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Treatments were applied to dormant grains pre-drying, during dry storage and in the immediate pro-

steep period. The effects on rates of recovery from dormancy were assessed. Only applications of

sulphuric acid and gibbereiiic acid in the pre-drying period subsequently enhanced germination. No

treatments applied during dry storage were beneficial. It appeared that oxygen was not needed during

storage for grain maturation. Atmospheres of carbon dioxide applied during warm storage reduced
subsequent germination but this gas was without effect on grain stored at ambient temperatures.

Steeping grains in dilute solutions of mineral acids and some sulphur containing compounds improved

their germinability.

Key Words: Barley, germination, maturation, storage, dor

mancy, acid application.

Introduction

Dormancy, the failure of living grains to germinate when

placed under suitable conditions, is a major cause of difficulty

for maltsters, who have to hold 'carry over' stocks of grain

to permit them to produce malt while the new season's crop

is maturing. Furthermore dormancy reduces the value of

British malting barley in international markets.

Dormancy varies with variety, and the growing season23'

4-61v. Grain germination improves when grain is stored, the

rate of improvement (post-harvest maturation) being more

rapid at higher temperatures. A wide range of substances

applied to grain during germination tests are known to

improve germination.6-19 As far as we know no tests have

been made using treatments applied to grain before it is dried

(when applications of solutions would be feasible) and, apart

from heat-treatments, few treatments have been tested in the

'dry-storage' and 'pre-steep' periods when 'dry' and 'dry or

wet' treatments respectively might be used. We have tested

the abilities of a variety of treatments to accelerate grain

maturation in all of these stages.

Experimental

Barley samples

These were kindly supplied by Paul's Malt Ltd and Wolver-

hampton and Dudley Breweries Ltd. Each sample was mixed,

using a sample divider, and sub-samples (approx 1.5 kg) were

double-wrapped in plastic bags and were stored at -18°C to

maintain dormancy and viability. Bags were warmed to room

temperature before being opened.

Germination Tests

These were carried out on agar, with 1 ml, or 3 ml water,

at 18°C, or occasionally with 5 ml water at 25°C in water-

saturated atmospheres".

Barley Treatments

In the pre-drying treatments samples were exposed to

gases and solutions or suspensions of substances which were

sprayed onto the grain (6 ml/50 g grain), with mixing. After

6 h the treated grain samples were dried to approx. 12%

*A preliminary account of some of this work was presented at

the meeting: "Malting Barley Research—Industry Involvement for

Industrial Benefit" at the National Agricultural Centre, Stoneleigh

in January, 1990; Ferment, 1990, 3 (3), 156.

moisture and stored in parallel with untreated controls. 'Dry'

grain samples were exposed to gases in mild steel containers

or glass bottles, all 'buffered' with partly inflated balloons.

Appropriate volumes of ethylene (ethene) and ammonia

were injected into the containers. In the cases of oxygen

enriched with ozone (generated with an ozonator), oxygen,

air, nitrogen and carbon dioxide the gases were passed

through the containers for i h, with mixing, before the con

tainers were sealed. The gases were renewed after 24 h and

after each sampling. Grain samples (200 g) were exposed to

vacuums in desiccators, evacuated with a motorised pump,

for either 24 h or 48 h. In the 'pre-steep' period grains (100)

were immersed in a test solution or in water (10 ml; 6 h,

15°C). The grains were drained, air-rested for 18 h at 15°C,

then evaluated using our usual germination tests.12

Grain Maturation

In most trials control and treated samples of grain, held

in airtight plastic, glass or mild steel containers, were stored

in a sheltered, waterproof shed. Temperatures were rec

orded. As the temperatures changed throughout the year so

the rates of recovery from dormancy varied in different trials.

Thus the effects of treatments were always evaluated with

reference to untreated control samples placed in storage at

the same time, in similar containers, for the same periods.

Results

Recovery from dormancy of grain samples treated with

agents 6 h before drying, then put into store

Several samples of green (undried) grain received a range

of treatments before being dried and put into store. At

intervals samples were withdrawn from store and germination

tests were carried out on them. Some of the compounds

tested had germination-depressing effects (e.g. thiolactic

acid) but most treatments were without effect on the rates

of recovery from dormancy, although many of the substances

used have been reported to relieve dormancy when used in,

or immediately before, germination tests. The substances

tested without significant beneficial effects (some, indeed

were harmful), and the doses used, were as follows:

tert—Butyl alcohol (0.01, 1.0%); ten—butyl peroxide (0.01,

0.1,1%); fert-butyl hydroperoxide (0.01,0.1,1.0%); cumene

hydroperoxide (0.01, 0.1, 1.0%). hydrogen peroxide (0.5,

0.75%); sodium metabisulphite (0.5, 1.0, 2.0%); sodium

nitrate (1,10,20 mM); sodium nitrite (1,10,20 mM);

hydroxylaminc (1,10,20 mM); sodium hydroxide (0.5%);

putrescine (5,10,20 mM); spermine (5,10,20 mM); spermid-

ine (5,10,20 mM); 2-aminocthane thiol (0.1.1,10 mM); cysta-
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Fig. 1 Plots of germination against storage time of: (A) Untreated samples, and samples sprayed with sulphuric acid (0.5%) at the start
oUtorage, 1 ml (agar) test. (B) Untreated samples and samples sprayed with sulphuric acid (0.5%) at the start of storage; 3 ml (agar)
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mine dihydrochloride (0.1,1,10 mM);2,2'-thiodiethanoI (0.1,

1,10 mM); 3,3'-thiodipropanol (0.1,1,10 mM); dithiothreitol

(0.1,1,10 mM); 3,3'-thiodipropanol (0.1,1,10 mM); dithi

othreitol (DTT; 0.1,1,10 mM); fra/tf-l,2-dithiane-4,5-diol

(oxidised DTT; 0.1,1,10 mM); N-acetyl-L-cysteine (1,10,

100 mM); L-cysteine (1,10,100 mM); 2-mercaptoethanol

(0.1,1.0,10 mM); mercaptoethanoic acid (0.1,1,10 mM); 2-

mercaptopropanoic acid (0.1,1,10 mM); 3-mercaptopro-

panoic acid (0.1,1,10 mM); 3-mercapto-l,2-propanediol (0.1,

1,10 mM); 2,3-dimercaptopropanol (BAL; British anti-lewis

ite; 0.001,0.01,0.1 mM); 2,3-dimercaptopropanol tributyrate

(0.001,01,0.1 mM); VFA, mixture of propanoic acid, but-

anoic acid and 2-methylpropanoic acid (ratios 2:1:1; 0.2%

and 0.4% v/w); methanol (1,3, 5% v/w); ethanol (1,3,5%

v/w).

Two "green grain" treatments did accelerate the rate of

recovery from dormancy. Applications of gibberellic acid

(10|xM; 100|xM) reduced the time taken for germination to

exceed 75% to 9 weeks, while untreated controls took over

14 weeks in the 1 ml (agar) test. As gibberellic acid is non

volatile this is equivalent to an addition to the grain in the

germination test, where it is well known for its ability to

stimulate germination6'".The other beneficial treatment was

spraying the green grain with sulphuric acid (0.5%) which

accelerated the rate of recovery such that while germination

of the controls in the 1 ml, 3 ml and 5 ml (25°C) tests reached

75% at about 13,27 and 208 weeks respectively the corre

sponding values for the acid-treated samples were about 8,

16 and 48 weeks (Fig. 1). Germination increased more rap

idly, in both the 1 ml and 3 ml (agar) tests, in the samples

treated with sulphuric acid relative to the untreated controls.

Sulphuric acid is non-volatile, and is well known for its ability

to decorticate barley, as far as we know the only acid that

is able to do this. There were no signs of husk separation or

disintegration in the treated grains. This lead was followed

in experiments with some pre-steep treatments with mineral

acids (see below). With many of the samples the rate of

increase in germinability in the 5 ml (agar, 25°C) test was

so slow that comparisons, in terms of times to reach 75%

germination, were meaningless.

Treatments During Dry Grain Storage and the Rate of

Decline of Dormancy

Grains were stored at ambient temperatures in air, in

oxygen enriched with ozone, in air enriched with oxygen, in

oxygen, in nitrogen, in carbon dioxide, in air supplemented

with ethylene (ethene; 200u.l/litre or 400(il/litre), or in air

partly replaced with ammonia (15% or 25%) or in air after

exposure to vacuum (for 24 h or 48 h). Ozone reduced grain

germination and viability. In no other case did the rate

of recovery from dormancy in the treated samples differ

significantly, or to a useful extent, from the air controls.

Exposure to a vacuum significantly reduced the rate of

improvement in germinability in the 3 ml, but not the 1 ml

tests. Cairns and de Villiers1"" had reported that ammonia

was extremely effective in breaking dormancy in wild oats

{Avena saliva) and some wild Hordeum spp. and Forward14

had reported that exposure to low pressures greatly increased

the germinability of oats. In samples in which, to speed the

rate of decline of dormancy, grain samples were stored at

40°C in air, or oxygen, or nitrogen or carbon dioxide there

were no differences between any of the samples germinated

in the 1 ml (agar) test. However carbon dioxide was taken

up by the warm-stored grain (the 'pressure balance' balloons

collapsed and were drawn into the storage vessels; a repeated

occurrence) and the germinability of this grain was much

reduced in the 3 ml (agar) test.

Grain Treatments Applied During the Immediate Pre-steep

Period

Dormant grains, resting on a wet sub-stratum, were illumi

nated with red and far-red lights, without influencing their

germinability, confirming the expectation that the phytoch-

rome light-absorbing pigment system does not influence dor

mancy6.

With the beneficial effects of sulphuric acid sprays in mind

barley samples were steeped in solutions of hydrochloric,

sulphuric and phosphoric acids and, after a drain and an air-

rest, they were tested for germinability (Table I). Various

concentrations of all the acids increased germination above

the water-steeped controls, but the highest concentrations

were harmful.

Following the observations of Pollock and Kirsop20 grains

were treated by steeping in a range of solutions of sulphur-

containing compounds, including some that we had tested

without beneficial results in the 'green grain' treatments

(Tables II and III). The more polar substances had no ben

eficial effects but, in some doses, were harmful (Table II).

Some of the other compounds, e.g. BAL, at particular doses,

virtually eliminated dormancy (Table III).

TABLE I. The germination of samples of Triumph barley (1988 harvest) steeped in the solutions

shown for 6 h at 15°C, drained and air-rested for 18 h at 15°C, and then put to

germinate in the various agar tests. The germination values were obtained after 72 h

incubation. Results: means of triplicates (standard deviation).

Germination (%)

Concentration

Substance lml, 18°C 3 ml, 18°C 5 ml, 25°C

Control (water)

Sulphuric acid

Hydrochloric acid

Phosphoric acid

—

1.0

0.5

0.1

0.01

1.0

0.5

0.1

0.01

1.0

0.5

0.1

0.01

73.7

37.5

47.3

88.0

87.3

40.0

78.0

94.0

84.3

52.7

63.0

89.3

87.7

(1.5)

(4.9)

(6.8)

(2.0)

(2.1)

(3.5)

(4.0)

(1.0)

(3.1)

(7.2)

(4.6)

(1.5)

(1.2)

47.0

39.5

44.7

78.7

60.0

39.0

53.3

87.7

60.7

46.3

55.0

87.7

45.3

(2.0)

(3.5)

(3.0)

(3.1)
(5.6)

(3.0)

(3.5)

(2.1)

(2.1)

(2.5)

(7.2)

(1.5)

(3.5)

33.7

2.3

18.3

62.7

59.3

3.5

12.0

67.3

53.0

12.0

43.3

76.0

46.0

(1.5)

(1.2)

(1.5)

(5.5)

(0.6)

(2.1)

(4.2)

(9.5)

(2.0)

(2.8)

(2.5)

(3.5)

(5.3)






