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R&D and Best Practice 

• CIPC 

• Bulk and box stores 

• Ethylene 

• Alternative suppressants 

• Delivery of best practice 

 



Critical level and 
deposition in 

stores 

Glasgow University, Silsoe RI and SuttonBridge 



Commercially  - 
release 
(formulations) and 
vapour 
concentration not 
practical  

Experimentally  - 
successful CIPC vapour 
movement and 
attachment to tubers 
 
 

CIPC vapour 



Ventilation post-CIPC application 
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Early ventilation of stores is now on all CIPC labels. 



Box and Bulk  
Potato stores 



• Modified application process 

– Recirculation using fans fitted with VFD’s 

– Closed couple at the fog head 

– Solvent-free CIPC 

• Control application 

– No recirculation 

– Open couple at the fog head 

– 50% CIPC in methanol  

Sutton Bridge S265 

Evaluating modified storage practices 



Reducing risk of MRL exceedance in bulk stores 

Close 
coupled 
fogger 

Improved 
ventilation 

management 

Inverter 



Best Practice in bulk stores 
conventional application
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Modified treatment: MSS 

SproutNip, Close-coupled 

fogger. VFD operated fans 
University of Glasgow & SBCSR 



Achieving uniform 
air distribution for 

CIPC application 
also improves 

ventilation 
management for 

better crop 
temperature 

control – and less 
variability in fry 

colour 

Improved airflow & bulk store 
temperature control 



Improving CIPC use in box stores 

• Modify box stacking 
to create a plenum 

• Plenum acts as main 
duct 

• Pallet slots/apertures 
act as lateral ducts 
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sprout length (mm) CIPC concentration (mg/kg)

Top 1.72 2.00

Middle 29.11 0.17

Bottom 13.94 0.26

Mean values

sprout length (mm) CIPC concentration (mg/kg)

Top 2.37 0.97

Middle 2.64 0.24

Bottom 1.96 0.23

Mean values

1

2 X X X

3

4

5

6

7

8 X X X

9

FOG 10

11

12 X X X

13

14

15

16

17

18 X X X

19

A B C D E F G H I

PLENUM

Roller Door

FRIDGE
1

2 x x x

3

4

5 x x x

6

7

8

9

10

11 x x x

12

13

14

A B C D E F G H I JRoller Door

FRIDGE

Control - OHT 

Plenum 

Standard ‘Over Head Throw’ vs ‘Plenum’  

12x 4x 

University of Glasgow & 
SBCSR 



Fogger: reduced volume, solvent free formulation 

Store: modified airflow/stacking patterns 
  plenums, low speed recirc, suction wall 

 

5 commercial stores 

• control 

• passive plenum   

• positive plenum 

• negative plenum 

• suction wall 
   

 

Commercial store trials 



Commercial store trials – yr 1 summary 

Highest residues and greatest retained proportion of dose in 
low temperature stores  



Ongoing R&D investment 

New experimental 
stores at Sutton 
Bridge (£600k) 



Sprout control under 10 ppm ethylene 



Effects of 10 ppm ethylene on French fry colour 

SBCSR 1 2 3 4 5 6 7 

USDA 000 00 0 1 2 3 4 

 



Summary ethylene treatment 

• Pronounced varietal response to ethylene 

• Ethylene decreases sprouting in all varieties 
compared to untreated but only to commercially 
acceptable standards with a few varieties 

• Effect of ethylene on chip fry colour generally small 

• Large effects on crisp fry colour in some varieties 

 



Integrating sprout suppressants 

0.0 

2.0 

4.0 

6.0 

8.0 

10.0 

12.0 

14.0 

Le
n

gt
h

 o
f 

lo
n

ge
st

 s
p

ro
u

t 
(m

m
) 

Storage period 
1=2mths 
2=4mths 
3=6mths 

CIPC & ethylene control of 
sprouting even if ethylene alone 
is not effective e.g Maris Piper 



Effects on fry colours 
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Effects of ethylene on fry colour evident 
– but (at 9oC) small and acceptable for 
chips, can be more significant for some 
crisping varieties. 



Alternative suppressants 

Assess alternatives (small-scale) 
• efficacy of sprout control 
• disease & processing 

Selected treatments scale-up to 
16t box stores 

• Storage at 6 and 9C 
• 120 l capacity chambers 
• 2 air exchanges per day 
• assess at 3-4 & 6-8 months 

Figure 1: Small scale storage chamber 

showing ventilation pipe. 



Formulations/actives 

• GroStop Ready (CIPC) 
– single application at loading (at 18 g tonne -1) 

• Biox-M (spearmint oil) 
– 90ml and 30ml tonne-1 at 21 day intervals 

• Biox-C (clove oil) 
– as required (48ml tonne-1) 

• Talent (carvone) 
–  30 -15ml tonne-1 at weekly interval 

• SmartBlock (3-decen-2-one) 
– 115ml tonne-1 as required 

• Untreated – control 
Sutton Bridge CSR (483) 2010/11 



sprout growth at 6C
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sprout growth at 9C
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Alternative sprout suppressants 

Sutton Bridge CSR 

Clove oil dropped in year 2 due to 
lack of efficacy 



Larger scale assessments 

Auto-dosing system attached 

to store controller for daily or 

weekly application of carvone 

to a stored seed crop in the 

Netherlands. 

Weekly application of 

carvone to a 16 tonne box 

store with non-positive 

ventilation 



Large scale  
9°C in boxes, using caraway oil and  

non-positive ventilation 

placement 
Russet Burbank Saturna 

12 weeks (sd) 24 weeks (sd) 12 weeks (sd) 24 weeks (sd) 

front 1.4 (0.7) 28.8 (45.8) 11.8 (10.1) 89.0 (59.0) 

back 1.5 (1.1) 36.9 (54.8) 11.0 (9.1) 66.7 (45.4) 

left 1.4 (0.8) 29.6 (49.7) 10.3 (8.7) 86.3 (62.5) 

right 1.5 (1.1) 36.1 (51.4) 12.5 (10.3) 69.4 (41.7) 

top 1.2 (0.5) 5.3 (7.1) 4.2 (4.7) 45.1 (22.2) 

upper middle 1.1 (0.4) 57.4 (63.7) 9.0 (7.2) 81.9 (45.4) 

lower middle 2.1 (1.5) 34.9 (48.5) 14.7 (9.4) 119.3 (73.1) 

bottom 1.3 (0.5) 33.8 (50.2) 17.6 (10.1) 65.0 (27.5) 

grand mean 1.4 (0.9) 32.8 (50.5) 11.4 (9.6) 77.8 (53.7) 

 



Large scale  
9°C in boxes, using spearmint oil and  

positive ventilation 

placement 
Russet Burbank Saturna 

14 weeks (sd)  26 weeks (sd)  14 weeks (sd)  26 weeks (sd)  

front 2.2 (4.3) 58.1 (25.9) 4.2 (2.8) 37.7 (11.6) 

back 2.2 (4.8) 66.2 (34.1) 3.4 (2.7) 38.2 (13.6) 

left 1.7 (3.6) 60.1 (27.4) 3.5 (2.4) 38.8 (12.8) 

right 2.6 (5.4) 64.2 (33.3) 4.1 (3.1) 37.1 (12.5) 

top 2.5 (4.9) 66.2 (36.8) 3.8 (2.7) 34.7 (13.5) 

upper middle 2.2 (5.0) 61.6 (23.7) 3.4 (2.2) 35.8 (10.5) 

lower middle 1.8 (3.2) 67.8 (32.7) 3.9 (2.7) 42.6 (15.1) 

bottom 2.1 (5.0) 53.1 (25.6) 3.9 (3.3) 38.6 (9.5) 

grand mean 2.2 (4.6) 62.2 (30.5) 3.8 (2.7) 37.9 (12.6) 

 



Alternative sprout suppressants 
Spearmint -  Biox M  

1,4-Dimethylnaphthalene  - 1,4SIGHT 

3-decen-2-one  - SmartBlock 
Carvone – Talent 

 What influences adoption? 
• Efficacy 
• Cost 
• MRL status 
• Ease of use 
• Crop quality 

 



Delivering Best Practice - CIPC 



Delivery 





Annual tests for fogging 
equipment became a 

requirement from 
 1 January 2010 

34 machines tested & certificated 

Delivery of Best 
Practice 



BASIS Certificate  

in Crop Protection  

(Stored Potatoes) 

 

  

New Course for CIPC stewardship 

A training course and exam 
leading to a BASIS Certificate of 

Competence appropriate for 
those selling pesticide products 

for use in stored potatoes 

90 advisors certificated 
under the new scheme  

April 2015 



NAAC applicators group  

Established  
November 2011 

 
 Builds on Stewardship   
contractors meetings 

 
 Fogging contractors (9) and 
owner/self applicators (2) 

 
 Adherence to CIPC Code of Best 

Practice  

National Association of 
Agricultural Contractors 



Store Checklist: Red Tractor 



Achieved 
• Particle size and distribution modelling  

• Fogging conditions – temp & flow rates etc 

• Liquid/ solid formulations 

• Timing of CIPC application  

• Dose management 

• Ethylene understanding 

• Use of Carvone, Spearmint, DMN, 2-decen-3-one 

• Store integrity  

• Bulk stores 

• Box stores - principles 

• Maintain quality and reduce risk of MRL exceedances 



Residue monitoring 

3 1 1 3 1 



More effective CIPC use 



PUS Pre- & Post-Stewardship 

Pre (av 2002 & 2006) Post  (av 2010 & 2012) 

• 60.65t a.i. CIPC 

• 31.6g/t 

• 31,700t  treated/t 

• 29.55t a.i. CIPC 

• 18.0g/t 

• 55,421t treated/t 

total CIPC used (tonnes a.i.) reduced by 51% 
 
43% reduction in CIPC use /t treated 
 
increased the efficiency of CIPC dose by 74% 


