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Grain Filling Mechanisms in Spring Wheat
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Abstract : Improvement of wheat flour quality, an increase in grain nitrogen content accompanied by an increase
in grain yield, is required through cultivation techniques and breeding program. Changes in nitrogen content in
grains and vegetative organs were investigated to clarify nitrogen metabolism in four grain filling phases in spring
wheat. Three cultivars including semi-dwarf Haruyutaka with early maturity bred in Hokkaido in Japan,
semi-dwarf Norin 61 with early maturity bred in Kyushu in Japan, and tall Selpek with late maturity bred in
Germany were selected for the present experiments. Plants from each cultivar were sampled at intervals of a few
days throughout the grain filling period in 1993. In 1992, Haruyutaka canopy was covered with 959, shading
cloths for three grain filling phases ; the initial phase from two days before anthesis to seven days after anthesis,
the early phase from seven to 14 days after anthesis, and the late phase from 14 to 21 days after anthesis.
Haruyutaka required more nitrogen for grain filling during its earlier phases than Norin 61 and Selpek. This fact
resulted in a higher remobilization of nitrogen from vegetative organs into grains in Haruyutaka (739,) than in
Norin 61 (499,) and Selpek (479). Shading treatments did not affect the nitrogen content in grains until a week
before maturity. However, the nitrogen in vegetative organs for each shading was translocated into grains rapidly
during the last week of the final phase, with the result that the nitrogen content in each shading grain was higher
than no shading. As strategies to achieve both high yield and high nitrogen percentage in grain, it appeared that
much nitrogen must be accumulated in vegetative organs and allocated to more active photosynthetic organs until
anthesis, and that more nitrogen must be absorbed from soil during earlier grain filling phases, then completely
translocated into grains during the final grain filling phase.

Key words : Grain filling phases, Nitrogen metabolism, Nitrogen percentage in grain, Shading treatment, Spring
wheat varieties.
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It is necessary to increase protein content
for improvement of flour quality in wheat. A
total high protein yield have been achieved
through cultivars with a high yield potential
but a low protein concentration®!®. Inversely,
a low grain yield was accompanied with a high
protein content in grains®. Thus, it appears to
be impossible to increase simultaneously grain
yield and protein content in the grains
through cultivation techniques and genetic
manipulations.

Competition concerning nitrogen distirbu-
tion occurres between vegetative organs relat-
ing to retainment of photosynthetic ability and
grains of which protein content associates with
grain quality. The nitrogen distribution pat-
tern between the two organs is influenced by
nitrogen availability®9.

We dealt with the following four grain filling
phases to analyze the grain filling mecha-
nisms'? ; (1) initial grain filling phase : from
anthesis to cessation of culm elongation ; (2)
early grain filling phase : from cessation of
culm elongation to milk ripe stage; (3) late
grain filling phase : from milk ripe stage to
cessation of photosynthesis; and (4) final
grain filling phase : from cessation of photo-
synthesis to maturity. On the basis of these
phases, influences of solar radiation shortage
and varietal difference on grain growth and
accumulation of WSC in culm were carried
out to examine the mechanisms of carbo-
hydrate metabolism in the grain filling
period!®!4),

The present study is to understand the
nitrogen metabolisms of wheat changing with
growth and to develop strategies to achieve
both high yield and high nitrogen content in
grains. Changes in nitrogen content in grains
and vegetative organs were investigated under
different solar radiation using the -cultivar
Haruyutaka and among three wheat cultivars.

Materials and Methods

The experiments were conducted in 1992
and 1993 at the Experimental Farm of Ho-
kkaido University.

1. Shading experiment in 1992

The spring wheat variety Haruyutaka was
planted on April 11. Shading treatment was
conducted using 959, shading cloth for each
of the initial, early and late grain filling phases
as in the previous report’®. The shading

periods were designated from two days before
anthesis until seven days after anthesis as the
initial shading ; from seven days until 14 days
after anthesis as the early shading, and from
14 days until 21 days after anthesis as the late
shading. The shading cloth was positioned 30
cm above the canopy.

2. Experiment in 1993 wusing three

cultivars

In 1993, three spring wheat varieties Har-
uyutaka, Norin 61 and Selpek were planted on
May 7. Haruyutaka is an early semi-dwarf
variety, bred in Hokkaido Japan. Norin 61 is
also an early semi-dwarf, bred in Kyushu
Japan. Selpek is a late tall variety, bred in
Germany.

3. Crops

In both years, seeds were set on seeder tapes
(Nihon Plant Seeder) at every 5 cm and the
tapes were planted 2 cm deep. Two tapes were
placed in each row and thinned to a single
plant after two or three leaves expanded. The
final density was an equi-distant square pat-
tern with 400 plants m~2. The plots consisted
of 50 cm by 50 cm sampling sub-plots with
three replications. Fertilizer was applied prior
to sowing : N, 90 kg ha~!; P,O;, 150 kg ; and
K,O, 75 kg. Fungicides and insecticides were
applied a few times to control powdery mil-
dew, rust, flies, army worms and aphids.

4. Sampling

Twenty standard plants were sampled from
each plot at 5 am weekly and several-day
intervals in 1992 and in 1993, respectively.
Each plant was separated into grains and
residual vegetative organs above ground, then
heated for 30min at 105°C and dried for 48h at
70°C. The dried samples were weighed and
milled for determination of nitrogen content
by Kjeldahl method.

Results

1. Changes in nitrogen contents in
grains and vegetative organs through-
out the grain filling period

The amount of nitrogen in whole plant

increased linearly from anthesis until cessation
of photosynthesis, then did not change signifi-
cantly until maturity for all three cultivars
(Fig. 1). Nitrogen content in vegetative
organs decreased from anthesis to maturity,
suggesting translocation into grains. Nitrogen
content decreased continuously just after
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anthesis in Haruyutaka, although was kept
quite high until cessation of photosynthesis in
Norin 61 and Selpek. Nitrogen content de-
creased rapidly from cessation of photosynthe-
sis until maturity in these two cultivars. At
harvest, grain nitrogen yields were 11.3, 9.0
and 12.6 gm~? in Haruyutaka, Norin 61 and
Selpek, respectively. Nitrogen content in
grains were 1.92, 2.03 and 2.149, respectively.
Table 1 shows the contributions of the
nitrogen absorbed from soil and translocated
from vegetative organs to nitrogen accumula-
tion in grain for two phases, the initial plus
early plus late phases (I+E+L), from anth-
esis (An) to cessation of photosynthesis (CP),
and the final phase (F), from cessation of
photosynthesis to maturity (Ma). These con-
tributions were calculated by following four
equations (also see Fig. 1) :
1. The contribution of nitrogen absorbed
from soil during I+ E+L:
Increase in nitrogen of whole plant from An to CP
Nitrogen content in grain at maturity

2. The contribution of nitrogen translocat-
ed from vegetative organs during I+E-+L
phase :

Decrease in nitrogen of vegetative organs from An to CP

- Nitrogen content in grain at maturity

3. The contribution of nitrogen absorbed
from soil during F phase :
Increase in nitrogen of whole plant from CP to Ma
- Nitrogen content in grain at maturity
4. The contribution of nitrogen translocat-

ed from vegetative organs during F phase :
__Decrease in nitrogen of vegetative organs from CP to Ma
Nitrogen content in grain at maturity

During the initial plus early plus late phase
(I+E+L), the nitrogen amount absorbed
from soil was almost the same as the nitrogen
translocated from vegetative organs in Har-
uyutaka, although the nitrogen absorbed from
soil was more than that translocated from
vegetative organs in Norin 61 and Selpek.
During the final phase (Final), nitrogen trans-
located from vegetative organs showed a high
value (30-4097) in all three varieties. So that,
throughout grain filling period, Haruyutaka
showed that 739}, of grain nitrogen is trans-
located from vegetative organs due to much
translocation during I+ E+ L phase. However,
in Norin 61 and Selpek, less than 509, of grain
nitrogen was found to be translocated from
vegetative organs.

2. Effect of lack of irradiation on
absorption and translocation of nitro-
gen

Fig. 2 shows the effects of shading treat-
ment on nitrogen distribution between grains
and vegetative organs. The amount of nitro-
gen in whole plant (above ground) in initial
shading increased until three weeks after anth-
esis as in the same as in no shading. The whole
nitrogen in early and late shadings was slightly
lower than that in no shading after the shad-
ing periods. The nitrogen in grains in each
shading was less than no shading at one week
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Fig. 1.

Nitrogen distribution between grains and vegetative organs in three spring wheat varieties.

Arrows indicate the cessation of photosynthesis.

The T-shape bars indicate standard errors.

NII-Electronic Library Service



292

Japanese Journal of Crop Science Vol. 65, 1996

before maturity, while grain weight for each
shading was also less than no shading. At
maturity, however, the nitrogen content in
grains in each shading was almost the same as
in no shading, while grain weight in each
shading was still less than no shading. Thus,
the nitrogen content in ripened grain were
higher in all three shadings than no shading

Table 1.

(2.4297,, 2.469, and 2.409, in initial, early and
late shadings, respectively, against 2.279, in
no shading). On the other hand, the nitrogen
in vegetative organs in each shading was
almost the same as in no shading just after
treatment (one, two and three weeks after
anthesis for initial, early and late shadings,
respectively) . However, it was more than in no

Contriutions of nitrogen absorbed from soil and translocated from vegeta-

tive organs to harvested nitrogen in grain in two grain filling phases, the initial

plus early plus late phases (I+E+L), and the final phase (Final).

Contribution to grain (%)

Grain filling phase

Absorption from soil

Translocation from veg. organs

Haruyutake
I+E+L 30 33
Final -3 40
Total 27 73
Norin 61
I+E+L 45 18
Final 6 31
Total 51 49
Selpek
I+E+L 43 12
Final 10 35
Total 53 47
Initial shading Early shading Late shading

N
S

w

N

—h

Nitrogen content (mg culm ‘1)

600

300

Grain weight (mg culm'1)

N0 N1S N28 NBS N4S NSS N1 NQS NQS N4S NSS N2 NgS N4S NSS

Weeks after anthesis

Fig. 2.

Effects of shading treatments on nitrogen distribution between grains and vegetative organs

(] : nitrogen in grains ;% : nitrogen in vegetative organs.

@ —@ : grain dry weight in no shading ; O~ : grain dry weight in shading.

The capital letters, ““N”” means non shading, ““S”’ means shading.

The horizontal bold bars indicate the period of shading treatment.

The vertical bars indicate standard error for grain weights and total nitrogen contents.
0 and 5 weeks after anthesis indicate anthesis and maturity, respectively.
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Table 2. Effect (9)* of shading treatment on nitrogen content of each organ above ground
in winter wheat at the date just after treatment, a week before maturity and maturity.
. . . Flag leaf Second leaf Third leaf
ff
Shading period Grain Cha Culm blade blade blade
At the date removed shading cloth
Initial shading 68 +5** 105+2 106 +3 98+3 95+2 84+1
Early shading 88+2 104+3 97+5 95+ 4 88+3 72+4
Late shading 91+3 1067 103+5 99+£5 91+5 84+9
At a weel before maturity
Initial shading 84+2 128+7 1309 143+11 144 +7 99+5
Early shading 78+1 149+8 154+10 148111 131+5 106 +5
Late shading 82+2 132+8 13011 150+13 140+8 1057
At maturity
Initial shading 96 +1 — — — —_— —
Early shading 88+5 e — — —_— —_—
Late shading 99+4 —_— —_— — — —_—

* the effect is shown as the percentages of nitrogen content (mg culm~!) for each shading

treatment against no shading.
** +s.e.: standard error.

shading at four weeks after anthesis.

The nitrogen content in grains and each
part of vegetative organs for initial, early and
late shadings is evaluated on the basis of
nitrogen contents in no shading at the date
when shading cloth was removed and at a
week before maturity (Table 2). Just after the
shading period, nitrogen in grain showed a
decrease of 9-329, by shading treatments.
Nitrogen in chaff and culm increased slightly,
while in leaf blade decreased. At a week before
maturity, nitrogen in grains was still lower in
shadings, but all vegetative organs excluding
the third leaf blade maintained a high nitro-
gen content in shadings. These high nitrogen
contents in vegetative organs seemed to be
translocated into grains during only one week
until maturity, bacause the nitrogen content in
grains in all three shadings was almost the
same as in no shading at maturity.

tion from the organ. According to their theory,
the absorbed nitrogen in whole plant might
come through the xylem tube by transpiration
at photosynthesis, and the accumulated nitro-
gen in grain might come through the phloem
tube connected to each vegetative organ. Sar-
anddn and Gianibelli® suggested the greater
nitrogen content in the grain was attributable
to a rapid uptake of the nitrogen applied and
not to a longer period of nitrogen accumula-
tion. These findings lead one to hypothesize
that for a high nitrogen content in harvested
grain it is important to absorb much nitrogen
through the xylem tube from soil with high
transpiration until cessation of photosynthesis.
The translocation of nitrogen into grain was
continued until maturity, just as reported by
Borghi et al. and Sarandén and Gianibelli®.
Although the absorption of nitrogen through
the xylem tube ceased with cessation of photo-

. . synthesis, the translocation of nitrogen

Discussion . . .

through the phloem tube might continue until

Nitrogen absorption from soil was  maturity with the translocation of carbo-

continued until the cessation of photosynthesis
for all three varieties. Then the accumulation
of nitrogen into grain was attributed to only
translocation of nitrogen from vegetative
organs during the final phase. Simpson et al.”
found that all nitrogen imported into each
organ in the transpiration stream was eventu-
ally translocated to the phloem for retransloca-

hydrate.

The amount of nitrogen in vegetative
organs decreased from anthesis to cessation of
photosynthesis only for Haruyutaka. The
nitrogen demand by grain might be higher for
Haruyutaka than Norin 61 and Selpek, so the
remobilization of nitrogen through phloem
tube was greater than the absorption through
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the xylem tube for Haruyutaka. High protein
yield is usually produced by cultivars with a
high yield potential but a low grain protein
concentration®!%. Moreover, a higher nitrogen
remobilization was found in high grain protein
genotypes, which was attributed to greater
nitrogen demand by the grain ; this enhanced
the senescence of tissue and resulted in a lower
grain yield>®. Haruyutaka can be thought of
as a high grain protein genotype because of its
higher nitrogen demand for earlier grain filling
phase and its higher nitrogen harvest index
(NHI) at maturity (829]), against 72 and
7397, for Norin 61 and Selpek, respectively.
However, it showed a higher grain yield (591
gm~2) than Norin 61 and Selpek (445 and 586
gm~2, respectively). During the earlier grain
filling phase, the high nitrogen content in the
upper organs, i.e., flag leaf or chaff, was
maintained until the later phase for Haruyuta-
ka. This makes Haruyutaka show a high grain
yield and avoid earlier senesce.

All three shading treatments increased the
percentages of nitrogen content in harvest
grain. During the shading period, the amount
of nitrogen in grain decreased when the grain
dry weight decreased for all shadings. The
absorption of nitrogen in whole plant was
inhibited by restricted photosynthesis and
transpiration. Until a week before maturity,
the amount of nitrogen in grain for three
shadings was less than for no shading in
proportion to grain weight. At maturity, how-
ever, the amount of nitrogen in grain for each
shading was the same as for no shading. This
indicated that nitrogen in vegetative organs
for shadings was translocated into grain rapid-
ly during only one week in the last part of the
final phase. Therefore, it is concluded that the
nitrogen demand by the grain is determined
by grain dry weight throughout the grain
filling period so that a considerable amount of
nitrogen remains in vegetative organs at one
week before maturity. However, most of the
remaining nitrogen is translocated into grain
during several days at the end of grain filling.

Fifty to eighty percent of the nitrogen in the
grain comes from storage in vegetative struc-
tures in preanthesis*®, while grain dry matter
accumulated depends mainly on photosynth-
ates produced after anthesis!®!". Our previous
study showed that carbohydrate was ac-
cumulated in grain with high activity during

the early and late grain filling phase when
vegetative organs have high photosynthetic
activity and sink capacity has already complet-
ed'?. Contrary to this, the present study
showed that nitrogen was translocated from
vegetative organs and accumulated in grain
considerably during the final phase when the
vegetative organs had ceased their
photosynthetic function. Therefore, the strat-
egies to achieve both of high yield and high
nitrogen percentages in grain were listed as
follows : (1) Wheat plant must accumulate
much nitrogen in vegetative organs by anth-
esis, (2) More nitrogen must be effectively
distributed to more active photosynthetic
organ, (3) More nitrogen must be absorbed
from soil and be accumulated into each organ
above ground during initial, early and late
grain filling phases, (4) Most nitrogen in
vegetative organs must be translocated into
grain completely during final grain filling
period.

Generally, early harvest is recommended in
rainy region to avoid pre-sprouting. However,
the nitrogen mobilization should be observed
during several days just before maturity, so we
should pay attention to the increase in nitro-
gen content in grain before we decide a har-
vesting date.
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