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The Finnish growing season is particularly short, with an intensive growth period, unfavourable rain-
fall distribution and frequently occurring fluctuations in climate that affect crop growth and yield
formation. A three-year study was conducted in the field to determine the contribution of alterations
in canopy structure, tillering and stem elongation among dwarf (D), semidwarf (SD) and tall (T) oat
(Avena sativa L.) lines to yield formation. Yield components, leaf characteristics and straw traits
were measured from six oat lines (D lines Pal and Grane, SD lines Hja 76416 and Salo, and T lines
Veli and Jalostettu maatiainen) separately on the main shoot and tillers. Results indicated that long
leaf area duration and high leaf area index were associated with increased grain yield probably due to
more persistent and active assimilation. Also, higher number of leaves increased the grain yield.
Higher peduncle, straw and node weights associating with increased grain yield may result from
more abundant assimilate reserves; however, the longer the straw and peduncle, the lower the grain
yield, which may result from increased lodging of SD and T lines. The traits contributing most to the
grain yield varied greatly from year to year. It is concluded that no single dominant trait determined
grain yield, since yield is a product of several different traits. SD lines seemed to be most promising
for further breeding programs on the basis of their growth pattern and yielding ability.

Key words: Avena sativa L., dwarfing gene, internode, leaf area, leaf area duration, plant height, plant
stand
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Introduction

Dwarfing genes have been effective sources for
lodging control that have enabled higher input
use and catalysed the Green Revolution. Brown
et al. (1980) demonstrated with oat and Ander-
son and Smith (1990) and Grant et al. (1991) with
wheat (Triticum aestivum L.) that lines differing
in height due to introduction of dwarfing genes
differed also in their response to growing condi-
tions and crop management. Dwarf (D) and sem-
idwarf (SD) wheat lines containing Rht1 or Rht2
alleles, often out-yielded their taller counterparts
(Borrell et al. 1991, Donaldson et al. 2001). This
is due to the dwarfing gene enhancing floret and
grain set and survival (Anderson and Smith 1990,
Borrell et al. 1991, Miralles and Slafer 1995).
This may be associated with increased tillering
of dwarf lines (Borrell et al. 1991). Youssefian
et al. (1992) also demonstrated that stems com-
peted less for nutrients, leading to a greater pro-
portion of dry matter being partitioned to the ears
of the Rht genotype. This occurs beginning with
very early development stages and provides an
avenue for production of a greater number of
competent florets per ear, which favours grain-
set of dwarf lines (Youssefian et al. 1992). Higher
grain number of SD and D lines in wheat con-
tributes, however, to decreased grain weight
(Flintham and Gale 1983, Pinthus and Levy
1983, Keyes and Sorrells 1989, Miralles and
Slafer 1995), but this is not due to increased com-
petition for assimilates. Rather, lines with dwarf-
ing genes had a greater proportion of their grains
at distal positions compared with T lines, and
lower mean grain weight was a result of restrict-
ed assimilate transport capacity rather than
source limitation (Miralles and Slafer 1995).

The primary effects of the dwarfing genes on
growth are particularly well demonstrated for
wheat, while few publications concern oat, and
even fewer address the effect of the dwarfing
gene Dw6 on growth of oat at high latitudes
(Mäkelä et al. 1996). As lines carrying the dwarf-
ing gene may express a photoperiod response,
being thereby daylength sensitive like wheat

(Knott 1986), the development, growth and yield
components of D and SD oat lines, compared
with those of conventional height lines, may dif-
fer markedly when grown under northern grow-
ing conditions. Hence, this three-year study
aimed to describe pre- and post-anthesis growth
of D and SD oat lines at high latitudes and eval-
uate their yielding capacity and contribution to
differences in tillering, leaf characteristics and
source to sink interaction in productivity.

Material and methods

Plant material and experimental design
Field experiments were conducted in 1999, 2000
and 2001 at the Suitia Experimental Farm of the
University of Helsinki (60˚N). Plant material
consisted of six oat lines: Grane (D; 73 cm), Pal
(D; 70 cm), Hja 76416 (SD; 81 cm), Salo (SD;
80 cm), Veli (T; 104 cm), and Jalostettu maa-
tiainen (T; 110 cm).

Plots were sown on 18 May 1999, 10 May
2000 and 9 May 2001. Sowing density was 500
grains per square meter. Plots were fertilised with
80 kg N ha-1 (Pellon Y3, N-P-K:20-3-9, Kemira
GrowHow, Finland). Weeds were controlled with
Express 75DF (tribenuron methylene 750 g kg-1,
suppl. Kemira GrowHow, Finland) annually at
the four-leaf stage. The experiments were con-
ducted in a randomised complete block design
with five replications. Plot size was 10 square
meters (8 m × 1.25 m).

Sampling and growth parameters
Plant samples were collected every other week.
Sampling began at the four-leaf stage. Ten ran-
dom plants per plot were cut at ground level and
used for analysis of leaf area formation and bio-
mass accumulation. Each sample was divided
into main shoot and tillers. Main shoots were
measured for length (cm) and further divided into



172

A G R I C U L T U R A L A N D F O O D S C I E N C E

Mäkelä, P. et al. Growth and canopy architecture of oat

head, leaf laminae, dead leaves (> 50% of the
area senescent), leaf sheaths, peduncle, nodes
and the remainder of the stem. Number of tillers
was recorded, and tillers were divided into frac-
tions similar to the main shoots. All samples were
dried and weighed (g). Number of plants and
heads per square meter, date of heading and
maturity, and percentage of plot area lodged (%)
were recorded. Several additional parameters
(Table 1) were calculated.

Statistics
Statistical analyses were carried out with the
Statistical Analysis System (Littell et al. 1996).

LSMEANS and differences among LSMEANS
were estimated using PROC MIXED. Forward
elimination of stepwise regression analysis was
used to determine the primary traits, which to-
gether made the greatest contribution to grain
yield, harvest index (HI, %), number of grains
per plant, and plant total phytomass separately
in different years.

Results

Averaged over years Pal had lower grain yield
than all other lines, and Pal and Salo had fewer

Table 1. Morpho-physiological traits measured and calculated for oat lines monitored in a field experiment carried out at
Suitia Experimental Farm, Siuntio in Finland in 1999–2001.

Trait Definition, procedure, or formula

1. Grain yield, g plant-1 Whole plant, tillers
2. Number of grains plant-1 Whole plant, tillers
3. Phytomass, g plant-1 Weight of vegetative parts of the plant
4. Harvest index 100 × (1) / [(3) × (1)]
3. Tillers, no. main shoot-1 At maturity
5. Number of leaves plant-1 At maturity
6. Weight of leaf laminae, g plant-1 At maturity, main shoot
7. Weight of leaf sheaths, g plant-1 At maturity, main shoot
8. Leaf area index, cm2 m-2 Area of green leaf laminae cm2 m-2 ground area; main shoot, tillers, and

the whole plant
9. Leaf area duration fLAI/dt, where t is cumulated degree days (dd˚C, base temperature 5˚C)

from seedling emergence to yellow ripeness; at pre-, post-, and anthesis
10. Specific leaf area, m2 kg-1 Area of green leaf laminae m2 kg-1 weight of green leaves; at pre-, post-,

and anthesis
11. Number of leaves of the main shoot At pre-, post-, and anthesis
12. Number of dead leaves of the main shoot At pre-, post, and anthesis
13. Plant height, cm Distance from soil surface to head tips at maturity
14. Weight of nodes, g plant-1 Main shoot
15. Length of peduncle, cm Main shoot
16. Weight of peduncle, g plant-1 Main shoot
17. Length of straw, cm Main shoot
18. Weight of internodes, g plant-1 Main shoot
19. Weight of leaves, g plant-1 Main shoot, tillers
20. Weight of straw, g plant-1 Main shoot, tillers
21. Weight of panicles, g plant-1 Main shoot, tillers
22. Tiller contribution to leaf area, % (Area of green leaf area of tillers/area of green leaf area of the whole

plant) × 100; tillers
23. Tiller harvest index, % As (4)
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grains per plant than the other lines evaluated
(Table 2). The HI of Pal averaged over years was
lower than Grane, Hja 76416 and Salo and sim-
ilar to Veli and Jalostettu maatiainen. Pal is a
dwarf oat with the Dw6 gene adapted to north-

ern American growing conditions, while Salo is
a semidwarf oat bred for Fenno-Scandian con-
ditions. Even though the weather conditions var-
ied over years (Table 3), there were no signifi-
cant differences attributable to years.

Table 2. Grain yield, harvest index, number of grains and plant total phytomass of oat lines monitored in a field experi-
ment carried out at Suitia Experimental Farm, Siuntio in Finland in 1999 - 2001.

Trait Line
Dwarf Semidwarf Tall

Grane Pal Hja76416 Salo Jama* Veli

Grain yield (g plant-1 )
1999 1.66 ab 0.93 a 1.40 ab 1.48 ab 1.68 ab 1.41 ab
2000 1.82 ab 1.42 a 1.90 ab 1.86 ab 1.92 ab 2.25 ab
2001 2.20 ab 1.43 a 2.11 ab 1.88 ab 2.40 ab 2.51 ab
mean 1.89 ab 1.26 a 1.80 ab 1.74 ab 2.00 ab 2.06 ab

Harvest index (%)
1999 56.9 ab 50.5 ab 52.0 ab 54.2 ab 52.5 ab 45.3 aa
2000 48.6 aa 46.5 aa 55.5 aa 53.7 aa 49.7 aa 53.2 aa
2001 52.4 ab 47.0 aa 57.2 ab 53.0 ab 52.7 ab 54.4 ab
mean 52.7 ab 48.0 aa 54.9 ab 53.6 ab 51.6 ab 51.0 ab

Number of grains plant-1

1999 49 ab 30 a 51 ab 39 ab 54 ab 51 ab
2000 61 ab 49 a 74 ab 53 ab 64 ab 69 ab
2001 73 ab 51 a 76 ab 56 aa 77 ab 79 ab
mean 61 ab 43 a 67 ab 49 aa 65 ab 66 ab

Plant phytomass (g plant-1 )
1999 2.90 aa 1.83 a 2.69 aa 2.74 a 3.22 aa 3.07 a
2000 4.09 aa 3.06 a 3.41 aa 3.45 a 3.87 aa 4.22 a
2001 4.21 ab 3.04 a 3.68 aa 3.51 a 4.56 aa 4.62 a
mean 3.74 ab 2.64 a 3.26 ab 3.23 a 3.88 ab 3.97 b

# Means within each row not followed by the same letter are significantly different at P ≤ 0.05.
* Jama = Jalostettu maatiainen

Table 3. Monthly mean temperatures and precipitation for growing seasons 1999–2001 and the long-term means from
1971–1990 at Suitia Experimental Farm, Siuntio, Finland.

Mean temperature (OC) Precipitation (mm)
Month 1999 2000 2001 Long-term 1999 2000 2001 Long-term

April 5.5 6.4 8.0 3.1 70 69.2 53 37
May 7.9 10.6 9.5 9.7 17 24.8 26.6 31
June 17.9 14.2 14.2 15.0 29 35.6 26.6 41
July 18.6 16.6 19.9 17.0 9.4 12.4 16.4 60
August 14.9 14.9 16.0 15.7 9.6 6.8 8.4 74
September 12.3 8.7 11.9 11.1 3.8 4.2 2.6 73
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Leaf dynamics
Leaf area index (LAI) tended to be lowest for
D line Pal both when measured from the main
shoot only and from the whole plant (Fig. 1).
The highest LAI was recorded for T line Veli
both from the main shoot and the whole plant.
Though some variation among lines was dem-
onstrated for tiller LAI, in most cases the oat
lines studied did not significantly differ from
each other or the difference was not of any prac-
tical importance. Lowest LAI of tillers tended
to be for T Veli. There were, however, differ-
ences over years in the highest LAI of tillers.
The specific leaf area (SLA, m2 kg-1) was not
significantly different among the lines studied
when measured at pre- and post-anthesis (data
not shown); however, when measurements were
made at anthesis, some significant differences
occurred: in 2001, SLA was lower in D Pal and
D Grane than in T Jalostettu maatiainen and SD
Salo. The oat lines did not differ significantly
from each other in main shoot leaf area dura-
tion (LAD) with the only exception that D Pal
was among the lowest in 2000 (Table 4). The
number of leaves and dead leaves of lines stud-
ied varied slightly from year to year (Table 4).
The final number of leaves and the weight of
leaf laminae and sheath were lowest for D Pal
when averaged over years (Table 5). Leaf lam-
inae weighed the most in T Veli and sheath in
D Grane, T Jalostettu maatiainen and T Veli
when averaged over years.

Stepwise regression analysis indicated that
leaf number in 1999 accounted for some 88% of
the grain yield per plant (Table 6). In compari-
son, the heavier leaf sheaths and leaves were
associated with lower grain yield, whereas per-
sistent post-anthesis LAD appeared to increase
the grain yield. In 2000, post-anthesis LAD alone
contributed 83% of the grain yield. Further con-
tribution was made by pre-anthesis SLA. Simi-
larly to 1999, heavier leaf sheaths were associ-
ated with lower grain yield. In 2001, higher pre-
anthesis LAD seemed to result in higher grain
yield, but as in 1999, the heavier the leaves the
less the grain yield.

High pre-anthesis LAD correlated positive-
ly with the number of grains per plant in 1999
and 2001 (Table 6). In 1999, a further contribu-
tion of 3% was attributable to high post-anthe-
sis SLA. In 2000, increase in pre-anthesis SLA
was associated with higher number of grains,
and a further contribution of 29% was obtained
with post-anthesis number of leaves and an ad-
ditional 12% with number of dead leaves. In
2001, the second and third highest traits were
anthesis SLA and post-anthesis LAD, which
both decreased the number of grains the higher
their values.

In 1999, high pre-anthesis SLA did not re-
sult in higher HI, but the opposite (Table 6). HI
was, however, higher the greater the number of
dead leaves at post-anthesis in 1999 and 2000.
In 2000, the greatest contribution to HI was re-
corded for pre-anthesis leaf number. 2001 dif-
fered from both previous years as increase in LAI
resulted in higher HI. However, both heavier leaf
sheaths and larger number of leaves at the post-
anthesis stage decreased HI.

In 2000 and 2001, heavier leaf sheaths con-
tributed 96% to phytomass of the whole plant
(Table 6). In 1999, the highest contribution was
obtained with leaf number (94%). Further con-
tributions of up to 100% were obtained with pre-
anthesis SLA, post-anthesis number of leaves
and pre-anthesis LAD in 1999, 2000, and 2001,
respectively.

Tiller dynamics
There were no differences among the oat lines
in pre-anthesis tiller LAD in 1999–2001. Only
slight differences were recorded among the lines
evaluated at the post-anthesis stage in 2001 (Ta-
ble 4). Similarly, percentage of leaf area of till-
ers for whole plants were only slightly different
among lines studied. Average over years, number
of tillers was higher in D Pal than in D Grane,
SD Hja 76416, T Jalostettu maatiainen and T Veli
(Table 7). No differences among lines were found
in total weight of tiller leaves and tiller straw
per plant.
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Table 5. Primary traits of leaf dynamics of different oat cultivars on years 1999–2001.

Leaf Traits Line
Semidwarf Dwarf Tall

Grane Pal Hja76416 Salo Jama* Veli

Leaf Number (no.)
1999 4.5 a 3.7 a 4.1 a 4.3 a 4.7 a 4.5 a
2000 3.4 a 3.2 a 3.5 a 3.6 a 3.6 a 3.4 a
2001 3.8 a 3.2 a 4.0 a 3.7 a 4.2 a 4.2 a
mean 3.9 b 3.4 a 3.8 b 3.9 b 4.2 b 4.0 b

Lamina (g plant-1)
1999 0.193 a 0.090 a 0.152 a 0.140 a 0.179 a 0.23 a
2000 0.185 a 0.108 a 0.145 a 0.160 a 0.158 a 0.201 a
2001 0.171 a 0.094 a 0.137 a 0.136 a 0.179 a 0.219 a
mean 0.183 c 0.097 a 0.145 b 0.145 b 0.172 c 0.218 d

Sheath (g plant-1)
1999 0.250 a 0.154 a 0.221 a 0.206 a 0.265 a 0.293 a
2000 0.299 a 0.224 a 0.255 a 0.256 a 0.305 a 0.324 a
2001 0.284 a 0.191 a 0.214 a 0.219 a 0.310 a 0.327 a
mean 0.278 c 0.189 a 0.230 b 0.227 b 0.293 cd 0.315 d

# Means within each row not followed by the same letter are significantly different at P ≤ 0.05.
* Jama = Jalostettu maatiainen

Table 6. Contribution of primary traits of leaf dynamics after the forward elimination of stepwise regression analysis to the
grain yield, harvest index, number of grains per plant, and plant phytomass on years 1999–2001.

Dependent Variable Independent traits
Intercept First R2 Second R2 Third R2 Fourth R2

Grain yield (g plant-1)
1999 –2.75 leaf numb. 0.981 0.88 leaf t g –1.06 0.92 LADpost 0.002 0.98 leaf g –5.843 1.00
2000 –1.22 LADpost 0.002 0.83 SLApre 0.07 0.98 leaf t g –3.87 1.00
2001 –0.06 LADpre 0.001 0.96 leaf g 3.41 1.00

Harvest index (%)
1999 146.00 SLApre –4.82 0.27 DLNpost 15.72 0.75
2000 –22.04 LNpre 14.05 0.88 DLNpost 3.16 0.99
2001 36.51 LAI 8.57 0.67 leaf t g –46.84 0.89 LNpost –4.53 1.00

Number of grains plant-1

1999 –49.62 LADpre 0.068 0.95 SLApost 1.04 0.98
2000 –217.34 SLApre 7.413 0.58 LNpost 20.56 0.87 DLNpost 11.2 0.99
2001 6.98 LADpre 0.114 0.86 SLAanth –1.55 0.94 LADpost –0.06 0.97 leaf g –111.7 1.00

Plant phytomass
1999 –5.19 leaf numb. 1.033 0.94 SLApre 0.12 0.99
2000 0.19 leaf t g 10.83 0.96 LNpost 0.21 0.99
2001 0.55 leaf t g 7.675 0.96 LADpre 0.00 1.00

leaf numb. = Number of leaves of the main shoot at maturity
LAD pre/post = Leaf area duration at pre- or postanthesis (whole plant)
SLA pre/anth/post = Specific leaf area at pre-, post- and anthesis
LN pre/post = Number of leaves of the main shoot at pre- and postanthesis
DLN post = Number of dead leaves of the main shoot at the pre- and post anthesis
leaf g = weight of main shoot leaf laminae at maturity
leaf t g = weight of the main shoot leaf sheats
LAI =maximum leaf area index of the whole plant
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According to the stepwise regression analy-
sis, in 1999 grain yield per plant seemed to de-
crease with increase in tiller straw weight (Ta-
ble 8). In 2000, it also seemed that the higher
the tiller panicle weight and number of tillers,
the lower the grain yield per plant. In 2001,
number of tillers again contributed negatively to
the grain yield, but tiller leaf weight seemed to
contribute positively to grain yield.

Number of grains per plant was higher the
higher the pre-anthesis LAD of the tillers in 1999
(Table 8). In 2000, number of grains per plant
correlated negatively with post-anthesis LAD of
tillers. Increased number of tillers was also as-

sociated with less grains per plant both in 1999
and in 2001. Heavier straw of tillers and higher
percentage of tiller leaf area of the whole plant
seemed to be linked with more grains per plant.

Whole plant HI was mostly increased by post-
anthesis tiller LAD and decreased by straw
weight of tillers (Table 8). High HI of tillers was
associated with high HI of the whole plant in all
years. Heavier leaves and straws of tillers was
associated negatively with the HI of whole
plants. In 2000, a further contribution (10%) to
HI of the whole plant was associated with the
higher number of tillers. However, in 2001, it
seemed that the increase in percentage leaf area

Table  7. Primary traits of tiller dynamics of different oat lines on years 1999–2001.

Tiller Traits Line
Dwarf Semidwarf Tall

Grane Pal Hja76416 Salo Jama* Veli

Leaf (g plant-1)
1999 0.009 a 0.020 a 0.011 a 0.014 a 0.023 a 0.021 a
2000 0.050 a 0.071 a 0.036 a 0.039 a 0.039 a 0.027 a
2001 0.128 a 0.073 a 0.087 a 0.113 a 0.104 a 0.085 a
mean 0.062 a 0.055 a 0.045 a 0.055 a 0.056 a 0.044 a

Straw (g plant-1)
1999 0.034 a 0.183 a 0.173 a 0.091 a 0.111 a 0.064 a
2000 0.864 a 0.460 a 0.188 a 0.226 a 0.240 a 0.090 a
2001 0.560 a 0.565 a 0.357 a 0.408 a 0.448 a 0.343 a
mean 0.486 a 0.403 a 0.239 a 0.242 a 0.266 a 0.165 a

Panicle (g plant-1)
1999 0.107 a 0.182 a 0.039 a 0.107 a 0.139 a 0.056 a
2000 0.306 a 0.448 a 0.241 a 0.274 a 0.194 a 0.050 a
2001 0.852 a 0.604 a 0.568 a 0.727 a 0.516 a 0.404 a
mean 0.422 b 0.411 b 0.283 ab 0.369 ab 0.283 ab 0.170 a

Harvest index (%)
1999 47.5 a 45.7 a 25.6 a 38.9 a 42.1 a 28.5 a
2000 38.2 a 38.2 a 42.8 a 37.1 a 19.9 a 21.3 a
2001 47.9 a 41.7 a 49.7 a 46.2 a 41.1 a 42.8 a
mean 44.5 b 41.8 ab 39.4 ab 40.7 ab 34.4 ab 30.8 a

Tiller number main shoot-1

1999 0.4 a 0.8 a 0.5 a 0.6 a 0.8 a 0.5 a
2000 1.2 ab 2.3 b 1.1 ab 1.2 ab 1.1 ab 0.7 a
2001 2.0 a 2.4 a 1.8 a 2.3 a 1.6 a 1.3 a
mean 1.2 a 1.8 b 1.1 a 1.4 ab 1.1 a 0.8 a

# Means within each row not followed by the same letter are significantly different at P ≤ 0.05.
* Jama = Jalostettu maatiainen
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of tillers of the whole plant was associated neg-
atively by about 11% with the HI of the whole
plant.

In 1999–2001, the higher percentage of till-
er leaf area of the whole plant was associated
with lower whole plant phytomass (Table 8). In
1999, pre- and post-anthesis LAD increased the
phytomass, whereas the heavier straw of the till-
ers seemed to decrease it. Similarly, in 2000,
post-anthesis LAD of tillers contributed 18% to
the increase in phytomass. Interestingly, in 2000,
the heavier tiller panicles were attributable to
decrease in phytomass, whereas in 2001 the op-
posite was recorded. In contrast to 1999, in 2001,
the straw weight of tillers was positively associ-
ated with the phytomass, with a further contri-
bution attributable to the HI of tillers.

Straw dynamics
Of the traits describing the straw, weight of nodes
was highest in T line Veli when averaged over
years (Table 9). The weight of internodes was
highest in T Jalostettu maatiainen and T Veli and
lowest in D Pal when averaged over years.
Length of peduncle was highest in T Jalostettu
maatiainen, intermediate in T Veli and SD Salo
and lowest in D Grane, D Pal and SD Hja 76416.
The weight of the peduncle was also highest in
T Jalostettu maatiainen and Veli. As expected,
the longest straw was in T lines Jalostettu maa-
tiainen and Veli and the shortest in D lines Grane
and Pal.

For the straw traits, the stepwise regression
analysis revealed that grain yield was increased

Table 8. Contribution of primary traits of tiller dynamics after the forward elimination of stepwise regression analysis to the
grain yield, harvest index, number of grains per plant, and plant phytomass on  years 1999–2001.

Dependent Variable Independent traits

Intercept First R2 Second R2 Third R2 Fourth R2

Grain yield (g plant-1)
1999 1.38 tstraw g –4.68 0.5 t leaf g 1.93 0.9 tLADpost 0.02 0.96 tpanic g –1.08 1.00
2000 2.43 tpanic g –1.25 1 t numb. –0.20 1
2001 3.01 tnumb. –0.88 0.8 tleaf g 7.7 1.00

Harvest index (%)
1999 26.30 tLADpost 0.601 0.4 tstraw g –14.5 0.80 t HI 0.46 0.93 tpanic g –60.58 0.98
2000 57.35 tleaf g –519 0.7 t HI 0.19 0.9 tnumb. 8.23 1.00
2001 33.01 tstraw g –12.9 0.6 t HI 0.66 0.9 t la% –0.11 0.97

Number of grains plant-1

1999 35.31 tLADpre 0.38 0.50 tnumb. –41.4 1
2000 104.48 tLADpost –0.22 0.8 tstraw g 17.8 0.9 t la% 0.51 1.00
2001 156.88 tnumb. –106 0.8 t la% 3.9 1 tpanic g –49.9 0.99

Plant phytomass
1999 1.98 t la% –0.07 0.6 tLADpre 0.01 0.88 tstraw g –3.89 0.96 tLADpost 0.025 1.00
2000 3.23 t la% –0.05 0.7 tLADpost 0.01 0.9 tpanic g –2.54 0.98
2001 2.07 t la% –0.06 0.8 tpanic g 0.52 1 tstraw g 3.11 0.98 t HI 0.052 1.00

tstraw g = Weight of tillers straw at maturity
tpanic g = Weight of tillers panicle at maturity
tleaf g = Weight of tillers leaves at maturity
tnumb. = Number of tillers per plant
tLAD pre/post = Leaf area duration of tillers at pre- or postanthesis
t la% = Tiller contribution to leaf area%
t HI = Harvest index of tillers
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Table 9. Primary traits of straw dynamics of different oat lines on years 1999–2001.

Straw Traits Line
Dwarf Semidwarf Tall

Grane Pal Hja76416 Salo Jama* Veli

Node ( g plant-1)
1999 0.070 a 0.048 a 0.065 a 0.062 a 0.093 a 0.105 a
2000 0.062 a 0.051 a 0.056 a 0.060 a 0.078 a 0.090 a
2001 0.073 a 0.052 a 0.060 a 0.056 a 0.085 a 0.098 a
mean 0.069 b 0.050 a 0.060 ab 0.060 ab 0.085 c 0.098 d

Peduncle (cm)
1999 26.6 a 26.3 a 26.9 a 32.5 b 36.6 b 32.4 b
2000 31.5 a 33.6 a 35.9 ab 40.3 b 53.2 c 44.9 b
2001 30.1 a 32.1 ab 30.9 a 34.4 ab 46.9 c 36.9 b
mean 29.4 a 30.7 a 31.2 a 35.7 b 45.6 c 38.1b

Peduncle (g plant-1)
1999 0.180 a 0.123 a 0.194 a 0.210 a 0.275 a 0.221 a
2000 0.192 a 0.209 a 0.239 a 0.256 a 0.329 a 0.319 a
2001 0.188 a 0.168 a 0.183 a 0.184 a 0.307 a 0.259 a
mean 0.187a 0.167 a 0.205 ab 0.216 b 0.304 c 0.267 c

Total Straw (cm)
1999 54.8 a 53.5 a 58.1 a 59.2 a 79.6 b 73.9 b
2000 63.0 a 64.0 a 70.7 ab 75.7 b 105.2 d 94.0 c
2001 54.0 a 55.2 a 58.0 a 60.9 a 82.8 c 69.7 b
mean 57.3 a 57.6 a 62.3 b 65.3 b 89.2 d 79.2 c

Internodes (g plant-1)
1999 0.332 a 0.202 a 0.321 a 0.373 a 0.487 a 0.515 a
2000 0.366 a 0.305 a 0.370 a 0.373 a 0.569 a 0.648 a
2001 0.314 a 0.240 a 0.285 a 0.252 a 0.420 a 0.458 a
mean 0.334 b 0.249 a 0.325 b 0.333 b 0.492 c 0.540 c

# Means within each row not followed by the same letter are significantly different at P ≤ 0.05.
* Jama = Jalostettu maatiainen

due to heavier nodes in all years, although in
1999 the contribution was only 10%; being 70%
and 79% in 2000 and 2001 respectively (Table
10). In 1999, highest contribution to grain yield
was made by peduncle weight (62%). However,
longer straw seemed be associated with decrease
in grain yield. Number of grains per plant seemed
to depend mostly on peduncle weight in 1999.
Traits of secondary importance were peduncle
length, which was associated negatively with the
number of grains and node weight, which was
associated positively with the number of grains
per plant. In 2000, straw weight contributed most

to the number of grains per plant, even though
the contribution was only 26%. In 2001, the most
important trait was the weight of nodes. Inde-
pendent traits for HI were found only in 1999.
At that time, the first and third most important
traits were the weight of nodes and the length of
the straw, which were negatively attributable to
the HI. The second most important trait was
weight of peduncle, which was positively attrib-
utable to the HI. There seemed to be several sim-
ilar traits that contributed most to phytomass in
all years. In 1999, the heavier peduncle resulted
in higher phytomass, with a longer peduncle
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decreasing it and heavier straw increasing it
again. In 2000 and 2001, weight of nodes was
associated positively with the phytomass, where-
as weight of peduncle was negatively associated
and length of straw positively in 2000.

Discussion

Dwarf lines did not seem to be able to use their
earlier demonstrated tillering capacity (Simmons
et al. 1982, Youssefian et al. 1992) for enhanced
yield production in northern growing conditions.
D line Pal together with SD line Salo had the
highest tiller number per main shoot averaged
over years. D line Pal was, however, systemati-
cally out-yielded by the other lines. This poor
performance of D Pal is likely to be attributable

to its poor adaptation to high latitudes and the
Dw6 dwarfing gene.

In general, at least some of the tillers can be
considered as early pre-anthesis assimilate re-
serves. Reserves are composites of assimilates
produced 1) before anthesis and remobilised for
grain filling, 2) after anthesis and translocated
directly to the filling grains, and/or 3) after an-
thesis but stored temporarily in vegetative organs
before remobilisation to the filling grains (Phe-
loung and Siddique 1991). Pre-anthesis assimi-
lation was shown to contribute more than 44%
of the grain dry matter under severe drought and
11% under wet conditions (Austin et al. 1980);
however, according to El Alaoui et al. (1988),
genotypes initiating relatively small numbers of
tillers would be the best yielding. It is also pos-
sible that D lines have impaired enzymatic ac-
tivity in assimilate translocation. According to
Blum (1998), the enzymatic activity of assimi-

Table 10. Contribution of primary traits of straw dynamics after the foward elimination of stepwise regression analysis to
the grain yield, harvest index, number of grains and plant phytomass on  years 1999–2001.

Dependent Variable Independent traits
Intercept First R2 Second R2 Third R2

Grain yield (g plant-1)
1999 1.44 Ped g 8.316 0.6 Straw cm –0.04 0.80 Nod 8.77 0.90
2000 0.87 Nod 14.96 0.70
2001 0.74 Nod 0.736 0.8

Harvest index (%)
1999 65.72 Nod –71 0.2 Ped g 108 0.50 Straw cm –0.48 0.72
2000
2001

Number of grains plant-1

1999 57.97 Ped g 293.8 0.6 Ped cm –2.75 0.9 Nod 165.7 0.99
2000 46.373 Straw g 34.97 0.3
2001 31.00 Nod 530.7 0.6

Plant phytomass
1999 2.34 Ped g 10.12 0.8 Ped cm –0.08 0.9 Straw g 2.33 0.95
2000 2.33 Nod 44.99 0.7 Ped g –13.4 0.9 Straw cm 0.02 0.90
2001 1.60 Nod 33.06 0.90

Ped g = Weight of main shoot peduncle at maturity
Ped cm = Length of main shoot peduncle at maturity
Nod = Weight of main shoot nodes at maturity
Straw g = Weight of main shoot internodes at maturity
Straw cm = Length of main shoot straw at maturity
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late transport system is one of the most impor-
tant factors affecting the ability of the plant to
utilise reserve assimilates. The lighter internodes
of D line Pal may have made them less able to
store temporary assimilates when compared with
D line Grane as well as T lines, especially since
its stem weight density (5.8 mg cm-1) was the
lowest of all lines. The other D line Grane had
the second highest stem weight density (7.1 mg
cm-1) after T line Veli (8.1 mg cm-1). That may
indicate on the other hand that Grane has good
stem reserves available if it also has the poten-
tial to utilise the reserves on grain filling. More-
over, Simmons et al. (1982) reported that high
tillering lines tended to have smaller stem diam-
eter, which made them also more susceptible to
lodging. These factors may account for oat D
line Pal being less able to fill grains efficiently,
as indicated by the low grain to straw ratio in
comparison to the SD lines. This was also re-
corded with different types of wheat even
though they had equal number of florets and
spikelets (Borrell et al. 1991). It seems that
unlike with barley and wheat (Simmons et al.
1982, El Alaoui et al. 1988), with oat even yield
producing tillers are not beneficial as they are
associated with decreased grain yield of the
whole plant at least when grown at high lati-
tudes.

Results of this study are in accordance with
Peltonen-Sainio (1997), in which tiller LAD in
oat was shown not to contribute to grain yield or
had a negative effect on it under northern grow-
ing conditions. When considering the whole
plant, high LAD is among the traits making the
most contribution to grain yield of oat (Pelto-
nen-Sainio 1997) and wheat (Borojevic and Wil-
liams 1982). This can be partly explained by the
possibility that oat might not be able to effec-
tively translocate assimilates from the tiller
leaves to the grains as from the main shoot re-
serves. Unlike with tillers, a higher number of
leaves on the main shoot was associated in most
cases with increased grain yield. This indicated
possibly that there is an effective translocation
system operating within the main shoot that fa-
vours grain filling.

In most cases, the D line Pal tended to be
among the lines which had lowest pre- and post-
anthesis whole plant and main shoot LAD. Mi-
ralles and Slafer (1997) studied differences in
radiation use efficiency (RUE) among D, SD and
T near-isogenic wheat lines and found D lines
to operate very differently from the other lines.
Dwarf lines had low pre-anthesis RUE associat-
ed with low biomass, while the highest post-an-
thesis RUE was possibly mediated by high sink
capacity as a result of large number of grains
per spike and grains per square meter (Miralles
and Slafer 1997). Our results also indicated lim-
itations in the translocation pathway of assimi-
lates from tillers to the main shoot in D lines
based on the number of tillers and grain yield,
though they may even have higher photosynthetic
capacity than T lines (Kulsrestha and Tsunoda
1981). This may be due to the changes caused
by dwarfing genes in the mesophyll surface of
leaves (LeCain et al. 1989). In studies conduct-
ed by Gent (1995), the light interception of T
lines was 20% greater than that of D lines dur-
ing stem elongation and at the boot stage, which
may indicate poor canopy architecture caused by
shortening of internodes (Calderini et al. 1996).
Similarly, in our study, the internodes of D lines
tended to be markedly shorter than in other lines
evaluated. Miralles and Slafer (1997) studied
light interception at pre- and post-anthesis and
noted that D lines have more persistent RUE at
post-anthesis, which was attributed to high sink
demand generated by high grain number.

In barley and wheat, dwarf lines grown at
lower latitudes usually yield about the same as,
or more than, taller lines (Borrell et al. 1991,
Donaldson et al. 2001, Singh et al. 2001, Milach
and Federezzi 2001). This is probably due to re-
duced sensitivity to lodging, higher HI, more
spikes and more kernels (Singh et al. 2001).
However, that does not seem to be the case with
oat, at least when grown at high latitudes (Mäkelä
et al. 1996). It has been stated that use of dwarf-
ing genes in oat breeding programmes has been
very limited since the genes are usually associ-
ated with decrease in yield (Milach and Feder-
ezzi 2001). Similarly, in our experiments, D line
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Pal had the lowest grain yield, while the other D
line bred in Norway (Grane) had average grain
yield when compared with SD and T lines. This
indicates that D line Grane is adapted to grow
and yield at high latitudes. The number of grains
per plant was higher in SD line Hja 76416, T
lines Jalostettu maatiainen and Veli, and D line
Grane than in D line Pal and SD line Salo. At
the same time, single grain weight was highest
in SD line Salo (36 mg) and lowest in the other
SD line Hja 76416 (27 mg). There are several
reasons which might at least partly explain the
yield decreases, since regardless of the height
of the lines, grain number and spike number per
square meter and number of kernels per spike
are the main determinants of yield (Spiertz and
van de Haar 1978, Donaldson et al. 2001).  How-
ever, several physiological and morphological
features compensate for differences in yield com-
ponents (Major et al. 1992).

Poor stand establishment is a typical prob-
lem occurring with the SD lines at lower lati-
tudes (Allan 1980), which does not seem to oc-
cur with Dw6 genotypes when grown under
northern growing conditions (data not shown).
Moreover, one of the drawbacks with D lines of
oat possessing the Dw6 gene has been shorten-
ing of the peduncle (Kolb and Marshall 1984)
leading to incomplete exsertion of the panicle
from the flag leaf sheath (Farnham et al. 1990a,
b). That was not observed in our studies, in which
D lines Grane and Pal, and SD line Hja 76416
had peduncles 5 to 15 cm shorter than the other
lines. Also, the straw in D lines was much short-
er than in the SD lines and markedly shorter than
in T lines. Similarly to D lines, the shortening
of SD lines is mostly due to shorter internodes
(Brown et al. 1980). At post-anthesis we did not
record differences in total number of leaves (data
not shown), which supports the finding of short-
er internodes at northern latitudes.

In conclusion, for further breeding, SD lines
seemed to be most promising on the basis of their
growth pattern and yielding ability. Also, Nor-
wegian D line Grane grew and yielded moder-
ately in high latitudes, even though it possesses
the Dw6 dwarfing gene. Thus, it can be conclud-

ed that Dw6 gene could be used when breeding
for stability and lodging resistance, which are
important features for northern growing condi-
tions, provided the lines are well adapted.
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SELOSTUS
Korkeudeltaan eri tyyppisten kauralinjojen kasvu ja sadontuotto

pohjoisissa viljelyoloissa
Pirjo Mäkelä, Susanna Muurinen ja Pirjo Peltonen-Sainio

Helsingin yliopisto ja MTT (Maa- ja elintarviketalouden tutkimuskeskus)

Kasvien kasvua ja sadontuottoa rajoittaa Suomessa
lyhyt ja nopeatempoinen kasvukausi, jolle on tyypil-
listä vaihteleva säätila ja sateiden epäedullinen pai-
nottuminen syksyyn. Kolmevuotisessa peltokokees-
sa tutkittiin eroja kääpiö-, ja puolikääpiökaurojen
sekä pitkäkortisten lajikkeiden kasvustorakenteessa,
sivuversojen tuotossa ja korrenkasvussa sekä arvioi-
tiin näiden merkitystä sadonmuodostukseen. Kuuden
kauralinjan pääversoista ja sivuversoista mitattiin sa-
tokomponentit sekä lehdistörakennetta ja kortta ku-
vaavia ominaisuuksia. Saatujen tulosten perusteella
kääpiöt versoivat enemmän, mutta niiden sadontuot-
tokyky ei parantunut versontakyvyn myötä. Määrite-
tyistä ominaisuuksista korkeaan satoon olivat yhtey-
dessä pitkään yhteyttämiskykyisenä säilyvä kasvus-
to ja suuri lehtialaindeksi, mikä saattaa johtua pitem-
pään jatkuvasta tehokkaasta yhteyttämisestä. Myös

suuri lehtilukumäärä lisäsi satoa. Kääpiöillä oli yleen-
sä hieman vähemmän lehtiä kuin pitkäkortisilla lajik-
keilla ja erityisesti Pal-lajikkeella epätyydyttävä kas-
vustorakenne. Hyvä sadontuottokyky oli yhteydessä
painavampaan ylimpään nivelväliin, korteen ja sol-
muihin, mikä saattaa johtua siitä, että niissä oli enem-
män välivarastoituja yhdisteitä, joita voitiin hyödyn-
tää jyväntäyttymiseen. Pitkä korsi ja ylin nivelväli
näyttivät kuitenkin olevan yhteydessä alhaiseen sa-
toon johtuen oletettavasti lakoutumisalttiuden lisään-
tymisestä. Askeltava regressioanalyysi osoitti kuiten-
kin, että vuosittaiset vaihtelut olivat huomattavia
ominaisuuksissa, jotka selittivät sadossa ilmenneitä
vaihteluita. Siksi yksittäisiä, kasvuoloista riippumat-
tomia, sadontuottoa hallitsevia ominaisuuksia ei voitu
luonnehtia.
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