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Abstract : Spring wheat varieties, early Haruyutaka and late Selpek, were grown under field conditions to find
the relation between leaf emergence rate and temperature. Fourteen sowings were made at two week intervals from
March 17 (S1) to September 13 (S14). Leaf expanding degree (Haun’s scale) were measured daily, and shoot
apices were checked every day to determine the date double ridge stage (DRS) appeared. Final leaf numbers
differed by only one, although the first nine sowings ranged over four months from March (S1) to July (S9).
Late variety Selpek always had one more leaf than early variety Haruyutaka for S1~S9, suggesting that the final
number of leaves was closely related to the earliness of varieties. Leaf emergence rates with accumulated
temperature (AT) were higher before than after DRS, and those before DRS decreased with delay in sowing time.
The leaf expanding degree at DRS did not vary greatly among sowing times, but were synchronized with
phenology. We established regressions before and after DRS for the relation between leaf expanding degree and
AT. The coefficients (a) before DRS were higher than those after DRS for both varieties. In addition, their
standard deviation was large so that inclinations of regressions before DRS differed with sowing time. We
concluded that leaf emergence rate has a squared relation with mean temperature before DRS and a linear
relation with mean temperature after DRS.
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Wheat produces leaf blades from emergence  linearly!”. Number of leaves and leaf emer-

until the expansion of flag leaves. We obser-
ved that the dry matter partitioning to leaf
blades was high from emergence to flag leaf
primordium initiation (almost the same time
as to double ridge stage), and then decreased
with culm elongation until flag leaf emergence.
The former period was therefore defined as
growth phase I and the latter period as growth
phase I1'®. Moreover, we found that there was
a linear relation between the rate of develop-
ment and temperature in these two growth
phases, and that photoperiod also related

* An outline of this paper was presented at the 190th
(October, 1990) meeting of the Crop Science Society
of Japan.

gence rate must determine the durations of
these two growth phases, because flag leaf
emergence is a sign of the end of growth phase
II. Although a later leaf like flag leaf is differ-
ent in its size, function and role from an earlier
one like the first leaf to emerge, it is reported
that all leaves emerge similarly and that emer-
gence rate is determined by accumulated tem-
perature (AT)!479,

Our objective was to determine the relation
between leaf emergence rate and phenology,
that is, between leaf emergence rate and
temperatuer, in two growth phases: growth
phase T and growth phase II. In this experi-
ment, we quantified leaf emergence in the
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main stem of early and late varieties sown 14
times at two week intervals.

Materials and Methods

Spring wheat varieties, semi-dwarf early
Haruyutaka and tall late Selpek were used at
the Experimental Farm of Hokkaido Univer-
sity 1989. Seeds were set on seeder tapes
(Nihon Plant Seeder) every 5cm and the
tapes were planted 2 cm deep with 5 cm inter-
vals (400 plants m~2). Fertilizer was applied
just before sowing : N, 90 kg hectare™ ; P,O,
150 kg ; and K,O, 75 kg. Fungicide and insec-
ticide were applied a few times to prevent
powdery mildew, rust, flies, armyworms and
plant louse.

We set up fourteen sowing times at two
week intervals from March 17 (S1) to Septem-
ber 13 (S14). S1 emerged on May 31 and S14
on September 19 (Table 1). Each plot had the
area of 2 m X3 m with no replications. Haun’
s scale score® was measured on three main
stems every day for each sowing time. The
score was determined by leaf expanding
degree (number of expanding leaves and
degree of expanding leat). In addition, we
decided the dates which showed 2.0, 3.0, 4.0,
5.0, 6.0, 7.0, 8.0 and 9.0 of Haun’s scale from
15 data of five days before and after the dates.
Double ridge stage (DRS) was determined by
daily observation of the main shoot apex of
the three plants using a microscope. Then we
decided the dates as similar manner as the leaf
expanding degree.

Results

1. Leaf expanding degree for the 14
sowing times

Figure 1 shows changes in leaf expanding
degree of Haruyutaka with accumulated tem-
perature (base temperature is 0°C) for the 14
sowing times. Final leaf numbers, from first
leaf to flag leaf of the main stem, were eight in
S1~84 and seven in S5~S9; flag leaves had
not emerged when winter snow cover began in
S10~S14. Leaf expanding degree increased
with AT, and the rate of increase before DRS
was higher than that after DRS for all 14
sowing times. The rate of increase was particu-
larly high before DRS in SI~S8, but did not
differ among sowing times after DRS (see
coefficients (a) in Table 3). Figure 2 shows
changes in the leaf expanding degree of Selpek

Table 1. Sowing and emergence times.

Sowing Emergence
S1 17 March 31 March
S 2 30 March 11 April
S 3 12 April 25 April
S 4 26 April 7 May
S5 10 May 20 May
S 6 24 May 1 June
S 7 9 June 16 June
S8 21 June 28 June
S 9 7 July 1T July
S10 19 July 24 July
St 2 Aug. 12 Aug.
S12 18 Aug. 23 Aug.
S13 30 Aug. 4 Sep.
S14 13 Sep. 19 Sep.

with AT for the 14 sowing times. The final
number was nine in S1~S84 and S9 and eight
in S5~88, one leat more than those of Har-
uyutaka in most sowings. As in Haruyutaka,
flag leaves had not emerged in S10~Si14.
Increase rates before DRS were also higher
than those afterwards, and were higher in S1
~88 than in S9~S14, similar to Haruyutaka.

2. Days, AT and leaf expanding degree

at DRS

DRS has been known as the turning point
in the pattern of dry matter partitioning!®. In
this experiment, it also seemed to be a turning
point for leaf emergence rate in both varieties.
Table 2 shows days and AT from emergence
and leaf expanding degree at DRS. We were
unable to determine the date of DRS in S9 of
Selpek, however, because the plot was not
uniform and the plants were varied greatly in
their development. Days after emergence
became fewer as sowing time was delayed in
S1~88 for both Haruyutaka and Selpek ; it
was lowest in S8, then increased with later
sowing for S8~S14 in each variety. AT was
lowest in S3, S5 and S7 and highest in S10, S11
and S12 for Haruyutaka, and was lowest in S2,
S3 and S5 and highest in S10 and S11 for
Selpek. The leaf expanding degree did not
reach 4.0 in S4~S8 for Haruyutaka, while
fifth leaves were emerging in S1~S3 and S9
~S14. Most Selpek plants had one more leaf
than Haruyutaka, because Selpek had five
days more after emergence than Haruyutaka
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and AT was higher at 71°C day. Leaf emer-
gence rate seemed to synchronize with
phenology rather than with time, because the
coefficient of variation among sowing times

was lower for leaf expanding degree (129)
for both varieties, and was higher for days

after emergence and AT (25~419,). Final
number of leaves also differed only by one
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despite time sown, while days after emergence 3. Regression analysis for leaf emer-
differed considerably. gence rate with days and AT

Regression lines were established for rela-

tions between AT and leaf expanding degree
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(Haun’s scale) at each of the 14 sowing times
for the two varieties. Table 3 shows the coefti-
cients (a) and the constants (b) of these
regressions. Leaf emergence rates before DRS
were higher than those afterwards, so that the
coefficients (a) before DRS were higher for
both varieties. They were higher for Haruyuta-
ka than for Selpek, especially after DRS.
Regression lines before DRS crossed the origin
of the coordinate axes because the constants
before DRS were almost zero. On the other
hand, standard deviations of the coefficients
(a) before DRS were higher than those after
DRS ; thus the regression lines had different
inclinations among sowing times before DRS,
and the inclinations after DRS were all the
same for each sowing time. The coefficient (a)
before DRS decreased from SI to S10 and
increased from S10 to S14 for Haruyutaka and
decreased from S1 to S11 and increased from
S11 to S14 for Selpek, while mean temperature
increased from SI to S10 and decreased from
S10 to S14 for both varieties. Thus, it seems
that there are negative linear relations between
these coefficients (a) before DRS and mean
temperature.

We also calculated the regression lines of
leaf expanding degree with days after emer-
gence. The coefficients of these regressions, a
(days), and the coefficients of regressions for
AT, a (AT), were dependent on mean tem-
perature before and after DRS for the two
varieties. Table 4 shows correlation coefficients
of these relations. The correlation coefficients
of relation before DRS between a (days) and
mean temperature were significantly negative,
higher than 0.60 for both varieties. Those
between a (AT) and mean temperature were
negative and higher than 0.89. Therefore, leaf
emergence rate before DRS might show a
squared relation with mean temperature. On
the other hand, after DRS, correlation coeffi-
cients of the relation between a (days) and
mean temperature were significantly negative,
0.82 for Haruyutaka and 0.53 for Selpek.
However, those between a (AT) and mean
temperature were not significant. Therefore,
leaf emergence rate showed a linear relation
with mean temperature after DRS. This rela-
tion was more significant for Haruyutaka than
for Selpek.

Table 2.
from emergence and

Days, accumulated temperature
leaf expanding
degree (Haun’s scale) at double ridge

stage in Haruyutaka and Selpek.

Sowing Days after AT

(°C days)

Leaf expan-

time emergence ding degree

Hy Sp Hy Sp Hy Sp

S 1 30 34 209 240 4.4 5.1
S 2 24 27 177 209 4.1 5.0
S 3 19 24 152 208 4.1 4.9
S 4 16 19 180 219 3.5 4.6
S5 13 16 163 205 3.3 4.2
S6 14 17 191 239 3.8 4.3
S7 11 17 162 266 3.2 4.3
S8 11 15 189 267 3.4 4.3
S9 14 - 295 — 4.2 -
S10 17 23 405 539 4.3 6.2
Sil 19 26 408 555 4.7 5.7
S12 20 23 409 467 4.6 5.2
S13 17 25 320 443 4.2 5.4
S14 24 29 328 392 4.4 5.3
Mean 18 23 256 327 4.0 5.0
C. V. 30 25 39 41 12 12

AT : accumulated temperature (base temperature is
0°C).

Hy : Haruyutaka, Sp : Selpek.

C. V. : Coefficient of variance (%)

Discussion

In general, the development of leaves is
known to accelerate linearly with temperature
and the leaf emergence rate to be linearly
related with AT*#79_ In this experiment, there
were linear relations between leaf emergence
rates and AT for both early and late spring
wheat varieties ; further, their inclinations
were different before and after DRS (Figs. 1
and 2). DRS, ear primordium initiation, is at
almost concurrent with the end of leaf primor-
dium initiation. The final number of leaves is,
therefore, determined by this stage. The rate
of leaf initiation closely governs leaf emergence
rate. So, these factors are important in contro-
ling development in wheat. While the leaf
initiation rate increases with temperature, its
rate of increase was reported to accelerate with
long daylength®5!31%) Crops S1~89 differed
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Table 3.

Coefficients (a) and Constants (b) of regression lines (Y =aX+b) for the relationship

between leaf expanding degree (Haun’s scale, Y X 107?) and accumulated temperature (°C

days) for Haruyutaka and Selpek.

Before DRS After DRS
Haruyutaka Selpek Haruyutaka Selpek

a b M.T. a b M.T. a b M.T. a b M. T
S 1 2,02 — 1 7.0 2.02 — 2 7.1 1.40 158 10.7 1.17 241 11.5
S 2 2.28 0 7.4 2.41 — 4 7.7 1.22 225 11.5 1.08 295 12.2
S3 2.57 21 8.0 2.21 55 8.7 1.21 238 12.8 1.20 238 13.0
S 4 1.94 9 11.3 1.95 11 11.5 1.36 160 13.0 1.21 204 13.4
S5 1.85 17 12,5 1.87 16 12.8 1.24 128 14.1 1.25 151 14.3
S 6 1.91 10 13.7 1.89 11 14.0 1.29 141 15.7 1.16 177 15.9
S 7 2.08 8 14.7 1.67 25 15.6 1.07 157 18.0 1.08 156 18.8
S 8 1.73 23 17.2 1.73 23 17.8 .11 157 20.7 0.86 231 22.3
S9 1.35 22 21.1 1.25 26 21.9 1.17 41 23.3 0.78 203 22.7
S10 0.99 31 23.8 1.07 23 23.4 0.92 32 22,0 0.78 180 21.4
S11 1.12 0 21.5 1.02 32 21.3 0.91 86 20.3 0.40 373 18.2
S12 1.13 4 20.5 1.09 1T 20.3 0.89 89 16.7 0.59 264 13.7
S13 1.36 12 18.8 1.22 18 17.7 0.83 169 13.4 0.72 222 11.5
S14 1.43 — 6 13.7 1.30 12 13.5 0.93 135 11.1 0.82 179 10.2
Mean 1.70 11 1.62 18 1.11 138 0.94 222
S.D. 0.48 11 0.46 15 0.19 57 0.26 60

DRS : double ridge stage. M. T. : mean temperature (°C) before DRS (from emergence to DRS)
and after DRS (from DRS to final leaf emergence). S. D. :standard deviation.

by only one leaf in final number of leaves,
although they were sown ever a range of four
months from March to July. This might be
resulted by higher temperature and longer
photoperiod during early summer. Late vari-
ety Selpek always had one more leaf than early
variety Haruyutaka, indicating that the final
number of leaves might be closely related to
the earliness of varieties. Kirby et al.’" also
stated that differences in maturity are associat-
ed with reduction in number of leaves in their
comparison of 14 wheat varieties. The
developmental rate before DRS might be
attributable to initiation and emergence rates
of leaves rather than to final number of differ-
entiated leaves. Because the leaf expanding
degree at DRS did not greatly differ among
the 14 sowing times (Table 2), and these rates
nearly synchronized with phenology. Mitchell
et al.'® suggested that a crop compensates for
a large number of leaf primordia which have
not yet emerged, and/or a slow rate of leaf
emergence, by ending leaf initiation earlier,

thereby ensuring a relatively constant date of
flag leaf emergence. Their statement supports
and emphasizes our observation.

We calculated linear regressions between
leaf expanding degree and AT before and
after DRS (Table 3). The leaf emergence rates
were higher before DRS for both varieties.
This inclination was different among sowing
times before DRS because the standard devia-
tion was higher, leading to the conclusion that
leaf emergence rate has a squared relation
with mean temperature (Table 4). The reason
for this squared relation is not known,
although effects of temperature, photoperiod
or nutrition on leaf emergence rate were
found. Leaf emergence rate was reported to be
accelerated by long daylength!® and nitrogen
supply!®. Aspinall and Paleg? showed that
increasing light intensity increased the rate of
primordium production. However, Kirby et
al.’V indicated that the rate of leaf initiation
increased with temperature but photoperiod
had little effect. Baker and Gallagher® found a
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Table 4.
between coefficients a(days) or a(AT)

Correlation coefficient of relations

and mean temperature before and after
double ridge stage (DRS) for Haruyuta-
ka and Selpek.

Before DRS  After DRS

Haruyutaka

a(days) —0.617* —0.824***

a(AT) —0.899***  —0.345
Selpek

a(days) —0.609* —0.528*

a(AT) —0.893*** —0.297
a(days) : coefficient of linear regression

between leaf expanding degree and days after
emergence.

a(AT) : coefficient of linear regression between
leaf expanding degree and accumulated tem-
perature after emergence,

*, **x: 5% and 0.1% of significance.

’

quickening of leaf appearance rate with rising
temperature for spring sowing times, while
Jones and Allen'? suggested that rate of leaf
emergence was characterized by long periods
when leaves emerged linearly with time,
despite considerable variation in temperature.
Because photoperiod increases and decreases
similarly as temperature does, especially we
have to assess the independent effect of tem-
perature and photoperiod, respectively. The
influence of these various factors on leaf emer-
gence rate and final number of leaves should
be assessed in future.
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