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Wheat (Triticum aestivum L.) is grown under a wide range of climatic conditions.
Therefore, it is necessary to understand the underlying physiological phenomena
which affect the quality of grain yield. The aim ofthis project was to study the interac-
tions between cultivars in theiraccumulation and relative concentrations of the differ-
ent protein groups of storage proteins at various stages of wheat grain development.
Yield components, protein quantity and the quality of flour were examined. The study
was carried out at the University ofHelsinki, Department of Plant Production during
1989-1990. The cultivars used were Heta, Ruso, Reno and Kadett. In northern latitudes
the early maturity class of a genotype is an important selection criterion associated
with good breadmaking quality. The short grain filling period leads to a high rate of
accumulation ofhigh molecular weight glutenins, because it coincides with a rapid
expansion of the endosperm in the middle of grain filling. The associated yield loss in
these cultivars may be compensated by higher number of grains per ear. Therefore,
selection ofproductive wheat lines with earlymaturity, high protein concentration and
high relative amount ofhigh molecular weight glutenins, and high grain number per
ear instead of high kernel weight may lead to more stable yield and improved bread-
making quality.
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Introduction

The main problem in many regions of wheat cul-
tivation is to produce a good yield each year with
sufficient protein concentration needed for bread-
making. As early as the 1930-1940 sit was observ-
ed that the breadmaking quality of wheat was not
dependent only on the protein concentration of
grains but also on the quality ofprotein (Huttunen
1938, Finney and Barmore 1948). Pugar and
Sasek (1970) reviewed the findings of several

researchers according to which an increase in the
grain protein concentration consistently led to a
great increase in the gliadins, a smaller increase in
the glutenin, and a slight increase in the albumins
and globulins. Doekes and Wennekes (1982)
showed that with increasing protein content only
the gliadin content increased with increasing loaf
volume; the glutenin, albumin and globulin con-
tents did not change. According to Salomonsson
and Larsson-Raznikiewicz (1985), both the gli-
adins and the residue protein (insoluble in acetic
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acid) showed positive correlation with the grain
protein concentration; the albumin and globulin
contents were rather constant. These results con-
trast with observations of Tanaka and Bushuk
(1972) who indicated that all protein fractions vary
in proportion to the total protein content of the
flour, with no net change in the composition ofpro-
tein. The contradictory reports are probably due to
the differences between the fractionation method
based on the solubility of the protein used and the
different quantities of protein found. Recently,
Shewry et al. (1986) reported that the classification
of storage proteins based rather on their biological
and functional properties than on their solubility
characters. This classification groups storage pro-
teins into high molecular weight glutenin (HMWG)
subunits, S-poor prolamins, and S-rich prolamins.

Scandinavian wheat breeders have, for many
years, selected bread wheat cultivars with a strong
gluten by using the Zeleny sedimentation test,
mixograph, test baking and other testing proced-
ures (Kivi 1969, Svensson 1987, 1989, Jouti
1988). Unfortunately, the amount of seed material
needed for quality evaluation is usually not avail-
able in the early generations of a breeding program.
Therefore, especially during the last decade, a great
deal of interest has been showntowards the work of
Payne et al. (1979, 1980, 1981 and 1987). They
have shown by SDS-PAGE electrophoresis that the
high molecular weight glutenin (HMWG) subunit
composition of glutenin has a strong influence on
the rheological and breadmaking properties of
bread wheats, although HMWG comprises only
some 10% of storage proteins in grain. In addition,
Sozinov and Poperelya (1984) indicated the
importance of different gliadin patterns to bread-
making quality. In all of the previous work in Scan-
dinavia (Sontag and Salovaara 1985, Sontag et
al. 1986, Mosleth and Uhlen 1990, Uhlen
1990a,b) which examined the effects of cultivars
on the protein quality of the wheat, only the mature
grain has been studied. The aim of the present study
was to further characterise the physiological
changes affecting protein quality in wheat grains in
addition to grain yield formation. This was achiev-

ed by following the changes in protein quality as a
function of the developmental stage ofgrain filling,
and by studying the yield components of cultivars.

Material and methods

The field trials were carried out at the Experimental
Farm of the University of Helsinki (Viikki) and at
Hankkija Plant Breeding Institute (Anttila). The
study period covered the growing seasons of 1989
and 1990. Spring wheat (Triticum aestivum L.) cul-
tivars Heta, Ruso (Finnish origin), Reno (Nor-
wegian), and Kadett (Swedish) were grown in plots
of 10m2 at Viikki and 8 m2 at Anttila. A completely
randomized block design with four replications
was used in both locations and in both years. Plots
were fertilized at the recommended rate of 110 kg
N ha 1 .

The grain filling periods studied were those ini-
tiated after pollination. Pollination was observed
using the micro-morphological scale of Wadding-
ton et al. (1983). The developmental stage was
determined from fifteen stems per cultivar and was
considered to havebeen attained when at least 60%
of the plants were at the particular stage. Fifty
spring wheat ears were collected 10,17,24,31 days
after pollination (DAP), and the last ear samples
were collected at full maturity (42-49 DAP).

The collected ear samples were threshedby hand.
The grain samples were finely milled in a Udy
cyclone sample mill (Udy Corp., Boulder, CO,
U.S.A.) equipped with a 0.5-mm sieve. The ana-
lysis of storage proteins was carried out by SDS-
PAGE using 15.0 % acrylamide gels at pH 8.8
according to Rahman et al. (1987). Relative
amounts of the different protein groups were deter-
mined by densitometry using an LKB 2222-020
UltroScan XL Laser Densitometer (Model 2222-
020, Pharmacia LKB Biotechnology, Sweden).
Each lane was scanned twice, using different tracks
of a duplicate gel. The proteins were classified into
high molecular weight glutenins HMWG (m.w.
136 - 67.5 kDa), S-poor prolamins SPP (m.w. 67.5

- 51.5 kDa, mainly omega-gliadins), and S-rich
prolamins SRP (m.w. 51.5 - 32.0 kDa, mainly low
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molecular weight glutenins, alpha-, beta- and
gamma-gliadins) according to Shewry et al.
(1986). A typical trace of SDS-PAGE and corres-
ponding densitometric readings are shown in
Figure 1. The HMWG subunit composition of the
wheat cultivars was determined by using 10% gel.
Glu-1 scores were determined according to Payne

et al. (1987). Gliadins were separated by A-PAGE
(Bushuk and Zillman 1978).

Grain yield per ear, number of grains per ear and
kernel weight were determined from 30 plants per
plot in each of the four replications. The grain yield
per plot was expressed in grams per square meter.
The duration of grain filling phase was determined
as the number of days from pollination to maturity.
The mean grain filling rate per day and per ear were
calculated from grain yield per ear divided by the
duration of grain filling in days. The replicated
yield samples were pooled and mixed thoroughly
for quality analyses. Subsamples (2 kg) at a mois-
ture concentration of 15% were milled with a Bra-
bender Quadrumat Senior Mill (Model Q.U.-S.,

Duisburg, Germany). Following storage of the
samples at room temperature for two weeks, the
protein concentration of the flour (AACC 1983)
and the gluten content (ICC 1982) were determin-
ed. Protein quality was assessed by Zeleny sedi-
mentation volume (AACC 1983), and farinograph
doughs developmental timeand mixing stability by
the standard of ICC (1972).

The data was subjected to ANOVA for signific-
ances of differences and regression analysis with
the MSTAT statistical package.

Results and discussion

The HMWG subunit compositions were 1, 7+9,
and s+lo in cultivars Ruso, Reno and Kadett, and
2*, 6+B, and s+lo in cultivar Heta (data not shown).
The HMWG subunit quality scores according to
Payne et al. (1987) were 9 for Ruso, Reno, and
Kadett, and 8 for Heta. The examined cultivars
displayed more variation in both SPP and SRP
compositions in A-PAGE (Fig. 2). Previously

Fig. 1. a) SDS-PAGE and b) densitometric readings of total prolamin fractions from spring wheat (Cv. Heta). Within
brackets HMWG subunits (1-5), S-poor prolamins (6-7), and S-rich prolamins (8-17).
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Payne et ai. (1987), Khan et ai. (1989), and Kru-
ger and Marchylo (1990) showed that there is a
positive correlation between HMWG subunits and
breadmaking quality. The amount of HMWG
fraction also appears to be positively related to
breadmaking quality (Hamada et al. 1982, Uhlen
1990), which is confirmed by the results presented
here (Table 1). According to a recent study by
Mosleth and Uhlen (1990), some omega-gliadin
bands and some gamma-gliadin bands were either
positively or negatively associated with flour qual-
ity. Qualitative analysis of storage proteins indicat-
ed that although the HMWG subunit compositions
and quality scores were the same in Ruso, Reno,
and Kadett, the synthesis and kinetics of HMWG
differed significantly between these genotypes
(Fig. 3). Therefore, synthesis and accumulation of
the HMWG component is obviously requlated by
genes which are associated with the quantity of
grain protein concentration (Law and Payne 1983).
Our results show that SPP and SRP had either a
positive or a negative effect on baking quality
(Table 1). Sozinov and Poperelya (1984) have
shown how different allelic variants ofgliadin were
related to breadmaking quality.

The duration of the grain filling phase in the cul-
tivars studied varied from 42 to 49 days (Fig. 3,
Table 2). Accordingly, the shorter the duration of
the grain filling period, the more the synthesis of
HMWG was parabolic, reaching its maximum in
the middle of the grain filling phase (about 24
DAP), after which its proportion levelled off (Fig.
3). This was particularly the case with Heta; in
Ruso the parabolic shape was less pronounced. The
synthesis of HMWG in Reno was stable until 31
DAP, and thereafter the relative content of HMWG
was proportionately reduced towards maturity,
while the content of HMWG in Kadett showed a
trend of linear decrease from 10 DAP to maturity
(Fig. 3). The accumulation of SRP seemed to be
reduced at an early stage of the grain filling period
(10 DAP) in the late maturing Reno and Kadett
compared to Heta and Ruso. The proportion of
HMWG as opposed to SPP was higher in Kadett
than the other cultivars at all stages of grain filling

Fig. 2. The gliadin composition (S-poor prolamins = omega
gliadins, S-rich prolamins = gamma, beta, and alfa gliadins)
ofcultivars Ruso (1); Reno (2); Kadett (3), and Heta (4) in
A-PAGE,
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Table 1.Correlation coefficients ofhigh molecularweight (HMWG) glutenins, S-poor prolamins (SPP) and S-rich prolamins
(SRP) in protein and bread quality characteristics.

Cultivar

Correlation with Heta Ruso Reno Kadett
HMWG SPP SRP HMWG SPP SRP HMWG SPP SRP HMWG SPP SRP

Flour protein 0.48»» -0,52»*» - 0.42** -0.39* - 0.52»*» - -o.s9*** -

concentration

Gluten content 0.48»* -0.42*» - - -0.46*»- 0.47*» 0.35* -0.59»»*-

Zeleny 0,60»»* -0.45** - 0.54*»» -0.35» - 0.49*» 0.35» -o.s9*** 0.48»* - 0.33*
sedimentation

Dough
development time 0,46»» -0.62»»» - 0.36» -0.44»» - 0.57»»» - -0.46»» 0.37»

Mixing stability 0.46** -0.43** - - -0.37* - 0.46»» - -0.40* - -0.36*-

» *•' •»»
= sjgn jflcant at P = 0.05, 0.01, 0,001, respectively

Fig. 3. Relative abundance of high molecular weight glutenins (HMWG), S-poor prolamins (SPP), and S-rich prolamins
(SRP) during grain filling phase of cultivars Heta (a), Ruso (b), Reno (c), and Kadett (d). - » - HMWG, -o - SPP, and -*

-

SRP. Vertical lines indicate LSD at P=0.05 probability level.
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until maturity. These results suggest that the accu-
mulation and kinetics of SPP and SRP is affected
by many allelic variants (cf. Fig. 2 and Fig. 3). Both
the parabolic and the linearly decreasing patterns of
HMWG synthesis may lead to a high proportion of
HMWG in mature grains (cf. Heta and Kadett; Fig.
3, Table 2). However, only the parabolic pattern of
HMWG synthesis in Heta seemed to lead to high
flour protein concentrationand high protein quality
measured as Zeleny sedimentation volume, dough
development time and mixing stability.

The high rate of HMWG accumulation in the
middle of the grain filling period was associated
with the low yielding ability of cultivar Heta (Fig. 3
and Table 2). The poor grain yield of this cultivar
was related to low kernel weight, low number of
grains per ear, and short grain filling period as a
consequence of low efficiency in grain filling rate
per day. The reason for this may be that when the
rapid expansion of the endosperm occurred
(Briarty et al. 1979), the synthesis of HMWG
consumed more energy, consequently reducing the
resources available for carbon assimilation (Fig. 3,
Heta). This hypothesis is confirmed by the results

of Mitra et ai. (1979) which showed that the accu-
mulation of glutenins requires more energy than
thatof gliadins. In addition, Penning de Vries et al.
(1974) estimated that 1 gram of glucose produced
by photosynthesis can be used by the crop to pro-
duce either 0.40 of protein or 0.83 of carbohydra-
tes.

The reduced rate of accumulation of HMWG in
the middle of the grain filling period, may be a cha-
racteristic of poor quality cultivars. The flour pro-
tein concentration was similar in Ruso, Reno and
Kadett (Table 2), but their accumulation curves of
HMWG were totally different (Fig. 3). The prob-
able reason for the observed decrease in protein
content was the high grain yields of Ruso, Reno
and Kadett. Grain yields of Ruso and Kadett were
associated with a high kernel weight. A high grain
filling rate was also observed in Ruso and a prolong-
ed duration of the post-anthesis phase in Kadett. In
Reno the most prominent yield component was the
high number of grains per ear. The calculations
based on protein concentration and grain yield per
ear (Table 2) showed that the amount ofprotein per
ear was 94.3 mg in Heta, 93.2 mg in Reno, 88.7 mg

Table 2. Pooled data ofyield components and bread quality characters ofwheat cultivars.

Cultivar

Heta Ruso Reno Kadett prob.

Duration of grain filling (day) 42 (3.93)z 45 (6.29) 47 (6.59) 49 (6.17) P<0.05
Mean grain filling rate ear 1 (mg/day) 18.5 (1.70) 19.3 (1.27) 18.9 (1.26) 17.2 (1.43) PO.OOI
Grain yield ear 1 (mg) 779.0 (150) 869.4 (120) 887.8 (150) 841.8 (160) P<o.ool
Kernel weight (mg) 34.0 (2.60) 39.1 (2,80) 33.5 (2.26) 37.6 (3.26) PO.OOI
Grain number ear 1 22.9 (3.47) 22,2 (2.47) 25.2 (3.82) 22.3 (3.25) PO.OOI
Grain yield nr 2 (g) 430.2 (60,70) 486.8 (47.34) 486.0 (49.52) 486.5 (50.87) PO.OOI

Flour protein concentration (g kg 1) 12.1 (1.47) 10.2 (1.22) 10.5 (1.37) 10.5 (1.34) PO.OOI
Gluten content (%) 35.1 (5.76) 28.3 (4.50) 29.1 (4.12) 28.6 (3.93) PO.OOI
Zeleny sedimentation (ml) 42,6 (11.02) 32.1 (4.49) 34.9 (4.08) 39.9 (4.65) PO.OOI
Dough development time (min) 4.3 (1.87) 3.1 (1.27) 2.8 (0.96) 2.8 (1.01) PO.OOI
Mixing stability (min) 6.0 (2.48) 4.0 (1.98) 4.8 (1.45) 4.6 (2.26) PO.OOI

Relative abundance (%)
- HMW glutenins (HMWG)
- S-poor prolamins (SPP)
- S-rich prolamins (SRP)

13.5 (3.19) 12.7 (3.28) 10.5 (2.62) 13.9 (2.64) PO.OOI
8.9 (2,93) 8.0 (3.16) 7.1 (2,38) 7,4 (1.57) P<0.05

78.4 (3.82) 79.6 (4.30) 82.7 (4.30) 78.8 (3.04) PO.OOI

Standard deviations are in parentheses.
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in Ruso and 88.4 mg in Kadett. Therefore, we sug-
gest that the associated yield loss in high protein
cultivars (e.g. Heta) would be compensated by a
higher number of grains per ear (e.g. Reno).
Selection of productive wheat lines with early
maturity and high grain number per ear instead of
high kernel weight may lead to more stable yield
and improved breadmaking quality.

Conclusions

It is concluded that in northern latitudes the early
maturity class is an important selection criterion for
breadmaking quality. This is because the high rate
of HMWG accumulation coincides with the rapid
expansion of the endosperm in the middle of the
short grain filling period. A high content of
HMWG is clearly positively correlated withbread-
making quality, while no clear relationship was

observed between the pattern of SPP and SRP synt-
hesis, and breadmaking quality. However, based on
our data it seems to be questionable, whether the
high values of HMW glutenin subunit numbering
systems are always related to high breadmaking
quality. Our results suggest that selection for bread-
making quality according to electrophoretic pat-
terns of HMW glutenin subunits should also be
made on a quantitative basis. The selection of
wheat lines with an early maturity and high grain
numberper ear instead ofhigh kernel weight, toget-
her with a high proportion ofHMWG and high pro-
tein concentration are the most importantparame-
ters to go for in a breeding program.
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SELOSTUS

Varastoproteiinien kehittyminen jyvän täyttymisjaksolla neljässä
Skandinavisessa kevätvehnässä

Jari Peltonen jaTuula Sontag-Strohm

Helsingin yliopisto

Neljän sadonmuodostukseltaan ja leivontalaadultaan vaihte-
levan kevätvehnän (Heta, Ruso, Reno, Kadett) satokompo-
nentit, suurimolekyyliset gluteniinialayksiköt, gliadiinit
sekä varastoproteiinien suhteelliset osuudet jyvän täyttymis-
jaksolla tutkittiin kenttäkokein kasvukausina 1989-90.
Kokeet järjestettiin Helsingin yliopiston kasvintuotanto-
tieteen laitoksella ja Hankkijan kasvinjalostuslaitoksella.
Tulokset osoittivat, että aikaisuus on tärkeä valintakriteeri
kevätvehnän korkean leivontalaadun kannalta. Lyhyt jyvän
täyttymisjakso on yhteydessä voimakkaaseen suurimole-

kyylisten gluteniinien varastoitumiseen jyvän täyttymisjak-
son keskivaiheilla, mikä johti korkeaan valkuaispitoisuuteen
ja valkuaisen laatuun mutta alhaiseen sadon määrään.
Tulokset viittaavat siihen, että kevätvehnän sadon ja val-
kuaispitoisuuden välistä negatiivista suhdetta tulisi pyrkiä
murtamaan valitsemalla aikaisin tuleentuvia, korkean jyvän
valkuaispitoisuuden, korkean suurimolekyylisten glutenii-
nien määrän ja suuren jyvälukumäärän tähkään tuottavia
vehnälinjoja.
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