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During 1990 and 1991, prior to each initial cut, winter
cereal plants were removed from the front 1.3 m of the plot
area. Crowns, including 2.5 cm of stubble (crowns) were
washed, weighed fresh after brief air drying, frozen in liquid
nitrogen, then dried at 80°C until constant weight. The dry
weight of crowns was used to calculate percent dry matter
of crowns used in measurement of etiolated regrowth. The
dried material was then ground and used to determine per-
cent WSC in the crowns according to Thomas (1977) using
the phenol-sulphuric method for colorimetric assessment of
reducing sugars. Ten crowns of each treatment were washed,
weighed and placed in styrofoam root trainers (vent block 45,
Beaver Plastics, Edmonton, AB), that had been previously
filled with moistened vermiculite. After filling the root
trainers, they were placed into insulated plywood boxes to
exclude light and maintain a constant temperature (18°C).
Regrowth was removed from the crowns every second day
until no more appeared. This lasted no longer than 10 d.
Accummulated regrowth was dried at 80°C in a forced air
drier to a constant weight and weighed. The dried etiolated
regrowth was expressed as a percent of crown dry weight.

Field plots were set up in a split-plot design with years
and cuts as the main plots and cropping systems (monocrop
vs. mixture) and species as subplots using four replicates.
Data were first analyzed within cuts (stages), then tested for
homogeneity of error (Gomez and Gomez 1984). Almost all
variables showed evidence of error heterogeneity with respect
to harvests. These variables were transformed to log base
10 (x + 1) prior to running ANOVA with cuts included. The
means shown in the tables are detransformed.

RESULTS AND DISCUSSION
Generally, near average temperatures prevailed during May,
June and July and above average temperatures during August
(Table 1). Precipitation was above average during May and
June of 1990 and 1991, but was close to average in 1992.
Above-average rainfall during the early season of 1991
resulted in very heavy stands of barley in the mixtures.

Light Interception

No difference was detected among species for amount of
incoming PAR intercepted at the surface of the winter cereal
canopy. Averaged over the 3 yr 61.9, 80.0, 85.0, 80.6, and
68.0% of PAR was intercepted by the barley component at
theB,H,H + 2, H + 4and H + 6 wk stages, respectively.
On average the PPFD at the surface of the winter cereal

canopy m the mixtures was 494, 291, 195, 187 and 448 uE
m~2 s~! at the respective stages. At the bottom of the
canopy, the mixtures intercepted more light than the monocrop
until H; by H + 2 wkall treatments were similar (P > 0.05)
and over 95% of incoming PAR was intercepted by all treat-
ments. Average PPFD at the canopy base for the monocrops
and mixtures at B was 600 and 140 uE m~2 s~!, respec-
tively and never exceeded 100 uE m ™2 5! thereafter for
either cropping system.

Accordmg to Austin (1989), the light oompensatlon point
for wheat is approximately 150 pE m~2 s~!. Therefore
much of the winter cereal foliage in the mixturcs ex1sted below
the light compensation point after the barley headed.

Initial Yield

Combined yields of mixtures were always higher than
monocrops (Table 2). Differences among species were evident
in the monocrops, but not in the mixtures within harvests.
In the monocrops, rye and triticale had higher yields than
wheat at the boot stage with the difference diminishing by
H + 2 wk. The higher yield of the rye monocrop compared
with the other species at H + 4 wk and H + 6 wk was due
to the development of floral tillers. Yield generally continued
to increase until H + 6 wk in the monocrops, but it max-
imized at about H + 4 wk in the mixtures. The time of max-
imum yield for the mixtures was in general agreement with
Baron et al. (1992a) for pure stands of barley harvested as
whole-plant silage — an indication that barley development
was unaffected by the mixture. The mixtures could have been
grazed earlier than the winter cereal monocrops which would
be advantageous from a grazing perspective (Baron et al.
1993a). The rye monocrop produced sufficient forage for
grazing earlier than the triticale which was in turn earlier than
the wheat.

Performance of the winter cereal component of the mix-
tures varied from year to year between cuts, contributing to
a species X cropping system X stage X year interaction.
However, the winter cereal species generally differed by
degree from year to year within cut, so means were averaged
over years (Table 3). The variability of the winter cereal com-
ponent was increased due to the dominance of the spring com-
ponent. In the mixtures, yields of the rye and triticale com-
ponents were greater than wheat for all initial cuts (Table 3).
Because the winter cereal component was planted at half the
rate of the monocrop, dry matter yields of the component
should have equalled 50% of the monocrop in

Table 1. Monthly mean temperatures and monthly precipitation during the expenmental period at Lacombe, Alberta

Monthly precipitation

Mean daily temperature

83-yr 83-yr

Month 1990 1991 1992 Mean 1990 1991 1992 Mean
°0) (mm)

April 3.7 6.0 6.0 3.7 46.2 32.9 272 21.7
May 9.6 9.8 8.7 9.8 85.1 86.3 62.0 49.7
Tune 13.8 13.1 14.5 13.8 151.4 122.7 51.9 81.5
July 15.5 15.9 14.2 16.1 82.9 114.2 73.7 71.2
August 16.0 17.2 13.6 14.8 41.5 86.3 18.4 63.8
September 12.5 11.0 8.6 10.0 1.4 25.5 59.2 41.8
October 3.4 0.2 4.2 4.6 21.8 41.8 17.5 19.2
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the absence of competition. At B the component yield ranged
from 106% for wheat to 60% for rye relative to the
corresponding monocrops. The lower percentage for the rye
reflected a high monocrop yield for rye, not a low mixture
component yield. From Hto H + 6 wk of the mixtures, the
rye component yield ranged from 35 to 22 %, triticale ranged
from 36 to 31% and wheat ranged from 23 to 15% of their
respective monocrops. Therefore all winter species, but espe-
cially wheat, suffered from competition in the mixtures after
B. The barley became much more dominant after B. Plant
height of each component was not measured in this study,
but barley was taller than the winter cereal, especially after
B. Species with leaves at the top of the canopy have a com-
petitive advantage, because they have direct access to sun-
light (Trenbath 1974) and light attenuation in the canopy is
logarithmically related to LAI from the top of the canopy
(Donald 1963).

Regrowth in perennial grasses results from the develop-
ment of new tillers from buds on existing tillers. When tiller

density is sparse, yield is closely related to tiller density, but
when tiller density is constant, yield is more closely related
to tiller weight (Zarrough et al. 1983). Tiller number of
winter cereal plants grown in pails inside the respective crop
canopies peaked for the monocrops at H and for the mix-
tures at B (Table 4). Except for monocrop triticale a signifi-
cant decline in tiller number occurred for all treatments with
delayed initial harvest. After B tiller number for all mixtures
was lower than all monocrops. At B rye, triticale and wheat
in the mixture had 95, 88 and 68% of the tillers of their
respective monocrop counterparts; by H + 2 wk they had
thinned to 53, 47 and 42% of their respective counterparts.
Baron et al. (1994), reported binary mixtures containing oat
at the early milk stage, with fall rye, triticale and wheat
having tiller densities of 39, 42 and 52 % of their respective
winter cereal monocrops. In that study the tiller densities
were determined from the plot, where seeding ratios were
1:1 (spring: winter cereals) and the seeding rate of each com-
ponent was 50% of its respective monocrop. Tiller densities

Table 2. Initial dry matter yields (barley and winter cereal) of three winter cereal species grown as monocrops and mixtures with Leduc barley
cut at five stages of barley development, averaged over 3 yr (1990-1992)

Winter Stage*
cereal B H H+2 H+4 H+6
Monocrop
(tha™)
RyeY 1.26bD 2.95bC 4.36bB 5.89b4 6.6164
Triticale 0.81cD 2.51bcC 3.63bB 4.36bB 4.56cA
‘Wheat 0.27dD 2.09¢C 3.71bB 4.26¢cB 5.01cA
Mixture
(tha™)
Rye 2.34aC 5.75aB 8.51a4 9.77a4 9.77aA
Triticale 2.19aD 5.49aC 7.94aB 10.00aA4 10.23a4
Wheat 2.04aD 5.75aC 8.51aB 10.23a4 10.00a4B

“B, H, H+2, H+4 and H+6 are boot, heads emerged, heading plus two, four and six weeks for Leduc barley, respectively.
YMusketeer fall rye; Wintri winter triticale; Norstar winter wheat.

a-cMeans followed by the same letter within stage are similar (P < 0.05).

A-DMeans followed by the same letter within rows are similar (P < 0.05).

Table 3. Three-year average initial dry matter yield of the winter cereal component of three winter cereal species grown as monocrops and in mixtures
with Leduc barley and cut at five stages of barley development

Winter Stage*
cereal B H H+2 H+4 H+6
Monocrop
(tha™!
Rye? 1.26aD 2.95aC 4.36aB 5.89a4 6.61a4
Triticale 0.816C 2.516C 3.63bB 4.36bAB 4.57cA
Wheat 0.27dE 2.09¢cD 3.716C 4.26bB 5.01bA
Mixture
(tha™"
Rye 0.76cC 1.05dBC 1.15¢B 1.44cA 1.51cA
Triticale 0.56cD 0.91dC 1.15¢B 1.32¢BA 1.41cA
Wheat 0.294C 0.49¢B 0.76dA 0.98d4 0.7844B

*B, H, H+2, H+4 and H+6 are boot, heads emerged, heading plus 2, 4 and 6 wk for Leduc barley, respectively.

Y Musketeer fall rye; Wintri winter triticale; Norstar winter wheat.
a-dMeans followed by the same letter within cut are similar (P < 0.05).
A-EMeans followed by the same letter within rows are similar (P < 0.05).



BARON ET AL. — DELAY OF HARVEST EFFECTS ON SPRING AND WINTER CEREAL FORAGE YIELD 671

in this experiment were derived from the same number of
plants (two) in each cropping system. Despite this, the rela-
tive numbers of tillers (moncrop vs. mixture) was generally
the same in both studies. :
For a given amount of shade, grass communities converge
towards a common tiller weight:tiller density ratio indepen-
dent of initial sowing density, but dependent upon sward
structure (Kays and Harper 1974). Tiller density at the onset
of regrowth in this study was a function of the sward structure
in the mixture and the resultant light quality and quantity rela-
tionships (Davies 1988). The general decline in tiller density
of the monocrops and mixture components with delayed
harvest was likely due to self-thinning (Kays and Harper
1974). Hart et al. (1971) observed reduced tiller density as
harvest was delayed in tall fescue and orchardgrass.

Regrowth

Regrowth yields (Table 5) are only for the 3 wk immedi-
ately after cutting. Although the duration of regrowth was
arbitrary, it appeared to be the rest period required between
clippings and grazings for a winter cereal monocrop at its
peak in midsummer. If the winter cereal component in the
mixture is to produce a significant pasture yield by fall, it
must make a substantial recovery over this period. There was

a general decline in combined regrowth yield as the initial
harvest was delayed in both monocrops and mixtures (Fig. 1)
for all winter cereal species. Barley accounted for 36, 42,
and 21% of the mixture regrowth yield for the 3 wk fol-
lowing the boot stage, H and H + 2 wk, but was negligible
after the remaining stages. Fewer barley tillers capable of
regrowth remained following the later harvests. After floral
apices are removed the tillers die and must be replaced by
vegetative ones (Jewiss 1966). Regrowth yield of the mix-
tures decreased from 51 to 3% of the monocrops from the
boot stage to H + 4 wk; in effect the mixtures regrowth
declined faster with delay of cut than the monocrops. The
most rapid decline in the short-term regrowth rates of the
mixtures occurred when harvest was delayed up to 4 wk after
the B stage (Fig. 1).

Regrowth of the winter cereals in monocrops and mixtures
was affected by the species X cropping system X stage X
year interaction. Generally, however, trends shown by the
means averaged over years were similar to those within
years. There was a general decline in regrowth yield of the
winter cereal component when initial cutting was delayed
past heading in both the mixtures and monocrops (Table 5).
In the monocrops triticale had higher, but not necessarily
significantly (P > 0.05) higher, regrowth yields than the

Table 4. Tiller number of winter cereal plants grown in pails inside monocrops and mixture canopies, sampled at five stages averaged over 3 yr

Winter Stage*

cereal B H H+2 H+4 H+6
Monocrop

Rye? 41.7aAB 55.2a4 33.7aBC 27.7abC 32.9aBC

Triticale 29.9a4 41.7aA 32.9a4 27.2aA 29.2a4

Wheat 37.9a4B 59.3a4 41.7aAB 12.4abcC 31.4aC

Mixture

Rye 397aa 33.7bcA 18.16B 13.1cdB 19.9bcB

Triticale 26.5a4 23.6cA 15.6bAB 10.5dB 12.8cdB

Wheat 25.9aA4 22.4cAB 17.6bAB 15.6bcdB 11.9dC

B, H, H+2, H+4 and H+6 are boot, heads emerged, heading plus 2, 4 and 6 wk for Leduc barley, respectively.
¥Musketeer fall rye; Wintri winter triticale; Norstar winter wheat.

a-dMeans followed by the same letter within cut are similar (P < 0.05).

A-CMeans followed by the same letter within rows are similar (P < 0.05).

Table 5. Three-week regrowth yield of the winter cereal component grown in the monocrops and mixtures after harvest at five stages of spring
barley development averaged during 3 yr

Winter Stage?
cereal B H H+2 H+4 H+6
Monocrop
(tha™"
Rye? 2.0dad 1.66a4 1.02aB 0.56aC 0.14bD
Triticale 1.90a4 1.74a4 1.25a4 0.83aB 0.32aC
Wheat 2.34a4 1.51a4B 0.95aB 0.69aC 0.26aD
Mixture
(tha™
Rye 0.87bA 0.55b4 0.23bcB 0.02¢BC 0.01dC
Triticale 0.71b4 0.54bA 0.26bB 0.03bB 0.02¢B
Wheat 0.64bA 0.33¢B 0.16cC 0.04bB 0.01dC

*B, H, H+2, H+4 and H+6 are boot, heads emerged, heading plus 2, 4 and 6 wk for Leduc barley, respectively.
YMusketeer fall rye; Wintri winter triticale; Norstar winter wheat.

a-dMeans followed by the same letter within cut are similar (P < 0.05).

A-DMeans followed by the same letter within rows are similar (P < 0.05).
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Fig. 1. Regrowth yield (3 wk) of monocrop and mixture treatments averaged over species and years after cutting initially at the B, H,
H + 2 wk, H + 4 wk and H + 6 wk. Includes barley and winter cereal dry matter in the mixture.

other two species after H. In the mixtures, regrowth yield of
rye and triticale were superior to wheat following H and
H + 2 wk. After that time regrowth during the three week
period was small for the mixtures. Regrowth yields of the winter
cereal component of the mixtures were always less than 50%
of the monocrop and diminished to less than 10% when the
initial cut was delayed beyond H + 2 wk. Following cuts at B
and H + 2 wk, regrowth yields of rye and triticale in mixtures
ranged from 43 to 21% of the respective monocrops, while that
of wheat ranged from 27 to 16% of its monocrop. During a
6-wk regrowth period beginning at the early-milk and heading
stages of an oat-winter cereal mixture the winter cereal com-
ponent averaged 46% (0.9 t ha™) and 56% (1.22 t ha ™) of the
respective winter cereal monocrops (Baron et al. 1994). While
the trend for recovery was the same as in the present study,
the longer rest period may have allowed the winter cereal com-

ponent to recover o a higher percentage of the monocrop.

However as the season progresses, typically, lower temperatures
and less rainfall (Campbell et al. 1990) should reduce regrowth

rates in addition to the apparent effects of delay of harvest. Baron
et al. (1993b) found that about 3 mo was required for tiller
density of a winter cereal in a mixture to equal the monocrop
following initial harvest, but the yield of the winter cereal com-
ponent in the mixture was still only 80% of the monocrop.

Etiolated regrowth provided an index of regrowth potential
from existing crowns at the onset of regrowth, separating the
effects of current photosynthate and stored energy, (mostly in
the form of soluble sugars) on regrowth (Busso et al. 1990).
WSC are required to support regrowth for a short time (4 to
7 d) until basal leaves can sustain net growth through photo-
synthesis (Booysen and Nelson 1975). Winter cereals from mix-
tures had lower etiolated regrowth than the monocrops at the
B and H + 2 stages, and lower WSC concentrations than the
monocrops at B (Table 6). Triticale had generally lower WSC
concentrations than wheat at all stages and less etiolated
regrowthat H + 2, H + 4 and H + 6 (Table 7). Rye had lower
WSC and etiolated regrowth than wheatat H + 2, H + 4 and
H + 6 stages. The correlations of WSC and etiolated regrowth
with actual regrowth were 0.44 and (.72, respectively. The corre-
lations of WSC with etiolated regrowth in the monocrops and
mixtures were 0.98 and 000, respectively. Both Davies (1988)
and Busso et al. (1990) indicated that concentrations of non-
structural carbohydrates required to effect regrowth are variable
and hard to quantify. Busso et al. (1990) concluded that non-
structural carbohydrates in roots and crowns facilitated regrowth
when meristematic activity was high. Reduced tiller density of
winter cereals and low PAR levels at crown level indicates that
meristematic activity was generally relatively low.
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The amount of basal leaf area on regrowing winter cereals
was not measured. However, when cut at the 5-cm level
almost no basal leaf material appeared to remain on the winter
cereal plants remaining in the mixture. Because of the low
light levels at the base of the canopy, the lower leaves likely
could not be sustained and the winter cereal plants grew high
in the canopy so almost all of the leaf material was removed
by cutting.

SUMMARY AND CONCLUSION
This study showed that while initial yields of the mixtures
and monocrops increased when initial harvest was delayed,
the regrowth potential of the winter cereals as represented
by a 3-wk regrowth yield declined rapidly (Fig. 1 and
Table 5). Previous studies have shown the advantages of
allowing the spring cereal in the mixture to approach the
dough stage to maximize dry matter yield (Baron et al. 1990,
1994). Reduction in regrowth yield occurred in both
monocrops and mixtures but the effects were larger in the
mixtures. The reduction in regrowth was associated with the
intense shade at the base of the canopies of both the
monocrops and mixtures. Reduced winter cereal tiller den-
sities occurred in both cropping systems, but was more severe
in the mixtures. The tiller density prior to cutting was likely
a function of light interception-sward structure relationships.

The trend towards reduced tiller densities probably reflected
a lack of tiller initiation, so when defoliation occurred, few
tiller buds were advanced enough to resume rapid growth.
Because the winter cereal component in the mixtures
decreased to a substantially lower density than in the
monocrops, the lag in tiller number was more prolonged for
the mixtures.

The effect of time of initial cutting greatly overshadowed
species effects on regrowth. However fall rye and triticale
in mixtures appeared more stable than wheat in terms of dry
matter production during initial growth and regrowth rela-
tive to the monocrop. The relative performance of the winter
cereal species for regrowth (Table 5) over this period reflects
their initial yield (Table 3) in monocrops with rye and triticale
yielding more than winter wheat. The potential among spe-
cies for regrowth after the initial cuts appears related to
aspects of growth, perhaps plant size, prior to the initial cut.
Difference in plant size in a mixture provides advantages to
the taller component and the competitive ability of a species
is determined by the space occupied at the beginning of the
season (Spitters and Vanden Burgh 1982).

Where the silage/pasture system is desired, a sacrifice in
silage yield may be necessary to ensure adequate fall
regrowth. The latest practical stage to make the initial cut
is H + 2 wk in barley, which could result in a sacrifice of

Table 6. Percent etiolated regrowth and water soluble carbohydrate content from crowns of winter cereal grown as monocrops and mixtures with
Leduc barley, averaged over winter cereal species and sampled at five stages of barley development

Cropping Stage?
system B H H+2 H+4 H+6
Etiolated regrowth (% dry wt)
Monocrop 10.8a4 6.2aB 4.6aBC 3.4aC 1.8aD
Mixture 6.4bA 4.1aAB 3.2aBC 1.6bD 2.1aCD
Water soluble carbohydrate (% dry wt)

Monocrop 4.75aA 3.79a4B 3.68a4B 3.37a4AB 2.98aAB
Mixture 2.89bA 3.07a4 2.80a4 2.39a4 2.80aA

B, H, H+2, H+4 and H+6 are boot, heads, emerged, heading plus 2, 4 and 6 wk for Leduc barley, respectively.
a-bMeans followed by the same letter within cut are similar (P < 0.05) according to transformed LSD, 0.19 and 0.12 for etiolated regrowth and water

soluble carbohydrate, respectively.

A-DMeans followed by the same letter within rows are similar (P < 0.05).

Table 7. Etiolated regrowth and water soluble carbohydrate content from rye, wheat and triticale crowns averaged over cropping systgems and
sampled at five stages throughout the season

Winter Stage*
cereal B H H+2 H+4 H+6
Etiolated regrowth (% dry wt)
Rye* 7.3a4 5.0ad 2.6bB 1.5bBC 0.86C
Triticale 7.5a4 4.0aB 3.8abBC 1.86C 2.3aCD
Wheat 10.5a4 6.4aB 5.3aB 4.5aBC 3.1aC
Water soluble carbohydrate (% dry wt)

Rye 4.4a4 4.0a4B 2.9bB 2.8abB 2.8abB
Triticale 3.0b4 2.9bA 2.9b4 2.2bA 2.3b4
Wheat 3.8abA 3.4abA 4.0aA 3.6a4 3.9a4

*B, H, H+2, H+4 and H+6 are boot, heads, emerged, heading plus two, four and six weeks for Leduc barley, respectively.

Y Musketeer fall rye; Wintri winter triticale; Norstar winter wheat.

a-bMeans followed by the same letter within cut are similar (P < 0.05) for etiolated regrowth and water soluble carbohydrate, respectively.

A-DMeans followed by the same letter within rows are similar (P < 0.05).
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17% of maximum silage dry matter yield. Seeding must
occur early enough to allow barley development to the
H + 2 wk stage before the initial harvest, and still leave
sufficient time for the winter cereal component to recover
for pasture. As stated previously, the winter cereal in the
mixture will not likely recover to the level of the winter cereal
monocrop when the initial cut is made at H + 2 wk, even
with a longer recovery period than was used in the present
study (Baron et al. 1994). Where substantial regrowth for
fall pasture is required, it is recommended that the initial
growth of a mixture be harvested as soon after heading as
possible or consider a winter cereal monocrop as an alter-
native. Fall rye and triticale appeared best suited for growth
in both mixtures and monocrops.
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