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PROJECT REPORT:
Executive Summary

This project investigated the effect of nutrition on crop resistance and tolerance to a combination of
Rhizoctonia root rot and local leaf diseases in cereals. Four field trials were conducted over two
years at sites that were potentially deficient in different combinations of phosphorous, copper,
sulphur and potassium. Sites were located at Wangary and Stokes on the Lower Eyre Peninsula in
2018 and Palmer (Murray Plains) and Coomandook (South East) in 2019.

The main finding was that nutrients applied at seeding produced the greatest yield responses in the
high disease treatments, probably compensating for reduced capacity of diseased roots to explore
the soil.

High disease treatments had Rhizoctonia inoculum applied near the soil surface at seeding, and no
fungicides were applied during the’season to control leaf diseases. Low disease treatments had
fungicides applied to control root and foliar diseases.

e The phosphorous plus copper treatments increased yield by up to 2.31 t/ha in the high disease
treatment and reduced root and foliar disease scores at Stokes, in 2018.

e Yield loss in the high disease treatment averaged 0.44 t/ha, ranging from 0 to 1.0 t/ha across the
four trials; the Palmer 2019 site was drought affected and had no yield responses.

e At Wangary, sulphur reduced foliar disease from 27% to 18% (P=0.005), but did not affect yield.

e At Coomandook, phosphorous improved root health (P<0.004), but the effects were small.

Project objectives

To investigate the effects of nutrition on;
e Yield under high and low disease pressure.
e Severity of root disease caused by Rhizoctonia.

o Severity of foliar diseases in cereal crop.

Overall Performance

This project enabled Mr Gontar to gain experience in conducting field trials to investigate interactions
between plant nutrition, plant disease and crop agronomy, and to build professional networks with
growers, researchers Dr Nigel Wilhelm and Dr Alan McKay, and SARDI agronomy teams at Port
Lincoln, Clare and Waite Campus, as well as upper SE and Murray Mallee farming systems groups.

The experiments demonstrated that addressing nutrition deficiencies can increased yield most in
crops of high water-limited yield potential with diseased roots; probably by assisting the plant to
compensate for reduced root capacity.

Adequate nutrition also slowed development of spot form net blotch at Wangary; addressing nutrient
deficiencies may reduce need for fungicide applications to control leaf diseases that prefer nutrient
deficient crops.

Negative fertiliser effects were observed at Stokes, Wangary and Coomandook. High-salt fertiliser
formulations, such as muriate of potash, were used to avoid confounding effects of other nutrients
such as sulphur (in sulphate of potash), but these impair germination, particularly when soil moisture
levels are low.

Poor establishment, compounded by drought, was an issue at Palmer, where 3 passes of the seeder
was used needed to sow the fertiliser, crop and apply Rhizoctonia inoculum. The extra passes
potentially contributed to drying of the soil, whilst the final pass appeared to move herbicide-treated
soil back into the seed furrow. Lack of rain post-sowing likely compounded the issue. In future,
similar trials should ideally be sown using seeders with dual cones to sow seed and inoculum in a
single pass. Fettiliser freatments would require a third distribution system.
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A fifth site was established at Kapinnie, 2019 and sown to canola, but was abandoned following
consultation with SAGIT, due to poor crop establishment. Low soil moisture at seeding, together with
competition from volunteer lupins which proved difficult to control, appeared to slow with the canola
growth.

KEY PERFORMANCE INDICATORS (KPI)

If not achieved, please state

KPI Achieved
reason.

2018 - Establish, manage and measure 2
replicated field trials (2 cereals) of
approximately 15-20 treatments each at
two sites on LEP.

In 2018, field trials each comprising 12

treatments, 4 reps were located at Stokes
(wheat) and Wangary (barley) on the LEP.
Yes No []

Root and foliar disease was assessed twice
at each site. NDVI Greenseeker was used to
assess treatment effects on biomass. An
unreplicated tissue test was conducted for
each treatment at each site to confirm
treatment efficacy. Plots were harvested and
yields recorded.

2019 - Collate, analyse, report data from
2018 research trials and submit results to
EPARF and LEADA for publication in
annual trial results books.

Data were recorded using Excel. Data Yes No []
analysis was undertaken using Genstat (20"
Ed). Results were interpreted and a report
was made for EPARF ( and LEADA (

2019 - Submit to present results at LEADA
Expo

Mr. Gontar was requested to present at the
2019 LEADA Expo held in March 2019. A
report summarising the 2018 results of field | Yes No []
experiments associated with S818 were
submitted and published in the results
booklet and a presentation was made at the
Expo held at Ungarra.

2019 - Establish, manage and measure 3
replicated research trials (2 cereals, 1
canola) of approximately 15-20 treatments
each at 3 sites on LEP.

This KPI was varied to accommodate the
move of Principle Investigator from LEP to
Waite. , _ _ Yes No [
Two cereal field trials were established, at
Coomandook and Palmer, with the canola
trial established at Kapinnie on the LEP.
Trials were sown effectively and within the
appropriate sowing window for the crop &
region. Trials at Coomandook and Palmer
were effectively managed for weeds and
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measurement were carried out as planned.
Both trials were harvested and yield
recorded. The site at Palmer was drought-
affected however till provided some
information.

The field trial at Kapinnie was abandoned
following discussions with SAGIT Trustees.
Despite extensive effort to manage weeds,
including hand weeding of self-sown lupin
and wild radish, crop establishment and
growth in this trial was severally stunted.
NDVI and visual scoring could not detect
treatment effects and the decision was made
to abandon the trial site in'order to effectively
manage remaining weeds.

2020 - Collate, analyse, report data from
2019 research trials and submit results to
EPARF and LEADA for publication in
annual trial results books.

Data from 2019 experiments were analysed | Yes No []
in consultation with statistician Helena Oakey
(SAGI) and results published as a report in
the 2020 Eyre Peninsula Farming Systems
Summary.

2020 - Final research report

All data were re-analysed in R (Version 3.6.1)
and the R package ‘asreml’ to estimate

treatment variability and adjust for spatial Yes X No [
trends in the trials. Results differ slightly from
previous reports.

TECHNICAL INFORMATION
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Yield responses

Disease and phosphorous treatments had the greatest impact on yield at Stokes 2018, Wangary
2018 and Coomandook 2019 (Table 1 and 2). The site at Palmer 2019 was affected by severe
drought and there were no significant treatments effects.

At Stokes, across all nutrient treatments, disease level alone reduced yield from an average of 5.34
t/ha to 4.96 t/ha (p < 0.001). The phosphorous effect alone was greater and increased yield from
3.87 to 6 t/ha in the 0 and 30 kg/ha phosphorous treatments (p = 0.001). The two-way interactions
between copper and both disease level (p = 0.002) and phosphorous level (p = 0.04) were
significant. Copper consistently increased yield in the high disease treatments i.e. where roots were
compromised and unable to source adequate copper. Similarly, at high phosphorous levels (i.e. high
yield potential), where copper demand would have been greatest, additional copper increased yield.
While not significant (p = 0.058), the three way interaction between disease, phosphorous and
copper, suggests that copper response was generally dependent on both crop yield potential (i.e.
high phosphorous) and/or capacity to source native soil copper (i.e. root health). The implications of
the observed responses are 1) that common soil nutrient thresholds may not be adequate where root
pathogens limit capacity to find soil nutrients, and 2) that any response to additional nutrients will be
moderated by the most yield-limiting factor; in this case, phosphorous.

At Coomandook, disease level alone reduced yield from 3.64 t/ha to 3.24 t/ha (p < 0.001) and
phosphorous level increased yield from 3.09 t/ha to 3.57 t/ha and 3.65 t/ha in the 0, 10 and 20 kg
P/ha treatments, respectively (p < 0.001). Potassium did not affect yield or disease severity (p =
0.11). There were no significant interactions between treatments.

Wangary site results were compromised by sheep grazing the site on several occasions. Crop
damage was scored and incorporated in the statistical model. Disease reduced yield from 4.91 t/ha
compared to 3.92 t’/ha (p < 0.001). No other main effects or interactions were observed at this site.

Table 1. Effect of nutrients on yield (t/ha) of Scepter wheat at Stokes and Spartacus barley at Wangary, 2018, in low and high
disease treatments

Stokes 2018 Yield (t/ha) Wangary, 2018 Yield (/ha)
Phosphorous ~ Copper  Low SE  High SE Potassium | Sulphur| Low SE High SE
Kglha Kglha Disease Disease Kglha Kglha | disease disease
0 0 416 013 363 0.14 0 0 4.87 0.62 3.57 0.62
5 376 013 39  0.14 20 4.82 0.61 4.11 0.62
15 0 596 013 524 013 30 0 5.13 0.61 4.26 0.62
5 573 014 540 013 20 4.87 0.61 3.80 0.61
30 0 6.09 015 561 0.13 60 0 4,93 0.62 3.85 0.62
5 638 014 594 0.14 20 4.84 0.62 3.93 0.62

Table 2. Phosphorous and potassium effects on yield of Planet barley in low and high disease treatments at Coomandook, 2019

Yield (tha)
Phosphorous Potassium Low SE High SE
Kglha Kg/ha disease disease
0 0 3.33 0.19 3.00 0.19
40 3.16 0.19 2.92 0.19
10 0 3.89 0.19 3.37 0.19
40 3.87 0.19 3.18 0.19
20 0 3.84 0.19 3.46 0.19
40 3.78 0.19 3.53 0.19
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Figure 1. Wheat plots approaching harvest at Stokes, 2018 showing clear effects of phosphorous. Left hand plot received nil
phosphorous, whilst right hand plot received 15 kg phosphorous/ha.
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Figure 2 Wheat plots approaching harvest at Stokes, 2018 showing effects of disease (Rhizoctonia). Left hand plot
sown with soil fungicides and no inoculum, right hand plot inoculated at seeding with Rhizoctonia-infested millet.
The effect of Rhizoctonia is visible by comparison only, without patching or severe stunting, yet yield difference was
approximately 0.3 t/ha.

T

Nutrient effects on root disease

There were some significant effects of nutrients on severity of Rhizoctonia root rot at Stokes and
Coomandook. At Stokes, there was a significant interaction between copper and disease level
effects on seminal root health (p = 0.016). While minor positive or no effects of copper were apparent
at low disease level, copper appeared to compound root disease at the high disease level. This
suggests a minor toxicity effect of copper sulphate, from which healthy roots were able to grow away
from, but which compounded the effects of root disease. At Coomandook 2019, added
phosphorous reduced mid-season Rhizoctonia root disease scores on the seminal roots by 0.42 (0 to
5 scale) 2019 (p=0.016).

&/ 3
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Figure 2. Palmer nutrition by disease trial 2019. a) low disease plots b) high disease plots. Site was affected by drought and no
yield differences were observed between these treatments, highlighting the importance of environment in determining impact
of disease
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Table 3. Mean root disease scores (0-5 scale) for seminal and crown roots at Stokes, 2018 for low and high disease treatments. At
the first assessment timing, all treatments were assessed for both seminal and crown roots. At the second timing, a limited
assessment was made,

1st Assessment root disease scores 2nd Assessment root disease scores
P Cu Seminal roots Crown roots Seminal roots Crown roots
low SE High SE Low SE High SE Low SE High SE Llow SE High SE
disease disease disease disease disease disease disease disease
0 0 105 0.20 1.37 0.20 1.02 0.23 4.04 0.23 3.07 0.22
5 062 0.20 1.90 0.20 0.53 0.23 4.32 0.23 2.82 0.21
1% 0 075 0.20 1.44 0.20 0.51 0.23 3.97 0.23 094 022
5 073 0.20 1.68 0.20 0.36 0.23 3.82 0.23
30 0 097 0.20 1.65 0.20 0.89 0.23 4.04 0.23 2.77 0.22
5 0.86 0.20 1.86 0.20 0.70 0.23 4.05 0.23 . 2.71 0.22

Table 4. Mean root disease scores (0-5 scale) for seminal and crown roots at two assessment timings at Palmer, 2019 for low and
high disease treatments.

2nd Assessment

Phosphorous Copper Seminal Roots Crown Roots
Low SE High SE Low SE High SE
disease disease disease disease
0 0 1.98 0.31 3.70 0.31 1.51 0.23 455 0.23
5 243 0.31 3.41 0.31 1.57 0.23 478 0.23
10 0 1.87 0.24 345 0.24 1.53 0.18 4.49 0.18
5 1.68 0.24 3.46 0.24 117 0.18 4.60 0.18
20 0 1.82 0.27 3.45 0.27 1.41 0.20 4,52 0.20
5 1.94 0.27 3.51 0.27 1.49 0.20 4.67 0.20

Nutrient effects on leaf disease

Some nutrition effects on foliar disease were detected in the Stokes and Wangary sites trials, but the
benefits were relatively small.

At Stokes in 2018, Septoria was present at low but significant levels in both the early (p < 0.001) and
late (p < 0.001) assessments. The leaf area infection in high disease treatments averaged <2.5%.
Phosphorous reduced leaf area infection at the early assessment (p < 0.001), however the effect was
not significant by the second assessment (p = 0.09).

Spot form net blotch (SFNB) developed in barley at Wangary. Sulphur reduced infection from
27.34% to 17.76% in the high disease (no fungicide) treatment and had no effect in the low disease
(plus fungicide) treatment (p = 0.005) (Table 5). Potassium had a small significant affect at the early
assessment (p = 0.035), but was not detectable by the second assessment (p = 0.59).

At Coomandook 2019, phosphorous and potassium had no effect on spot form net blotch (SFNB),
which averaged 33% of Flag -1 leaf at head emergence in the high disease treatment.

Effects of nutrition and disease on tiller number, NDVI, and further detail of effects on yield, root
disease and foliar disease are discussed in the Appendix.

Table 5. Percent barley leaf (Flag -1) area infected with spot form net blotch at Wangary, 2018.
Disease treatment

Potassium Sulphur Low SE High SE

(kg/ha) (Kg/ha)

0 0 187 014 2469 0.15
20 086  0.14 16.48 0.12

30 0 071 014 2758 0.14
20 090 0.5 18.77  0.15

60 0 133 015 2984 0.14
20 149  0.14 18.06 0.14
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CONCLUSIONS REACHED &/0OR DISCOVERIES MADE

e Experiments demonstrated beneficial effects of nutrition for counteracting both root and foliar
disease, as well as providing improved yield under high disease pressure.

e Sulphur reduced foliar disease at Wangary from 27% to 18%, with minor responses also
measured at Stokes.

e At Stokes, copper as CuSO4 compounded high inoculum disease effects, causing greater
damage in seminal roots. Phosphorous also improved root health at Coomandook. However,
improvements in root health were small and are not likely to be biologically meaningful.

e Copper improved yield at Stokes, but only in high disease plots, suggesting that, despite the
compounding effects of copper sulphate on root disease, the improved copper supply to
heavily infected roots resulted in yield increases. The response to phosphorous was also
proportionally greater under high disease pressure. Importantly, this suggest soil nutrient
thresholds may be lower where root disease level is high.

e At Wangary the reduction in foliar disease was not associated with yield improvement.

e Disease reduced yield by 0.44 t/ha (range 0-0.99 t/ha) across the four trials. The site at
Palmer in 2019 received limited rainfall, no yield response to Rhizoctonia damage was
observed.

e At no site did the effect of nutrition x disease interaction on yield approach the effect of
disease level alone. This indicates that managing inoculum to low levels (crop rotation) and
using in-crop fungicides is likely to be economically superior to use of nutrition to address
disease.

» However, the reduction in SFNB at Wangary does indicate that an early reduction in disease
pressure could be achieved with addition of required nutrients — this may reduce the chance
of fungicide resistance by limiting the population prior to spray application.

INTELLECTUAL PROPERTY
NA

APPLICATION / COMMUNICATION OF RESULTS
Trials were presented to the LEADA field day 2018 and LEADA Expo 2019, as well to the
Coomandook Ag Bureau and Murray Plains Farmers 2019.

Results were published in the 2019 LEADA Expo Results Book, 2019 & 2020 EPARF EPFSS,
Coomandook Ag Bureau Field Day Book and Murray Plains Farmer's Annual Results Book.

POSSIBLE FUTURE WORK

Further work should be conducted to evaluate nitrogen effects on Rhizoctonia.

The effect of nitrogen on root disease was not evaluated in this project because of possible
confounding effects on foliar diseases, which were also part of the project scope. Future work would
be best conducted separately for root and foliar diseases to avoid confounding effects.

Nitrogen effects on root vigour and root disease may be more substantial than micro nutrient effects,
and are likely to be more applicable across a greater farming area.
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Appendix A — S818 ‘Improved crop nutrition for disease management and reduced
fungicide dependency’

Sites/Seasons

Four experiments were run over 2018-2019. Agronomy detail for each site is presented in Table 1. In
2018, sites were located on the lower EP, at Stokes and Wangary. These sites received good rainfall
(Figure 1). In 2019, sites were located at Coomandook (upper SE) and Palmer (Murray Mallee).
Coomandook received average rainfall, however Palmer received below-average rainfall and yields
were limited. A fifth site was sown to canola at Kapinnie (LEP), but was abandoned after consultation

with SAGIT — the site failed to establish, with poor germination and poor early vigour.

Sites were sown with standard narrow-point/press wheel plot seeders. Nutrition and seed were
delivered down separate seed/fertiliser tubes in one pass, with inoculum oversown in a shallow
second pass. At Palmer, all three components had to be sown separately i.e. 3 passes.

Table 1. Agronomy details and assessment growth stages at trials conducted 2018 & 2019

Agronomy Stokes Wangary Coomandook Palmer
Seeding Date 15™ May 2018 14™ May 2019 215 May 2019 14™ May 2019
Crop Wheat Barley Barley Barley
Cultivar Scepter Spartacus Planet Planet
Soil Type Gravel loam over | Deep sand over Deep sand over Clay loam

clay clay clay
GSR 338mm 406mm 294mm 181mm*
Assessments
Root disease 1 Late tiller Late tiller Late tiller Late tiller
Root disease 2 Head emergence | Head emergence | Head emergence | Head emergence
Foliar disease 1 Booting Booting Booting Booting
Foliar disease 2 Early dough Early dough Early dough Early dough
Tissue Test Late tiller Late tiller Late tiller Late tiller
Harvest 4™ December 16" November 18" November 13" November

*Taken from Palmer BOM site — on farm rainfall at this farm is historically much lower than Palmer.

Monthly rainfall - Coulta, 2018
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Figure 1. Rainfall at Wangary (Coulta), Stokes (Yallunda Flat), Palmer and Coomandook field trial sites in 2018 & 2019



Table 2. Pre-sowing PREDICTA®B soil test results for sites sown to field trials 2018 & 2019. In 2019, sites at Coomandook and Palmer were tested in a replicated ‘grid’ pattern of 6 and 8 samples
respectively.

Pyrenop Didymell
F hora_ a Macroph
Stem  Take-all F. culmoru tritici- Pratylenc pinodes/ omina S.
nematod (wheat + pseudog m/ repentis hus  Pratylenc Phoma Phoma phaseoli sclerotio
e oat  R. solani raminear gramine (YLS) Pythium Eyespot neglectu hus  pinodell koolung na rum
CCN strains, AG8 umtest1 arum Bipolaris clade f s thornei a a
nematod kDNA kDNA kDNA  kDNA
eggs/g es/100g pgDNA/g pgDNA/g pgDNA/g pgDNA/qg copies'g pgDNA/g pgDNA/g copies/g nematod nematod pgDNA/g pgDNA/g copies/q copies/g
soil soil Sample* Sample* Sample* Sample* Sample* Sample* Sample* Sample* es/qg soil es/g soil Sample* Sample* Sample* Sample*
Stokes 0 0 1 6 0 0 7 0 37 0 0 1 0 0 5 NA
Wangary 0 0 4 0 0 0 0 1 62 0 1 0 210 0 21 NA
Kapinnie 0 0 2 81 1 0 48 0 16 0 1 0 81 0 7 0
Coomandook 0 0 0 4 0 1 14 3 4 0 0 0 0 0 3 0
0 0 0 5 2 1 0 0 4 0 0 0 0 0 2 0
0 0 0 0 11 12 17 0 11 0 1 0 0 0 0 0
0 0 0 0 13 35 8 0 12 0 0 0 0 0 0 0
0 0 0 0 3 2 3 0 5 0 0 0 0 0 6 0
0 0 1 28 2 0 29 14 10 0 0 0 0 0 1 0
Palmer 0 0 1 28 2 0 0 0 14 0 1 0 559 0 1 0
0 0 0 15 11 0 0 0 9 0 1 0 60 0 10 208
0 0 3 9 1 0 0 14 0 5 0 63 0 23 0
0 0 4 5 47 1 0 14 16 0 2 0 76 0 7 0
0 0 3 17 3 0 0 0 11 0 1 0 351 0 5 0
0 0 2 32 3 0 0 0 23 0 1 0 79 0 3 0
0 0 2 21 5 1 0 6 23 0 2 0 273 0 2 0
0 0 1 10 44 0 0 16 10 0 0 0 865 2 9 0




Assessments
Sites were selected based on assessment of nutrient and disease soil analysis.

Each site was assessed twice for root disease and foliar disease. Foliar diseases were only scored
where disease was present at a significant level. Assessments were undertaken by randomly
sampling 20 leaves from each plot and scoring % area infected. Root disease assessments were
undertaken by sampling ~20 plants per plot, and scoring root disease on seminal and crown roots
separately. A visual rating of 0-5 was recorded (0 = no disease, 5 = all roots blackened, spear tipped).
Tiller number was recorded at this time for each plant.

NDVI Greenseeker measurements were taken at least once at each site.

Tissue tests were conducted on bulked samples taken from all replicates of each treatment (Table 3).
Whole tops were sampled at approximately mid-tillering growth stage. Tissue tests were undertaken
only to confirm treatment application, rather than to compare effects statistically.

Results
Yield

Generally, disease level (low/high) and phosphorous had the greatest impact on yield. There were
significant interactions between disease level and nutrients, including copper at Stokes, and non-
significant interaction trends were observed at Coomandook and Stokes. These confirm that
nutrition has an influence on yield response to disease.

Disease (p < 0.001) and phosphorous (p = 0.001) effected yield at Stokes in 2018 (Table 4). All two-
term interactions were significant. Overall, high disease treatments yielded 4.96 t/ha compared with
5.34 t/ha in low disease plots (p < 0.001) (Figure 2). The phosphorous effect was even greater, with
low nil, 10 kg/ha and 20 kg/ha P treatments averaging 3.87 t/ha, 5.58 and 6 t/ha respectively (Figure
3). Copper did not increase yield overall (p = 0.13), however the response to copper varied across
disease (p = 0.002) and phosphorous (p = 0.04) levels.

The addition of copper under high disease pressure, where roots were significantly compromised,
increased yield. There was no overall effect of Cu on yield under low disease pressure across P levels.
However, although the 3-term interaction was not significant (p = 0.058), there was an indication
that Cu had a positive effect on yield under low disease pressure at the highest level of P (where Cu
demand would likely have been greatest), whereas Cu appeared to reduce yield at lower levels of P.
The effect under different levels of P supports the notion that copper response was dependent on
both the crop demand (increased with increasing P) and ability to intercept native soil Cu
(dependent on root health). A negative effect of CuSO4 may explain yield reductions under low
disease pressure, where Cu would not have been limiting for P-moderated Cu demand.

At Palmer, there was no main effect of disease (p = 0.89), however P did affect yield (p < 0.001),
albeit marginally (Table 5). As for tiller number, this response was not linear — yield increased with
the addition of 10 kg/ha P from 0.69 to 0.72 t/ha, but 20 kg/ha P resulted in an intermediate yield of
0.70 t/ha. However, the trend in response to P differed between disease level, despite the
interaction between disease level and P not being statistically significant (P = 0.062). There appears
to be a trend toward yield reduction with excessive (20kg/ha) P in low disease plots, possibly due to
increased early biomass including tillers, whereas yields continued to increase with the additional P
where high disease pressure likely limited biomass and where root systems would have struggled to
intercept sufficient P at either the 0 or 10kg/ha rate.



At Coomandook, disease (p < 0.001) reduced yield overall, reducing yield from 3.64 t/ha to 3.24 t/ha
across all other treatments (Table 6). Phosphorous (p < 0.001) had greater impact though, increasing
yield from 3.09 t/ha to 3.57 t/ha and 3.65 t/ha in the 10 and 20 kg/ha P treatments. Potassium did
not influence yield overall, and no interactions were significant, including the disease x P (p = 0.11).
However, as at Stokes, there appears to be a (non-significant) trend toward continued P response at
the higher P rate under high disease, compared with low disease, where increasing P from 10 to 20
kg/ha clearly had no effect.

Yield at Wangary was badly affected by several errant sheep, on multiple occasions. The last of these
was during grain fill. Crop damage was scored and this score incorporated into the statistical model,
however data remained variable. Disease significantly affected yield (p < 0.001), with low disease
treatments yielding 4.91 t/ha compared with 3.92 t/ha in high disease plots. No other main or
interaction effects were observed (Table 7).

Root Disease

Generally, root disease was primarily affected by disease level (inoculation vs soil fungicides).
However small main and/or interaction effects were observed at Stokes and Coomandook.

At Stokes (early assessment), seminal root disease was significantly greater in Rhizoctonia-inoculated
plots, at an average score of 1.65 compared with 0.83 in the fungicide protected plots (p < 0.001)
(Table 8). Crown roots displayed similar effects, with high disease treatments averaging 4.04
compared with 0.66 in low disease treatments. No other main effect was observed, however the
interaction between disease level and Cu was significant (p = 0.016) in seminal roots. Under high
disease pressure, Cu appeared to compound root disease, while at low disease pressure, copper
appeared to improve root health. Crown roots did not display the same interaction. This may
suggest a toxic (salt) effect of CuSO4, which was exaggerated in the disease-constrained seminal root
systems, whereas relatively healthy roots may have been able to grow away from the CuSO4. Crown
roots would not have been expected to come into direct contact with the CuSO4 and displayed no
such effect.

At the second assessment, root disease progression had declined somewhat. Only crown roots of
selected plots were assessed. Highest and lowest P and Cu treatments in the high disease plots were
compared with a single low disease ‘standard’ treatment (nil Cu, 15 kg/ha P). Inoculated plots had
significantly greater disease than the standard, with a root disease score of 2.84 compared with
0.94.

Overall, both disease level and P had effects on root disease at Coomandook (Table 9). At the first
assessment, seminal root disease was 1.41 in low disease treatments compared with 2.48 in high
disease treatments (p < 0.001). Crown root disease scores were more disparate, with low disease
plots scored 0.81 compared with 3.30 in high disease plots (p < 0.001). Whilst there were no other
main effects, the P main effect was marginal (p = 0.065) and the interaction with P was significant (p
= 0.016). The interaction did not display a simple consistent trend, with the highest rate of P alone
reducing disease level in low disease treatments, whereas both 10 and 20 kg/ha P treatments
improving disease score under high disease pressure.

At the second assessment, both disease level (p < 0.001) and P (p = 0.004) had main effects on
seminal root score. There was an increase in disease progression as well. Overall, disease score in
low disease treatments increased slightly to 1.7, whereas disease in high disease plots increased to
3.28. Phosphorous at either rate (10 or 20 kg/ha) reduced seminal disease score from 2.7 down to



2.38. Crown root disease had progressed by the second timing as well, but was affected only by
disease level at this timing (p < 0.001), with low disease treatments averaging 1.35 compared with
3.77.

Disease level alone affected root disease scores at Palmer (Table 10). At the first assessment, mean
seminal root disease was 1.85 in low plots compared with 2.74 in the high (p < 0.001). At this same
timing, crown root disease was 1.24 in low disease plots, compared with 3.89 in the high disease
plots (P < 0.001). At the later assessment, seminal root disease score had progressed in the high
disease plots to 3.50, compared with 1.94 in the low (P < 0.001). Crown root disease also progressed
more in the high disease plots (4.60) than in the low disease plots (1.44), with the gap between
treatments widening (p < 0.001).

Nutrition effects on root disease were not significant at any timing, although a complex interaction
between disease level, P and Cu was observed at the second assessment, for seminal roots only. The
complete lack of main effects of P or Cu or any other interactions across any other timing suggest
this complex interaction was likely error associated with the large number of treatments and
interactions. The substantial root disease differences observed at Palmer (Figure 4), together with
the lack of yield effect, demonstrate the importance of environment in determining the impact of
root diseases.

At Wangary, only disease level had an effect on seminal and crown root disease (Table 11). At the
first assessment, seminal root disease in high disease treatments averaged 2.94, significantly greater
than 1.76 across low disease treatments (p < 0.001).This effect was similar for crown root disease
score (p < 0.001) with high disease treatments averaging 4.05, compared with 2.09 in low disease
treatments. This relatively high crown root disease score in low disease plots may have indicated the
presence of background disease inoculum which was not detected in pre-sowing testing nor
controlled with soil fungicides. Crown root disease did not increase over the growing season,
indicating the site/season may not have been conducive to Rhizoctonia. At the second assessment,
only disease level had an effect (p < 0.001), increasing disease score from 1.55 in low disease
treatments to 3.35 in high disease treatments.

The effects observed at Coomandook and Stokes indicate that nutrition does play a role in
attenuating the effects of root disease. This effect is likely related to the increase in root vigour and
biomass, particularly where P is involved. Minor effects of Cu at Stokes may also be related to direct
fungicidal effects, although this is unlikely given inoculum and fertiliser were separated. However,
these effects, although statistically significant, were unlikely to be biologically meaningful alone.

Leaf disease

Overall, the experiments demonstrated the theoretical potential of nutrition to influence foliar
disease in cereals but control was not as effective as fungicides, nor likely to be economically
important at the levels observed. These effects were evident in a small way at Stokes and Wangary
in 2018 only.

At Stokes in 2018, Septoria was present at low levels. Disease level was significant at both the early
(p <0.001) and late (p < 0.001) assessment timings, however Septoria leaf infection in high disease
treatments averaged less than 2.5% overall. Phosphorous reduced disease at the early assessment (p
< 0.001), however this effect had reduced by the second assessment (p = 0.09).

Spot form net blotch developed in barley at Wangary. Two assessments were made. At the first
assessment, very low levels of disease were observed. Disease (p < 0.001), K (p =0.035)and S (p =



0.045) all had statistically significant effects, however the magnitude of these effects were small and
not practically meaningful. For example, the overall percent infection of second leaf of high disease
treatments was 4.22%, compared with 0.12% in low disease treatments — all other effects were
smaller than this. The interaction between disease level and sulfur was significant (p = 0.003), with
sulfur not influencing disease in low disease (fungicide-treated) plots but slightly reducing disease in
high disease plots from 5.70 down to 2.98%.

At the second assessment timing, effects of K had disappeared (p = 0.59), however disease level (p <
0.001) and sulfur (p < 0.001), as well as the 2-term interaction between disease and S (p = 0.005)
remained significant (Table 12). Overall, high disease plots had 22% infection on Flag -1, compared
with 1.15% in fungicide treated plots. In high disease plots, sulfur reduced SFNB from 27.34% down
to 17.76%, with no effect in the low disease plots (p = 0.005).

No foliar disease developed at Palmer in 2019. At Coomandook, moderate spot form net blotch
developed but there was no effect of nutrition on disease; near-nil disease was maintained in low
disease plots, while significantly more SFNB developed in high disease plots, peaking at 33% leaf
area of Flag -1 leaf at head emergence (p < 0.001).

Whilst not meaningful from a management perspective, the small effect of S on SFNB in barley at
Wangary and minor effect of P on Septoria at Stokes under low disease pressure in 2018 lends
support to the hypothesis that leaf disease may be reduced through nutrition management, but also
indicates that fungicide management remains more reliable and more effective. However, achieving
very low levels of disease in these trials generally required 2-3 spray applications from an early
growth stage, whereas fungicide application in commercial paddocks is often undertaken later and
with fewer applications once disease is detected. From a fungicide resistance management
perspective, reducing the initial disease level prior to spray application would be beneficial, and
might be justifiable where a disease-independent yield response to nutrition was expected.

Tiller number

Across all sites, increased disease reduced tiller number and P increased tiller number at all sites
where it was applied.

Phosphorous (p < 0.0001) increased tiller number at Stokes (Table 13). Additions of 10 kg/ha and 30
kg/ha P increased tillers/plant to 3.04 and 3.26 respectively, compared with 1.05 tillers/plant in the
nil P treatments. High disease treatments had marginally fewer tillers/plant at 2.4, compared with
2.49 tillers/plant in the low disease treatments (p = 0.015).

Similarly, overall, disease (p < 0.0001) and phosphorous (p = 0.026) effects on tiller number were
significant at Palmer, as well as the interaction between Cu and P (p = 0.016) (Table 14). High disease
reduced tiller number from 2.83 tillers per plant to 2.15 tillers per plant.

Phosphorous increased tiller number from 2.08 (nil P) to 2.39 (20 kg/ha) and 2.98 (10 kg/ha). The
non-linearity of the response to P is likely the result of fertiliser toxicity at the higher rate,
particularly due to the drying soil conditions following sowing. This may also explain the significant
interaction with Cu (p = 0.041), with the addition of 5 kg/ha Cu increasing tiller number from 2.82 to
3.14 tillers/plant at 10kg/ha of P, but reducing tiller number at 20kg/ha P from 2.48 to 2.3. Where P
was limiting (nil P), Cu had no effect on tillering.

Both phosphorus (p = 0.01) and disease level (p = 0.013) had main effects on tiller number at
Coomandook (Table 15). Potassium had no effect and no interactions were observed. High disease



level reduced tiller number from 4.37 down to 4.04 tillers/plant. Phosphorus increased tillers from
3.91 tillers/plant in nil P treatments to 3.6 tillers/plant in the 10 and 20 kg/ha P treatments.

At Wangary, tiller number appeared to be affected by a complex interaction of disease and positive
fertiliser effects as well as negative fertiliser toxicity and background site variability (Table 16). All
main effects were significant, as was the 3-term interaction. Overall, disease reduced tiller number
from 4.54 to 4.22 (p = 0.004), as did both K (p = 0.006) and S (p = 0.043), reducing tillers by
approximately 0.25 and 0.43 tillers per plant for 30 and 60kg/ha K and 0.2 tillers per plant for 20
kg/ha S. The three-term interaction (p = 0.016) indicated that the sulfur additions were generally
beneficial where roots were not constrained by disease, but compounded both the effects of disease
as well as the apparent toxicity of K at the higher rate.

NDVI

Phosphorous (p < 0.001), disease level (p = 0.001) and copper (p = 0.005) all affected NDVI at Stokes
(Table 17). No interactions were observed. The addition of 5 kg/ha of Cu, applied as CuS04 below
seed, slightly reduced NDVI overall from 0.33 in the nil Cu, to 0.3. Disease had a larger impact, with
low disease treatments averaging 0.35, compared with 0.28 in the high disease treatments.
Phosphorous had the opposite, and largest, effect, increasing NDVI from an average of 0.17 in the nil
P treatments, through 0.37 in 15 kg/ha P to 0.40 in 30 kg/ha treatments.

At Palmer, no significant effects of any treatment on NDVI were observed at the first timing (Table
18). Overall, NDVI measured at the second timing was below the first, likely reflecting the continued
poor rainfall in 2018. Average NDVI under high disease was higher at 0.5 compared with 0.41 in low
disease plots (p = 0.044). Phosphorous and copper treatment effects were not significant. Although
the earlier NDVI failed to differentiate treatment effects, low disease plots clearly had greater early
biomass, as demonstrated by the greater tiller number discussed above. Lower overall NDVI at
second timing as well as higher NDVI in high disease treatments likely indicates an interaction
between increased early biomass, including tiller number, and continuing drought, resulting in
greater moisture stress and tiller abortion in low disease plots.

Three NDVI assessments were made at Coomandook in 2019, with the third occurring after peak
biomass (Table 19). High disease level consistently reduced NDVI (NDVI 1 p =0.01, p < 0.001, p <
0.001). Phosphorous effects were also observed, but only in the first (p < 0.001) and second (p =
0.001) assessments, with the effect diminishing as the season went on.

Potassium clearly had a negative effect on NDVI. The effect of potassium alone was significant at the
second timing (p = 0.019), reducing NDVI from 0.77 to 0.74. At the first and second timings, the
interaction between potassium and disease were significant (p < 0.001 & p < 0.001), with the
addition of 40 kg/ha of MOP generally reducing NDVI in low disease plots, but not in high disease
plots. This appears to indicate a salt toxicity issue which is visible in otherwise healthy plants (low
disease), but not visible where a more significant constraint (high disease) is limiting.

At Wangary, NDVI measurements mirrored tiller number, with high disease (p = 0.002), potassium (p
< 0.001) and sulfur (p = 0.013) all having similar minor negative effects (Table 20).



Yield

Figure 2. Wheat plots approaching harvest at Stokes, 2018 showing effects of disease (Rhizoctonia). Left hand plot
sown with soil fungicides and no inoculum, right hand plot inoculated at seeding with Rhizoctonia-infested millet. The
effect of Rhizoctonia is visible by comparison only, without patching or severe stunting, yet yield difference was
approximately 0.3 t/ha.
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Figure 3. Wheat plots approaching harvest at Stokes, 2018 showing clear effects of phosphorous. Left hand plot
received nil phosphorous, whilst right hand plot received 15 kg/ha P.



Table 3. Tissue test results for field trials 2018-2019. Samples were collected at approximately mid-tillering by cutting and
drying the whole plant tops of 20-30 plants for each plot. Samples for each plot were bulked for each treatment.

P K Ca Mg Na S B Cu Zn Mn Fe Al Co
Site x Year Treatment (%) (%) (%) (%) (%) (%) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
Wangary 2018 KOSO+ 029 312 067 018 041 029 3.6 3.2 21 24 160 140 <0.16
K0SO- 023 278 059 017 049 0.28 3.9 2.4 15 26 330 160 <0.16
K0S20+ 029 2589 072 018 044 032 3.7 35 22 30 180 190 <0.16
K0S20- 022 287 058 016 043 03 3.7 2.3 15 28 190 180 0.17
K30S0+ 031 336 066 017 038 029 3.4 3.4 23 24 160 160 <0.16
K30S0- 022 322 052 015 034 027 35 2.4 15 28 210 130 <0.16
K30S20+ 027 35 061 016 033 03 3.4 3 21 28 170 130 <0.16
K30S20- 024 3.05 057 015 039 0.29 3.3 2.6 17 25 170 180 <0.16
K60S0+ 029 362 057 015 0.27 0.28 3.3 3.2 21 27 150 160 <0.16
K60S0- 022 3.08 048 014 031 027 3 2.5 17 22 150 150 <0.16
K60S20+ 027 354 058 014 028 0.29 3.2 3.2 22 32 150 140 <0.16
K60S20- 024 319 05 014 029 0.29 3 2.7 17 28 150 150 <0.16
Stokes 2018 POCO+ 0.15 228 028 012 0.092 0.6 3 2.4 28 190 190 190 0.23
POCO- 012 2 026 012 011 0.23 4.2 2.4 23 190 500 220 0.22
POCS5+ 0.13 211 027 012 0.097 025 3.2 2.8 29 190 180 160 0.18
POCS- 0.13 2.03 023 012 01 024 3.2 2.6 25 190 170 160 0.26
P15CO+ 03 3.06 034 015 0058 0.31 2.6 <2 23 120 210 150 0.18
P15CO- 024 299 031 013 0069 03 2.5 <2 20 120 180 130 0.16
P15C5+ 026 2.85 032 013 0058 031 2.5 35 22 120 150 130 0.17
P15C5- 023 3.02 027 011 0064 0.29 2.5 2.7 18 110 180 130 0.26
P30CO+ 039 314 039 015 0.059 032 2.4 <2 26 120 190 130 0.17
P30CO- 035 29 031 015 0069 031 2.4 <2 20 110 170 130 0.23
P30C5+ 035 3.01 039 015 0.059 033 2.6 3.6 24 120 160 130 0.25
P30C5- 032 3.02 032 015 0074 03 2.4 3.2 21 110 190 150 0.24
Palmer 2019 POCuO+ 027 525 08 022 03 037 7.8 8.4 36 63 580 790 0.18
POCuO- 022 462 078 021 03 034 8 7.3 29 58 620 860 0.2
POCu5+ 025 489 077 021 029 035 7.1 7 31 59 510 690 <0.16
POCu5- 022 435 075 021 03 035 8.1 8.3 29 61 580 800 0.21
P10Cu0+ 034 552 074 022 037 034 6.9 7.9 27 67 450 590 <0.16
P10Cu0- 027 517 069 021 036 035 7.1 7.4 25 61 520 690 <0.16
P10Cu5+ 035 56 074 022 035 037 6.8 9.2 29 63 470 620 <0.16
P10Cu5- 027 487 072 022 038 036 7.4 8.6 21 61 540 740 <0.16
P20Cu0+ 038 557 072 022 032 035 11 8.5 26 67 460 580 <0.16
P20Cu0- 032 512 071 022 043 035 12 7.6 22 62 520 690 <0.16
P20Cu5+ 038 548 072 022 035 037 11 8.3 26 67 470 630 <0.16
P20Cu5- 032 525 072 022 041 037 6.6 8.6 23 65 500 660 0.19
Coomandook 2019 POKO+ 036 355 074 024 0.64 033 9.1 11 83 110 160 120 <0.16
POKO- 032 364 06 021 0.64 031 9 11 72 100 140 89 <0.16
POK40+ 037 413 063 022 057 033 9.1 13 90 110 170 110 <0.16
POK40- 032 388 062 02 054 031 9.5 11 77 110 160 110 <0.16
P10KO+ 039 327 067 021 0.67 031 45 12 79 110 150 100 <0.16
P10KO- 04 37 063 02 064 03 8.8 10 62 100 150 99 <0.16
P10K40+ 04 366 07 021 057 031 8.4 11 72 100 150 110 <0.16
P10K40- 04 395 072 021 058 0.32 9 13 68 120 160 130 <0.16
P20KO0+ 046 341 074 023 074 032 9.1 10 70 120 160 120 <0.16
P20KO- 042 3.04 069 021 073 031 9.3 9.8 57 120 140 100 <0.16
P20K40+ 048 3.83 071 021 057 032 8.9 11 67 110 160 110 <0.16
P20K40- 044 392 07 021 0.67 033 5.7 11 74 120 160 110 <0.16

Table 4. Yield (t/ha) of Scepter wheat at Stokes, 2018. Disease level (p < 0.001) and phosphorous (p = 0.001) main
well as the interaction between copper and disease level (p = 0.002) and phosphorous (p = 0.04), were significant.

Disease Level

Phosphorous Copper Low SE High SE
0 0 4.16 013 3.63 0.14
5 3.76 013 396 0.14
15 0 596 0.13 524 0.13
5 573 014 540 0.13
30 0 6.09 015 561 0.13
5 6.38 0.14 5.94 0.14

effects, as



Table 5 Yield (t/ha) of Planet barley at Palmer, 2019. Phosphorus main effect alone was significant (p < 0.001).

Disease Level
Phosphorous Copper Low SE High SE
0 0 0.70 0.03 0.69 0.04

5 0.73 003 066 0.04
10 0 0.72 0.03 072 0.03
5 071 003 074 0.03
20 0 066 003 073 0.03
5

069 003 075 0.03

Table 6. Yield (t/ha) of Planet barley at Coomandook, 2019. Disease level (p < 0.001) and phosphorous (p < 0.001) main
effects were significant.

Disease Level

P K Low SE High SE
0 0 333 019 3.00 0.19
40 316 019 292 0.19
10 0 389 019 337 0.19
40 3.87 019 3.18 0.19
20 0 3.84 019 3.46 0.19
40 3.78 019 3.53 0.19

Table 7. Yield (t/ha) of Spartacus barley at Wangary, 2018. Disease level alone was significant (p < 0.001).

Disease Level
Potassium Sulfur Low SE High SE

0 0 487 0.62 357 0.62
20 482 061 411 0.62
30 0 513 0.61 4.26 0.62
20 487 061 380 0.61
60 0 493 0.62 385 0.62

20 484 0.62 393 0.62

Root disease

Figure 4. Palmer nutrition by disease trial 2019. a) low disease plots b) high disease plots. No yield differences
were observed between these treatments, highlighting the role of environment in determining impact of
disease



Table 8. Mean root disease scores (0-5 scale) for seminal and crown roots at Stokes, 2018. At the first assessment timing, all
treatments were assessed for both seminal and crown roots. At the second timing, a limited assessment was made. Disease
level was significant at both the 1st assessment of seminal (p < 0.001) and crown (P < 0.001) roots as well as the 2nd
assessment of crown (p < 0.001) roots. At the first assessment, the interaction between disease level and copper was also
significant (p = 0.16).

1%t Assessment 2nd Assessment
Cu Seminal Roots Crown Roots Seminal Roots Crown Roots
Low SE High SE Low SE High SE Low SE High SE Low SE High SE
0 1.05 0.20 1.37 0.20 1.02 0.23 4.04 0.23 3.07 0.22
5 0.62 0.20 190 0.20 0.53 0.23 432 0.23 2.82 0.21
0 0.75 0.20 1.44 0.20 0.51 0.23 397 0.23 0.94 0.22
5 0.73 0.20 1.68 0.20 0.36 0.23 3.82 0.23
0 0.97 020 1.65 0.20 0.89 0.23 4.04 0.23 2.77 0.22
5 0.86 0.20 1.86 0.20 0.70 0.23 4.05 0.23 271 0.22
Table 9. Mean root disease scores (0-5 scale) for seminal and crown roots at two assessment timings at Coomandook, 2019.
Disease level was significant at both the 1st assessment of seminal (p < 0.001) and crown (P < 0.001) roots as well as the
2nd assessment of seminal and crown (p < 0.001) roots. At the first assessment, the interaction between disease level and
copper was also significant (p = 0.16). Phosphorous was significant at the second assessment of seminal roots only (p =
0.004), and the interaction of disease level and phosphorous was significant in crown roots at the 15t assessment (p =
0.016).
1%t Assessment 2nd Assessment
K Seminal Roots Crown Roots Seminal Roots Crown Roots

Low SE High SE Low SE High SE Low SE High SE Low SE High SE

0 139 0.12 273 0.12 069 0.15 3.67 0.15 222 0.16 336 0.16 165 0.16 4.08 0.16
40 156 0.12 247 0.12 105 0.15 326 0.15 189 0.16 3.34 0.16 142 0.16 3.67 0.16
0 147 012 233 0.12 087 0.15 3.06 0.16 137 0.16 3.40 0.16 131 0.16 3.74 0.16
40 134 0.12 245 0.12 1.00 0.15 3.15 0.16 160 0.16 3.20 0.16 1.32 0.16 3.68 0.16
0 141 012 246 0.12 054 0.15 325 0.15 163 0.16 3.24 0.16 123 0.16 3.79 0.16
40 132 0.12 245 0.12 0.70 0.15 341 0.15 150 0.16 3.13 0.16 1.22 0.16 3.66 0.16

Table 10. Mean root disease scores (0-5 scale) for seminal and crown roots at two assessment timings at Palmer, 2019.
Disease level alone was significant at both the 1t assessment of seminal (p < 0.001) and crown (P < 0.001) roots as well as
the 2" assessment of seminal (P < 0.001) and crown (p < 0.001) roots.

15t Assessment 2nd Assessment

Cu Seminal Roots Crown Roots Seminal Roots Crown Roots

Low SE High SE Low SE High SE Low SE High SE Low SE High SE

212 021 270 0.21 1.42 0.42 378 042 198 031 3.70 031 1.51 0.23 4,55 0.23
198 0.21 276 0.21 143 042 354 042 243 031 341 031 157 0.23 4.78 0.23
182 0.16 259 0.16 122 032 407 032 187 024 345 0.24 153 0.18 4.49 0.18
167 0.16 284 0.16 119 032 418 032 158 0.24 346 0.24 117 0.18 4.60 0.18
164 018 2.73 0.18 1.09 036 400 036 182 0.27 345 0.27 141 0.20 4.52 0.20
184 0.18 279 0.18 1.09 036 3.83 036 194 0.27 351 0.27 149 0.20 4.67 0.20
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Table 11. Mean root disease scores (0-5 scale) for seminal and crown roots at two assessment timings at Wangary, 2019. At
the first assessment timing, all treatments were assessed for both seminal and crown roots. At the second timing, a limited

assessment of crown roots only was made. Disease level alone was significant at both the 1st assessment of seminal (p <

0.001) and crown (P < 0.001) roots as well as the 2nd assessment of crown roots (p < 0.001).

15t Assessment

2nd Assessment

K S Seminal Roots Crown Roots Seminal Roots Crown Roots
Low SE High SE Low SE High SE Low SE High SE Low SE High SE
0 0 151 0.16 296 0.16 1.76 0.17 4.07 0.17 1.55 0.15 3.04 0.15
20 1.78 0.16 3.07 0.16 230 0.17 4.18 0.18 3.63 0.16
30 0 1.81 0.16 296 0.16 2.16 0.17 4.00 0.17 3.49 0.15
20 192 0.16 2.80 0.16 2.11 0.17 393 0.17 3.24 0.15
60 0 1.78 0.16 291 0.16 2.18 0.17 3.98 0.17
20 1.79 0.16 293 0.16 2.02 0.17 4.12 0.17

Leaf disease

Table 12. Percent barley leaf (Flag -1) area infected with spot form net blotch at Wangary, 2018. Disease level (p < 0.001)
and sulfur (p < 0.001) main effects, as well as their interaction (p = 0.005) were significant.

Disease Level

Potassium Sulfur Low SE High SE
0 0 1.87 0.14 24.69 0.15
20 0.86 0.14 16.48 0.12
30 0 0.71 014 2758 0.14
20 0.90 0.15 18.77 0.15
60 0 1.33 0.15 29.84 0.14
20 149 0.14 18.06 0.14

Tiller Number

Table 13. Mean tillers per plant for P and Cu under low and high disease pressure at Stokes, 2018. Phosphorous (P < 0.0001)
and disease level (p = 0.015) main effects were significant.

Disease Level

Phosphorous Copper Low SE High SE
0 0 1.03 0.17 117 0.18
5 094 0.18 106 0.18
15 0 329 018 3.01 0.18
5 3.01 0.17 285 0.18
30 0 339 018 3.21 0.18
5 331 018 3.14 0.18




Table 14. Mean tillers per plant for P and Cu under low and high disease pressure at Palmer, 2019. Phosphorous (p = 0.026)
and disease level (p < 0.001) main effects and the interaction between copper and phosphorous (p = 0.016) were significant.

Disease Level
Phosphorous Copper Low SE High SE
0 0 221 034 191 034

5 258 034 164 034
10 0 323 026 242 0.26
5 359 026 270 0.26
20 0 272 029 225 0.29
5

265 029 196 0.29

Table 15. Mean tillers per plant for P and K under low and high disease pressure at Coomandook, 2019. Phosphorous
(p=0.01) and disease level (p = 0.013) main effects were significant.

Disease Level
Phosphorous Potassium Low SE High SE

0 0 432 023 351 0.22
40 417 022 365 0.22
10 0 428 022 413 0.21
40 457 022 448 0.21
20 0 432 022 419 0.22

40 460 022 430 0.22

Table 16. Mean tillers per plant for K and S under low and high disease pressure at Wangary, 2018. Disease level (p = 0.004)
potassium (p = 0.006) and sulfur (p = 0.043) main effects and the 3-term interaction (p = 0.016) were significant.

Disease Level

Potassium Sulfur Low SE High SE
0 0 461 021 482 0.21
5 481 021 418 0.19
10 0 4.44 021 432 0.21
5 460 021 407 0.21
20 0 474 021 399 0.21
5 4.04 021 392 0.21

NDVI

Table 17. Mean NDVI for phosphorous and copper treatments under low and high disease pressure at Stokes (one
assessment timing), 2018. Phosphorous (p < 0.001), disease level (p = 0.001) and copper (p = 0.005) main effects were
significant.

Disease Level
Phosphorous Copper Low SE High SE
0 0 0.22 0.02 0.15 0.02

5 0.19 0.02 0.15 0.02
15 0 0.44 0.02 037 0.02
5 039 0.02 032 0.02
30 0 042 0.02 040 0.02
5

042 0.02 036 0.02




Table 18. Mean NDVI for phosphorous and copper treatments under low and high disease pressure at Palmer (two
assessment timings), 2019. Disease level (p = 0.044) was significant at the second assessment only.

Assessment 1 Assessment 2
Phosphorous Copper Low SE High SE Low SE High SE
0 0 047 0.07 063 007 034 0.08 046 0.08

5 047 006 055 0.07 040 0.08 047 0.08
10 0 047 005 053 005 044 0.06 051 0.06
5 046 005 054 005 043 0.06 048 0.06
20 0 059 0.06 062 006 045 0.07 053 0.07
5

057 006 051 006 043 0.07 053 0.07

Table 19. Mean NDVI for phosphorous and potassium treatments under low and high disease pressure at Coomandook
(three assessment timings), 2019. Disease level was significant at all timings (NDVI 1 p = 0.01, p < 0.001, p < 0.001).
Phosphorous was significant in 1%t (p < 0.001) and 2" (p = 0.001) assessments. Potassium was significant at the second
timing (p = 0.019), reducing NDVI. The interaction between potassium and disease was significant in the first (p < 0.001)
and 2" (p < 0.001) assessments.

Assessment 1 Assessment 2 Assessment 3

K Low SE High SE Low SE High SE Low SE High  SE

0 061 0.02 0.50 0.02 0.79 002 072 002 066 0.03 051 0.03
40 046 0.02 0.1 0.02 0.74 002 072 0.02 064 003 056 0.03
10 0O 065 0.02 0.58 003 082 002 076 002 063 003 049 0.03
40 0.60 0.02 0.59 0.03 0.76 0.02 076 0.02 062 0.03 055 0.03
20 0 065 0.02 0.57 0.02 081 002 074 002 057 003 052 0.03
40 0.61 0.02 0.63 0.02 0.76 002 076 0.02 061 0.03 0.60 0.03

Table 20. Mean NDVI for potassium and sulfur treatments under low and high disease pressure at Wangary, 2018. Disease
level (p = 0.002), potassium (p < 0.001) and sulfur (p = 0.013) main effects were significant.

Disease Level

Potassium Sulfur Low SE High SE
0 0 035 0.01 033 0.01
20 0.33 0.01 030 0.01
30 0 0.33 0.01 033 0.01
20 0.32 0.01 030 0.01
60 0 0.31 0.01 0.28 0.01

20 030 0.01 0.27 0.01




