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ABSTRACT 

With the support of the Australian Processing Tomato Research Council (APTRC), Calix 
has worked with a northern Victoria processing tomato grower to quantify the effect of 
BOOSTER-Mag™ treatment on field processing tomato grower productivity over two 
consecutive seasons.  BOOSTER-Mag™ is a new mineral derived, bio-active magnesium 
hydroxide (Mg(OH)2) product under development by Calix specifically as an agricultural 
foliar spray. 

In the 15/16 season, initial split plot, multi-replicate field testing was undertaken 
across three commercial processing tomato farms. The objective of the testing was to 
quantify the effect of BOOSTER-Mag™ treatment on crop yield and quality.  The evaluation 
compared yield and yield quality from: 

• Control fields; farmed conventionally using in-market and bench-mark pesticides 
applied according to observed pest and disease pressure. 

• Trial fields; farmed as per the Control but with three BOOSTER-Mag™ treatments applied 
at 1.5kg/ha over a 33-day period, approximately at the mid-point of the growing season. 

Whilst not statistically significant, hand-harvest data from all farms indicated 
additional treatment coincided with a numerical increase in the average yield of ripe 
unblemished fruit crop across three farms (by an average of 6%) and numerically substantial 
reduction (by an average of 67%) in the yield of insect damaged fruit.  Soil and petiole testing 
results indicate these outcomes were unlikely to be due to macronutrient augmentation and 
suggest BOOSTER-Mag™ also provides a level of insect pest control. 

In the 16/17 season, expanded scale BOOSTER-Mag™ field trials were undertaken over 
two farms.  The objective of the work was to quantify any differences in farm productivity 
that BOOSTER-Mag™ may provide regarding yield, yield quality (pH and Brix) and 
conventional pesticide usage and cost.  The evaluation compared crop grown as follows: 
• Control fields (8 & 5 ha respectively); managed conventionally using in-market pesticides 

applied at label rates according to observed pest and disease pressure and industry 
thresholds. 

• Trial fields (6 & 4 ha respectively); BOOSTER-Mag™ applied every two weeks as a base-
treatment with additional pesticide treatments only if intervention thresholds were 
reached. 

The comparative crop monitoring reports chemical spray frequency from grower spray 
records and hand-harvest data obtained are instructive. 

Farm 1.  The threshold for pesticide treatment was reached on four occasions in the 
Trial field, down from nine within the Control field, a 50% reduction in conventional 
pesticide treatments.  Importantly, there was no statistically significant difference in relative 
yield and yield quality (assessed by both hand harvest and mechanical harvest) indicating 
that substituting conventional pesticides with BOOSTER-Mag™ did not compromise yield or 
yield quality. Whilst the grower observed no obvious difference in insect and disease 
pressure between the Trial and Control fields, the presence of spiders and the activity of 
beneficial and parasitic insects in the Trial fields was noted and semi-quantitatively assessed. 
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It was further noted that over the season, the overall heliothis pressure was relatively low 
and Tomato Spotted Wilt Virus levels were very low.  Similar outcomes were observed within 
Farm 2 with the exception that no conventional crop protection chemicals were used. 

Randomised split plot, multi replicate field studies to quantify insect pest control and 
yield will be undertaken over the 17/18 season. 
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INTRODUCTION 

The use of pesticide is common in commercial scale field grown tomato production.  
Insect pest and pathogen pressure is often such that preventative or systemic application of 
pesticide is an integral and expensive part of production.  IPM strategies are adopted to 
minimise pesticide use to reduce associated costs and environmental risks without 
compromising crop yield. 

Calix has developed BOOSTER-Mag™ for application as a foliar spray in agriculture.  The 
product is a concentrated aqueous suspension of bio-active magnesium hydroxide (Mg(OH)2) 
particles which are micron scale.  The product is readily diluted and applied using 
conventional agricultural chemical sprayers.  The Mg(OH)2 active is chemically similar to 
generic “milk of magnesia” and as such has very low human and aquatic toxicity and 
importantly, is non-phytotoxic.  Calix manufactures in Australia using natural Magnesium 
Carbonate (MgCO3) ore and advanced and proprietary mineral processing technology (Calix 
Flash Calcination or CFC). 

Magnesium is a critical macronutrient for plant viability. It is known or thought to play 
a key role in many essential plant functions and its importance to plant health and crop yield 
is well documented.  The products primary function may be to augment a plant magnesium 
levels via foliar absorption. 
However published research on nano-MgO reports a substantial inhibitory bio-active effect 
on plant pathogens and diseases, specifically; anti-mycotic activity (inhibition of fungal spore 
germination and mycelial growth) and anti-bacterial activity (suppression of bacterial 
proliferation). 

Electron microscopy and synchrotron studies indicate BOOSTER-Mag™ active particles 
share key physical attributes with true nano-MgO; active particles are a highly porous 
assembly of nano-grains.  Further, in-vitro testing, undertaken during an APVMA registration 
process, has shown the product active is also bio-active and has anti-fungal and anti-bacterial 
properties like nano-MgO. Importantly, the micron scale of the particles alleviates general 
concerns about nano-scale materials. 

In December 2015, Calix engaged with the Australian Processing Tomato Research 
Council (APTRC) to explore opportunities to evaluate BOOSTER-Mag™ in field tomato 
cropping in northern Victoria.  The region is one of Australia's most productive and 
intensively farmed areas and, at approximately 3,000 ha, accounts for nearly 90% of 
Australia’s processing tomato production.  Three growers agreed to participate in field 
evaluations and protocols, jointly developed by the APTRC and Calix, were implemented. 

Over the 2015/2016 season, an initial randomised split plot, multi-replicate field 
evaluation of BOOSTER-Mag™ treatment in field grown processing tomato was subsequently 
undertaken across three different farms in central Victoria.  Within each farm, three 
BOOSTER-Mag™ treatments were applied at 1.5kg concentrate/ha over a 33-day period 
approximately coinciding with the grow-out midpoint.  The treatments were in addition to 
the conventional pesticide treatments applied throughout the season according to IMP 
methodology and agronomist advice.  Hand harvest data obtained one week prior to 
mechanical harvest demonstrated that additional treatment coincided with an increase in 
the average yield of red and unblemished fruit across all three farms (by 6%) relative to the 
conventionally farmed controls, an outcome somewhat concomitant with observed 
reductions in unripe, blossom end-rot and insect affected fruit.  The reduction in the yield of 
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insect damaged fruit is difficult to explain by macronutrient augmentation and suggests the 
additional treatment provided insect pest control. 

In October and December 2016, two parallel expanded scale field trials commenced.  
The objective of the field trials was to quantify any differences in farm productivity that 
BOOSTER-Mag™ may provide regarding yield, yield quality (pH and Brix) and agronomic 
management and input costs (chemical and application).  This paper documents the activities 
undertaken, the outcomes and the planned next steps. 
 
METHODS 
Trial Design 

A trial protocol was developed to quantitatively establish the effect on grower 
productivity of regular and scheduled BOOSTER-Mag™ foliar sprays relative (Trial) to 
conventional agronomic management (Control).  Both farms were located within 2 km of 
each other.  Both the Trial and Control within a farm were identical with respect to history, 
pre-transplant preparation, irrigation, fertilisation and weed management. 

Within the Trial, BOOSTER-Mag was applied at 1.4 kg /ha (425g Mg/ha) as a strategic 
base-treatment (every 10-14 days commencing approximately 14 days from transplant) and 
within the growers standard integrated pest management (IPM) protocol, i.e. if pest or 
pathogen pressure reached pre-determined thresholds, the grower reverted to the use of 
conventional crop protection chemicals. The overall IPM methodology applied, including 
threshold values, was consistent with the methodology prepared by the APTRC in 
conjunction with Agriculture Victoria. A true, completely untreated, control was not included.  
A table detailing the protocol followed is given in the Table 1 below. 
 
Table 1.  Trial design, treatment and assessment protocol. 

Assessments 
Weekly crop scout over grow-out:  

- assess density of insect pests/foliar diseases 
- parasitism; assess viability of heliothis eggs 
- yield; assess fruit yield and quality at harvest 

Hand Harvest; 4 x replicates:  
- assess fruit; red & unblemished; green; rot affected; insect affected, pH & BRIX 

Mechanical Harvest: 
- yield and yield quality (pH & BRIX) 

Chemical Spray Records: 
- chemicals used and total cost of agronomic management (chemical & application) 

Farm 1 – Cimones.  Seedlings (60% H3402, 40% 2401) transplanted on 27th October 2018 
Control; 7.8 ha.  Grower Standard IPM. 

- treatment according to pest / pathogen 
pressure & industry thresholds. 

Trial; 5.5 ha. BOOSTER-Mag Base-Treatment. 
- 1.4 kg/ha sprays every 2 weeks. 

and 
- Grower Standard IPM (intervention as req’d.) 

 

Farm 2 – Cox.  Seedlings (60% H3402, 40% 2401) transplanted on 1st November 2018 
Control; 4.9 ha.  Grower Standard IPM. 

- treatment according to pest / pathogen 
pressure & industry thresholds. 

Trial; 4.4 ha. BOOSTER-Mag Base-Treatment. 
- 1.4 kg/ha sprays every 2 weeks. 

and 
- Grower Standard IPM (intervention as req’d.) 

 

Trial – 4.4 haControl – 7.6 ha

Control – 4.9 ha Trial – 4.4 ha
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Sampling and Analysis 
Petiole Analysis; new foliar growth from Control and Trial fields in Farm 1 were 

sampled over the grow-out and assessed using standard grower methodology. 
Hand Harvest; approximately one week prior to mechanical harvest, four, 2m bed 

lengths within the Control and Trial fields at both farms were hand-harvested.  The following 
yield parameters were quantified according to weight of; red (ripe or likely to be fully ripe at 
harvest) and unblemished fruit; green (unlikely to ripen by harvest) and unblemished fruit; 
insect and grub damaged fruit and; rotted fruit (general rot and blossom end rot - BER). 

Heliothis egg viability and parasitism; heliothis eggs found during the regular scouting 
of Control and Trial fields within Farm 1. were incubated to assess egg viability. 

Fruit Quality; Representative composite samples of ripe fruit from each farm were 
tested using refractometry (Kagome laboratory, Echuca) to determine comparative fruit 
sugar (°Brix) levels. 
Chemical Treatment 

Conventional crop protection chemicals and BOOSTER-Mag were applied using the 
growers standard boom sprayer and spray nozzle arrangement.  All treatments were applied 
at label rates and documented in grower spray records. Selection of crop protection actives 
(insecticide & fungicide) was at the advice of the grower agronomist and at grower’s 
discretion. 
 
RESULTS 
Crop Scouting 

Over the season, the grower and APTRC scout commented heliothis egg numbers and 
disease expression within the Trial and Control were quite similar.  It was however noted 
that throughout the greater growing region, overall heliothis pressure was considered 
relatively low, and Tomato Spotted Wilt levels very low.  The widespread presence of spiders 
in the Trial area, little to none in the Control, was also noted.  
Parasitism 

Heliothis eggs collected during regular crop scouting were incubated to determine egg 
viability.  Figure 1 below shows the heliothis egg numbers collected in Trial and Control areas 
and the results observed upon incubation. 

 

 
 
Figure 1.  Heliothis egg number and egg viability. 

Figure 1 shows that heliothis egg numbers were marginally higher in the Trial. It is also 
apparent that eggs from the Control were generally more viable and likely to produce larvae.  
In contrast, eggs from the Trial were observed to have been frequently parasitised by natural 
background Trichogramma (species not identified). 
Agronomic Management  

Actionable crop scout records and grower spray records for Farm 1 and 2 are shown in 
Table 2 and 3 respectively. 
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Table 2.  Farm 1 Crop scouting and chemical intervention. 

 Monitoring (30 petiole); actionable observations & Treatment 
Date Control Trial 

27/10 transplant transplant 
10/11 - - - Mg(OH)2 
24/11 - - - Mg(OH)2 
28/11 low insect pressure. 

sclerotinia. 
a-cypermethrin, 
phos. acid, Cu, 
iprodione 

low insect press. 
 

- 
31/11 thrips/jassids; med. 

heliothis; med. 
a-cypermethrin, 
malathion, Cu 

thrips/jassids; med. 
heliothis; med. - 

7/12  -  Mg(OH)2 
15/12 hel. egg; 8w, 8b, 0p. a-cypermethrin, 

methomyl, 
malathion, Cu 

hel. egg; 2 w, 4b, 0 p. 

- 
21/12 hel. egg; 8w, 2b, 0p. 

-  
hel. egg; 2w, 4b, 1 p. 
grub damage; low. Mg(OH)2 

29/12 wet field. 
hel. egg; 5w, 3b, 0p. 

a-cypermethrin, 
malathion, Cu 

wet field. 
hel. egg; 4w, 14b, 7p. 
grub damage; low. 

Cu, mancozeb 

6/01 hel. egg; 0w, 2b, 2p. -  hel. egg; 0w, 2b, 7p. 
> 2 cm grubs evident. 
grub damage; high. 

indoxacarb, 
methomyl 

7/01  -  Mg(OH)2 
12/01 hel. egg; 3w, 7b, 9p. 

b. speck; med. 
indoxacarb, 
methomyl, Cu, S 

b. speck; low. 
hel. egg; 7w, 6b, 8p. 

- 

18/01 hel. egg; 1w, 4b, 3p. 
b. speck; med. 

cypermethrin, 
methomyl, 
abamectin, 
triadimenol 

hel. egg; 2w, 5b, 5p. 
b. speck; med. 

Mg(OH)2 

5/02 t.s mite; low. abamectin russet mite; hot spots. abamectin 
15/02 t.s mite; low. abamectin russet mite; hot spots. abamectin 
20/02  ethephon  - 
28/02  h. harvest  h. harvest 

7/03  mech. harvest  mech. harvest  

EIL events 8 4 
Number of sprays 9  10 

hel.=heliothis egg, w=white egg, b=brown egg, p=parasitised egg, s=sterile egg 
 

From Tables 2 and 3, substantial differences in the actual agronomic management 
undertaken in Control and Trial areas of Farms 1 and 2 are apparent. 

In the case of Farm 1, Table 2 indicates; ten different crop protection actives were 
applied at various time in the Control, reduced to six in the Trial; eight economic injury (EIL) 
events occurred in the Control, reduced to four in the Trial.  It is noted that ethephon was 
applied in the Control but not in the Trial. 

In the case of Farm 2, Table 3 indicate; seven different crop protection actives were 
applied at various time in the Control, reduced to one in the Trial; five EIL events occurred in 
the Control, reduced to none in the Trial. 
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Table 3.  Farm 2 Crop scouting and chemical intervention. 

 Monitoring (30 petiole); actionable observations & Treatment 
Date Control Trial 

1/12 
 

transplant 
 

transplant 

15/12 
 

a-cypermethrin, 
malathion, Cu 

 

Mg(OH)2 
21/12 

 
- 

 
Mg(OH)2 

6/01 hel. egg; 3w, 5b, 1p. 
b. speck; trace 

cypermethrin, 
methomyl, 
mancozeb, Cu. 

hel. egg; 1w, 6b, 6s. 
b. speck; trace 

Mg(OH)2 
10/01 hel. egg; 4w, 11b, 2p. 

b. speck; trace 
cypermethrin, 
abamectin, 
azxoystrobin, Cu. 

hel. egg; 3w, 10b, 3p. 
b. speck: trace 

- 
22/02 russet mite; low abamectin hel. egg; 2w, 4b, 0p. - 
22/03 t.s / r. mite; low 

big bud; med. 
abamectin hel. egg; 2w, 4b, 1p. 

grub damage; low Mg(OH)2 
30/02 

 
ethephon 

 
ethephon 

12/04 
 

h. harvest 
 

h. harvest 
8/05 

 
mech. harvest 20/04 mech. harvest 

EIL events 5 0 
Number of sprays 6  5 
hel. =heliothis egg, w=white egg, b=brown egg, p=parasitised egg, s=sterile egg 
Petiole Analysis 

Quantitative and qualitative results for selected parameters extracted from nutrient uptake 
test reports are provided in Table 4. 
 
Table 4.  Farm 1 Nutrient Uptake - Selected Parameters 

Analyte 
28/11/16 

Growth Stage 3.1 
12/12/16 

Growth Stage 3.3 
3/1/16 

Growth Stage 4.3 
(ppm) Cont. Trial % Dif. Cont. Trial % Dif. Cont. Trial % Dif. 

NH4       47      30 36%      27       27 0%       26       24 8% 

P     419    401 4%     232     299 -29%     187    233 -25% 
K  4,927 5,999 -22%  3,957  4,915 -24%  3,221 4,531 -41% 
Ca  1,948 1,356 30%  1,948     373 81%  1,002    801 20% 
Mg  1,175 1,238 -5%  1,326  1,485 -12%  1,224 1,738 -42% 
Zn    2.17   2.31 -6%    1.17    2.01 -72%    1.51   2.22 -47% 
B    0.48   0.52 -8%    0.83    0.81 2%    0.41     0.6 -46% 
Cu    5.39   0.66 88%    0.78    0.62 21%    7.76   4.13 47% 

Table 4 suggest uptake in the Trial of P, K, Mg and Zn was enhanced while uptake of 
NH4, Ca and Cu was reduced.  Relative Mg and Cu levels may reflect chemical residue from 
recent treatment rather than folia absorption noting the magnesium hydroxide active is 
particularly insoluble and relatively rain-fast. Nutrient levels generally remained in the 
desirable range. 
Yield and Yield Quality - Hand Harvest 

The results obtained from the hand harvesting undertaken at each farm were evaluated 
using a T-Test: paired two test sample P(T<=t) one tail, α = 0.05, testing for a Null Hypothesis.  
The hand harvest results (average of 4 x replicates) and statistical analysis of data obtained 
for Farms 1 and 2 are shown in Tables 5 and 6. 
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Table 5.  Farm 1 hand harvest data (kg) and statistical analysis 

Parameter Red  Green  Insect  Rot  Tot. Yield  Brix pH 
Control        
AVERAGE (kg) 27.71 4.04 0.13 0.24 32.11 5.50 4.35 
S.Dev. 2.88 1.11 0.09 0.08 3.31 0.20 0.02 

Trial        

AVERAGE(kg) 31.35 4.85 0.33 0.24 36.76 5.30 4.33 
S.Dev. 3.87 1.47 0.10 0.19 5.45 0.57 0.04 
 NSD NSD SD NSD NSD NSD NSD 
P(T<=t) two-tail 0.87 0.75 1.00 0.50 0.86 0.68 0.78 
% Change c.f. Control 13% 20% 160% 0% 14% -4% 0% 

Table 5 indicates statistically higher insect damage in the Trial.  However, damage in 
both the Trial and Control was quite low in absolute terms indicating effective control of 
pests was achieved.  It is noted that the statistically equal yield of ripe and unblemished fruit 
observed was achieved without a ripening agent being applied within the Trial. 
 

Table 6.  Farm 2 hand harvest data (kg) and statistical analysis 

Parameter Red Green Insect Rot Tot. Yield Brix pH 

Control        

AVERAGE (kg) 24.37 2.80 0.43 0.41 28.01 5.58 4.26 
S.Dev 7.79 1.20 0.31 0.13 8.58 0.46 0.05 

Trial        
AVERAGE (kg) 24.76 3.54 0.25 0.58 29.13 5.38 4.35 

S.Dev 5.86 1.53 0.14 0.22 6.83 0.36 0.08 
 NSD NSD NSD NSD NSD NSD NSD 
P(T<=t) two-tail 0.56 0.90 0.86 0.79 0.64 0.68 0.78 

% Change c.f. Control 2% 26% -41% 39% 4% -4% 2% 

Table 6 indicates while there were no significant differences apparent between the 
Farm 2 Control and Trial, a numerical reduction in insect damaged fruit was apparent in the 
Trial field. 
Yield and Yield Quality - Mechanical Harvest. 

Extracts from the geospatial load summaries provided by the processor for the Control 
and Trial areas in Farm 1 and 2 are provided in Table 7.  
 
Table 7.  Farm 1 and Farm2, Grower geospatial load (summary) 

 Treatment Total Fruit (t/ha) Payable Fruit (t/ha) BRIX Adj. (t/ha) 
Farm 1. Control (av) 91 87 89 

Trial (av) 87 84 89 
Farm 2. Control (av) 72 68 69 

Trial (av) 81 77 82 
Table 7 shows that while total fruit and payable fruit in Farm 1 was higher in the 

Control, the BRIX (soluble solids) adjusted yield for the Control and Trial areas were identical 
at 89 t/ha. The grower noted that yield from the Control and Trial were consistent with farm 
history and expected yield and further, in-line with expectations after the cold and wet start 
to season.  In Farm 2, total fruit, payable fruit and BRIX adjusted yield were significantly 
higher in the Trial.  However, it should be noted that rainfall and limited access to equipment 
delayed the mechanical harvest of the Farm 2 Control field by 43 days beyond the harvest 
date of the Trial.  The grower noted that the delayed harvest of the Control would have 
resulted in a reduction in yield of 5 - 10%. 
Grower Productivity 
Relative agronomic management and calculated associated costs (chemical and application) 
within Farm 1 and 2 are shown in Table 8. 
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Table 8.  Comparison of agronomic management and calculated cost  

Treatment 
No. 
Sprays 

No. Pesticide 
Sprays 

No. Products 
Used 

Spend 
(AU$/ha) % Diff. 

Farm 1 Control 9 8 10 $ 509  
 Trial 10 4 6 $ 315 -38% 

Farm 2 Control 6 4 10 $ 252  
 Trial 5 0 2 $ 125 -50% 

Substantial differences in the actual agronomic management undertaken in Control and 
Trial areas of Farms 1 and 2 and respective costs are apparent.  Only marginal differences 
are apparent between spray events within respective Control and Trial areas and therefore 
spray application costs were similar.  However, the reduction in the number of pesticide 
spray treatments, and number and type of actives used, contributed to a reduction in 
agronomic management costs calculated at between 38 to 50%. 
 
CONCLUSIONS 

The following qualitative and quantitative observations regarding the impact of 
including strategic BOOSTER-Mag spray treatments within an otherwise conventional IPM 
methodology have been made.  Under the conditions of the two farm field trials and relative 
to the Control, BOOSTER-Mag applied as a base-treatment coincided with: 

• Similar general pest and disease expression over the season 
• The widespread presence of spiders in the Trial area relative to the Control 
• Higher apparent Trichogramma parasitoid activity  
• A 50 to 100% reduction in EIL events and concomitant pesticide spray events  
• A substantial reduction in the number of actives used 
• A substantial reduction in Farm 1 fungicide spray events (from 5 to 1) 
• A substantial reduction in Farm 1 insecticide spray events (from 8 to 3) 
• Enhanced nutrient uptake of P, K, Zn (and Mg although likely residue related) 
• Reduced uptake for NH4, Ca (and Cu although likely residue related)  
• Statistically equivalent yield of red unblemished fruit as determined by hand harvest  
• Equivalent payable yield as determined by mechanical harvest and fruit quality 

assessment 
• A reduction in agronomic management costs calculated at 38 and 50%. 

 
It is suggested BOOSTER-Mag™ bio-activity with respect to pest control, and although 

not quantified in this work, plant pathogen and disease control contributed to a meaningful 
improvement in grower productivity and sustainability. 
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