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Abstract : Changes in culm contents, cell wall constituents, net cellular matter and water soluble sugar content
(WSC) were determined from anthesis to maturity in three parts of the main culm, peduncle, second and lower
internodes, for three spring wheat varieties, tall Haruhikari, semi-dwarf Haruyutaka and tall late Selpek.

After anthests cell wall constituent and net cellular matter increased in peduncle and the second internode,
associated with the elongation, but a little in the lower internodes, of which elongation has almost ceased at
anthesis (Fig. 2). Contrary to this, WSC as a storage material increased in each part until milk ripening,
decreasing to almost zero at maturity, presumably due to translocation to the ear. WSC has been rapidly
accumulated before anthesis in the lower internode, but started to store at about anthesis in peduncle and the
second internode, and attained the maximum at about a week before milk ripening in the lower internodes, just
at the milk ripe stage in the second internode and several days after milk ripening in peduncle.

For all varieties the percent WSC was higher in the second internode and the amount of WSC in the lower
internodes was more than in peduncle and the second internode at milk ripe stage, suggesting that the second
and lower internodes were main storage organs. In addition the percent and amount of WSC were larger for
semi-dwarf Haruyutaka than for tall Haruhikari and Selpek.

Key words : Cell wall constituent, Lower internodes, Net cellular matter, Peduncle, Second internode, Spring
wheat, Storage material, WSC.
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Generally in wheat the reserve materials  Kiihbauch!® reported the distinct increase of

stored in the culm contribute to the grain
growth during grain filling period. Lopatecki
et al.? showed that oligosaccharide formed the
dominant carbohydrate stored in culms prior
to ripening of the grain. Thome and
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fructosan concentration during the period
from anthesis to milk ripening. The reserve
materials increase generally until milk ripening
and then decrease, as shown with soluble
carbohydrate by Spiertz and van de Haar!?,
and with cellular contents by Takahashi et
al.'® Shimono” showed that the sugar content
in second internode is the most of all at the
two weeks after anthesis (milk ripening). On
the other hand the content of reserve material
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was different in varieties, particularly, between
tall and semi-dwarf types as reported by many
researchers!10:1216),

In this experiment the changes of cellular
contents and water soluble sugar content
(WSC) were examined after anthesis for the
three internodes of the main culm with three
varieties which are tall, semi-dwarf and tall
late type.

Materials and Methods

1. Crops

Measurements were made in the field of
Agricultural Experiment Farm of Hokkaido
University in 1987. Seeds of three spring wheat
varieties, tall Haruhikari, semi-dwarf Har-
uyutaka and tall late Selpek were sown on 10
May by using the seeder tapes (Nihon Plant
Seeder Co.) buried a seed at 5 cm intervals.
Two seeder tapes were set at 5 cm intervals in
each plot of which size was 2mx 7.5 m. The
plots were arranged in a randomized design
with three replications. When the two to three
leaves expanded, the seedlings were thinned to
a single plant, arrange the 5 cm equi-distant
square pattern (400 pls./m?). A combination
of N: P,O; : K,O as a fertilizer was applied at
the ratio of 90, 120 and 90 kg/ha, respectively,
just before sowing.

2. Sampling

The plants were sampled 10 times from
heading to maturity. Fifty uniform plants were
selected from each sampling area (50 cm X 50
cm, 100 plants), and leaf blades, ear and tillers
were removed. The main culms were then
divided into the three parts of internode, the
peduncle (from the neck node to the flag leaf
node), the second internode (from the flag
leaf node to the second leaf node) and the
lower internodes (from the second leaf node to
the basal node). Each of these three parts of
the internode was dried at 80°C for 48h, and
then weighed and milled for the analysis of
cellular contents and water soluble sugar con-
tent (WSC).

3. Estimation of cellular contents and cell wall

constituent

The cell wall constituents and cellular con-
tents were estimated by the neutral-detergent
method? : the dried sample was weighed and
0.5~1.0 g, was added to a solution containing
100 m!/ neutral-detergent solution, 2 m/ deca-
hydoronaphthalene, and 0.5 g sodium sulfite,

and boiled for 60 min and adjusted to even
level and reflex. The solution was filterd
through a tared nylon filter with vacuum. The
filtered sample was rinsed with hot (80
~90°C) water. It was then washed with
acetone and dried at 100°C for more than 8h.
Thereafter it was cooled in a desicator and
weighed. The weight of cell wall constituents
was calculated by subtracting the weight from
the sample plus filter weight. The cell wall
constituent contains cellulose, hemicellulose,
lignin, SiO, and a part of protein. The weight
of cellular contents was calculated by subtract-
ing the weight of the cell wall constituent from
the weight of the dried sample. The neutral-
detergent solution consisted of 30 g sodium
lauryl sulfate, 18.61 g disodium dihydrogen
ethylene-diaminetetraacetic dihydrate, 6.81 g
sodium borate decahydrate, 4.56 g disodium
hydrogen phosphate, and 10 m/ 2-
ethoxyethanol in 1 / distilled water.

4.  Estimation of water soluble sugar content

(WSC)

WSC were estimated by the anthrone
method!?. For the extraction of WSC, the
sample was weighed, 0.1~0.2 g was added to
50 m/ water, and extracted in water at 20°C by
shaking for 1 hour. Thereafter, the WSC solu-
tion was separated from solid material by a
centrifuge. For reaction, 200 x4/ of extracted
solution was added to 10 m/ anthrone reagent,
mixed and heated in a boiling water bath for
10 min. It was then cooled using ice water.
The WSC of the reacted samples were mea-
sured using a photoelectric colorimeter with a
620 nm wavelength which shows linear regres-
sion with a standard sugar solution. The anth-
rone reagent was made by dissolving 0.2 g of
anthrone in 100 m/ of H,SO, ; the latter pre-
pared by adding 500 m/ of conc. acid to 200
m/ of water.

Table 1 shows the percent WSC as deter-
mined by the anthrone method and its relation
to the percents of glucose, fructose, sucrose
and fructosan as estimated by enzymatic
determination (HK/G6P-DH method)?8!%.
WSC might contain glucose, fructose, sucrose
and fructosan.

Result

1. Changes in culm dry weight
Fig. 1 shows the changes with time in the
dry weight of three parts of the main culm for
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three varieties after anthesis. The total culm
weight greatly increased from the anthesis to
milk ripe stage, mainly due to the increase in
peduncle and second internode, and was as-
sociated with elongation after anthesis. Dry
weight of the lower internodes slightly in-
creased for Haruhikari and Haruyutaka, but
decreased for tall late Selpek of which culm
elongated rapidly before the heading stage.
Selpek had a significantly heavier dry weight
in the lower internodes than the other two
varieties. After the milk ripe stage, the dry
weight of each part decreased gradually until
maturity.

2. Changes in cell wall constituent, cellular

contents and WSC

The contents of dry matter in culm can be
divided first into two parts, that is, the cell wall
constituent and cellular contents. The cellular
contents into net cellular matter and WSC as
a temporary storage material. Since the time

Table 1.

trend of three components in each part was
almost the same during the grain filling period
for each variety, the patterns of Haruyutaka
are shown in Fig. 2.

Cell wall constituent increased greatly from
the anthesis to milk ripe stage in the peduncle
and second internode, which elongated contin-
uously after anthesis, but only a little in the
lower internodes of which elongation was
almost finished at about anthesis. After milk
ripening, however, it changed very little until
maturity in each part. The percentage of cell
wall constituent at the milk ripe stage was the
lowest in the second internode for each variety
and semi-dwarf Haruyutaka had the lower
values than any of the other tall varieties
except the peduncle (Table 2). Contrary to
this, cellular contents in each part increased
from the anthesis to around milk ripening,
then decreased until maturity, mainly
reflecting the change in WSC which increased

Percentages (dry weight basis) of WSC determined by anthrone method and those of

glucose (glu), fructose (fru), sucrose (suc) and fructosan (frn) determined by em-
zymatic sugar determination (HK/G6P-DH method) .

Parts of Anthrone method HK/G6P-DH method

main culm WSC glu fru suc frn total
Peduncle 13.92 2.83 2.72 5.27  2.26 13.08
Second internode 24 .69 2.76 1.99 14.54 5.25 24 .53
Third internode 33.15 2.83 2.76 18.07 9.05 32.70
Lower internodes 26.78 2.08 3.22 14.36  7.52 27.18

The data were measured with spring wheat, cv Haruyutaka, at a week after anthesis (July 4,

1989) .
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Fig. 1.

Changes with time in the dry weights of three parts of the main culm for three varieties

(from 10 days before anthesis to maturity). Arrows show the milk ripe stage.
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of the main culm for Haruyutaka (from 10 days before anthesis to maturity). Arrows show the

milk ripe stage.

Table 2. Percentages of cell wall constitu-
ent (dry weight basis) at the milk

ripe stage.
Second  Lower
Peduncle inter- inter- Total
node nodes
Haruhikari 72.0 64.0 71.7 70.1
Haruyutaka  71.2 57.6 60.6 62.2
Selpek 74.3 63.8 68.3 68.3
Mean 72.5 61.8 66.9 66.9
Significance NS NS *x *x

** 1 1% level of significance.

NS ! not significance.

over milk ripening and almost disappeared at
maturity. Net cellular matter (cellular con-
tents minus WSC) also increased over milk
ripening and then slightly decreased in pedun-
cle and the second internode, However its
variation was relatively small compared to that
of WSC.

In the lower internodes WSC had already
accumulated before anthesis, but started to
store at about anthesis in the second internode
and peduncle. The maximum value of WSC
was obtained at about a week before milk
ripening in the lower internodes, just at the
milk ripe stage in the second internode and
several days after milk ripening in peduncle.
As shown in Fig. 3, such a time lag was also

recognized in the time shift of percent WSC.
The time trend and maximum level (about
209,) of percent sugar was relatively similar
between the lower and second internodes, but
shifted lower in the peduncle (about 109)
than those of the other two parts. The percent-
age of cellular contents including WSC de-
clined from about 409, at anthesis to about
2097, at maturity in each part, though stagnat-
ed around milk ripening, reflecting the
increase in the amount of WSC.

3. Vanetal difference i the

decrease of W.SC

Table 3 shows the amount and percentage
of WSC in three parts of the main culm at
anthesis, milk ripe stage and maturity for the
three varieties. At anthesis there were a little
WSC in the peduncle and the second inter-
node, but a considerable amount of WSC was
accumulated in the lower internodes, espe-
cially for Haruyutaka and Selpek, indicating
that the lower internodes play a role as storage
organ for surplus photosynthate, before anth-
esis. The amount of accumulated WSC in the
lower internodes by anthesis was 36 mg, 98 mg
and 113 mg, equivalent to 759, 849, and
9197, of that of the total for Haruhikari,
Haruyutaka and Selpek, respectively

Extending over milk ripening, WSC started
to accumulate in the peduncle (12~22 mg),
especially in the second internode (30~-52
mg) for each variety and the percent WSC in
the second internode reached 12.29,, 19.19,

increase and
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and 16.29 at the milk ripe stage for Haruhi-
kari, Haruyutaka and Selpek, respectively. In
the lower internodes Haruhikari and Har-
uyutaka accumulated almost equivalent WSC
to the amount accumulated in the peduncle
and the second internodes, but Selpek de-
creased WSC. As the results, the amount of
accumulated WSC in the main culm from the
anthesis to milk ripe stage was the highest for
semi-dwart Haruyutaka and lowest for tall late
Selpek. After the milk ripe stage the ac-
cumulated WSC  disappeared gradually in
each part and percent WSC decreased to
about 19 level at maturity.

Discussion

Dry weight of the main culm generally
increase from the anthesis to milk ripening,
then decreased wuntil maturity®>'®. The
increase up to around milk ripening was

mainly dependent on the increase in net cellu-
lar matter and cell wall constituent associated
with the growth of upper internodes, and was
also, at least partially, due to WSC as a reserve
material in the culm after anthesis. The
decrease after milk ripening, however, was
attributed only to a decrease in WSC; since net
cellular matter and cell wall constituent chan-
ged little until maturity.

After anthesis, the flag leat is the main
supplier of the assimilate for grain growth®*®
and the velocity of movement through the top
internode was about double that down the leal
sheath'®. In addition, the reserve material
stored in the culm has also been reported to
contribute to grain growth®'®. The general
pattern of WSC as a storage material obtained
in this experiment suggests that WSC continu-

ously accumulates in each internode of the
main culm until milk ripening and then trans-
locates to other plant organs, presumably to
grain, finally near zero at maturity. However,
Selpek decreased the WSC! in the lower inter-
nodes {rom the anthesis to milk ripening, in-
dicating that the pattern of accumulation and
translocation of WSC differ among varieties.

A temporary storage of material in the culm
was pointed out to occur in the lower part of
the uppermost culm internode by Stoyv!'"] the
second internode by Wardlaw and Porter!'®),
or the top and second internode by Rawson
and Hofistra®. Shimono” also observed the
great change of sugar content of the second
internode during the grain filling period. Simi-
larly, in this experiment, the percent WSC at
the milk ripe stage was higher in the second
internode than in the peduncle and lower
internodes for each variety. However, after
anthesis Haruhikari and Haruyutaka ac-
cumulated in the lower internodes an almost
equivalent WSC to the amount accumulated
in the peduncle and the second internode
(Table 3), indicating that the lower internodes
were also @ main storage organ for these
varieties. Generally, lower leaves supply assim-
ilate to the base and roots of plants'''®. With
Haruhikari and Haruyutaka, which have erect
and small sized leaves, light was observed to
penetrate deeper within the canopy when
compared with Selpek (unpublished). From
these observations, the difference in the
increase and decrease of WSC {rom the anth-
esis to milk ripening might reflect the
difference in the light conditions within the
canopy.

The amount ol WSC decreased from the

Lower internodes Second internode Peduncle
60
40T
= Y
=
k3
g
o 20F PaluN N
- N / N
\ ’ \ -
S e - = N - .- \
ol . M . . A | o o~ 0 . S~
10 0 10 20 30 40 10 0 10 20 30 40 —-10 0 10 20 30 40

Days after anthesis
Fig. 3. Changes with time in the percentages of cellular contents (solid line) and WSC: (broken
line) for drv weights of three parts of main culm of Haruyutaka. Arrows show the milk ripe

stage.
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Table 3.

The amount (mg/pl.) and percentage (parenthesis) of WSC in three parts of the

main culm at anthesis, milk ripening and maturity for three varieties.

Variety and Anthesis Milk ripe Maturity . .
internode (An) stage (Mi) (Ma) An-Mi Mi-Ma
Haruhikari

Peduncle 3.9 (2.8 23.8 (7.2 1.5 (0.6) 19.9 -22.3

Second internode 7.9 (4.1 37.5 (12.2) 1.8 (0.8) 29.6 -35.7

Lower internodes 35.9 ( 4.9) 84 .6 (10.2) 3.1 (0.5) 48.7 -81.5

Total 47.7 ( 4.5) 145.9 (10.0) 6.4 (0.6) 98.2 -139.5
Haruyutaka

Peduncle 5.2 (1 3.6) 27.6 (9.7) 2.7 (1.1) 22 .4 -24.9

Second internode 13.3 (7.2) 56.8 (19.1) 2.2 (1.0) 43 .5 -54.6

Lower internodes 98.2 (13.5) 155.2 (20.2) 7.7 (1.4) 57.0 -147 .5

Total 116.7 (11.1) 239.6 (17.7) 12.6 (1.2) 122.9 -227.0
Selpek

Peduncle 4.2 (2.4) 15.8 ( 6.0) 1.2 (0.5) 11.6 -14.6

Second internode 6.8 (2.7) 58.7 (16.2) 3.5 (1.3) 51.9 -55.2

Lower internodes 113.3 (11.8) 83.1 ( 8.5) 9.7 (1.2) -30.2 -73 .4

Total 124 .3 ( 8.9) 157.6 ( 9.9) 14.4 (1.1) 33.3 -143.2
Varietal difference

Peduncle NS (NS) * (%) NS (NS)

Second internode NS (NS) NS (NS) NS (NS)

Lower internodes ** () * (**) NS (NS)

Total (%) ** (**) NS (NS)

*k %k *

N .

milk ripe stage to maturity, almost equivalent
to the amount accumulated until milk ripen-
ing, and was about 609, larger for Haruyuta-
ka than Haruhikari and Selpek, suggesting
that semi-dwarf varieties have more reserve
materials in culm than tall ones as reported by
many workers!1®1216 Tt is interesting to note
that semi-dwarf Haruyutaka accumulated
twice the WSC in the lower internodes as that
in the upper two internodes.
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