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The Effect of Pre-harvest Sprouting in Cereal Seeds
on Germination and Vigour at the Time of Harvesting
and During Storage
Der Einfluß von Auswuchs bei Getreidesaatgut auf Keimfähigkeit und Triebkraft
zum Zeitpunkt der Ernte und während der Lagerung
M. Stahl & A. M. Steiner,
Institut für Pflanzenzüchtung, Saatgutforschung und Populationsgenetik, Universität Hohenheim

Summary

Pre-harvest sprouting reduced the initial germination per
centage and, as indices of vigour, the shoot and root dry
mass of the six cereal species: winter wheat, spring barley,
winter rye, winter triticale, oat and spring durum wheat.
The reduction was species- and variety-specific and in
creased with increasing levels of pre-harvest sprouting.
The reduction of the root dry mass was mainly due to the
reduction of the root length and not of the number of
seminal roots. Storage for nine months at 14 °C and 18 °C
and at seed moisture contents of 14% and 16% (winter rye:
15%), respectively, resulted in a continuous loss of germi
nation percentage as well as of root and shoot dry mass.
Higher storage temperatures and higher moisture contents
increased the rate of germination and vigour loss. The
rate of germination loss during storage increased in the
order: rye < triticale<wheat <barley and durum wheat <
oat. The species-specific rate of germination loss was
independent of the level of sprouting, whereas the species
and variety-specific rate of vigour loss increased with
increasing sprouting level.
Keywords: cereal seeds, pre-harvest sprouting, storage,
germination, vigour
Zusammenfassung

Auswuchs verringerte bei den sechs Getreidearten Win
terweizen, Sommergerste, Winterroggen, Wintertriticale,
Hafer und Sommerhartweizen art- und sortenspezifisch die
Keimfähigkeit und als Merkmale der Triebkraft die Sproß
und Wurzeltrockenmasse. Dabei war der Rückgang der
Wurzeltrockenmasse nicht auf eine Verringerung der An
zahl der Seminalwurzeln, sondern auf eine Verringerung
der Wurzellänge zurückzuführen. Eine Lagerung bei 14 °C
und 18 °C sowie 14% und 16% (W.-Roggen: 15%) Sa
menfeuchtigkeitsgehalt über 9 Monate hinweg führte zu
einer kontinuierlichen Verminderung der Keimfähigkeit
sowie der Sproß- und Wurzeltrockenmasse. Bei der höhe
ren Lagerungstemperatur und dem höheren Samenfeuch
tigkeitsgehalt war die Geschwindigkeit des Keimfähig
keits- und Triebkraftverlusts höher. Der Keimfähigkeits
verlust der Getreidearten während der Lagerung nahm
folgendermaßen zu: Roggen<Triticale<Weizen<Gerste
und Hartweizen<Hafer. Die Auswuchsstärke hatte keinen
Einfluß auf die artspezifisch unterschiedliche Geschwin
digkeit des Keimfähigkeitsverlusts, dagegen nahm die artPflonzenbouwissenschohen 4/97

und sortenspezifische Geschwindigkeit des Triebkraftver
lusts mit zunehmender Auswuchsstärke zu.
Schlüsselworte: Getreidesaatgut, Auswuchs, Lagerung,
Keimfähigkeit, Triebkraft
lntroduction

Pre-harvest sprouting, i.e. the germination of seeds while
still on the parent plant, is a problem often occurring in
Europe as weil as in other parts of the world (RüEGGER
1977, FUCHS 1978, ELIAS & COPELAND 1991, WRIGLEY
1994). Negative effects of sprouting on germination and
vigour of seeds are well known (BARTZ et al. l 975,
FALKENSTEIN & STEINER 1984, CHAST AfN et al. 1994), but
little information is available on the behaviour of sprouted
seeds during storage. The results of FUCHS (1964) and
FALKENSTEIN & STEINER (1984) indicated a higher rate of
germination loss for sprouted cereal seeds during storage
than for non-sprouted cereal seeds. The rate of germination
loss and the rate of vigour loss are decisive seed quality
characters when evaluating seed lots containing sprouted
seeds at the time of harvesting and processing with view to
the time of sowing. Therefore, for four levels of sprouting
the rate of germination loss and the rate of vigour loss of
sprouted seeds during storage were determined. This was
done for four practically occmTing storage conditions with
two varieties each of winter wheat, spring barley, winter
rye, winter triticale, oat and spring durum wheat.
Materials and Methods

The two varieties useJ of each of the six cereal species
Triticum aestivum L. emend. Fiori et Paol., Hordeum di
stichon (L.) Alef., Secale cereale L., x Triticosecale
Wittmark, Avena sativa L. and Triticum durum L. are
shown in Tab. 2. For the sake of brevity only the species
name is presented in the text and pre-harvest sprouting is
abbreviated as sprouting. Seeds were donated by experi
mental Stations of the University of Hohenheim and by
German plant breeding companies.
To produce defined sprouting classes (Tab. 1), the seeds
were imbibed for one hour in deionised water, then spread
ed on moisted paper (Schleicher and Schuell, no. 1406,
Einbeck, Germany) and germinated at approximately
20 °C under continuous diffuse fluorescence white light at
approximately 5000 Jux in germination cabinets (Rubarth
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for the relationships between storage period and germina
t1on percentage as weil as for the relationships between
storage period and vigour can not be presented, only the
slopes of the regression lines are shown.

Tab. l: Definition of the sprouting closses
Sprouting
closs

Definition

AO

Non-sprouted, visibly intoct seeds.

Al

The pericorp over the embryo was visibly split. The
coleorrhizo ond the coleoptile were not yet elongoted.
In oot ond borley the glumen was split ot the basal end
by the emerging coleorrhizo.

A2

The coleoptile ond the primory root respectively reoch
ed o length of 2-3 mm. An elongotion of secondory
roots was not yet shown.

A3

The coleoptile reoched o length of 4-7 mm ond was
portiolly yellow-greenish coloured. The primory root
was further elongoted ond two secondory roots reoch
ed o length of 2-4 mm.

Apparate GmbH, no. 1100, Hannover, Germany). When
three quarters of the sprouted seeds had reached the de
fined sprouting level, germination was terminated by
drying the seeds at a room temperature of approximately
23 °C. Thereafter, the seeds were classified. Then, the
seminal roots were gently brushed off and the seeds stored
for three weeks at the same room temperature. Germina
tion percentage was assessed using four replicates of
50 seeds each rolled in paper towels and determined ac
cording to the ISTA rules (ANONYMOUS 1996). The
number of seminal roots as weil as the shoot and root dry
masses were determined immediately after germination
determination. The seed samples were stored with two
moisture contents, i. e. 14%, which is a common moisture
content after processing, and the maximum permitted by
the German seed law for seed moving in trade (cf.
KUNHARDT l 986), which is 16% for wheat, barley,
t.riticale, oat and durum wheat. For rye this figure is 15%.
The two moisture contents were reciprocally combined
with the storage temperatures of 14 °C and 18 °C and the
seeds stored up to 270 days. The experimentally deter
mined germination percentages were transformed into
probits (FI 'EY 1962, WEBER 1980) and plotted against
the calculated germination percentages using the viability
equation of ELUS and ROBERTS ( 1980 a, b):

Results
Effect of the sprouting level on the initial germination
percentage and vigour after harvest

Sprouting decreased the initial germination percentages of
the six cereal species species- and variety-specifically
(Fig. l ). With increasing sprouting level wheat and barley
showed the greatest total loss of germination, rye and
durum wheat showed the smallest total loss, and triticale
and oat were in between. lt is noteworthy that the loss of
germination between successive sprouting classes was
different between the species. Barley and triticale showed
the greatest germination loss from the sprouting class AO
to class A 1, wheat showed the greatest germination loss
from the sprouting class A2 to class A3. In rye, oat and
durum wheat the germination losses between the sprouting
classes were approximately the same.
Similar to the initial germination percentage, vigour,
quantified by the shoot and root dry mass per normal
seedling (Fig. 2), was reduced species- and variety
specifically with increasing sprouting levels (p < 0.01).
The reduction of the shoot and root dry mass was different
between species. The greatest total relative reduction of
the shoot dry mass occurred with durum wheat, the
smallest reduction with barley, and wheat, rye, triticale and
oat were in between. The greatest total relative reduction
of the root dry mass occmTed with oat, the smallest re
duction with wheat, and barley, rye, t.riticale and durum
wheat were in between. Likewise the number of the semi
nal roots per normal seedling showed a significant reduc
tion in 9 of the 12 studied varieties (Tab. 2, p < 0.05).
For the four sprouting classes barley and rye showed
the highest mean number of seminal roots per normal
seedling, durum wheat showed the lowest number, and
wheat, triticale and oat were in between. The broadest
range of the number of seminal roots per normal seedling

V= K; - p. I/0"

The calculated germination percentages (in probits), v,
was determined from the germination percentages at the
beginning of storage (in probits), K;, the storage period, p,
and the species-specific rate of germination loss, 1/<J.
Hitherto, species-specific rates of germination loss for
cereals were reported only for wheat by PARKES et al.
(1990) and for barley by ELLIS & ROBERTS (1980b).
Hence, these calculations could only be performed for
these two species. Seed moisture was determined usino the
high temperature oven method following the IST A ;ules
(ANONYMOUS 1996). Germination percentages were sub
jected to probit analysis using the PROC PROBIT proce
dure of the SAS statistical package (SAS Institute Inc.,
Cary, North Carolina, USA) using a maximum likelihood
weighted regression method. Differences between the
slopes of the probit regression lines were tested by the
test. The data of the dry masses as weil as the data of the
numbers of seminal roots were tested for significance
using ANOVA, and differences between the means were
tested using the t-test or Wilcoxon's rank test. Because
the absolute data of the 184 regression lines (6 species
x 2 varieties x 4 sprouting classes x 4 storage conditions)
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fig. 2: Shoot and root dry mass of the four
sprouting classes eight days after imbibition
of the seeds. Species, varieties and the sym
bols for the sprouting classes are shown in the
figure. The shoot dry mass is drown upwards
and the root dry mass downwards. Different
letters among the sprouting classes within a
variety indicate significant differences at
a; 0.05. (For the sprouting classes AO-A3
see Tab. l)
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Tab. 2: Mean number of seminal roots per normal seedling and the
range of the number of seminal roots for the four sprouting classes
at the end of the germination lest eight days after imbibition of the
seeds. Different letters in a line indicate significant differences at
a; 0.05.
Species

Variety

Mean number of seminal
roots per normal seedling

Range

Sprouting dass
AO

Al

A2

Effecl of sprouling on the germinalion
and vigour during slorage

A3

winter wheat

Kanzler
Vuka

4.8a 4.7a 4.7a
4.7a 4.7a 4.7a

4.6a
4 .5 b

1-6
1-6

spring barley

Baronesse
Sissy

5.4 a 5.4 a 5.4 a
5.3a 5.3a 5.3a

5.2b
5.0b

1-8
1-8

winter rye

Akkord
Marle

5.3a 5.3a 5.3a
5.3a 5.2a 5.2a

5.0b
5.1 a

1-7
1-7

winter triticale

Alamo
Modus

4.8a 4.8a 4.7a
4.7a 4.7a 4.6a

4.6b
4.3b

1-7
1-7

oat

Sirene
Jumbo

4.8a 4.8a 4.6b
4.8a 4.8a 4.6b

4.3b
4.3b

1- 5
1-5

spring durum
wheat

Belladur
Neodur

4.0a 4.0a 3.9a 3.8a
4.0a 4.0a 3.8a b 3.7b

1-7
1-7
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was shown by barley, the smallest range by oat, and wheat,
rye, triticale and durum wheat were in between. The range
of the number of seminal roots was not influenced by the
sprouting level. The close relationship between root length
and root dry mass for all species and varieties (n = 12,
r2 � 0.60) is for example presented for the sprouting clas
ses of the wheat variety Vuka in Fig. 3.

During storage for nine months at the four storage condi
tions the germination percentage decreased continuously.
The rates of germination loss shown by the slopes of the
probit regression lines, were higher at the storage tempe
rature of 18 ac than at 14 °C and higher at the moisture
content of 16%/15% than at 14% (Tab. 3). Thus, increa
sing temperatures as weil as increasing moisture contents
species-specifically increased the rates of germination loss.
Under the four storage conditions there were significant
species-specific differences in the rates of germination loss
(p < 0.05). As shown by the mean slopes of the probit
regression lines of the four sprouting classes, the germina
tion loss during storage increased in the order: rye < triti
cale < wheat < barley and durum wheat < oat (Tab. 3). The
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Fig. 3: Relationship between the root length and the root dry mass
per normal seedling of the winter wheat variety Vuka for the four
sprouting classes. The insert shows the symbols of the sprouting
classes and the respective coefficients of determination

analysis of the slopes of the eight regression lines obtained
for the two varieties of each cereal species at the four
sprouting classes showed that there were no significant
differences between the rates of germination loss within a
species, neither due to variety nor due to sprouting level
(p < 0.05).
Similar to the germination percentage, vigour decreased
continuously during storage. Increasing storage tempera
ture and moisture content decreased root dry mass, where
as shoot dry mass of the normal seedlings was only weak
ly impaired. For example, the results of storage at
18 °C and 16%/15% moisture content are presented in
Fig. 4, showing the slopes of the regression lines of the
species and varieties for the four sprouting classes in
the form of a kinetic. The decreasing slopes of the re
gression lines of the shoot and root dry mass indicate
that with increasing sprouting level root dry mass was
more reduced than shoot dry mass. The greatest reduc
tion of shoot dry mass was shown by durum wheat, the
lowest reduction by oat, and wheat, barley, rye and
triticale were in between. The greatest reduction of root
dry mass was shown by triticale, oat, durum wheat and
the barley variety Baronesse, the lowest reduction by
rye, and wheat and the barley variety Sissy were in
between. Thus, in contrast to the rate of germination

-10

OJ)

5

®-

8

root

•AI r'=0.74

<>- barley

Orye

-60

AO

Al

A2

A3

pre-harvest sprouting classes
Fig. 4: Slopes of the regression lines of the reduction of the shoot
and root dry mass during storage for the four sprouting classes at a
temperature of 18 °C and a moisture content of 16%/15% (rye) for
the six cereal species. The sprouting classes of each variety are
connected by a solid line in the form of a kinetic

loss, which did not differ between the four sprouting
levels, the rate of vigour loss increased with increasing
sprouting level.
Comparison between the experimentally determined
germination percentage and the calculated
germinalion percentage using the viability equation

According to the model of seed deterioration during stor
age proposed by ELLIS & ROBERTS ( 1980 a), the rate of
germination loss is constant for all seedlots of a species for
a given storage condition. Therefore, the germination of a
seed lot can be calculated depending on the initial germi
nation, the storage period and the species-specific rate of
germination loss. In Fig. 5 experimentally determined
germination percentages are plotted against the calculated
germination percentages using the viability equation of
ELLIS & ROBERTS (1980a), the respective storage period
and the constants of PARKES et al. (1990) for wheat and

Tab. 3: Mean slope ( x) and range of slopes of the probit regression lines of germination loss at the four storage conditions for the four
sprouting classes and the !wo varieties of the six cereal species, i.e. of a total of eight regression lines per species (n = 8)
Species

wheat
barley
rye*
triticale
oat
durum wheat

Storage conditions
14 °c, 14%

14 °C, 16%/15%*

18 °C, 14%

18 °C, 16%/15%*

x

Range

x

Range

x

Range

x

Range

0.0021
0.0026
0.0016
0.0018
0.0031
0.0023

0.0017-0.0027
0.0024-0.0029
0.0010-0.0023
0.0016-0.0021
0.0029-0.0035
0.0017-0.0025

0.0044
0.0061
0.0036
0.0034
0.0069
0.0045

0.0037-0.0053
0.0057-0 0068
0.0027-0.0040
0.0026-0.0040
0.0062-0.0073
0.0043-0.0054

0.0039
0.0044
0.0034
0.0038
0.0045
0.0040

0.0028-0.0051
0.0041 -0.0049
0.0023-0.0043
0.0036-0.0043
0.0041-0.0048
0.0036-0.0045

0.0090
0.0097
0.0082
0.0075
0.0101
0.0089

0.0085-0.0098
0.0092-0.0100
0.0078-0.0094
0.0069-0.0083
0.0100-0.0110
0.0083-0.0098
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the constants of ELLIS & ROBERTS (1980 b) for barley.
This calculation could only be performed for wheat and
barley, because viability constants are not yet available for
the other cereals. The slopes of the 16 regression lines are
in good agreement with the bisecting line of the quadrant
(b = 1). This demonstrates the close relationship between
the experimentally determined and the calculated germi
nation percentages for the two wheat and barley varieties
and in particular the independence of the sprouting Jevel.
Discussion

A high germination and a high shoot and root forming
ability of seedlings are fundamental for the establishment
of crops and therefore they are characteristics of high seed
quality. In cereal seeds it was observed that sprouting
reduces germination (FUCHS 1964, 1968, 1978, RüEGGER
1977, FALKENSTEIN & STEINER 1984, ELIAS & COPELAND
1991). This observation was confirmed and extended by
the present study. With increasing sprouting levels the
cereal seeds indeed showed an increasing loss in germina
tion percentages, which was species-specific. Wheat and
barley showed the highest, rye and durum wheat the lowest
total losses, and triticale and oat were in between. Within
the four sprouting classes barley and triticale showed the
greatest germination loss from the sprouting class AO,
consisting of non-sprouted seeds, to the class Al, consist
ing of slightly sprouted seeds, whereas wheat showed the
greatest germination loss from the sprouting class A2,
consisting of seeds with coleoptile and primary root, to
class A3, consisting of seeds with coleoptile and secondary
Pflanzenbauwissenschaften 4/97
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roots. In rye, oat and durum wheat the germination loss
between the sprouting classes was approximately equal.
This demonstrates that in the cereal species the same level
of sprouting impairs germination to a different degree.
Reports that slight sprouting might have a beneficial ef
fect on germination similar to a pre-sowing treatment
(LUSH et al. 1981, FALKENSTEIN & STEINER 1984,
ASCHERMANN-KOCH et al. 1992) could not be confirmed
in the present study. On the one hand this may be due to
the sprouting levels used, which might have been too ad
vanced to have a beneficial effect (AUFHAMMER & FUCHS
1964, FuCHS 1964, 1968, ELIAS & COPELAND 1991). On
the other hand a beneficial effect of a pre-sowing treatment
was found only in seeds of low quality (ASCHERMANN
KOCH et al. 1992, HOFMANN et al. 1992) and not in seeds
of high quality as used in this study, because the potential
of improving germination behaviour is limited in high
quality seeds.
Shoot and root dry masses of cereal seeds are good indi
cators for vigour (STEINER et al. 1989, ASCHERMANN
KOCH et al. 1992, HAMPTON & TEKRONY 1995). Sprout
ing decreased the shoot and root dry masses of normal
seedlings species- and variety-specifically. The highest
total losses of the shoot and root dry mass with increasing
sprouting level was shown by wheat, triticale and durum
wheat, the lowest total Joss by rye, and barley and oat were
in between. Reduced root dry mass was primarily related
to the reduction of the root length and not to the reduction
of the number of roots. Thus, sprouting did not only de
crease the initial germination but likewise the initial vigour
of the seeds.
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In addition to the initial loss of germination and vigour
due to sprouting a further decrease was observed when
storing the seeds. Increasing the temperature and in
creasing the moisture content increased the rate of ger
mination loss and the rate of vigour loss. Germination
loss during storage increased in the order: rye < triticale
< wheat < barley and durum wheat < oat. No varietal
differences in the rate of germination loss were found
within cereal species. Surprisingly, the rate of germina
tion loss was not significantly different between the
four sprouting classes. Thus, non-sprouted and sprouted
seeds showed the same rate of germination loss during
storage. The comparison of the experimentally deter
mined and the calculated germination percentages of
wheat and barley, using the viability equation and the
data of ELLIS & ROBERTS (1980 a) and PARKES et al.
( J 990), showed a good correlation independent of the
sprouting levels. These results support the conclusion
that non-sprouted seeds and sprouted seeds show the
same rate of germination loss during storage. On the other
band these results support the assumptions of ELLIS &
ROBERTS (1980a, b) that neither variety nor seed quality in our case sprouting - affects the rate of germination loss
of a seed lot, expressed as 1/<J. These results contlict with
those reported by FuCHS (1964) and FALKENSTEIN &
STEINER (1984 ), who reported increasing rates of ger
mination loss with increasing sprouting levels. This
disagreement is probably due to the fact that these authors
drew their conclusions without having performed the
necessary transformation of their germination data for a
proper comparison.
During storage not only the germination percentage but
also the vigour of the normal seedlings decreased with
higher temperature and moisture content. In addition the
rate of vigour loss of normal seedlings increased with
increasing sprouting level species- and variety-specifically.
With increasing sprouting levels the decrease of the root
dry mass was higher than the decrease of the shoot dry
mass. The highest reduction of the shoot dry mass was
shown by durum wheat and the lowest by oat. The highest
reduction of the root dry mass was shown by triticale, oat
and durum wheat, the lowest by rye.
Thus, it can be concluded that sprouting decreases the
initial germination and vigour of the cereal seeds after
harvest. This decrease is enhanced by increasing sprouting
level. However, during storage the species-specific rate of
germination loss is independent of the level of sprouting,
whereas the species- and variety-specific rate of vigour
loss does increase with increasing sprouting level. There
fore, when evaluating seed lots with sprouted seeds at the
time of harvesting with view to the time of sowing one
has not to distinguish between non-sprouted and sprouted
seeds concerning germination, but concerning vigour.
Regarding seed quality in a broader sense, seed lots
without sprouted seeds will perform better after storage
than seed lots with sprouted seeds due to the loss of
vigour.
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