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Abstract

G. Pichard. 2012. Management, production, and nutritional characteristics of cup-plant
(Silphium perfoliatum) in temperate climates of southern Chile. Cien. Inv. Agr. 39(1): 61-77.
There is little information known about the response of cup-plant (Silphium perfoliatum L.), a
perennial forage crop introduced to Chile, to differing cultivation practices. A series of studies was
conducted to evaluate the adaptation and productivity of cup-plant across a range of plant densities
(104,000 - 208,000 plants ha'), cutting stages (early vegetative to seed formation), and different
levels of N (0 - 400 kg N ha') and P (0 - 400 kg P,O, ha™) fertilization. Field experiments (40°S
73°W) were conducted over a 3-yr period in a subhumid, Mediterranean climate on three distinct
andisols that originated from volcanic ash, with pH values of 5.2 to 5.6. The forage dry matter yield,
plant components (stem count, stem diameter, plant height, and leafistem ratio), and nutritional
characteristics (crude protein, plant cell wall components, and in vitro dry matter digestibility)
were determined. During the first year of growth, cup-plant exhibits a rosette growth habit; the
measurements were begun the second spring after planting and were taken during two consecutive
growing seasons. Plant density over 120,000 plants ha! did not affect dry matter yield, which ranged
from 15 to 20 tha''. Stem number and thickness did vary due to plant density, but height and leaf:stem
ratio were not affected by density. The leaf proportion of the plants varied between 30 and 45% in
the different experiments. In the cutting regime study, lower forage yields but higher nutritional
values were observed with earlier first cuts. When the first cut was delayed from the early vegetative
stage to the seed stage, crude protein declined from 140 to 60 g kg and digestibility from 790 to
580 g kg', mainly due to the low nutritional value of the stems. The dry matter yield and crude
protein increased with increasing levels of N and P fertilization. Cup-plant requires and absorbs low
quantities of nitrogen, what renders it to be a low protein forage resource. At seemingly low rates
of nitrogen fertilization, it is an efficient biomass factory. It was concluded that cup-plant can be
incorporated as a regular perennial summer fodder crop and also as a special feeding resource during
summer drought as a supplement to existing pasture areas when its availability becomes limited. Its
adaptive and productive characteristics also make it suitable for low-input farming systems.

Key words: Cup-plant, cutting frequency, fertilization, forage crop, nutritional quality,
population density.

Introduction

Cup-plant is a newly introduced forage crop, and
there is limited information about its productive
characteristics in the Southern Hemisphere. The
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plant belongs to the Heliantheae tribe of the Astera-
ceae family, is native to eastern North America, and
was introduced to Europe and Russia as a forage
crop in the late nineteenth century (Demarquilly
and Niqueux, 1978; Kosach ef al., 1984). It is a
perennial plant that reaches a height of 1.5 to 2.5
m and has several erect stems that arise from a
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rhizome structure. The first year growth is in
the form of rosette with low DM yield, but in the
following years, the production ranges between
15 to 21 t DM ha'! under a single-cut utilization
regime (Pichard ez al., 1988; Filatov and Rudenko,
1982; Niqueux, 1981). Slightly lower yields have
been reported by Albrecht and Goldstein (1997)
under a two-cut regime.

Cup-plant initiates growth during spring, after
completing its vernalization requirements, and
grows rapidly, attaining its maximum biomass ac-
cumulation by late summer. It has a long growing
season and exhibits rapid regrowth after cutting
(Solov’yanova, 1975). Various authors recommend
utilization at the bud stage, which allows some
regrowth over the summer months and a second
cutting (Utevsh, 1976; Medvedev and Sidorova
1976; Albrecht and Goldstein, 1997). Such a
two-cut regime lowers the total yield but results
in better nutritive value and higher voluntary
intake by animals. Under the severe summer
drought conditions observed in the Chilean
Mediterranean environment, this forage species
has been well consumed when green chopped and
offered to animals. In farming conditions, cup-
plant has sustained steers weight gains over 800
g d! when comprising a large proportion of their
daily intake. Although those observations lasted
a short period (Pichard, unpublished), they are a
positive indication of its feeding potential. The
two-cut regime would permit a continuous supply
of forage to animals for a period of approximately
five months during the summer drought (Pichard
et al., 1988). The conservation of cup-plant by
ensiling was suggested by Chuiko et al. (1975);
in more recent experiments, Lehmkubhler et al.
(2007) state that cup-plant silage has a nutritional
value lower than corn silage, but it can be suc-
cessfully incorporated as one component of the
diet or be allocated to animals with lower energy
requirements.

This work was undertaken to evaluate the adap-
tation and productivity of cup-plant in the main
soil series and climates found in the southern

latitudes of Chile, near 40°50°S and 73°10°W.
The effects of plant density, cutting regime, and
N and P fertilization upon the forage yield, plant
components, and nutritional characteristics were
studied.

Materials and methods

Three distinct locations, which represent the
primary agroecological environments found in
southern Chile, were chosen as the study sites
for this series of experiments. The study area
corresponds to a subhumid Mediterranean-type
climate with winter rainfall and major oscillations
in the daily temperature (Table 1). During the
summer season, severe droughts occur, and despite
a deep rooting capacity, the low and infrequent
summer rainfall restricts moisture availability
to a thin soil surface. The soil types are andisols
that originated from volcanic ashes, and the pH
ranged between 5.2 and 5.6.

Soil characteristics

Trumao soils (Chahuilco County, 40°47°S 73°12°W).
These udand soils originate from modern volcanic
typic dystrandept and have a fine to intermediate
texture up to a depth of 2 m. The topography is
undulating, with a 2 to 5% slope and excellent
drainage. They are very fertile acidic soils, pH
5.6, and 18% organic matter (OM), although
the high Al and Mn concentrations are toxic to
some plant species. The initial concentrations
of P,O; (Olsen), K,0 and S were 5.0, 180.0 and
12.0, respectively.

Nadi soils (Nochaco County, 40°S 58'W). These
are hydromorphic aquands with rather flat slopes
(0 to 1%) that originated from modern volcanic
ashes. The soil depth can reach 0.3 to 1.2 m, with
an iron and aluminum hardpan layer called “fier-
rillo” between the soil and subsoil that causes
severe drainage problems during the winter rainy
months. The organic matter content was 24%, the
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Table 1. Climate characteristics for the areas in study’

Study Sites

La Union

Chahuilco Nochaco

Avg. Temperature and range (°C)

Avg. Temperature (°C) in warmest month 19.2 (Jan)
Avg. Temperature (°C) in coldest month 8.1 (July)
Frost free period and months number’ Oct. 15 (5)
Beginning vegetative growth September
Average rainfall, mm yr ! 1277

Maximum monthly rainfall, mm 221 (July)

Minimum monthly rainfall , mm

Dry period, month number’ 4

13.9(2.8-12.4)

49 (January)

10.7 (2.0-22.0) 10.0 (3.1-19.7)

14.9 (Jan) 14.3 (Jan)
5.9 (July) 6.4 (July)
Nov. 15 (4) Nov. 15 (3)
October November
1303 1420
181 (July) 202 (July)
45 (January) 62 (February)
5 1-2

1 L. . . .
Source: Values recorded in situ during the three years experimental period.

Month without temperatures under 0 °C.

Number of month when rainfall is below the requirements of half the potential evapotranspiration.

pH was 5.4, and the concentrations of P,O, (Olsen),
K,0and S were 1.0, 94.0 and 9.0, respectively. At
this site, in addition to the very low phosphorus
concentrations, the main limitations come from the
seasonally high water table, the short growing period
for plants, and the difficulties of utilizing forages
in wet conditions. However, the same water table
provides moisture for longer duration during the
summer dry season, thus sustaining plant growth.

Red clay soils (La Union County, 40°17°S 73°05°'W).
These andisols originate from old volcanic ash
and have a very fine texture, with a soil depth
that varies from 0.4 to 1.2 m. The topography
is very complex, with mild slopes (3 to 5%) that
alternate with steep slopes (>20%) in hilly areas.
The soils frequently exhibit moderate to severe
erosion; they are acidic (pH 5.2), have lower OM
content (8.0%), and suffer extreme water deficit
during the summer season. The concentrations
of P,O, (Olsen), K0 and S were 8, 140 and 7,
respectively, at the beginning of the experiments.

Germplasm, experimental plots and management

Plant germplasm was originally obtained from
INRA (Clermont Ferrand, France) and examined
over several years for productive behavior and
sanitary purposes at the Pirque Experimental
Station of the School of Agriculture. Later, the

seed was harvested and used for the experiments
described in this manuscript.

The plots were either directly sown or transplanted
in 6 rows 4 meter long and with 0.6 m between
rows, making 12 m? plots. In the treatments of the
plant population experiment, the plots were wider
to allow equal number of rows. The seeding rate in
direct sowing was 10 kg ha'!, yielding an average
population of 140,000 plants ha'. At each site,
the plots were arranged in complete randomized
blocks with three replicates. The soil was treated
with trifluraline (48% EC at 2 L ha™) prior to
seedbed preparation. Except for the fertilization
trials, all of the plots were fertilized with 30 kg N
ha', 400 kg P,O, ha', and 100 kg K,O ha" prior to
sowing or planting; the high doses of phosphorus
and potassium were intended to overcome their
eventual deficiency. Furthermore, 100 kg N ha!
was spread in two doses during that spring and
summer of the establishment year. Any additional
weed control was performed manually, and no
irrigation was applied. After the establishment
year, 100 kg K,O ha' and 200 kg N ha" were
applied annually, with the nitrogen being split in
three applications over the growing season. The
fertilizers used were triple superphosphate (47%
P,0,), potassium sulfate (50% KO, 18% S) and
sodium nitrate (16% N, 0.5% KO, 0.1% S). The
experiments were monitored over a three-year
period, including two productive seasons.
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At harvest time, samples were obtained from
four linear meters randomly chosen in the four
central rows. The side rows and one meter at all
row ends were discarded to avoid border effects.
The plants were cut 18 cm above the ground,
with fresh weight recorded in a field scale and,
unless otherwise specified, a subsample of § to
10 plants with two to three stems each was saved
for drying, leaf and stem separation, and chemi-
cal analyses. All of the samples were coarsely
chopped, weighed and dried in a forced air oven
at 60 °C to constant weight, then equilibrated
to room humidity overnight and ground to pass
through a 2-mm screen for laboratory analysis.
Absolute dry matter, crude protein, plant cell
wall fractions (NDF, ADF, and lignin) and in
vitro dry matter digestibility (IVDMD) were
determined according to the methods of AOAC
(1990), Van Soest et al. (1991) and Goering and
Van Soest (1970).

Experiment 1. Plant population density

The seedlings were prepared by direct sowing
in a soil bed 45 days prior to the date foreseen
for transplantation, which occurred when they
had five leaves. Planting was in five plant den-
sities by transplanting in rows set at different
distances and thinning all rows to an average
of 8.32 plants per linear meter, equivalent to
12-cm intervals along the row (Table 2); this
was completed in September (La Unioén), Oc-
tober (Chahuilco) and November (Nochaco).
The plants were harvested at flower initiation
starting on February 10" of the second and
third years, and the DM yield, plant height,
stem diameter, plant components, and moisture
content were determined. The yield data were
compared using analysis of variance (ANOVA)
using the general linear model procedure in
a 2 x 5 factorial arrangement for year (x2),
plant population (x5) and their interaction ef-
fects, independently in the three experimental
sites (Table 3). The effect of plant population
on morphological characteristics was studied

using regression analysis (Snedecor and Co-
chrane, 1967) including the three replicates
from each site.

Experiment 2. Cutting regime

This experiment was directly sown in autumn at
a seed rate of 10 kg ha' and later thinned to ap-
proximately 140,000 plants ha. Six treatments
were obtained by delaying the first cut over six
successive phenological stages: early vegetative,
80 cm height (S1); vegetative, 100 cm height (S2);
bud stage (S3); 10% bloom (S4); 50% bloom (S5);
and seed setting (S6). Regrowth was cut in April for
all treatments. Plant height and fresh weight were
measured in the field, and subsamples were saved
for the separation of leaves and stems, drying and
further chemical analysis. The dry matter yield of
the first cut was used to calculate the mean growth
rate at each site, and the cumulative yield was the
sum of the first growth and the subsequent regrowth.

Table 2. Plant population density treatments.

Treatments D1 D2 D3 D4 D5
Distance

between rows, 80 70 60 50 40
cm

Plant

populatiop, 104,000 119,000 139,000 167,000 208,000

plants ha

Experiments 3 and 4. Nitrogen and phosphorus
fertilization

In the N experiment, planting was by direct seed-
ing at arate of 10 kg of seed ha™! drilled in rows 60
cm apart and thinned to 140,000 plants ha™! before
60 days. The field used for the N experiment was
fertilized with 400 kg P,O, ha" and 100 kg K,O
ha! during the soil preparation prior to seeding,
using triplesuperphosphate and potassium sulfate.
Nitrogen fertilizer was applied as sodium nitrate
at rates of 0, 100, 200, 300, and 400 kg N ha! yr!
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in three monthly intervals, starting in August
through October, depending on the onset of the
growing season in each area of the study. The P
experiment plots were established by transplanting,
as in the previous experiment, to attain 140,000
plants-ha™ after fertilization with treatments of 0,
100, 200, 300, and 400 kg P,O, ha™ using triple-
superphosphate due to its high concentration (47%
P,0,) and availability in the form of monocalcium
phosphate. N and K were applied prior to plant-
ing at rates of 30 and 100 kg N and K,O ha™ as
sodium nitrate and potassium sulfate, respectively.
Nitrogen was top-dressed to reach 200 kg N ha’!
yr' in three monthly applications, starting in late
winter. Annual applications of P were repeated
every year during August, at rates of 0, 40, 80, 120
and 160 kg P O, ha™, respectively, according with
the treatments. At La Union, the planting failed,
and no results are reported for that site for the P
experiment. In both the N and P experiments, the
plants were harvested at 50% bloom, in accordance
with the previous sampling technique, and the fresh
weight and plant height were measured in the field.
Subsamples were taken for moisture determination
and for laboratory analyses.

Results and discussion
Experiment 1. Effect of population density
Dry matter yield. Annual DM yield ranged from

9.6 to 22.3 t ha! for the two harvest years (Table
3). There were no differences (P=0.05) in yield

associated with plant density, except for the second
year in La Unidn, where there was a treatment
x year interaction (Figure 1). At that site, in the
first harvest year, the yields were low and very
uniform across the plant densities, which might
be attributed to the severe summer drought,
indicating that soil moisture would restrict plant
growth before any other factor. During the second
harvest year at La Union, the treatment with the
lowest density had a lower dry matter production
(P<0.05) than the other density levels, which could
be explained by a suboptimal canopy density for
utilization of radiation during the growing season.

At all sites, the DM yield was lower for the lowest
plant densities (Figure 1), although not statistically
significant (P>0.05), suggesting that the seeding
rates need to be adjusted to produce at least 120,000
plants ha'. The greater population densities did
affect the plant morphology, but the yield com-
ponents tended to compensate, and no significant
effect (P>0.05) was observed on biomass yield.
The greatest yields were obtained at Chahuilco,
which are likely due to better soil and climate
conditions, rather than to latitude or radiation
effects, as this site is located in between La Unidn
and Nochaco. In the region where this research
was conducted, the cup-plant produced as much
forage as a good alfalfa stand in its second year,
in the range of 15 to 20 t DM ha'; similarly, red
clover, either in pure stand or mixed with hybrid
ryegrasses, may yield up to 15 t DM ha-1 in the
second growing season but lasts only 2 to 3 years
(Teuber et al., 2008). The cup-plant has a lower

Table 3. Average dry matter yield and significance of year and population density effects.

Chahuilco La Unién Nochaco

DM yield (t ha)

Year 1 22,288 (2.37)! 9,629 (0.98) na?

Year 2 19,388 (2.76) 14,641 (3.14) 17,851 (2.21)
Effects

Year * o n.a.

Plant population NS * NS

Year x plant pop. NS ** n.a.

"Ttalic numbers between brackets represent standard deviations of the mean.

n.a. = not available.
*P <0.05; **P <0.01.
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Figure 1. Effect of plant population on dry matter yield of Silphium perfoliatum.

nutritional value than the mentioned legumes and
relies on nitrogen fertilization, but it is very well
adapted, truly perennial, not subjected to winter
injury, and does not require heavy liming as alfalfa
does in acidic soils. It can be considered a good
yielding and reliable species.

Plant height, stems per plant, stem diameter
and proportion of leaves. Population density is
known to increase competition between adja-
cent plants, to modify shading and to stimulate
stem elongation (Hay and Porter, 2006). In
this study, an inverse linear relationship was
observed between plant height and plant density
at Chahuilco and at Nochaco. We observed a
morphological compensation in cup-plant, a
reduction in the number of stems per plant in
response to the higher plant population density
at all three sites (Table 4). Similarly, the stem
diameter decreased linearly as population
density increased, and this effect was the most
dramatic in Nochaco, where a doubling of the
population density reduced the stem width by
half. Similar morphological responses to high
population densities have been observed in stem
diameter in sunflower (Helianthus annus) and
in maize (Zea mays) by Escalante-Estrada et al.
(2008) and earlier by Matus (1985) and Trivelli
(1984). In Nochaco, where the plants grew less
tall, the increases in population densities led to

decreases in height. These results could suggest
that competition for soil nutrients was more
important than light limitation with increas-
ing plant density, although the amounts of N,
P and K applied were thought to be adequate
for all treatments. However, the shorter plants
at Nochaco did not have proportionally low
yields (Figure 1); instead, they developed a
high number of stems per plant, thicker stems
and a higher percentage of leaves, suggesting
a hormonal adaptation to the lower radiation
and lower temperatures that characterize this
site. The contribution of leaves to the DM
yield varied from 33% to 45% and was higher
(P<0.05) at the lower population densities.
This was due mainly to poor leaf retention in
the shaded environment produced by the dense
canopies. Harvesting at an earlier growth stage
may result in higher leaf:stem ratios, with the
consequent improvement in nutritional quality.

Across all population densities at Chahuilco, the
site with no soil limitations and the longest growing
season, the yields were greater and plants were
taller than in the other sites. The more vigorous
growth observed was accompanied by greater
shading effects and lower leaf percentages, and
this effect was more pronounced at the higher
population densities (Table 4). The number of stems
per plant was greatest at Chahuilco and Nochaco,
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which were also the sites where the highest DM
yields were recorded, suggesting that the number
of stems is a major component of the total yield. It
was observed that the tallest and highest yielding
plants fairly rapidly lost their lower and middle
stem leaves, keeping only those on the top 50 or
70 cm of the plant. This explains why the thicker
stems, which were presumably heavier, that were
found at the lowest population densities were not
accompanied by lower leaf:stem ratios. In fact,
across the three sites, the proportion of leaves
declined as the plant density increased.

67

Experiment 2. Cutting regime

When cutting at the early vegetative stage, plants
were approximately 80 cm tall and yield was close
to 5t DM ha' at all three sites (Figure 2), whereas
delaying the initial harvest until seed formation
resulted in yields between 15.7 to 20.6 t DM ha.
A linear relationship was observed for the net yield
of the first cut with mean growth rates of 168 kg
DM ha'd' in Chahuilco, 133 kg DM ha'd'in La
Union, and 136 kg DM ha' d"! in Nochaco. Cup-
plant is a plant that rapidly generates new shoots

Table 4. Effect of plant population on morphological characteristics of Silphium

perfoliatum.
Stem diameter
Plant Iii?;ktlt Base Middle Leaves
population cm Stems/plant cm %
Chahuilco
DI 265 3.2 1.4 1.13 36
D2 262 3.7 1.2 0.94 34
D3 256 29 1.2 0.92 34
D4 254 2.8 1.2 0.92 36
D5 252 2.3 1.1 0.83 33
b -0.12 -0.01 -0.002 -0.002 -0.01
r2 0.86 0.78 0.54 0.69 0.11
Sy.x 2.36 0.28 0.09 0.07 1.38
La Union
D1 176 2.3 1.3 0.97 45
D2 181 2.4 1.1 0.92 40
D3 182 1.8 1.1 0.91 42
D4 166 2.1 1.1 0.82 44
D5 200 2.0 1.0 0.78 37
b 0.15 -0.003 -0.002 -0.002 -0.048
2 0.26 023 0.76 0.95 0.38
Sy.x 12.21 0.21 0.05 0.02 2.89
Nochaco
D1 187 3.0 2.2 1.7 44
D2 188 34 2 1.5 41
D3 178 2.5 1.6 1.1 34
D4 168 2.6 1.3 0.9 36
D5 159 2.6 1 0.7 36
b -0.296 -0.006 0.012 -0.010 -0.069
2 0.96 0.39 0.95 0.91 0.47
Sy.x 2.72 0.34 0.12 0.14 3.47

'D1=104,000; D2= 119,000; D3= 139,000; D4=167,000; D5=208,000 plants-ha™'.
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from the crown once the older ones have been cut.
Thus, depending on the time of the initial harvest, a
second harvest can be completed during the growing
season. In Figure 2, it can be observed that the later
the date of the first cut, the higher the overall yield
but the lower the contribution of the regrowth. This
effect was greater at the sites with shorter growing
seasons, as the secondary growth following the
initial harvest was under less favorable conditions
until the final harvest in April.

Plant height and the proportion of leaves and
stems were influenced by the cutting regime.
The differences in plant height mirrored the yield
differences (Figure 3). In the initial growth, the
proportion of leaves decreased sharply from over
60% in the early vegetative stage to close to 40%
at the onset of the reproductive stage (Figure 4).
The secondary growth when the first cut was at
early stages of plant development was approxi-
mately 60% leaves, whereas regrowth of those
submitted to the first cut at later stages (S3 to
S6) were essentially pure leaves. This advantage
would be cancelled by the very low yield of the
secondary growth after the late first cut.

The average dry matter content of the cup-plant
increased from 144 g-kg! in the early vegetative
stages to 249 g'kg! in the seed setting stage (Table
5). At Chahuilco, after the onset of flowers, the
plants had greater dry matter content than at the
other two sites at equivalent phenological stages;
this may be due to the faster growth rate observed
at this site. The moisture content of the plant was
very much influenced by the leafistem ratio, as

25

leaves have lower water content than stems in
early stages, and in later stages, stems become
richer in dry matter content than leaves (Table
6). The senescence of the shaded leaves and the
progressive maturation of the stem tissues would
be involved in this observation. At Nochaco and La
Union, the same phenological stages were attained
later in the growing season, but at Nochaco, the
plants were richer in dry matter than at La Union
(Table 5), which is consistent with the observed
higher proportion of leaves (Table 4).

The crude protein content and IVDMD rapidly
declined as the plants progressed from the veg-
etative stages to the reproductive ones. In the
early vegetative stages, CP ranged between 130
and 150 g'kg!, whereas by the bud stage, it had
declined to 100 g'kg!, and at seed setting, the
CP dropped to a range of 50 to 80 g-kg™'. This is
mainly due to the very low N level of the stems
and to the lower proportion of leaves in the more
advanced stages of development. These protein
values are lower than reported by Albrecht and
Goldstein (1997) but similar to those found by
Lehmkubhler et al. (2007). In our experiments,
such value was probably influenced by the N
fertilization rate that was used, as we observed
in the next experiments, at fertilization levels
greater than 200 kg N-ha™!, there was a response
in yield and also in the protein content of the
plant. The protein content of cup-plant species
in vegetative stages are similar to most non-
leguminous herbaceous species and compare
well with other members of the Heliantheae tribe
(Schingoethe et al., 1980); however, as cup-plant

DM Yield (t ha-")
> > 8

o

o

§1 82 S3 sS4 S5 S6
Chahuilco

S1 S2 S3 sS4 S5 S6

La Union

@Firstcut OAftermath

S1 S2 S3 S4 S5 S6

Nochaco

Phenological stages

Figure 2. Effect of phenological stage of Silphium perfoliatum on first cut and aftermath forage yields.
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Figure 3. Effect of phenological stage on plant height of ~ Figure 4. Effect of phenological stage of Silphium
Silphium perfoliatum in first growth and in aftermath. perfoliatum on leaf proportion in first growth and in
aftermath.

Table 5. Effect of the phenological stages on the chemical composition and
digestibility (g kg ') of first cut Cup-plant.

Chahuilco La Unién Nochaco Average
Dry matter
st' 154 119 160 144
S2 173 123 208 168
S3 215 137 212 188
S4 239 172 219 210
S5 260 202 239 234
S6 266 234 247 249
Crude protein
S1 135 151 134 140
S2 99 118 126 114
S3 79 92 97 89
S4 68 74 83 75
S5 73 64 77 71
S6 57 51 78 62
NDF )
S1 198 n.a. 189 194
S2 245 372 247 288
S3 353 427 315 365
S4 324 470 294 363
S5 297 477 335 370
S6 340 403 376 373
IVDMD
S1 805 784 779 789
S2 714 752 778 748
S3 669 684 728 694
S4 655 643 667 655
S5 640 582 637 622
S6 613 530 608 584

'S1= vegetative 80 cm height, S2= vegetative 100 cm height, S3= bud stage, S4=
10% flower, S5= 50% flour, S6= seed stage.

2 .
n.a. = not available.
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approached the reproductive phases, the protein
content dropped very sharply.

The plant cell wall content of the early vegetative
stages was very low, which is interesting given
that the 5 t ha! forage DM already accumulated
and also explains the high digestibility values
observed in that stage. At La Union, the plant cell
wall content of cup-plant was consistently higher
than at the other two sites; this should be a joint
effect of higher environmental temperature (Table
1) and the consequent moisture stress on cell wall
synthesis, as explained by Deinum and Dirven
(1976) and by Minson (1990). This higher cell wall
content at La Union had a major negative impact
on digestibility for the two most mature stages;
the drop in IVDMD from the early vegetative to
seed stage was 254 g-kg!'. At Nochaco, there was
a greater leaf:stem ratio, and the IVDMD total
reduction was only 171 gkg'. The digestibility
values prior to the bud stage were very high at
all three sites. From a nutritional standpoint,
this species has low plant cell wall content and
compares favorably with the leafy forages of the
Brassica genus and with alfalfa (Han ez al., 2000).

The changes in the chemical composition of the
leaves and stems during plant development were
studied more in depth at Chahuilco (Table 6).
During the vegetative stages (S1 and S2), the DM
contents of the leaves and stems were close to 140
and 100 g’kg', respectively. This finding indicates
that the plants were very succulent during the
periods of highest nutritive value, making them
very palatable for grazing animals or for green
chopped direct feeding but too wet and probably
unsuitable for conservation as silage. Once the
reproductive stages had begun, the DM content
increased to approximately 200 gkg! and was
similar in leaves and stems. The ash content of
the leaves remained approximately 140 g-kg
throughout the study period and was high relative
to many domestic grasses and legumes (MAFF,
1992); the ash content of the stems was lower
and declined by approximately one-half as the
plant grew older.

In the progressive growth stages, the protein
content in the leaves and stems dropped quite
sharply from 200 and 52 to 108 and 15 g kg,
respectively. The proportion of soluble N in
both the leaves and stems was in the low range
for most forages (Pichard and Van Soest, 1977),
particularly during the early stages of develop-
ment, which suggests that cup-plant will prob-
ably never have any nitrate toxicity problems nor
accumulate high levels of NPN compounds. The
amount of fiber bound nitrogen (acid detergent
insoluble nitrogen, ADIN) was also very low in
the leaves and apparently high in the stems, but
the latter is an artifact of the calculations because
the N content of the stems is very low.

The composition of the cell walls in the leaves and
stems of cup-plant show that lignocellulose is the
main component, and hemicellulose is much less
important. Lignin was found in a high propor-
tion, between 200 and 300 g kg™ of the total plant
fiber in the leaves and approximately 150 g kg
in the stems. The cell wall content of the leaves
decreased from 300 to 240 g kg from the early
vegetative stage to the bud stage and then remained
at the same level through the successive stages of
development. This occurred because, as the grow-
ing season progressed but prior to flowering, the
older leaves senesced more rapidly than the new
leaves emerged such that at later sampling periods
during the growing season, proportionally more
new leaf tissue was present, which was slightly less
fibrous and less lignified. In stages S5 and S6, no
new leaves were formed, and those that remain had
been submitted to high summer temperatures and
were likely beginning to undergo senescence. As
a result, the fiber became more complex and less
available to rumen microbes, which was observed
as reduced plant cell wall digestibility. The [IVDMD
of leaves was very high, never falling below 820
g'kg', and it was beyond what is expected from
the high percentage of lignin found in leaf cell
walls. In contrast, the fiber content of the stems
was high from the beginning and increased from
stage S1 to S3 and then leveled off approximately
600 gkg'. The stem [VDMD started at 670 g kg
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Table 6. Effect of phenological stage on the chemical composition and digestibility of leaves and stems of Cup-plant at

Chahuilco.
Leaves Stems

Stages1 S1 S2 S3 S4 S5 S6 S1 S2 S3 S4 S5 S6
Dry matter, g DM kg 139 136 146 182 197 221 93 108 130 169 210 239
Ash, g DM kg! 148 145 145 138 157 150 95 80 71 52 50 42
Crude protein, g DM kg 200 162 151 127 127 108 52 43 34 25 26 15
Soluble N, g kg'total N*! 134 104 141 168 281 291 179 261 241 175 293 167
ADIN, g kg total N*! 26 24 19 19 20 17 63 77 74 80 85 113
NDF, g DM kg 300 264 246 242 244 234 525 557 604 589 612 600
ADF, g DM kg 247 252 232 220 237 217 468 486 515 506 523 525
Lignin, g DM kg! 68 82 42 55 49 48 85 86 88 85 106 93
CW Digestibility, g DM kg' 891 904 885 922 825 783 619 514 456 370 300 227
DM Digestibility, g DM kg' 838 839 843 852 828 820 671 600 543 500 443 407

IS1= vegetative 80 cm height, S2= vegetative 100 cm height, S3=

acid detergent insoluble nitrogen.
NDF: neutral detergent fiber.
ADF: acid detergent fiber.

CW: cell wall.

in the early vegetative stage but declined sharply
and steadily over the entire study period to 400 g
kg'; the stem IVDMD was primarily influenced
by the complexity of the fiber matrix rather than
by the lignin content, which increased only in the
final S5 and S6 stages. This limited availability
of stems, in addition to the increased proportion
found in more mature plants, is responsible for
the overall reduction in the digestibility of cup-
plant as the plants progress from vegetative to late
reproductive stages.

Experiment 3. Nitrogen fertilization

DM yield and plant morphology. A quadratic re-
sponse to nitrogen was observed in the yield of adult
plants after the establishment year (Table 7). Such
decreasing efficiency with increasing nitrogen doses
fits with the general knowledge about plant growth
limits under varying genetic and environmental
conditions (Hodgson, 1990). The maximum yield
was attained at 300 kg N ha!, although at 200 kg N
ha'!, a clear asymptote was already observed (Table
7); above 300 kg N ha'!, there was a slight positive
response at Chahuilco and a small yield reduction

bud stage, S4= 10% flower, S5= 50% flour, S6= seed stage ADIN:

at the other two sites. This reduction has previously
been interpreted as a toxicity effect on the plant,
but the low rate of N uptake suggests that cup-plant
absorbs limited quantities of N, thus making the
toxic effect reported in other forage species under
heavy N dosing unlikely (Hopkins, 2000). The yield
response curve indicates that the nitrogen supply
was not a limiting factor for attaining greater forage
yields when harvested in a single cut at mid-bloom
stage; this maximum was approximately 20 t DM
ha!. The impact of N doses on yield (Table 7) was
very positive for the first 100 kg N applied, being
51.6,45.2 and 22.4 kg DM kg N'; however, further
additions of the fertilizer had much lower responses,
and beyond 200 kg N ha”, the effect on yield was
poor. The rate of marginal recovery of the applied
nitrogen was consistent with the yield responses.
Recovery was remarkably low when fertilizing with
more than 100 kg N ha''; at two sites, the marginal
recovery of nitrogen was in the range of 5 to 10%.

The plants in the control treatments without N
fertilization were consistently shorter, and as
shown in the linear regression analysis, plant
height increased by 5 to 8 cm for every 100 kg N
ha'. This morphological change is well correlated
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with the yield, suggesting that plant height is
a definite yield component in cup-plant when
submitted to variable levels of nitrogen supply.
As the plants became taller, we expected to
observe a reduction in the proportion of leaves,
but no such effect was found. Leaf percentage
was a variable trait within each location at the
different N fertilization rates, although at two
locations the highest leaf proportion was found
in the lowest N treatment. This finding is in
contrast to the previous results observed in cool
season grass species and in C, summer crops,
which show a faster senescence of lower leaves
with a low N supply. It is likely that the better
access to light by leaves of shorter and weaker
plants was more important than N supply in
determining their persistence.

Crude protein level. As shown in Tables 5 and 6,
the protein content of cup-plant is not high, even
at early vegetative stages, and it drops sharply
once the reproductive phase begins. Similar low
protein levels have been reported by Seiler (1984)
for sunflower forage and by Hay and Offer (1992)
for the tops of Jerusalem artichoke (H. tuberosus).
In this study, cup-plant plants responded to increas-
ing amounts of N application by increasing the
N content of the plant tissue (Figure 5); however,
the absolute value is still very low compared with
other known forage crops. The protein content
attained in the highest N treatment was only 6.7,
8.2 and 6,2% in the three locations; at fertilization
rates up to 200 kg N ha'!, the protein content was
below 6%. The actual uptake of N varied at each
site, but the concentration of N in the plant leveled
off at the same rate of fertilization at which the
same effect was observed in the biomass yield.
From a nutritional perspective, such low protein
content brings a clear limitation to potential uses
of this forage species. This limited absorption of
nitrogen is distinctly different from grass species,
which can accumulate over 5% N at high rates
of fertilization (Wilkins et al., 2000). Such a
low requirement for N is however an interesting
observation from an environmental viewpoint in
livestock systems.

When partitioning the protein in the leaves and
stems of cup-plant, the leaves contain 4 times
more protein than stems in early stages, and in
later stages, up to seven times more (Table 6).
When fertilizing with N, the protein content
of the stems increased very slightly (Table 5),
remaining at all doses below 3%, except at La
Union where it reached 4.5%. The crude protein
content in the leaves of the control treatments
was close to 11%, and at the high N supply, it
increased up to 15 - 17% at the different loca-
tions. This means that leaves are very important
in determining the protein value of cup-plant and
that field management should address as a high
priority the strategies for keeping a high leaf:stem
ratio in the harvested forage.

Experiment 4. Phosphorus fertilization

Plant and soil responses to P fertilization were
not consistent across locations. At Chahuilco,
there was a steady augmentation in soil P
concentration, going from 5 to 35 ppm P,O,
(Figure 6); however, forage yield was high and
essentially constant across all phosphorus levels.
At Nochaco, a distinct response was observed.
The soil phosphorus was initially very low, 1
ppm P-Olsen, and at the dose of 300 kg P,O,
ha’l, it attained a maximum of 10 ppm P-Olsen;
the forage yield constantly increased from 0 to
400 kg P O, ha''. Other than the initially differ-
ent phosphorus content in the two soils, it was
observed that when attaining comparable levels
of P-Olsen, the yield was much lower at Nochaco
than at Chahuilco. It is likely that the amount
of exchangeable Al at the two sites could have
caused this different response to P. At Nochaco,
the Al concentration was 0.81 mg kg™, compared
with only 0.42 mg kg at Chahuilco. The effec-
tiveness of P fertilization is inversely related to
the availability of free Al in the soil (Philippi et
al., 1985). Other than climatic differences, there
may be other nutrient deficiencies at Nochaco,
and future research should address the role of
calcium, magnesium, sulfur and microminer-
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Table 7. Effect of nitrogen fertilization on dry matter yield, plant height, leaf/stem ratio, forage yield, nitrogen uptake,

and recovery.

Nitrogen Dry matter Nitrogen Nitrogen Marginal ~ Marginal N Plant2 Leaf—stéam
level yield! content uptake DM yield recovery height ratio
kg N ha' tha' % DM kg ha'! kg N kg % cm
Chahuilco 0 11.62 0.77 89 219 36.1
100 16.78 0.82 137 51.6 47.7 229 42.0
200 16.22 0.93 151 -5.6 6.8 240 34.8
300 17.01 1.04 177 7.9 8.8 236 324
400 18.59 1.07 199 15.8 5.6 246 342
a 12.38 222 38.6
b 30.8 0.061 -0.013
c -0.04 - -
2 0.82 0.86 035
Syx 1590 4.54 3.45
La Unién 0 12.67 1.04 132 241 36.0
100 17.19 1.14 195 452 63.5 264 355
200 18.94 1.34 255 17.5 29.6 263 31.6
300 20.09 1.44 289 11.5 11.6 258 29.1
400 19.46 1.31 255 -6.3 -8.5 271 354
a 12.82 249 36.3
b 47.6 0.054 0.014
c -0.06 - -
2 0.99 0.57 0.52
Syx 361 8.52 2.42
Nochaco 0 14.63 0.74 108 155 33.4
100 16.87 0.72 121 224 13.8 162 312
200 19.68 0.75 148 28.1 13.3 168 31.8
300 20.05 0.86 173 3.7 8.4 182 28.9
400 19.42 0.99 193 -6.3 4.9 189 344
a 14.41 154 32.0
b 36.1 0.088 -0.007
c 0.06 - -
2 0.97 0.98 0.003
Syx 511.53 2.34 2.38

'Regression coeficients for the model y = a + bx — cx”.
2Regression coeficients for the model y = a + bx.

als. The most interesting finding was the lack
of yield response to phosphorus at Chahuilco,
suggesting that this nutrient might not be criti-
cal for cup-plant to achieve good yields. Where
plants responded to P fertilization, there was a
positive relationship between plant height and
DM yield, but P fertilization had no effect on
the yield components.

From this study, we conclude that cup-plant can be
auseful forage resource for those locations where
the growth of permanent pastures is limited, espe-
cially those sites that experience severe summer
drought, locations with a short growing season
between the late spring and early autumn frosts,
and in those locations that have hydromorphic
soils saturated with water during a long winter
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Figure 5. Effect of nitrogen fertilization on the content and distribution of protein in

plants of Silphium perfoliatum.
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Figure 6. Effect of phosphorus fertilization on soil content of P Olsen.

period. Fast growth rates were recorded during
late spring and summer, making efficient use of
the inter-frost period and providing an abundant
feed resource for animal needs. Cup-plant exhibits
considerable morphological plasticity and adapts
well to varying cropping conditions without
major changes in biomass yield. Under differing
population densities, the number and thickness of
the stems was found to vary, but there were only
minor effects on plant height and leaf:stem ratio.
The data regarding nitrogen utilization support the
evidence that cup-plant is a low protein species that
does not absorb large quantities of nitrogen even if
there is a high concentration in soil or if growing
conditions favor good plant growth. Under low

yielding conditions, which might induce the ac-
cumulation of nitrogen in plant tissues, cup-plant
does not absorb unnecessary quantities. Protein is
predominantly located in the leaves, which account
for approximately one-third of plant weight in the
first cut and higher percentages in the secondary
growth. Even so, leaves also have low protein
content, and stems have extremely low protein
content. Regarding the phosphorus requirements
of cup-plant, at one location, there was no yield
response in low P soils, suggesting that this nutrient
might not be critical for the species.

The proper management of cup-plant will be
critical for providing forage with an acceptable
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nutritive value. The results of these studies sug-
gest that a first cut be completed when the plants
are still vegetative to ensure that protein and
available energy levels are sufficient to promote
desired liveweight gains or milk production.
Starting the cuts at an early vegetative stage also
allows second cuts to be completed in January,
thus insuring a continuous supply of forage dur-
ing December through March. Such a two-cut
regime reduces the overall yield compared with
a single cut at the end of the season, but delaying
the first cut results in a stemmy forage with very
low protein and energy values. Further work is

needed to assess the animal response to feeding
this forage under animal production systems of
varying intensities. These results suggest that the
perennial and rustic characteristics of cup-plant
might be particularly interesting for low input
farming systems.
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Resumen

G. Pichard. 2012. Manejo, produccion, y caracteristicas nutricionales del silfo (Silphium
perfoliatum) en climas templados del sur de Chile. Cien. Inv. Agr. 39(1): 61-77. La informacion
publicada sobre la respuesta del silfo (Silphium perfoliatum L.) a practicas culturales es limitada. Es

una planta forrajera perenne introducida en Chile en los afios 70, la cual fue sometida a una serie de

estudios para evaluar su adaptacion y productividad. Se midio los efectos de poblacion de plantas

(104.000 — 208.000 plantas ha'), estado de desarrollo al corte (vegetativo temprano a formacion
de semilla) y niveles de fertilizacion nitrogenada (0 - 400 kg N ha™') y fosforada (0 - 400 kg P,O,
ha'). Los experimentos de campo fueron realizados durante tres afios en la zona subhiimeda (40°S

73°W), con clima mediterraneo, en tres tipos de andisoles originados de cenizas volcanicas, con

pH 5,2 a 5,6. Se midi6 el rendimiento de forraje, los componentes de la planta (nimero de tallos,

diametro de tallo, altura de planta, relacion hoja:tallo) y sus caracteristicas nutricionales (proteina

cruda, fibra y sus componentes, y digestibilidad in vitro). Durante el primer afio las plantas tuvieron

un crecimiento en roseta por lo cual las mediciones se iniciaron en la segunda primavera después

de la plantacion y se repitieron durante dos temporadas de crecimiento. Poblaciones de plantas

superiores a 120.000 plantas ha™' no afectaron el rendimiento de materia seca que se mantuvo entre

15y 20 t ha!. El nimero y diametro de los tallos vario por efecto de la poblacion de plantas, pero

la altura y la relacion hoja:tallo no fueron afectados. La proporcion de hojas oscild entre 30 y 45%

en los diferentes ensayos. En los experimentos sobre régimen de corte se observo que aquellos mas

tempranos tuvieron menores rendimientos, pero mejores caracteristicas nutricionales. Cuando el

primer corte se pospuso desde el estado vegetativo temprano hasta semilla formada, la proteina se
redujo de 140 a 60 g kg y la digestibilidad de 790 a 580 g kg, principalmente debido al bajo valor
nutricional de los tallos. La produccion y el contenido de proteina aumentaron al incrementar los

niveles de fertilizacion de N y de P. Se observo que el silfo es una especie con bajos requerimientos

de nitrogeno, pero es eficiente en la produccion de biomasa; la consecuencia es que genera un forraje

bajo en proteina. Los resultados indican que el silfo puede ser incorporado como un cultivo forrajero

perenne de crecimiento estival, siendo un complemento alimenticio de valor para los periodos de

sequia en aquellas areas donde el crecimiento de la pradera es muy afectado por la falta de humedad.

Su adaptacion y caracteristicas productivas la hacen muy adecuada para sistemas de produccion

agricola de baja intensidad.

Palabras clave: Calidad nutricional, cultivo perenne, densidad de poblacion, fertilizacion,

frecuencia de corte, silfo.
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