
 

© Agriculture and Horticulture Development Board 2011. All rights reserved. 

 

 
Project title Apples: Increasing the efficacy of 

potassium hydrogen carbonate (potassium 

bicarbonate) for powdery mildew control 

by a range of adjuvants and sulphur. 

  

Project number: TF 186 

  

Project leader: Gary Saunders, Farm Advisory Services 

Team Ltd. 

  

Report: Annual report, March 2009 

  

Previous report None 

  

Key staff: Gary Saunders 

  

Location of project: Norham Farm, Selling, Faversham, Kent 

  

Project coordinator:  

  

Date project commenced: 01/04/08 

  

Date project completed (or expected 

completion date):  

31/03/10 

  

Key words: Powdery, mildew, Podosphaera 

leucotricha, potassium hydrogen 

carbonate, potassium bicarbonate, 

sulphur, Serenade, Bacillus subtilis, apple, 

Cox, biocontrol, disease 

  

 
 
 
 
 



 

© Agriculture and Horticulture Development Board 2011. All rights reserved. 

 

DISCLAIMER: 

 

AHDB, operating through its HDC division seeks to ensure that the information contained 

within this document is accurate at the time of printing. No warranty is given in respect 

thereof and, to the maximum extent permitted by law the Agriculture and Horticulture 

Development Board accepts no liability for loss, damage or injury howsoever caused 

(including that caused by negligence) or suffered directly or indirectly in relation to 

information and opinions contained in or omitted from this document.  

 

Copyright, Agriculture and Horticulture Development Board 2011.  All rights reserved. 

 

No part of this publication may be reproduced in any material form (including by 

photocopy or storage in any medium by electronic means) or any copy or adaptation 

stored, published or distributed (by physical, electronic or other means) without the prior 

permission in writing of the Agriculture and Horticulture Development Board, other than 

by reproduction in an unmodified form for the sole purpose of use as an information 

resource when the Agriculture and Horticulture Development Board or HDC is clearly 

acknowledged as the source, or in accordance with the provisions of the Copyright, 

Designs and Patents Act 1988.  All rights reserved.  

 

AHDB (logo) is a registered trademark of the Agriculture and Horticulture Development 

Board. 

HDC is a registered trademark of the Agriculture and Horticulture Development Board, 

for use by its HDC division. 

All other trademarks, logos and brand names contained in this publication are the 

trademarks of their respective holders.  No rights are granted without the prior written 

permission of the relevant owners. 

 

The results and conclusions in this report are based on an investigation conducted over 

a one-year period.  The conditions under which the experiments were carried out and the 

results have been reported in detail and with accuracy.  However, because of the 

biological nature of the work it must be borne in mind that different circumstances and 

conditions could produce different results.  Therefore, care must be taken with 

interpretation of the results, especially if they are used as the basis for commercial 

product recommendations. 
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GROWER SUMMARY 

 

Headline 

 

Potassium bicarbonate is an effective control for powdery mildew in apple when combined 

with the use of Bacillus subtilis (Sentry S, Serenade) 

 

Background and expected deliverables 

 

Powdery mildew (Podosphaera leucotricha) in apple is a regular problem in many orchards. 

Conventional control relies on synthetic fungicides and cultural practices such as cutting out 

primary mildew. These methods can be time consuming and expensive and alternative 

methods of control were therefore sought.  One alternative method of control is through the 

use of potassium bicarbonate which acts as an eradicant fungicide. However repeated 

applications are required as potassium bicarbonate is not persistent and has no protectant 

properties. 

 

This project firstly assessed the physical compatibility and then efficacy against powdery 

mildew of potassium bicarbonate with a range of adjuvants and sulphur to improve control of 

Powdery mildew in apple. In addition to these treatments a Bacillus subtilis treatment (Sentry 

S, Serenade) was applied in combination with potassium bicarbonate to provide protectant 

and eradicant modes of action. 

 

As a naturally occurring substance, potassium bicarbonate has a low risk of pathogen 

resistance and therefore is likely to be useful in the long term. If improved control of powdery 

mildew can be achieved through a combined approach of using adjuvants, sulphur or other 

protectant materials, this will help to reduce the chances of resistant strains of powdery 

mildew arising. 

 

 

Summary of the project and main conclusions 

 

The first part of the project was to assess the physical compatibility of potassium bicarbonate 

with Flowable Sulphur, Nu-Film-17 (pinolene based), Nu-Film-P (pinolene based) and Slippa 

(silicon based). At label recommended rates there were no physical incompatibility problems 

with any of the products tested. 
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The second part of the project was to assess the effect of combinations of these products on 

the occurrence of powdery mildew. Sixteen treatment combinations (Table 1) were applied 

to a Cox orchard and the effect on powdery mildew was observed. Potassium bicarbonate 

and sulphur applications were made at pink bud and petal fall as recommended in HDC 

project CP 48. Serenade applications were replaced by applications of Sentry S (Plant 

Health Care) which is an equivalent Bacillus subtilis product and was also applied at these 

timings and also 1 week after petal fall.  

 

Table 1.  Treatment combinations. 

 
 

No 
adjuvant 

Nu-Film-17 
(1ml/L) 

Nu-Film-P 
(1ml/L) 

Slippa 
(1ml/L) 

Potassium bicarbonate (15g/L) 1 2 3 4 

Potassium bicarbonate (15g/L) + 
Flowable Sulphur (5.5ml/L) 

5 6 7 8 

Potassium bicarbonate (15g/L) + 
Sentry S (20ml/L) (Bacillus subtilis) 

9 10 11 12 

Control 13 14 15 16 

 

Assessments of powdery mildew were made weekly until the end of July. Ten leaves on 

each of the five trees for each treatment in each block were assessed for the presence or 

absence of mildew. 

 

In all treatments powdery mildew levels increased throughout the season. However those 

treatments that did not include potassium bicarbonate had greater levels of the disease 

present at the first observation (4-5%) than the treatments where potassium bicarbonate was 

applied (0-2%). Treatments where Sentry S (Serenade equivalent) was applied in 

conjunction with potassium bicarbonate, had the lowest initial levels of inoculum present (0-

1%). 

 

The addition of Flowable Sulphur to potassium bicarbonate did not improve control over the 

disease. In both cases, incidence then increased equally to the end of the assessments. For 

these two chemical applications, the use of any of the adjuvants did not appear to enhance 

the action in reducing mildew. 
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Where a Bacillus subtilis product was added to the treatment, a reduced incidence of mildew 

was observed throughout the experiment. Potassium bicarbonate is an eradicant with no 

protectant properties whereas the Bacillus subtilis product acts as a protectant. The initial 

reduction in mildew levels due to the potassium bicarbonate was enhanced by use of a 

protectant which resulted in a continued low level of infection rather than an escalating one. 

 

Where potassium bicarbonate was not applied at all and only the individual adjuvants were 

applied, mildew levels were the greatest. Where the two pinolene products (Nu-Film-P and 

Nu-Film-17) were applied, initial levels of mildew were reduced compared to where the 

silicon based product (Slippa) was applied and to the control, where nothing was applied. 

This reduction in incidence of mildew for the pinolene products compared to the silicon 

product and the control, continued over the course of the experiment. 

 

It is apparent that potassium bicarbonate has an effect on the observed incidence of 

powdery mildew in apple, effectively reducing incidence of the disease. It is also apparent 

from the results that although initial levels are controlled after the use of potassium 

bicarbonate has stopped, incidence of the disease can then increase as the potassium 

bicarbonate offers no protectant action. 

 

The addition of sulphur, Nu-Film-P, Nu-Film-17 or Slippa did not increase efficacy of 

potassium bicarbonate in controlling powdery mildew. However the use of Sentry S 

(Serenade) increased control of the disease.  

 

The results indicate that best control of powdery mildew in apple can be achieved by 

reducing initial inoculum early in the season through the use of potassium bicarbonate.  The 

application of the protectant Sentry S will help to maintain control through the remainder of 

the season.   

 

Action points for growers 

 

 Use potassium bicarbonate to eradicate occurrences of powdery mildew in apple. 

 

 Use Bacillus subtilis (Sentry S, Serenade) as a protectant for powdery mildew in 

apple. 
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SCIENCE SECTION 

 

Introduction 

 

Powdery mildew (Podosphaera leucotricha) in apple is a regular problem in many orchards. 

Conventional control relies on synthetic fungicides and cultural practices such as cutting out 

primary mildew. These methods can be time consuming and expensive and therefore 

alternative methods of control were therefore sought. 

 

One alternative method of control is through the use of potassium bicarbonate which acts as 

an eradicant fungicide. However repeated applications are required as potassium 

bicarbonate is not persistent and has no protectant properties.  The efficacy of potassium 

bicarbonate against powdery mildew has been investigated for a range of horticultural crops 

including apple (HDC Project CP 48) and recommendations on spray volume and timing 

were made. However it has been found that control is often less than 100%. As there were 

no specific recommendations for the addition of adjuvants in apple there is potential to 

improve the efficacy of potassium bicarbonate in the control of powdery mildew. 

 

This project firstly assessed the physical compatibility and then efficacy against powdery 

mildew of potassium bicarbonate with a range of adjuvants and sulphur to affect an 

improved control of Powdery mildew in apple. In addition to these treatments a Bacillus 

subtilis treatment (Serenade) was applied in combination with potassium bicarbonate to 

provide protectant and eradicant modes of action. 

 

Improved efficacy of potassium bicarbonate would give greater control of powdery mildew in 

apple orchards. This naturally occurring substance has a low risk of pathogen resistance and 

therefore is likely to be used in the long term, if greater control of powdery mildew is 

achieved through the use of adjuvants or sulphur  this will help to ‘protect’ potassium 

bicarbonate from resistant strains of powdery mildew arising. 

 

Materials and methods 

 

Firstly the physical compatibility for potassium bicarbonate with Flowable Sulphur, Nu-Film-

17 (pinolene based), Nu-Film-P (pinolene based) and Slippa (silicon based) was determined. 

 

Sixteen treatment combinations (Table 2) were applied to a Cox orchard and the affect on 

powdery mildew was observed. The sixteen combinations were laid out as a randomised 
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block experiment with four blocks of five trees per treatment. Potassium bicarbonate and 

sulphur application was at pink bud and petal fall as recommended in HDC project CP 48. 

Serenade applications were replaced by applications of Sentry S (Plant Health Care) which 

is an equivalent Bacillus subtilis product and was also applied at these timings and also 1 

week after petal fall.  

 

Table 2.  Treatment combinations. 

 

 
 

None 
Nu-Film-17 
(1ml/L) 

Nu-Film-P 
(1ml/L) 

Slippa 
(1ml/L) 

Potassium bicarbonate (15g/L) 1 2 3 4 

Potassium bicarbonate (15g/L) + 
Flowable Sulphur (5.5ml/L) 

5 6 7 8 

Potassium bicarbonate (15g/L) + 
Sentry S (20ml/L) (Bacillus subtilis) 

9 10 11 12 

None 13 14 15 16 

 

Assessments of powdery mildew were made weekly until the end of July. Ten leaves on 

each of the five trees for each treatment in each block were selected randomly and 

assessed for the presence or absence of mildew. 

 

Results  

 

Physical compatibility 

As can be seen from the findings shown in Table 3, there were no physical compatibility 

issues when mixing potassium bicarbonate with any of the tested products. 

 

Table 3.   Physical compatibility of potassium bicarbonate 

 

 Physical incompatibility (precipitate) 

Flowable sulphur No 

Nu-Film-17 No 

Nu-Film-P No 

Slippa No 
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Occurrence of Mildew 

 

The percentage of leaves infected with mildew at different stages of the season is shown for 

each treatment in Table 4. 

 

Table 4. Occurrence of Powdery Mildew throughout the season related to treatment (% of leaves 

infected). 

 

 
 
 

Week 21 22 23 24 25 26 27 28 29 30 31 

1 Potassium bicarbonate none 2 1 2 3 3 3 5 3 4 5 5 

2 Potassium bicarbonate Nu-Film-17 1 1 2 3 2 3 3 4 4 5 3 

3 Potassium bicarbonate Nu-Film-P 1 2 2 2 3 4 3 4 3 5 5 

4 Potassium bicarbonate Slippa 2 3 2 4 2 3 3 4 5 5 4 

5 
Potassium bicarbonate + Flowable 
Sulphur 

none 2 2 1 3 4 3 3 4 4 5 5 

6 
Potassium bicarbonate + Flowable 
Sulphur 

Nu-Film-17 2 3 2 1 3 3 4 3 3 4 5 

7 
Potassium bicarbonate + Flowable 
Sulphur 

Nu-Film-P 1 2 3 3 2 3 5 3 4 4 4 

8 
Potassium bicarbonate + Flowable 
Sulphur 

Slippa 2 2 1 2 2 4 3 4 4 5 5 

9 Potassium bicarbonate + Sentry S none 0 1 0 2 1 2 2 3 2 3 3 

10 Potassium bicarbonate + Sentry S Nu-Film-17 0 0 1 0 2 2 3 2 3 3 3 

11 Potassium bicarbonate + Sentry S Nu-Film-P 0 1 0 1 2 3 3 3 3 3 3 

12 Potassium bicarbonate + Sentry S Slippa 1 0 2 1 2 2 3 2 2 3 3 

13 None none 5 5 6 6 5 7 8 10 9 10 10 

14 None Nu-Film-17 4 4 4 5 5 6 6 7 8 9 9 

15 None Nu-Film-P 4 5 4 5 6 6 7 6 7 7 8 

16 None Slippa 5 5 5 6 5 7 7 6 8 9 10 
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 From Table 4 it can be seen that in all cases powdery mildew levels increased 

throughout the season.   

 However those treatments that did not include potassium bicarbonate had greater 

levels of the disease present at the first observation (4-5)% than the treatments 

where potassium bicarbonate was applied (0-2%).  

 Treatments where Sentry S (Serenade equivalent) was applied had the lowest initial 

levels of inoculum present (0-1%).  

 There was a general trend of incidence increasing over the assessment period in all 

treatments.  

 Mildew levels at the end of the season were far greater where initial levels of mildew 

were not reduced. 

 

Discussion 

 

Potassium bicarbonate alone was effective at initially reducing levels of mildew compared to 

treatments where potassium bicarbonate was not applied. The addition of Flowable Sulphur 

to the tank mix did not however improve control over the disease, in both cases incidence 

then increased equally to the end of the assessments. For these two chemical applications, 

the use of any of the adjuvants did not appear to enhance the action in reducing mildew. 

 

Where a Bacillus subtilis product was added to the treatment, a reduced incidence of mildew 

was observed throughout the experiment. Potassium bicarbonate is an eradicant with no 

protectant properties whereas the Bacillus subtilis product acts as a protectant. The initial 

reduction in mildew levels due to the potassium bicarbonate was enhanced by use of a 

protectant which resulted in a continued low level of infection rather than an escalating one. 

 

Where potassium bicarbonate was not applied at all and only the individual adjuvants were 

applied, mildew levels were the greatest. Where the two pinolene products (Nu-Film-P and 

Nu-Film-17) were applied, initial levels of mildew were reduced compared to where the 

silicon based product (Slippa) was applied and to the control where nothing was applied. 

This reduction in incidence of mildew for the pinolene products compared to the silicon 

product and the control continues over the course of the experiment. 

 

Conclusions 

 

It is apparent that potassium bicarbonate does have an effect on the observed incidence of 

powdery mildew in apple, reducing incidence of the disease. It is also apparent from the 
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results that although initial levels are controlled, after the use of potassium bicarbonate has 

stopped, incidence of the disease can then increase as the potassium bicarbonate offers no 

protectant action. 

 

The addition of sulphur, Nu-Film-P, Nu-Film-17 or Slippa did not increase effacy of 

potassium bicarbonate in controlling powdery mildew. However the use of Sentry S 

(Serenade) increased control of the disease.  

 

From these results it can be seen that there is great importance of reducing initial inoculum 

by the use of potassium bicarbonate to control levels of the disease later in the season. It 

can also be seen that the application of the protectant Sentry S reduced disease levels to a 

greater extent still. 

 

It could be surmised that methods of effective control of powdery mildew could be achieved 

by continued use of potassium bicarbonate to eradicate inoculum or use of potassium 

bicarbonate coupled with a protectant product such as Sentry S or Serenade later into the 

season to confer protection into the season. 

 


