
















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 

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

 

 

 

 

 

 

 

 

 

 

Agronomy Stokes Wangary Coomandook Palmer 

Seeding Date 15th May 2018 14th May 2019 21st May 2019 14th May 2019 

Crop Wheat Barley Barley Barley 

Cultivar Scepter Spartacus Planet Planet 

Soil Type Gravel loam over 

clay 

Deep sand over 

clay 

Deep sand over 

clay 

Clay loam 

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 4th December 16th November 18th November 13th November 
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Figure 1. Rainfall at Wangary (Coulta), Stokes (Yallunda Flat), Palmer and Coomandook field trial sites in 2018 & 2019 



 

 

 

 

 

 

 

 

 

 

 

CCN

eggs /g 

soil

Stem 

nematod

e

nematod

es/100 g 

soil

Take-all 

(wheat + 

oat 

strains)

pgDNA/g 

Sample*

R. solani 

AG8

pgDNA/g 

Sample*

F. 

pseudog

raminear

um test 1

pgDNA/g 

Sample*

F 

culmoru

m / 

gramine

arum

pgDNA/g 

Sample*

Pyrenop

hora 

tritici-

repentis 

(YLS)

kDNA 

copies/g 

Sample*

Bipolaris

pgDNA/g 

Sample*

Pythium 

clade f

pgDNA/g 

Sample*

Eyespot

kDNA 

copies/g 

Sample*

Pratylenc

hus 

neglectu

s

nematod

es /g soil

Pratylenc

hus 

thornei

nematod

es/g soil

Didymell

a 

pinodes/

Phoma 

pinodell

a

pgDNA/g 

Sample*

Phoma 

koolung

a

pgDNA/g 

Sample*

Macroph

omina 

phaseoli

na

kDNA 

copies/g 

Sample*

S. 

sclerotio

rum

kDNA 

copies/g 

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 4 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

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. 



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). 
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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. 

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.  



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. 

 

Table 4. Yield (t/ha) of Scepter wheat at Stokes, 2018. Disease level (p < 0.001) and phosphorous (p = 0.001) main effects, as 

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 0.13 3.63 0.14 

 5 3.76 0.13 3.96 0.14 

15 0 5.96 0.13 5.24 0.13 

 5 5.73 0.14 5.40 0.13 

30 0 6.09 0.15 5.61 0.13 

 5 6.38 0.14 5.94 0.14 

Site x Year Treatment 

P 

(%) 

K 

(%) 

Ca 

(%) 

Mg 

(%) 

Na 

(%) 

S 

(%) 

B  

(mg/kg) 

Cu  

(mg/kg) 

Zn  

(mg/kg) 

Mn 

(mg/kg) 

Fe  

(mg/kg) 

Al  

(mg/kg) 

Co 

(mg/kg) 

Wangary 2018 K 0 S 0 + 0.29 3.12 0.67 0.18 0.41 0.29 3.6 3.2 21 24 160 140 <0.16 

 K 0 S 0 - 0.23 2.78 0.59 0.17 0.49 0.28 3.9 2.4 15 26 330 160 <0.16 

 K 0 S 20 + 0.29 2.89 0.72 0.18 0.44 0.32 3.7 3.5 22 30 180 190 <0.16 

 K 0 S 20 - 0.22 2.87 0.58 0.16 0.43 0.3 3.7 2.3 15 28 190 180 0.17 

 K 30 S 0 + 0.31 3.36 0.66 0.17 0.38 0.29 3.4 3.4 23 24 160 160 <0.16 

 K 30 S 0 - 0.22 3.22 0.52 0.15 0.34 0.27 3.5 2.4 15 28 210 130 <0.16 

 K 30 S 20 +  0.27 3.5 0.61 0.16 0.33 0.3 3.4 3 21 28 170 130 <0.16 

 K 30 S 20 - 0.24 3.05 0.57 0.15 0.39 0.29 3.3 2.6 17 25 170 180 <0.16 

 K 60 S 0 + 0.29 3.62 0.57 0.15 0.27 0.28 3.3 3.2 21 27 150 160 <0.16 

 K 60 S 0 - 0.22 3.08 0.48 0.14 0.31 0.27 3 2.5 17 22 150 150 <0.16 

 K 60 S 20 + 0.27 3.54 0.58 0.14 0.28 0.29 3.2 3.2 22 32 150 140 <0.16 

 K 60 S 20 - 0.24 3.19 0.5 0.14 0.29 0.29 3 2.7 17 28 150 150 <0.16 

Stokes 2018 P 0 C 0 + 0.15 2.28 0.28 0.12 0.092 0.26 3 2.4 28 190 190 190 0.23 

 P 0 C 0 -  0.12 2 0.26 0.12 0.11 0.23 4.2 2.4 23 190 500 220 0.22 

 P 0 C 5 + 0.13 2.11 0.27 0.12 0.097 0.25 3.2 2.8 29 190 180 160 0.18 

 P 0 C 5 -  0.13 2.03 0.23 0.12 0.1 0.24 3.2 2.6 25 190 170 160 0.26 

 P 15 C 0 + 0.3 3.06 0.34 0.15 0.058 0.31 2.6 <2 23 120 210 150 0.18 

 P 15 C 0 - 0.24 2.99 0.31 0.13 0.069 0.3 2.5 <2 20 120 180 130 0.16 

 P 15 C 5 + 0.26 2.85 0.32 0.13 0.058 0.31 2.5 3.5 22 120 150 130 0.17 

 P 15 C 5 - 0.23 3.02 0.27 0.11 0.064 0.29 2.5 2.7 18 110 180 130 0.26 

 P 30 C 0 + 0.39 3.14 0.39 0.15 0.059 0.32 2.4 <2 26 120 190 130 0.17 

 P 30 C 0 -  0.35 2.9 0.31 0.15 0.069 0.31 2.4 <2 20 110 170 130 0.23 

 P 30 C 5 + 0.35 3.01 0.39 0.15 0.059 0.33 2.6 3.6 24 120 160 130 0.25 

 P 30 C 5 - 0.32 3.02 0.32 0.15 0.074 0.3 2.4 3.2 21 110 190 150 0.24 

Palmer 2019 P0Cu0+ 0.27 5.25 0.8 0.22 0.3 0.37 7.8 8.4 36 63 580 790 0.18 

 P0Cu0- 0.22 4.62 0.78 0.21 0.3 0.34 8 7.3 29 58 620 860 0.2 

 P0Cu5+ 0.25 4.89 0.77 0.21 0.29 0.35 7.1 7 31 59 510 690 <0.16 

 P0Cu5- 0.22 4.35 0.75 0.21 0.3 0.35 8.1 8.3 29 61 580 800 0.21 

 P10Cu0+ 0.34 5.52 0.74 0.22 0.37 0.34 6.9 7.9 27 67 450 590 <0.16 

 P10Cu0- 0.27 5.17 0.69 0.21 0.36 0.35 7.1 7.4 25 61 520 690 <0.16 

 P10Cu5+ 0.35 5.6 0.74 0.22 0.35 0.37 6.8 9.2 29 63 470 620 <0.16 

 P10Cu5- 0.27 4.87 0.72 0.22 0.38 0.36 7.4 8.6 21 61 540 740 <0.16 

 P20Cu0+ 0.38 5.57 0.72 0.22 0.32 0.35 11 8.5 26 67 460 580 <0.16 

 P20Cu0- 0.32 5.12 0.71 0.22 0.43 0.35 12 7.6 22 62 520 690 <0.16 

 P20Cu5+ 0.38 5.48 0.72 0.22 0.35 0.37 11 8.3 26 67 470 630 <0.16 

 P20Cu5- 0.32 5.25 0.72 0.22 0.41 0.37 6.6 8.6 23 65 500 660 0.19 

Coomandook 2019 P0K0+ 0.36 3.55 0.74 0.24 0.64 0.33 9.1 11 83 110 160 120 <0.16 

 P0K0- 0.32 3.64 0.6 0.21 0.64 0.31 9 11 72 100 140 89 <0.16 

 P0K40+ 0.37 4.13 0.63 0.22 0.57 0.33 9.1 13 90 110 170 110 <0.16 

 P0K40- 0.32 3.88 0.62 0.2 0.54 0.31 9.5 11 77 110 160 110 <0.16 

 P10K0+ 0.39 3.27 0.67 0.21 0.67 0.31 4.5 12 79 110 150 100 <0.16 

 P10K0- 0.4 3.7 0.63 0.2 0.64 0.3 8.8 10 62 100 150 99 <0.16 

 P10K40+ 0.4 3.66 0.7 0.21 0.57 0.31 8.4 11 72 100 150 110 <0.16 

 P10K40- 0.4 3.95 0.72 0.21 0.58 0.32 9 13 68 120 160 130 <0.16 

 P20K0+ 0.46 3.41 0.74 0.23 0.74 0.32 9.1 10 70 120 160 120 <0.16 

 P20K0- 0.42 3.04 0.69 0.21 0.73 0.31 9.3 9.8 57 120 140 100 <0.16 

 P20K40+ 0.48 3.83 0.71 0.21 0.57 0.32 8.9 11 67 110 160 110 <0.16 

  P20K40- 0.44 3.92 0.7 0.21 0.67 0.33 5.7 11 74 120 160 110 <0.16 



 

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 0.03 0.66 0.04 

10 0 0.72 0.03 0.72 0.03 

 5 0.71 0.03 0.74 0.03 

20 0 0.66 0.03 0.73 0.03 

 5 0.69 0.03 0.75 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 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 

 

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 4.87 0.62 3.57 0.62 

 20 4.82 0.61 4.11 0.62 

30 0 5.13 0.61 4.26 0.62 

 20 4.87 0.61 3.80 0.61 

60 0 4.93 0.62 3.85 0.62 

 20 4.84 0.62 3.93 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 

 

a) b) 



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).  

  1st Assessment 2nd Assessment 

P 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 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 1.90 0.20 0.53 0.23 4.32 0.23       2.82 0.21 

15 0 0.75 0.20 1.44 0.20 0.51 0.23 3.97 0.23     0.94 0.22   

 5 0.73 0.20 1.68 0.20 0.36 0.23 3.82 0.23         

30 0 0.97 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 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 1st assessment (p = 

0.016).  

  1st Assessment 2nd Assessment 

P 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 0 1.39 0.12 2.73 0.12 0.69 0.15 3.67 0.15 2.22 0.16 3.36 0.16 1.65 0.16 4.08 0.16 

 40 1.56 0.12 2.47 0.12 1.05 0.15 3.26 0.15 1.89 0.16 3.34 0.16 1.42 0.16 3.67 0.16 

10 0 1.47 0.12 2.33 0.12 0.87 0.15 3.06 0.16 1.37 0.16 3.40 0.16 1.31 0.16 3.74 0.16 

 40 1.34 0.12 2.45 0.12 1.00 0.15 3.15 0.16 1.60 0.16 3.20 0.16 1.32 0.16 3.68 0.16 

20 0 1.41 0.12 2.46 0.12 0.54 0.15 3.25 0.15 1.63 0.16 3.24 0.16 1.23 0.16 3.79 0.16 

 40 1.32 0.12 2.45 0.12 0.70 0.15 3.41 0.15 1.50 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 1st assessment of seminal (p < 0.001) and crown (P < 0.001) roots as well as 

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

  1st Assessment 2nd Assessment 

P 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 0 2.12 0.21 2.70 0.21 1.42 0.42 3.78 0.42 1.98 0.31 3.70 0.31 1.51 0.23 4.55 0.23 

 5 1.98 0.21 2.76 0.21 1.43 0.42 3.54 0.42 2.43 0.31 3.41 0.31 1.57 0.23 4.78 0.23 

10 0 1.82 0.16 2.59 0.16 1.22 0.32 4.07 0.32 1.87 0.24 3.45 0.24 1.53 0.18 4.49 0.18 

 5 1.67 0.16 2.84 0.16 1.19 0.32 4.18 0.32 1.58 0.24 3.46 0.24 1.17 0.18 4.60 0.18 

20 0 1.64 0.18 2.73 0.18 1.09 0.36 4.00 0.36 1.82 0.27 3.45 0.27 1.41 0.20 4.52 0.20 

 5 1.84 0.18 2.79 0.18 1.09 0.36 3.83 0.36 1.94 0.27 3.51 0.27 1.49 0.20 4.67 0.20 

 

 

 

 



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). 

  1st 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 1.51 0.16 2.96 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 2.30 0.17 4.18 0.18       3.63 0.16 

30 0 1.81 0.16 2.96 0.16 2.16 0.17 4.00 0.17       3.49 0.15 

 20 1.92 0.16 2.80 0.16 2.11 0.17 3.93 0.17       3.24 0.15 

60 0 1.78 0.16 2.91 0.16 2.18 0.17 3.98 0.17         

 20 1.79 0.16 2.93 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 0.14 27.58 0.14 

 20 0.90 0.15 18.77 0.15 

60 0 1.33 0.15 29.84 0.14 

 20 1.49 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 1.17 0.18 

 5 0.94 0.18 1.06 0.18 

15 0 3.29 0.18 3.01 0.18 

 5 3.01 0.17 2.85 0.18 

30 0 3.39 0.18 3.21 0.18 

 5 3.31 0.18 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 2.21 0.34 1.91 0.34 

 5 2.58 0.34 1.64 0.34 

10 0 3.23 0.26 2.42 0.26 

 5 3.59 0.26 2.70 0.26 

20 0 2.72 0.29 2.25 0.29 

 5 2.65 0.29 1.96 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 4.32 0.23 3.51 0.22 

 40 4.17 0.22 3.65 0.22 

10 0 4.28 0.22 4.13 0.21 

 40 4.57 0.22 4.48 0.21 

20 0 4.32 0.22 4.19 0.22 

 40 4.60 0.22 4.30 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 4.61 0.21 4.82 0.21 

 5 4.81 0.21 4.18 0.19 

10 0 4.44 0.21 4.32 0.21 

 5 4.60 0.21 4.07 0.21 

20 0 4.74 0.21 3.99 0.21 

 5 4.04 0.21 3.92 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 0.37 0.02 

 5 0.39 0.02 0.32 0.02 

30 0 0.42 0.02 0.40 0.02 

 5 0.42 0.02 0.36 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 0.47 0.07 0.63 0.07 0.34 0.08 0.46 0.08 

 5 0.47 0.06 0.55 0.07 0.40 0.08 0.47 0.08 

10 0 0.47 0.05 0.53 0.05 0.44 0.06 0.51 0.06 

 5 0.46 0.05 0.54 0.05 0.43 0.06 0.48 0.06 

20 0 0.59 0.06 0.62 0.06 0.45 0.07 0.53 0.07 

 5 0.57 0.06 0.51 0.06 0.43 0.07 0.53 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 1st (p < 0.001) and 2nd (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 2nd (p < 0.001) assessments. 

   Assessment 1  Assessment 2 Assessment 3 

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

0 0 0.61 0.02 0.50 0.02 0.79 0.02 0.72 0.02 0.66 0.03 0.51 0.03 

 40 0.46 0.02 0.51 0.02 0.74 0.02 0.72 0.02 0.64 0.03 0.56 0.03 

10 0 0.65 0.02 0.58 0.03 0.82 0.02 0.76 0.02 0.63 0.03 0.49 0.03 

 40 0.60 0.02 0.59 0.03 0.76 0.02 0.76 0.02 0.62 0.03 0.55 0.03 

20 0 0.65 0.02 0.57 0.02 0.81 0.02 0.74 0.02 0.57 0.03 0.52 0.03 

 40 0.61 0.02 0.63 0.02 0.76 0.02 0.76 0.02 0.61 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 0.35 0.01 0.33 0.01 

 20 0.33 0.01 0.30 0.01 

30 0 0.33 0.01 0.33 0.01 

 20 0.32 0.01 0.30 0.01 

60 0 0.31 0.01 0.28 0.01 

 20 0.30 0.01 0.27 0.01 

 

 

 

 

 

 


