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PROMOTING GERMINATION OF FRESHLY HARVESTED BARLEY GRAIN WITH
ALKALINE SOLUTIONS
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Effects of immersing freshly harvested barley (Hordeum vuigare L.} grains in concentrated KOH and
NaOH solutions on germination were studied in barley cv. Harrington. Promotion of germination up to
100% was achieved by alkaline treatments with a wide range of solution concentrations and immersion
time. The effectiveness of alkaline treatments was dependent on maturity, presence of the hulls and
moisture content of the grains. While alkaline treatments were generally not damaging to the grain,
excessive exposure to the chemicals can harm the grains and adversely affect germination and sub-
sequent growth of seadlings. Alkaline hydrolysis of the cuticles in the covering layers of the grain is at
least partially responsible for the promotive effects on germination.
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INTRODUCTION

Many studies have focused on developing industrial
technology 1o overcome grain dormancy of barley (Hordeum
vulgare L.) that causes difficulty for maltsters®. The dormancy
problem is especially evident in freshly-harvested grains.
Evidence accumulated over the past indicates that dormancy
in barley as well as in other grass species can be imposed by
covering layers (hulls, pericarp and testa)>5!4!%, Proposed
mechanisms of the imposed dormancy include physical
restraint of embryo growth and impermeability to water or
gases. Removal of, or mechanical injury to, the covering
layers can often induce germination in otherwise dormant
seeds'-3-51215 A previous study demonstrated that immersion
of dry dormant caryopses in alkaline (KOH and NaOH)
solutions can promote germination in wild oat (Avena
Satua L.)%. The alkaline treatment was investigated because it
has been suggested that the cuticular layers in the seed coat
may form permeability barriers'’, and the cuticle can be
depolymerized by alkaline hydrolysis'!. Modification of the
seed coat and enhanced water uptake were observed in the
treated caryopses®. For similar reasons, the alkaline treat-
ments should be able to influence germination of barley grains
which have cuticles in the covering layers's.

The purpose of this study was to test effects of immersing
freshly-harvested dormant barley grains in concentrated
alkaline solutions on germination. Such a study has not been
previously reported in major cereal crops to the best of our
knowledge although dilute sodium hydroxide has been
reported to have no effect on dormancy or germination®.

EXPERIMENTAL

Plants of barley cv. Harrington were grown in an experi-
mental field at the Department of Crop Science and Plant
Ecology, University of Saskatchewan, Canada. Three lots of
grains with different maturity and moisturc content were
collected by hand. The hulls of lot-1 grains had not com-
pletely lost their chlorophyll. The moisture content of whole
grain was 42.65+0.19% (wet basis); The hulls of lot-2 grains
had lost their chlorophyll, but some awns were still greenish.
The moisture content was 38.83+0.4%; The hulls and awns
of lot-3 grains were yellow. The moisture content was 27.15+
0.75%. Collected grains were air-dried at room lemperature
for one day, then kept in a desiccator at 90% RH for the
period of the study that lasted for about four weeks. The
RH was maintained with 1.58 M CaCl, (BDH, Edmonton,

Canada) solution according to Stokes and Robinson!’.
Keeping the grains at the high RH was an attempt to delay
their recovery from dormancy through the action of desicca-
tion'". The matter is discussed later. Some grains were
dehulled by hand.

Potassium hydroxide, sodium hydroxide and sodium
carbonate (BDH-ACS certified grade; Edmonton, Canada)
solutions were freshly prepared and cooled to room tempera-
ture. Purities of 85% for KOH, 97% for NaOH and 98% for
Na,CO, were used to calculate the normality concentrations.
Fifty grains were immersed in a 50 ml solution in a 250 ml
beaker. The grains were initially gently stirred with a pair of
forceps to get rid of air bubbles on the grain surface. Then
the beaker was shaken on a reciprocating shaker at a rate of
150 strokes/min. The solution concentrations and length of
immersion are indicated in the results section. Grains used for
control were immersed in distilled water and shaken as above.
Grains, after chemical treatments, were washed three times
with 125 ml aliquots of distilled water, then soaked in 125 ml
distilled water for 10 min, then washed three times again.

Washed grains were briefly blotted dry on filter paper.
Fifteen grains were placed in a 6-cm Petri dish lined with two
layers of 6-cm Whatman No. 1 filter paper wetted with
two ml distilled water. For each treatment three Petri dishes
(replicates) were placed in a germination box lined with
wetted paper towels to maintain a high relative humidity. The
germination box was incubated in darkness at 20+ 1°C. Ger-
mination (visible extrusion of a coleorhiza or coleoptile) was
assessed every 12 hours for seven days. Viability of un-
germinated grains after seven days of incubation was
evaluated with 0.5% tetrazolium (2,3,5-triphenyl-tetrazolium
chloride, Sigma, St. Louis, USA) solution according to the
procedure recommended by the International Seed Testing
Association’,

All experiments were repeated twice. Germination values
were transformed into angles by the arcsin transformation.
The angles were analyzed with the analysis of variance and
Tukey’s studentized range test. Differences in germination
after different days of incubation were examined with the
contrast (see SAS/STAT Guide, SAS Institute Inc., Cary, NC,
USA, for the statistical procedures). Significance of difference
is declared at a=0.05. ‘

RESULTS

Effects of immersing hulled or dchulled grains in 5 N KOH
solutions on germination were tested in the three lots of
samples. Immersing time was 5, 10, 15 or 20 min for dehulled
grains, and 15, 20 or 25 min for hulled grains. Final ger-
mination of controls was low in dehulled grains at early



422 GERMINATION OF BARLEY [J. Inst. Brew.

GERMINATION (%)

(=]

o 1+ 2 38 4 5 6 7 0 1 2 3 4 5 6 7
LENGTH OF INCUBATION (Days)

Fig. 1. Effects of immersing freshly harvested barley grain in 5N KOH solutions for different times on germination. A: Dehulled lot-1 grain;
B: Hulled lot-1 grain; C: Dehulled lot-2 grain; D: Hulled lot-2 grain; E: Dehulled lot-3 grain; F: Hulled lot-3 grain; Each point is the
mean+ SE of six replicates. Germination temperature was 20+ 1°C. See materials and methods for grain conditions of different lots.
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Fig. 2. Germination responses of the hulled lot-3 grain to KOH
solutions of reduced concentrations. A: 10 min immersion; B: 15
min immersion; C: 20 min immersion. Each point is the
mean+SE of six replicates. Incubation temperature was
20+ 1°C.
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Fig. 3. Germination responses of the hulled lot-3 grain to immersion
in 5N NaOH solutions for different times. Each point is the
mean+SE of six replicates. Incubation temperature was
20+ 1°C.
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Fig. 4. Comparison of effects of KOH and NaOH immersion on
germination of the hulled lot-3 grain. Solution concentration was
4N, and immersion time was 15 min. Incubation temperature
was 20+ 1°C. Each point is the meanx SE of six replicates.

maturation stages (about 10% in lot-1 grains, Fig. 1A; 20%
in lot-2, Fig. 1C). All KOH treatments eventually promoted
germination to 100%. Initial germination rate, however, was
significantly different for the different treatment times. For
example, germination after long immersion times (15 and
20 min) was lower than after short immersion times (5 and
10 min) when measured at 60 hours of incubation. Germin-
ation of control in dehulled grains at the later maturation
stage (lo1-3) was basically the same pattern as the grains
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Fig. 5. Germination responses to 4 N KOH immersion of the hulled
lot-2 grains stored at 90% RH (A) and air-dried (B) for two
wecks. Immersion time is indicated by the legends. Incubation
temperature was 20+ 1°C. Each point is the mean+SE of six
replicates.

treated with KOH for five min (Fig. 1E). Long treatment
times, especially 15 and 20 min, delayed germination in the
carly stages of incubation.

There was no germination of controls in all hulled grains
(Fig. 1B, D, F). Treatments with KOH promoted final ger-
mination to about 73% in lot-1, 85% in lot-2, and 100% in
lot-3 grains. Germination after 25 min of treatment with
KOH was higher than 15 and 20 min treatments in lot-1
grains in the early stage of incubation (Fig. 1B), but lower in
lot-3 grains (Fig. 1F).

Treatments with reduced KOH concentrations (1, 2.5, 4 N)
for 10, 15 and 20 min were tested in hulled lot-3 grains.
Germination of controls was below 10% (Fig. 2). Treatments
with 2.5 and 4 N KOH generally promoted final germination
to above 90%. However, treatment with N KOH promoted
germination to above 90% only after 20 min immersion (Fig.
2C vs. 2A, B).

To test effects of other alkaline materials on germination,
hulled lot-3 grains were treated with 5 N NaOH or Na,CO,
for 10, 20 and 30 min respectively. Germination did not occur
after Na,CO, treatments (data not shown). By contrast with
about 2% genmnallon in the controls, final germination was
about 95% after 30 min, 84% after 20 min, and 40% after 10
min treatments with NaOH (Fig. 3).

GERMINATION OF BARLEY

[J. Inst. Brew.

Fig. 6. Effects of 5 N KOH immersion on the growth of germinated
dehulled lot-2 grains after 65 hours of incubation at 20+ 1°C.
The grains were from the experiment in Fig. 1C. A: Control; B:
5 min immersion; C: 10 min immersion; D: 15 min immersion; E:
20 min immersion.

To directly compare effects of KOH and NaOH on
germination, hulled lot-3 grains were treated with their 4 N
solutions for 15 min respectively. This experiment was con-
ducted about 20 days later than the one in Figure 1F. About
23% of the control germinated after seven days of incubation
(Fig. 4). Both alkaline treatments promoted germination to
160% after 60 hours of incubation. Before 60 hours, germin-
ation of NaOH-treated grains was significantly lower than the
KOH-treated.

To test whether responses to KOH treatments in the barley
grain change with grain moisture content, hulled lot-2 grains
stored at 90% RH or air-dried for two weeks were treated
with 4 N KOH for 10 or 20 min. The moisture content at the
time was 21.9+0.14% for grains stored at 90% RH, and
10.18+£0.23% for air-dried. Grains stored at 90% RH did
not germinate without KOH treatment (Fig. 5A). Treatment
with KOH for 10 min induced about 22% final germination,
and treatment for 20 min induced about 90% germination.
About 52% air-dried grain germinated without KOH treat-
ment (Fig. 5B). Germination was promoted to 100% by the
KOH treatments after 48 hours of incubation.

Abnormal growth of the primary roots was observed in
germinated grains treated with KOH for relatively long
periods of time. The photograph of Figure 6 was taken after
65 hours of incubation of dehulled lot-2 grains. Note the
absence of growth of incubation of the two primary roots in
the grains treated with S N KOH for 15 or 20 min despite the
elongation of the coleoptiles (Fig. 6D, E). Such abnormal
growth was limited in dehulled grains treated with KOH for
15 or 20 min, or in hulled grains treated for 25 min. Another
noticeable feature was the development of red patches on the
seed coat after alkaline treatments. The colour change was
more obvious in dehulled grains than in hulled ones.

The tetrazolium tests made after seven days of incubation
revealed more than 80% death in hulled ungerminated lot-1
and lot-2 grains treated with 5 N KOH for 25 min. A grain
was considered dead if the root region was not stained®. The
viability of other samples was generally above 90%.

DISCUSSION AND CONCLUSION
Immersing grains in concentrated KOH or NaOH solution is
an effective method to promote germination in freshly har-






