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With the general use of combine harvesting, damage caused by sprouting in the
ear has become one of the worst factors deteriorating the quality of bread grain
(21, 13, 18). As the production of domestic bread grain has at the same time in-
creased considerably, sprouting in the ear has become a problem demanding greater
attention in variety research (12, 19, 20, 15, 8).

Sprouting in the ear of winter wheat has been studied at the Plant Breeding
Institute of Hankkija since 1957. The sand bed method developed by Hänsel (10)
was adopted as the object was to establish the genetic susceptibility to sprouting
in the ear of the plant breeding material without the disturbing influence of various
ear types. However, the need soon arose to establish the magnitude of the influence
of the type and hairiness of the ear. For the elucidation of this question an experi-
ment was conducted in autumn 1958 which will be discussed below.

Review of the literature

Domestic studies of sprouting in the ear have been concerned with the differ-
ences between varieties, annual variations due to weather conditions and the diff-
erences caused by the time of harvesting and handling of grain (cf. above). The
effect of sprouting on the quality of wheat has also been considered (22, 23).

In Sweden, Nilsson-Ehle (14) had already drawn attention to the differences
between varieties, Akerman (1) had made extensive comparisons between white-
and red-grained wheat, finding the former to sprout more readily. In Central Europe,
several investigators have studied the morphological and physiological ripening
of cereals, inter-variety differences and suitable laboratory methods of studying
sprouting in the ear, and annual variations due to weather conditions (27, 16, 5,
7, 17, 4. 26, 6. 10, 24, 25, 2).
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The significance of the morphological structure of the ear has also been studied
by many workers. Prochaska (16) studied the effect of the density, awnedness
and hairiness of the ear and of the thickness of the glumes on the water-retaining
capacity of the ears, and on the susceptibility to sprouting. He found that the first
three properties promote sprouting, while awnedness, especially when combined
with a nutant ear, reduces it. Voss (26) did not regard the influence of e.g. awnedness
as essential. Some workers in England have discussed the significance of glumes
and type of ear in preventing sprouting (9, 25).

Material and methods

The experiment was carried out at the Experimental Farm of the Plant Breeding
Institute of Hankkija on September I—3o,1 —30, 1958. The material consisted of the
winter wheat breeding material which included lines differing very greatly both
in their genetic susceptibility to sprouting in the ear and in the type of ear. Some
foreign varieties were also included in the material. The experiment covered a
total of 94 varieties. It was carried out in a greenhouse where the temperature was
15—20°C during the day and 10—15°C at night.

Two different methods were used parallelly to ascertain the influence of the
ear type:

1. Hansel’s sandbed method was used to find out the genetic susceptibility
of the varieties to sprouting in the ear. A 9 cm thick layer of sand was sifted into
wooden boxes measuring 50x30x10 cm (Fig. 1). The ears were harvested from
the experimental field when each variety had reached the stage of yellow ripeness.
After counting the number of grains in each ear, a total of 20 ears, in 5-ear series,
from 4 different varieties were placed into each box at a depth of c. 2 cm. There

Fig. 1. Sprouting ears in moist sand. Hansel’s sandbed medhod
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were three replicates (3x5 ears) of each variety. The boxes were watered thoroughly
twice a day, at 07.00 and 17.00 hours. The new sprouts coming to the surface were
counted every morning, cutting them off with scissors to simplify the counting.
The experiment took 13 days for each variety.

2. A modification of Schleip’s (17) method was chosen as the other method.
The object was to approximate natural conditions and in the following it is called
the »nature method». The ears, which had c. 30 cm of straw, were placed upright
on a stand of two superimposed perforated hardboards. Plastic covers were used
to raise the relative humidity of air (Figs. 2 and 3). Thirty ears of each variety were
taken and placed in the stand in groups of 3xlo ears. The ears were watered in

the afternoon at 17.00 hours and were then covered by plastic covers for the night.
The covers were removed at 07.00 hours and the ears were allowed to dry until
watering at 13.00 hours. After watering they were again allowed to dry until 17.00
hours. The progress of sprouting in the ear was studied by harvesting the series
4, 8 and 12 days after the beginning of the experiment (I, II and III). The ears
were dried and threshed by hand, and the proportion of sprouted grains was deter-
mined according to the instructions issued by the State Seed Testing Station (11).

Two minor experiments were conducted in connection with the »nature method»
to compare the water-retaining capacity of bald and hairy ears. In both these
experiments, 2 bald and 2 hairy varieties were placed in the conditions of the »nature
method» in groups of 3 x 5 ears. The ears were weighed air-dry at the beginning
of the experiment, in the mornings after the removal of the covers and in the eve-
nings before the second watering. The experiments were continued for 3 and 4
days, respectively.

Results and discussion
The experimental material was divided into 4 classes on the basis of the ear

type: 1) hairy erect, 2) hairy nutant, 3) bald erect and 4) bald nutant.

Fig. 2. Sprouting ears in their natural position
on the stand of perforated hardboards, »nature

method».

Fig. 3. Plastic cover, »nature method»
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The results are given as the germination percentage of the number of grains
in the ears. The statistical significance of the influence of ear type was tested by
comparing the results of the two methods (sandbed nature method) for the
following days: 7—l, 10—II and 13—III. The difference of the means was cal-
culated for each day and its significance was studied by the t-test (3). The compari-
sons mentioned above were used in calculating the correlation coefficients r in the
comparison of the two methods.

The water-retaining capacity of bald and hairy ears was tested'statistically
by variance analysis (3).

Comparison of the methods. The first point to be clarified was whether the
methods used give similar results irrespective of ear type. The correlation cal-

Table 1. Comparison of the sandbed method of Hansel and the »nature method*.

Number of
Class .

.. Sandbed »Nature method»varieties

6 7 8 9 10 11 12 13 I II 111
Slow 32 0 0 1 3 7 13 19 29 17 50 70
Medium 32 0 1 4 8 15 23 34 48 25 57 80
Rapid 30 1 5 11 20 30 43 53 65 33 69 90

Table 2. The effect of the ear type on the sprouting susceptibility.

Number of
Group varieties Sandbed »Nature method»

6 7 8 9 10 11 12 13 I II 111
Hairy 29 0 2 4 11 17 27 38 50 30 64 87
Bald 49 1 2 5 10 16 26 35 48 22 56 79

Diff. per cent: 7 18*
10 - II 8
13 - 111 6

Table 3. The effect of the position of the ear on the sprouting susceptibility.

Number of
Group varieties Sandbed »Nature method»

6 7 8 9 10 11 12 13 I II 111

Erect 27 0 1 4 11 17 27 37 48 32 64 82
Nutant 51 0 2 5 10 16 27 36 49 21 57 82

Diff. per cent; 7 I 10**
10 - II 7(*)
13 - 111 1

*
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culation gave the coefficients 7—l + o.s7***, 10—II -f o.s2*** and 13—III +

o.62***. To illustrate the point, the experimental members of each sub-group were
divided into 3 groups: 1) slow, 2) medium and 3) rapid according to the sandbed
method. The means obtained and the corresponding »nature method» values are
given in Table 1.

Both methods gave similar results and, consequently, both can be used to
establish the susceptibility of different varieties to sprouting in the ear.

Hairy bald. To compare the effect of the ear type on the sprouting sus-
ceptibility the material was »milked» until the genetic susceptibility of each group
to sprouting (sandbed) was as close as possible to the mean for the total material.

This was not entirely succesful in the group »bald, erect» on account of its
smallness. Some idea of the effect of the ear type was obtained by a comparison
with the corresponding »nature method» values.

Table 2 gives the result obtained. At first, the hairy ears sprouted 8 per cent
more profusely than the bald, and the difference was statistically significant. The
difference in favour of the bald ears persisted to the end, though it ceased to be
statistically significant.

The result supports the conclusions by Prochaska (16) and observations that
have been made in practice. It suggests that hairy ear types should be avoided,
and in fact they have already been abandoned in most countries in breeding work.

Erect nutant ears. Table 3 shows the difference between erect and nutant
ears. Nutant ears were distincly better than erect in the beginning, but the differ-
ence levelled itself out towards the end. This difference is obviously due to the
fact that the grains are protected in the nutant ear and rain water cannot reach
the grains directly. An ere'ct, often dense ear the glumes of which stick out obviously
collects more rain drops between its spikelets than the nutant ear and the glumes
and grains thus keep moist longer. Hutchinson et al. (9) studied the role of the
position of the ear by germinating the ears of the same varieties erect, drooping
and after thinning every other spikelet. The result showed a slight trend in favour
of the last two alternatives, but in the author’s view the difference lay within the
limits of error.

Hairy erect hairy nutant. Bald erect bald nutant. Finally, the material was
classified into all 4 ear types with the object of ascertaining the behaviour of the
different types. The result (Table 4) shows that the different groups sprouted dif-
ferently, as could be concluded from the previous analyses. Hairy erect ears are
poorer than hairy nutant ears, and similarly bald erect ears are more sensitive than
bald nutant.

Water-retaining capacity of hairy and bald ears. Table 5 shows the result of
the experiment analysing the water-retaining capacity of different types of ear.
The water-retaining capacity of hairy ears was greater than that of bald ears for
the relative weight increase in experiment I for hairy ears was 14.2—19.4 per cent
and in experiment II 20.1—30.7 per cent greater than for bald ears. Prochaska
(16) studied the same point and found that the weight increase for hairy glumes
after soaking in water for'24 hours was 25 per cent greater than the increase for
bald ears.
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Table 4. The effect of the ear type on the sprouting susceptibility.

Number of
Group •

~ Sandbed »Nature method»r varieties

6 7 8 9 10 11 12 13 I II 111
Hairy erect 17 0 1 4 9 17 27 38 50 30 72 86
Hairy nutant 12 0 2 5 11 17 27 37 48 25 55 87
Bald erect 10 0 1 4 10 16 27 34 43 29 52 74
Bald nutant 39 1 2 5 10 16 25 36 49 20 57 81

Diff. per cent: hairy erect hairy nutant 7 15
10 II 16*
13 - 111 -2

bald erect bald nutant 7 I 10*
10 - II -5
13 - 111 -1

Table 5. The water-retaining capacity of different ear types.

Weight increase per cent of initial weight

Variety Initial Ist day 2nd day 3rd day 4th day
welght 08.00 1100 08.00 17.00 08.00 17.00 08.00 17.00

hours hours hours hours hours hours hours hours

Experiment I
Vakka 14.7 43.9 20.6 57.6 30.9 61.3 52.2 -

b787 12.0 52.3 24.8 69.2 32.1 64.4 49.2

Hairy 13.4 48.2 22.7 63.4 31.5 62.9 50.7

Antti 17.2 39.8 10.6 53.0 31.2 53.2 42.1
aBO6B 15.5 28.3 9.5 35.0 16.7 39.3 28.1
Bald 16.4 34.1 10.0 44.0 23.9 46.3 35.1 -

Diff.
Variety * «* * {») (») (*) - -

Type (•) * (*) (•) (*)

Experiment II
Varma 12.3 55.4 40.5 - 35.8 76.2 41.8 57.8 42.5
b 787 12.8 59.8 40.7 - 42.6 79.2 50.5 55.1 46.1
Hairy 12.6 57.6 40.6 - 39.2 77.7 46.2 56.5 44.3

Antti 17.9 39.7 20.7 19.1 48,1 30.5 36.2 29.3
aBO6B 16.0 31.4 20.0 - 20.0 45.8 25.7 36.7 28.5

Bald 16.9 35.6 20.4 - 19.6 47.0 28.1 36.4 28.9

Diff.
Variety *** ** *** *** ** ** (•)

Type »•**_••* • ** (•)



The afternoon weight values indicate the drying rate of hairy and balcf ears.
The difference in the weight increase between the hairy and bald ears from the
initial air-dry weight varied in experiment I from 7.5 to 15.6 per cent and in experi-
ment II from 18.1 to 20.2 per cent, which means in fact that relatively more moisture
evaporated from the hairy than from the bald ears. The former were nevertheless
always more humid than the latter. Prochaska mentioned that bald glumes dried
more rapidly although the absolute weight decrease of hairy glumes was greater
than that of bald glumes also in his experiment.

Summary

In studying the susceptibility of winter wheat to sprouting in the ear attention
was paid at the Experimental Farm of the Plant Breeding Institute of Hankkija
to the importance of the ear type. This was done by using two methods parallelly:
HAnsel’s sandbed method, which shows the genetic susceptibility of the varieties;
and the »nature method» which elicits the effect of ear type. The results led to the
following conclusions:

Both methods gave similar results, indicating that the differences in genetic
susceptibility to sprouting in the ear (between the varieties) are so great that they
emerged by both methods used.

The classification of the material into four groups, hairy erect, hairy nutant,
bald erect and bald nutant, showed that the ear type has its own importance as
a factor reducing sprouting. The bald ear was found to be better than the hairy
and the nutant superior to the erect ear.

The disadvantage of hairy ears is obviously connected with their greater water-
retaining capacity. Owing to this they germinate more readily, especially in condi-
tions in which the water capacity of the ears is only occasionally optimal for sprout-
ing as is often the case in the field during the ripening period when the weather
keeps changing.
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SELOSTUS

TÄHKÄN MORFOLOGISTEN OMINAISUUKSIEN VAIKUTUS SYYSVEHNÄN TÄHKÄ-
IDÄNTÄHERKKYYTEEN

Eero Varis ja Matti Manneri

Hankkijan kasvinjalostuslaitos, Koetila Anttila

Syysvehnän tähkäidäntäherkkyyttä selvitettäessä on Hankkijan koetilalla kiinnitetty huomiota
myös tähkätyypin merkitykseen tähkäidäntään vaikuttavana tekijänä. Asiaa selvitettiin käyttämällä
rinnan kahta menetelmää: HÄNSELin hiekkalaatikkomenetelmää, joka osoittaa lajikkeiden geneettisen
herkkyyden, sekä »luonnon menetelmää», jossa tähkätyypin vaikutus pääsi esille. Tulosten vertailu
johti seuraaviin päätelmiin:

Molemmilla menetelmillä saatiin samansuuntaisia tuloksia, mikä osoittaa, että geneettiset (lajik-
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keiden väliset) tähkäidäntäherkkyyserot ovat niin suuria, että ne saadaan selville molemmilla käyte-
tyillä menetelmillä.

Materiaalin jako neljään ryhmään: karvaiset pystyt, karvaiset nuokkuvat, kaljut pystyt ja kaljut
nuokkuvat osoitti, että tähkätyypillä on myös oma merkityksensä idäntää edistävänä tai estävänä
tekijänä. Kalju todettiin karvaista edullisemmaksi ja nuokkuva pystyä paremmaksi.

Karvaisten tähkien epäedullisuus on ilmeisesti yhteydessä niiden suuremman vedenpidätyskyvyn
kanssa. Tästä johtuen ne itävät herkemmin varsinkin olosuhteissa, missä tähkien kosteustila on itämi-
sen kannalta vain ajoittain optimissa, niinkuin pellolla tuleentumisaikana sään vaihdellessa usein
sattuu.


