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The increase off five beetle species on 50 g off barley was investigated in the laboratory, under con

ditions simulating grain dormancy break between 20 and 40°C at 5°C increments, followed by cooling

to 15, 10 and 5°C and culminating with approximately four months storage at 5°C. The species of

storage beetles used were Trogodorma granarlum Everts, Oryzaephilus surinamensls (L.), Cryptoleatea

forruglneua (Stephens), Rhyzopertha dominica (Fabricius), and Sitophitua granariua (L.).

At 40°C, only small numbers of T. granarlum larvae developed but at 35°C, this species produced

very large populations of larvae. At 30°C, O. aurinamenola, R. dominica and S. granariua increased

moderately while at 25°C the small numbers of O. aurinamenaia detected were eclipsed by the very

large increases in S. granariua which also increased vigorously at 20°C. No adult insects survived in

any experiment after four months at 5°C.

These results indicate that the best strategy to break dormancy and discourage infestation would

be to break dormancy at just above 409C, followed by rapid cooling.
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Introduction

The UK malting industry produces malt throughout the year

and so malting barley is traditionally stored for extended

periods, often up to 18 months. This ensures a continuous

supply of the desired varieties and a ready stock of barley in

which the natural dormancy has decreased and germination

reached an acceptable level.

Dormancy is often broken by storing the grain at elevated

temperatures achieved after drying. The lower the temperature,

the longer the period of storage required. Once dormancy has

been broken, the barley must then be cooled to protect against

germination loss and infestation.

Prolonged storage is expensive in capital costs and wasteful

of storage facility requirements. It also significantly increases

the risk of insect and mite development with consequent

damage and losses. The current, industry-favoured strategy to

protect against infestation has involved the direct admixture of

residual, organophosphorus contact pesticides to the barley,

usually as it is loaded into store. However, pesticides degrade

rapidly at high temperatures, sometimes necessitating repeat

treatments, thus increasing the costs oftreatment, handling and

monitoring the residue analysis and increasing the risk of

exceeding the maximum residue limit. The pollution impli

cations of disposing of pesticide-loaded effluent from the

steeping episode during the malting process have also not been

overlooked.

An alternative to the current industry reliance on pro

phylactic pesticide admixture, would be to depend on rapid

cooling of the grain. If necessary, this could be allied to peri

pheral insecticidal treatments which have already demonstrated

their effectiveness in stores of feed wheat1. However, the

requirement to break dormancy before cooling can commence,

is a complicating factor.

To prevent the development of insects in stored grain, it is

usual to start cooling immediately the grain goes into store, so

that it is reduced in temperature to below the reproduction

threshold of insects before eggs laid by wandering females

could develop into adults. However, this approach is not appro

priate for dormant malting barley where, if dormancy is to be

broken in an acceptable time, it must be held first at a relatively

high temperature, before cooling can take place. The advantage

of the short time available to insects for egg-laying and

development while dormancy is broken at a high temperature

must be balanced against the disadvantage of their increased

fecundity at this high temperature.

The experiments described here, were set up to compare the

numbers of five species of insect surviving and developing

during dormancy break at five alternative temperatures,

between 20 and 40°C, followed by cooling to 15,10 and 5°C, in

order to determine which strategy least encouraged infestation.

Materials and Methods

Materials

The species of storage beetles used were Trogoderma

granarium Everts, the khapra beetle, Oryzaephilus surinamensis

(L.), the saw-toothed grain beetle, Cryptolestes ferrugineus

(Stephens), the red-rust grain beetle, Rhyzopertha dominica

(Fabricius), the lesser grain borer, and Sitophilus granarius (L.).

the grain weevil. All of these have been identified as serious

pests of the maltings industry in previous surveys2-1. The strains

used were susceptible to organophosphorus insecticides, having

been bred for many years without exposure to pesticides. There

were only sufficient T. granarium for experiments at the two

higher temperatures, which particularly favour this species4.

The barley was pesticide free, having been grown organically.

Methods

Details of the moisture contents (me) of the wheat, the

storage temperatures and their corresponding equilibrium

relative humidities (erh) are summarised in Table I. [The erhs

were taken from CSL's "Grain Pest Adviser" software5 based

on published work.6-7]

Three 15 kg batches of barley were prepared to the three

different mes by dampening the grain with the appropriate

quantity of distilled water or by drying it on a wire-mesh tray

electric drier8. The grain was left for seven days at 5°C to allow

the me to equilibrate. The mes were confirmed, using the oven

method (BS4317) by drying in a ventilated oven at I3O°C for

2 h and (he grain was deep frozen at —20°C until needed. The

required relative humidities (rh) were achieved by holding the

grain over solutions of KOH at the test temperatures9.

Twenty-five replicates of barley were prepared for each of the
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TABLE I. Sturting moisture content, relative hutnidity and time-scales Tor the flve strategies

Starting

Temperature

40°C

35°C

30'C

25°C

20°C

Moisture

content

117,

117,

12%

12'/..

13%

Relative

humidity

50"--;.

50%.

55"/'..

55%

60%

tlo 15

(day)

12

16

24

35

54

Move to

15°C(day)

25

29

37

48

67

Move to

10°C(day)

61

65

73

84

103

Move to

S"C(day)

117

121

129

140

159

End test

(day)

246

250

258

269

288

five species at the appropriate me for each of the five strategies.

Therefore, for each strategy, 125 aliquots of 50 g were placed

into 120 ml wide-necked jars. The replicates were then con-

ditioned overnight in containers ofthe appropriate rh at the five

starting temperatures.

Twenty-four hours later, batches of 25 insects were added to

the conditioned jars of barley. The five strategies tested are

detailed in Table I.

The time estimated to break dormancy from 10% to 95%

(t 10-95) was based on the worst case scenario for Triumph

variety10. The time-scale for cooling was based upon calcu
lations assuming that it takes about 1000 volumes of air to cool

one volume of grain and on meteorological data giving daily

hours below 15, 10 and 5°C. These calculations were validated

by farm-scale experiments".

It was estimated that it took 13 days to cool from t io 95 to

15°C; a further 36 days to cool to 10°C; a further 56 days to

cool to 5CC after which the grain would be stored for about 4

months (129 days) at 5°C. These temperatures were achieved in

sharp stepwise drops by moving the experiments between

incubators and controlled temperature and humidity (CTH)

rooms set at the required temperatures.

Five replicates of each species were counted at the end of the

time estimated to break dormancy (t 10-95), at the end of the

time estimated to cool to I5°C, 10°C. 5°C and after about 4

months (129 days) further storage, to determine any changes in

insect numbers. The barley for each replicate was sieved over a

2 mm mesh, with the sievings being collected on a white

plastic/enamel tray. Numbers of free-living live and dead adults

and live stages (larvae & pupae) were recorded for each

replicate. All of the barley for a counting period was retained

for moisture content determination, by the method described

above.

Results

When dormancy was broken at 40°C, prior to the barley

being cooled, only adults of R dominica survived longer than

110-95 (Table II) and even these died by the time the grain was

cooled to 5°C. However, by this time, small numbers of T.

granariimi larvae were detected and these increased to about 3

per 50 g after 129 days at 5°C.

At an initial temperature of 35°C, few T. granarium adults

survived the time taken to break dormancy and achieve 15°C

TABLE II. Effect of an aeration strategy for malting barley,, breaking dormancy at 40°C. on five species of storage beetles with

populations of 25 insects per 50 g sample of barley (n=5)

Species

T grctiutriwii

O. surinamensis

C. ferruginvux

R liominica

S. gnmarius

mean me

(sc)

erh

live adult

(se)

dead adult

(se)

stages

(se)

live adult

(se)

dead adult

(sc)

stages

(se)

live adult

(se)

dead adult

(se)

stages

(se)

live adult

(sc)

dead adult

(se)

live adult

(se)

dead adult

(sc)

t 10 15

<S40°C

12.4

*

58.0

0.0

(0)

25.0

(0)

0.0

(0)

0.0

(0)

25.0

(0)

0.0

(0)

5.0

(2.61)

20.0

(2.61)

0.0

(0)

23.0

(0.32)

2.0

(0.32)

0.0

(0)

25.0

(0)

Cool to

I5°C
n'

10.3

■

43.0

0.0

(0)

25.0

(0)

0.0

(0)

0.0

(0)

25.0

(0)

0.0

(0)

0.0

(0)

25.0

(0)

0.0

(0)

1.4

(0.25)

23.6

(0.25)

0.0

(0)

25.0

(0)

Cool to

10°C
<■/
/ ii

10.9

•

40.6

0.0

(0)

25.0

(0)

0.0

(0)

0.0

(0)

25.0

(0)

0.0

(0)

0.0

(0)

25.0

(0)

0.0

(0)

1.2

(0.58)

23.8

(0.58)

0.0

(0)

25.0

(0)

Cool to

5°C

11.9

(0.07)

45.6

0.0

(0)

25.0

(0)

0.8

(0.2)

0.0

(0)

25.0

(0)

0.0

(0)

0.0

(0)

25.0

(0)

0.0

(0)

0.0

(0)

25.0

(0)

0.0

(0)

25.0

(0)

initial

129 days

@5°C

12.8

(0.02)

47.8

0.0

(0)

23.2

(1.39)

2.6

(0.68)

0.0

(0)

25.0

(0)

0.0

(0)

0.0

(0)

25.0

(0)

0.0

(0)

0.0

(0)

25.0

(0)

0.0

(0)

25.0

(0)

'One composite moisture content sample (n= 1).

me = moisture content.

sc=slatidjrd error.

erh=equilibrium relative humidity.
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TABLE III. Effect of an aeration strategy for malting barley,, breaking dormancy at

populations of 25 insects per 50 g sample of barley (n=5)

Species

T, gnmarlum

0. stirinamensis

CJerrugineus

R. dominka

S. granarius

mean me

<se)

crh

live adult

(sc)

dead udult

(se)

stages

(sc)

live adult

(se)

dead adult

(sc)

stages

(se)

live udult

(se)

dead adult

(se)

stages

(sc)

live adult

(sc)

dead adult

(se)

live adult

(se)

dead adult

(sc)

t IO-9S

©35'C

11.1

*

47.7

0.0

(0)
25.0

(0)
38.8

(4.19)

7.4

(0.51)

17.6

(0.51)

0.0

(0)

9.6

(2.14)

15.4

(2.14)

0.0

(0)

20.6

(0.87)

4.4

(0.87)

6.2

(2.87)

18.8

(2.87)

Cool to

15°C

11.8

*

52.7

0.6

(0.25)

24.6

(0.25)

134.0

(10.2)

0.2

(0.2)

24.8

(0.2)

2.6

(2.11)

0.2

(0.2)

24.8

(0.2)

0.0

(0)

25.0

(0.32)

2.2

(0.8)

0.0

(0)

25.0

(0)

247

35°C, on five species of storage beetles with initial

Cool to

IO°C

12.4

4

51.0

0.0

(0)
25.0

(0)

133.4

(14.9)

2.6

(2.11)

25.8

(0.74)

3

(2.76)

0.0

(0)

25.0

(0)
0.0

(0)

20.0

(2.55)

11.4

(2.11)

2.0

(0.84)

22.4

(0.68)

Cool to

5°C

12.1

(0.17)

46.9

0.0

(0)
25.0

(0)

119.6

(7.76)

0.2

(0.2)

28.8

(1.07)

0.0

(0)

0.0

(0)

25.0

(0)

0.0

(0)

3.8

(1.5)
24.2

(1.07)

3.2

(1.1)

21.8

(1.11)

129 days

@5°C

12.4

(0.14)

45.1

0.0

(0)
10.4

(0.75)

73.6

(13)

0.0

(0)

25.0

(0)

0.0

(0)

0.0

(0)

25.0

(0)
0.0

(0)

0.0

(0)

30.4

(1.5)

0.0

(0)
25.0

(0)

*Onc composite moisture content sample (n= I).

TABLE IV. EITect of an aeration strategy for malting barley, breaking dormancy at 30°C. on four species of storage beetles with initial

populations of 25 insects per 50 g sample of barley (n=5)

Species

O. surinamensis

C ferrugineus

R. (loniinlai

S. gnmaritis

mean me

(se)

crh

live adult

(sc)

dead adult

(se)

stages

(se)

live adult

(sc)

dead adult

(sc)

stages

(sc)

live udult

(se)

dead udult

(se)

live adult

(sc)

dead adult

(sc)

t IO-9J

@30'C

13.3

•

61.2

13.8

(1.62)

11.2

(1.62)

50.0

(7.9)

23.8

(0.49)

1.2

(0.49)

0.0

(0)

23.0

(0.71)

2.0

(0.71)

18.4

(0.51)

6.6

(0.51)

Cool to

I5°C

13.7

•

63.6

29.8

(4.64)

18.8

(1.91)

24.8

(2.5)

18.8

(1.11)

6.2

(1.11)

0.2

(0.2)

51.2

(2.87)

1.0

(0)

15.8

(0.37)

10.0

(1.05)

Cool to

10°C

14.1

*

61.7

22.2

(3.44)

39.8

(2.65)

2.2

(0~7~4)
7.4

(0.98)

17.6

(0.98)

0.0

(0)

69.8

(6.92)

5.2

(1.46)

27.8

(2.6)

18.6

(1.63)

Cool to

5"C

13.6

(0.19)

56.7

1.2

(0.8)

54.8

(3.14)

0.0

(0)

0.0

(0)
25.0

(0)

0.0

(0)

50.2

(3.97)

26.2

(2.13)

11.0

(1.82)

29.6

(3.23)

129 days

@5°C

13.3

(0.06)

51.1

0.0

(0)

58.4

(7.94)

0.0

(0)

0.0

(0)

25.0

(0)

0.0

(0)

0.0

(0)
76.8

(5.19)

0.0

(0)

41.4

(2.54)

•One composite moisture content sample (n= 1).
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TABLE V. Effect of an aeration strategy for malting barley, breaking dormancy at 2S°C, on four species of storage beetles with initial

populations of 25 insects per 50 g sample of barley (n=5)

Species

O. surinamensis

C. ferrugineus

R. ilominica

S. granarius

mean me

(se)

erh

live adult

(se)

dead adult

(se)

stages

(se)

live adult

(se)

dead adult

(se)

stages

(se)

live adult

(se)

dead adult

(se)

live adult

(se)

dead adult

(se)

t 10-95

@25°C

14.3

*

65.7

10.6

(1.17)

14.6

(1.33)

46.2

(6.95)

24.6

(0.25)

0.4

(0.25)

0.0

(0)

23.4

(0.93)

2.0

(0.95)

16.6

(1.91)

8.6

(1.91)

Cool to

15°C

14.6

*

67.4

16.6

(2.25)

17.4

(0.68)

27.8

(8.18)

20.2

(132)

4.8

(1.32)

0.0

(0)

24.2

(0.58)

0.8

(0.58)

200.8

(24.1)

12.6

(2.44)

Cool to

10"C

"/o

15.7

*

70.2

24.2

(5.54)

27.8

(1.77)

6.2

(1.46)

16.0

(0.84)

9.0

(0.84)

0.0

(0)

28.2

(0.92)

0.6

(0.4)

398.2

(18.1)

13.6

(2.18)

Cool to

5°C

14.8

(0.31)

63.7

5.6

(1.69)

50.2

(4.28)

0.0

(0)

14.8

(2.32)

10.3

(2.32)

0.0

(0)

3.6

(0.93)

25.6

(1.91)

280.0

(35.9)

39.4

(10.5)

129 days

@5°C

13.3

(0.13)

51.1

0.0

(0)

44.0

(1.64)

0.0

(0)

0.0

(0)

25.0

(0)

0.0

(0)

0.0

(0)

29.4

(1.81)

0.0

(0)

255.6

(51.4)

'One composite moisture content sample (n= I).

TABLE VI. Eflect of an aeration strategy

populations of 25

Species

mean me

(se)

erh

O. surinamensis live adult

(se)

dead adult

(se)

stages

(se)

C. ferrugineus live adult

(se)

dead adult

(se)

stages

(se)

R tlominica live adult

(se)

dead adult

(se)

S. granarius live adult

(se)

dead adult

(se)

for malting barley, breaking dormancy at 20°C, on four species of storage beetles with initial

insects per 50 g sample of barley (n=5)

t 10 95

@20°C

14.6

*

66.0

10.8

(132)

14.2

(1.32)

0.0

(0)

22.8

(0.74)

2.2

(0".74)
0.0

(0)

23.4

(0.81)

1.6

(0.81)

23.4

(0.81)

1.6

(0.81)

Cool to

15°C

14.8

*

67.1

10.2

(1.69)

14.8

(169)

0.0

(0)

21.6

(1.21)

3.4

(1.21)

0.0

(0)

24.0

(0.45)

1.0

(0.45)

137.0

(14.2)

2.4

(0.98)

Cool to

10°C

14.1

*

61.7

2.2

(0.92)

22.8

(0.92)

0.0

(0)

18.4

(0.75)

6.6

(0.75)

0.0

(0)

22.4

(0.81)

2.6

(0.81)

178.2

(16)

13.4

(121)

Cool to

5°C

13.5

(0.14)

56.1

0.0

(0)

25.0

(0)

0.0

(0)

4.6

(0.87)

20.4

(0.87)

0.0

(0)

2.80

(0.74)

22.2

(0.74)

208.2

(15.8)

46.0

(7.59)

129 days

@5°C

14.1

(0.1)

56.2

0.0

(0)

25.0

(0)

0.0

(0)

0.0

(0)

25.0

(0)
0.0

(0)

0.0

(0)

25.0

(0)

0.0

(0)

181.6

(21.2)

•One composite moisture content sample (n= I).

but larvae peaked at over 130 per 50 g barley by the time taken

to achieve IS and 10°C, before gradually declining to 74 per

50 g after 129 days at 5°C (Table III). All adults and larvae of

other species were dead after 129 days storage at 5°C.

At 30°C, O. surinamensis was able to complete development

but larval numbers fell from 50 per 50 g to 2 per 50 g between

the end of dormancy break (t 10-95) and the time taken to cool

to 10°C (Table IV). R. dominica adults increased to 70 per 50 g

by the time taken to achieve 10°C. S. granarius were also able

to increase, as indicated by the sum of the live and dead adults

which exceeded 40 per 50 g barley after the time taken to cool

to 10°C. Nevertheless, after 129 days at 5°C, there were no live

adults or free-roaming larvae of any species.

At 25°C, O. surinamensis was able to reproduce during the

time taken for dormancy break, and larvae fell from 46 to 6 per

50 g barley between the end of dormancy break and the time




