 2015)" Presumably Marr was predicting
more data being generated... in 2015, and not stating that it was so!

I also don't quite get the 3067 and 3634 numbers in the methods - and how they relate to the
11,458 projects. I also don't understand why the notion of "trial project" is needed - it is confusing.
Aren't these just all trials that meet the filters of site, growing year, and crop type?

Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Partly

If applicable, is the statistical analysis and its interpretation appropriate?
I cannot comment. A qualified statistician is required.

Are all the source data underlying the results available to ensure full reproducibility?
Yes

Are the conclusions drawn adequately supported by the results?
Yes
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Competing Interests: No competing interests were disclosed.

Reviewer Expertise: agronomic research for development, data management, OA, FAIR,
responsible data, semantic web

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard, however I have
significant reservations, as outlined above.

Judi Walters, Federation University Australia, Mount Helen, Australia

We note the reviewer's comment that there is “ nothing in this paper on interoperability and
very little on accessibility or reusability [and that] this work is primarily about the value of
specifying metadata fields beyond the generic typically requested in standard metadata
schemas”. This is a reasonable comment with which we do not disagree, but would add that
the paper does not claim to discuss all elements of FAIR. Rather, it mentions FAIR to place
the discussions around the benefits of the OFT database in a broader context of the
publication and re-use of research data. Then, the paper highlights the value of using the
metadata fields used in OFT as a way to search for information, much like a bibliographic
database of research papers.

The reviewer asked “how many fields can be reasonably added to metadata schemas?” and
suggest that “NLP and text mining techniques able to get at information to inform this sort
of analysis without adding fields to metadata schemas?” We suggest that, although some
researchers may be able and willing to go to the lengths required to using text mining
techniques to locate information, there are many researchers (particularly in the
agricultural sciences), agronomists, and grain growers, for whom this type of searching
would not be possible. Hence, the value of the simple, easy, and freely-accessible searches
made available via OFT.

The observation that “[d]ata can be richly mined if interoperability using controlled
vocabularies or ontologies to describe data variables is implemented by design, surely?” is
true, and work in progress may mean that OFT adopts a controlled vocabulary to increase
interoperability in the future.

We have included some changes in response to other reviewers, so hope this satisfies the
suggestion for further discussion around research data annotation/use.

Without further clarification we are unable to determine the reasons why the reviewer was
unable to “open export data”, and suggest that contact be made with the OFT team via
email (oft@farmtrials.com.au) to get support because all exports in the database should be
retrievable with sufficient internet capabilities.

It was decided to avoid further discussion of the metadata schema used because further
development under the current funding contract is expected to explore this aspect of OFT in
the near future, and subsequent publications would be better to address this topic in
greater depth.

We thank the reviewer for picking up the extrapolation error when that we said "More data
were generated between 2015 and 2017 than in the whole length of human history before
that” and given the citation was Marr (2015) presumed that Marr was predicting more data
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being generated. We checked the reference and note that Marr wrote “The data volumes
are exploding, more data has been created in the past two years than in the entire previous
history of the human race”, so we have corrected the text to reflect this.

To clarify the numbers “3067 and 3634” in the “Methods": of the total number of trial
projects in the OFT database at the time of investigation (i.e. 11,458), 3634 trial projects had
data available for sowing date (SD). Of the 3634 trial projects that had SD available (and
could therefore be included in the investigation), 567 trial projects had SDs that were
outside the dates considered reasonable for an ‘autumn’ sowing period (i.e. not between 1
March and 31 July), so that left 3067 trial projects available for the investigation.

The concept of a ‘trial project’ is unique to OFT and was so hamed to define a database entry
for a site x growing year x crop type combination. The institution of ‘trial projects’ was
necessary so that an individual piece of research work that spanned a multiple of any one of
these factors could be entered in the system with adequate metadata so it could be located
via a metadata search.

Competing Interests: No competing interests were disclosed.

Reviewer Report 04 May 2021

https://doi.org/10.5256/f1000research.29710.r82540

© 2021 Hunt ). This is an open access peer review report distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited.

?

James Hunt
Department of Animal, Plant and Soil Sciences, La Trobe University, Melbourne, Vic, Australia

This manuscript describes a study in which metadata from the Online Farm Trials website were
used to detect changes over time in trial management, specifically sowing date. The analysed
results are compared to published data relating to grower sowing date and the differences at a
state level and possible causes are discussed. This exercise is used as an example of how
agricultural metadata can be used to detect trends in management practice.

The manuscript is well written and well prepared and will be of interest to agricultural researchers.

It should be noted that grower time of sowing data are available in the following peer reviewed
references, which are stronger sources of evidence than the GRDC fact sheet that is cited under
the heading ‘Sowing timing'.

Flohr, BM, Hunt, R, Kirkegaard, JA, Evans, R, Trevaskis, B, Zwart, A, Swan, A, Fletcher, AL,
Rheinheimer, B (2018) Fast winter wheat phenology can stabilise flowering date and maximise
grain yield in semi-arid Mediterranean and temperate environments. Field Crops Research 223,
12-25."
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Anderson, WK, Stephens, D, Siddique, KHM (2016) Dryland Agriculture in Australia: Experiences
and Innovations. In 'Innovations in Dryland Agriculture.' (Eds M Farooq, KHM Siddique.) pp. 299-
319. (Springer International Publishing: Cham)?

[I note the Flohr et al. (2018) reference is cited later in the manuscript]

Both references use the same data source (the Yield Prophet® database, see Hochman, Z, van
Rees, H, Carberry, PS, Hunt, JR, McCown, RL, Gartmann, A, Holzworth, D, van Rees, S, Dalgliesh, NP,
Long, W, Peake, AS, Poulton, PL, McClelland, T (2009) Re-inventing model-based decision support
with Australian dryland farmers. 4. Yield Prophet® helps farmers monitor and manage cropsin a
variable climate. Crop and Pasture Science 60, 1057-1 070.).2 The Anderson et al. (2016) reference
also uses the Stephens & Lyons (1998) data. The Flohr et al. (2018) reference breaks the trends
down to a state level which would make a useful comparison to this study.

Crop types - ‘Kaspa’ is a cultivar of field pea, not a distinct species, and experiments with this
cultivar can be included in the field pea category.

Normality of data - do you mean no data transformations were required (rather than data
cleaning, which implies removal of data)?

I don't think the definition provided by Flohr et al. (2018) re imbibed seeds provides a problem for
his study because growers are sowing earlier regardless of the timing of rainfall (i.e. ‘dry’ sowing).
See;

Fletcher, AL, Robertson, MJ, Abrecht, DG, Sharma, DL, Holzworth, DP (2015) Dry sowing increases
farm level wheat yields but not production risks in a Mediterranean environment. Agricultural
Systems 136, 114-124.%

Fletcher, A, Lawes, R, Weeks, C (2016) Crop area increases drive earlier and dry sowing in Western
Australia: implications for farming systems. Crop and Pasture Science 67, 1268-1280.#°

Fletcher, A, Flohr, BM, Harris, F (2019) Evolution of early sowing systems in southern Australia. In
'Australian Agriculture in 2020: From Conservation to Automation.' (Eds J Pratley, JA Kirkegaard.)
pp. 291-305. (Agronomy Australia and Charles Sturt University: Wagga Wagga)

It would be worth noting that rainfall of sufficient magnitude to germinate seed (the ‘autumn
break’) is arriving later and that this could be having an effect on results. See;

Flohr, BM, Ouzman, J, McBeath, TM, Rebetzke, GJ, Kirkegaard, JA, Llewellyn, RS (2021) Redefining
the link between rainfall and crop establishment in dryland cropping systems. Agricultural
Systems 190, 103105.°

Pook, M, Lisson, S, Risbey, J, Ummenhofer, CC, McIntosh, P, Rebbeck, M (2009) The autumn break
for cropping in southeast Australia: trends, synoptic influences and impacts on wheat yield.
International Journal of Climatology 29, 2012-2026.”

In the paragraph headed ‘Other states’, the statement that Flohr et al. (2018) used simulation to
show NSW wheat crops were planted 1.1 days/year earlier between 2008 and 2015 is incorrect.
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The reported shift in sowing dates are actual dates entered by growers into Yield Prophet® i.e.
they are actual grower sowing dates, not simulated.

Likewise in the paragraph headed ‘Trend detection’ the following statement is incorrect:

“The only other reports providing data regarding sowing trends in these states were from the Yield
Prophet database, so are for wheat only and derived from simulations rather than measured data.”

These data ARE measured observations, not simulated. This misinterpretation needs to be
corrected. Albeit the sample of growers in the Yield Prophet database is biased toward early
adopters of technology.

References

1. Flohr B, Hunt J, Kirkegaard J, Evans J, et al.: Fast winter wheat phenology can stabilise flowering
date and maximise grain yield in semi-arid Mediterranean and temperate environments. Field
Crops Research. 2018; 223: 12-25 Publisher Full Text

2. Anderson W, Stephens D, Siddique K: Dryland Agriculture in Australia: Experiences and
Innovations. 2016. 299-319 Publisher Full Text

3. Hochman Z, van Rees H, Carberry P, Hunt J, et al.: Re-inventing model-based decision support
with Australian dryland farmers. 4. Yield Prophet® helps farmers monitor and manage cropsin a
variable climate. Crop and Pasture Science. 2009; 60 (11). Publisher Full Text

4. Fletcher A, Robertson M, Abrecht D, Sharma D, et al.: Dry sowing increases farm level wheat
yields but not production risks in a Mediterranean environment. Agricultural Systems. 2015; 136:
114-124 Publisher Full Text

5. Fletcher A, Lawes R, Weeks C: Crop area increases drive earlier and dry sowing in Western
Australia: implications for farming systems. Crop and Pasture Science. 2016; 67 (12). Publisher Full
Text

6. Flohr B, Ouzman J, McBeath T, Rebetzke G, et al.: Redefining the link between rainfall and crop
establishment in dryland cropping systems. Agricultural Systems. 2021; 190. Publisher Full Text

7. Pook M, Lisson S, Risbey J, Ummenhofer C, et al.: The autumn break for cropping in southeast
Australia: trends, synoptic influences and impacts on wheat yield. International Journal of
Climatology. 2009; 29 (13): 2012-2026 Publisher Full Text

Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Yes

If applicable, is the statistical analysis and its interpretation appropriate?
I cannot comment. A qualified statistician is required.

Are all the source data underlying the results available to ensure full reproducibility?
Yes
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Are the conclusions drawn adequately supported by the results?
Partly

Competing Interests: No competing interests were disclosed.
Reviewer Expertise: Agronomy, crop physiology, farming systems

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard, however I have
significant reservations, as outlined above.

Judi Walters, Federation University Australia, Mount Helen, Australia

We agree with the reviewer's suggestion that reference to grower time of sowing data
available in Flohr et al, (2018) and Anderson et al. (2016) provide stronger sources of
evidence than the GRDC fact sheet that is cited under the heading ‘Sowing timing’, so have
added in-text citations to these references alongside that of the GRDC fact sheet.

We note that the crop type ‘Kaspa'’ is a cultivar of ‘Field pea’, rather than a distinct species,
but because the OFT database separates these we have decided to keep them separate in
this work.

The reviewer asked in relation to ‘normality of data’ whether we mean no data
transformations were required (rather than data cleaning, which implies removal of data):
we confirm no data transformations were performed, neither were any data removed other
than as described in the ‘Materials and methods'.

We note the comment regarding the definition provided by Flohr et al. (2018) re imbibed
seeds not providing a problem for his study because growers are sowing earlier regardless
of the timing of rainfall (i.e. ‘dry’ sowing), so have retained the text and added a further
comment including reference to Fletcher et al. (2015, 201643, 2019).

We have also noted that rainfall of sufficient magnitude to germinate seed (the ‘autumn
break’) is arriving later and that this could be having an effect on results; including
reference to Pook et al. (2009) and Flohr et al. (2021) as suggested.

We have corrected the error in the paragraph headed ‘Other states’, stating that Flohr et
al. (2018) used simulation to show NSW wheat crops were planted 1.1 days/year earlier
between 2008 and 2015, now saying that the reported shift in sowing dates are actual dates
not simulated data.

The paragraph headed ‘Trend detection’ has also been corrected to reflect that ‘actual’
rather than ‘simulated’ nature of data from previous reports, and include a note from the
reviewer (pers. comm.) that “the sample of growers in the Yield Prophet database is biased
toward early adopters of technology”.

Competing Interests: No competing interests were disclosed.
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?

Daoud Urdu

Wageningen University & Research, Wageningen, The Netherlands

Sjaak Wolfert

Wageningen Economic Research, Wageningen University & Research, Wageningen, The
Netherlands

> This study aims to explore the possibility of using and analyzing metadata in order to tackle
overarching agricultural challenges like yield prediction. By applying statistical methods for
a specific question, the value of metadata is presented. Different literature has been studied
and categorized as part of the introduction. However, the interrelation between these data
categories and FAIR could be more clear in the introduction part. Also, the objective could
be stated more clearly.

o Furthermore, the reviewers think that the statistical part could be reviewed by someone
with a more statistical background.

> In the context of FAIR - This paper seems to contribute to the Accessibility part. However,
this could be stated more explicitly. The other characters (F, [, and R) in the abbreviation
could also get some more attention.

o With regard to standardization - what is the role of data modelling and information
modelling? What does the study contribute to the interoperability part of FAIR? Is ISO8601
the only relevant standard?

> Two figures 3067 and 3034 were used. This brought a slight confusion.

Is the work clearly and accurately presented and does it cite the current literature?
Partly

Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Yes

If applicable, is the statistical analysis and its interpretation appropriate?
I cannot comment. A qualified statistician is required.

Are all the source data underlying the results available to ensure full reproducibility?
Partly

Are the conclusions drawn adequately supported by the results?
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Yes
Competing Interests: No competing interests were disclosed.
Reviewer Expertise: Information Modelling, Systems Analysis, Digital Innovation

We confirm that we have read this submission and believe that we have an appropriate level
of expertise to confirm that it is of an acceptable scientific standard, however we have
significant reservations, as outlined above.

Judi Walters, Federation University Australia, Mount Helen, Australia

The Introduction of this paper introduces the category of digital data and links the amount
of digital data being produced with the need for it to be both ‘findable’ and ‘accessible’ to be
of increased use. The role of metadata in making digital data more findable is then
discussed. The accessibility of data is then also discussed in the context of open access
publishing models. The other components of the FAIR guiding principles (i.e.
interoperability and reusability) are not discussed in detail as they were considered outside
the scope of the current work: constituting another entire conversation in their own right.
For this reason, we have chosen to leave the text as it stands.

The reviewer requested that the objective be stated more clearly, so we changed the
wording in the second paragraph under ‘Sowing timing' to clarify.

We note the reviewer's comment that the statistical part could be reviewed by someone
with a more statistical background, and confirm that we did consult a statistician at
Federation University during the analysis phase of the research. We were advised that
further analysis techniques would not add to the main objective of the work: to
demonstrate that metadata can be used to detect trends, rather than to apply highly-
sophisticated statistical methods to prove or disprove a specific hypothesis, which, we
agree, would necessitate greater statistical rigour if that had been our objective. Because
statistical complexity was unnecessary to demonstrate the information we were trying to
convey we did not attempt to complicate the data with extra analysis.

The reviewer is correct that “In the context of FAIR - this paper seems to contribute to the
Accessibility part”, so we have highlighted this further by adding a sentence to this effect at
the beginning of the Conclusions.

As stated above, the I and R components are not given greater attention because we
consider them to be separate discussions, beyond the scope included here.

The reviewer asked what is the role of data modelling and information modelling?

The reviewer asked “What does the study contribute to the interoperability part of FAIR?".
We reiterate that the study was not attempting to focus on Interoperability, and that the
comment regarding the ISO 8601 was given as an example of what could be implemented
in the future to increase interoperability of OFT Trial Projects. The ISO standard mentioned
is not the only relevant standard but is provided as an example only.

The reviewer's comment regarding ‘slight confusion’ around the numbers 3067 and 3034
was investigated, and we suspect the reviewer was referring to ‘3634 rather than ‘3034'. For
clarification, 3634 refers to the number of Trial Projects containing sowing date in the
metadata field, and this number was reduced to 3067 by the limits set on the sowing
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window (1 March to 31 July).
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