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ABSTRACT
STUDY OF FIBER CONTENT IN ASPARAGUS CULTIVARS
By

Jorge Sosa-Coronel

Studies were performed to determine if the fiber
content of spears produced by various cultivars and crowns
of asparagus was different,

Nine cultivars and ten crowns selected from breed-
ing plots were used. The cultivars were as follows: Mary
Washington, N, J. 44 x 22, Michigan Select, N. J. 51 x 22,
California 711, California 66, California 72, N. J. Im-
proved and California 309. Of the selected crowns five were
males and five were females. The spears used were 20.0 cm
(8") long; they were divided into five sections and fiber
content was determined in each of these sections. Spears
from these different harvest da tes were included in this
study.,

The results indicated that there were significant
differences among cultivars in the fiber content of the
spears they produce. The lowest in fiber were Michigan
Select, Mary Washington, California 66 and California 72.
Those with the highest fiber content were N. J, Improved
and California 711. Cultivars that had low fiber content

were usually high in marketable yield.
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There also were significant differences in the
fiber content of the five sections of each spear; the tip
portion (10 cm) had the least fiber while the bottom section
(17.5-20.0 cm) had the highest., There were no significant
differences between the second (10.0-12.5 cm from the tip)
and the third (12.5-15.0 cm from the tip) sections of the
spear,

There were no differences in fiber associated with
harvest dates and no interactions between harvest dates and
cultivars, Within row spacing had no influence on fiber con-
tent.

There was a correlation between the fiber content
in a given section of spear and the temperature at which the
spear was produced. Low temperatures caused an increase in
the fiber content in the tip 10.0 cm of the spear and a de-
crease in the other spear sections., High temperatures had
the opposite effect, ie: low fiber in the tip section and an
increase in the other sections,

The fiber content in the spears of the crowns se-
lected from the breeding plots did not follow a definite
trend across the three harvest dates, However, differences
in fiber content between the crowns were observed. Of the

nine crowns on May 17, the four lowest in fiber were females.
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INTRODUCTION

Asparagus is one of the main vegetable crops grown
in Michigan, The majority of the crop (93%) is processed.
The remainder is sold for consumption as a fresh product
(11, 12).

Fibrousness is the most important deterent of
asparagus quality, because it determines the edibility of
the product. If this fibrousness which results from thick
lignified cell walls in the pericycle and vascular bundles
of the spear is more than 0.25% of the fresh weight of the
spear, it is classified as inedible (5, 15). This standard
(0,25%) was obtained, by comparing the fiber content of
spears using the blender method (17), and the percentage
of objectionable segments obtained by using the "fork test",
a method used by the industry (Herner, personal communi-
cation),

Studies have been done in Michigan an attempt to
determine ways to avoid high amounts of fiber in spears (4,
5, 15)., Years ago asparagus spears grown in Michigan were
harvested at the ground level, It was then shown that
bending the spear appropriately would cause it to break at
the point where fiber cease to be objectionable, leaving

in the yield the pieces of the spear highest in fiber.
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This method now called "snapping" is the major method of
harvesting asparagus in Michigan.

Studies (4, 5, 6, 9, 13, 15) have shown that fiber
content in the spear decreases from the base to the tip.
Long spears generally contain a lower percentage of fiber
than short spears and spears of large diameter are usually
less fibrous than thin ones,.

A continual reduction of annual hand labor in
Michigan, may encourage asparagus growers to use mechanical
harvesters, Some of these are non-selective sled-type har-
vesters that cut the spears 5.0 to 6.25 cm (2.0 to 2.5
inches) above the ground, and allow the harvest of 60 to 80
acres in a half a day. Because of their non-selectivity,
many tips of growing spears are harvested before the spear
reaches the ideal marketable size, This lowers the yield
of the sled harvested asparagus by about 30 to 50% compared
to yields achieved by snapping (2, 3, 15).

Studies have been done in order to determine which
height of the spear lends itself to the most efficient me-
chanical harvest while at the same time reducing to a min-
imum the losses in quality due to fiber when the product is
processed (15).,

The influence of environmental factors on fiber
content in asparagus has also been studied. Both, temper-
ature and rainfall have been reported to have an influence
on fiber formation in the spear (4, 10, 15, 16).

So far, no one has reported comparisons on fiber

content in different cultivars of asparagus,
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Cultivars which are selected using parameters such
as yield, resistance to insect and diseases, etc., could
also be selected for fiber content of the spears produced.
Combining yield and fiber content would allow the breeder
to evaluate more precisely the potential of each cultivar,
since the real yield is not known until the product reaches
the processing plants, and grading has been accomplished.

The objective of this study was to evaluate the
fiber content of nine asparagus cultivars and 10 selected
crowns, with the purpose of obtaining information that
could be useful as a basis for selection in a breeding pro-
gram, In addition, identification of the best cultivars
with low fiber content will allow the growers to obtain
higher marketable yields, because their losses at the pro-
cessing plants will be less at the time the product is
graded. It will also be advantageous for the processors,
because cultivars with less fiber will allow longer storage
(when necessary), faster processing and a higher quality

product.



REVIEW OF LITERATURE

Structurally, a cross section of an asparagus spear
is divided into five anatomical regions: the epidermis, the
cortex, the pericyclic fibers, the ground parenchyma and the
vascular bundles (1).

Fiber cells, found mainly in the pericyclic fibers
region are long, thick-walled cells with a flat surface.
When these cells mature, the walls are filled with deposits
of lignin which makes the tissue hard. The fiber cell walls
at the tip of the shoot, however, are thin, because no lig-
nin has been deposited in that region (1). Another area
responsible for fibrousness is the region of the vascular
bundles which contains thick-walled wood fiber in the
xylem (1).

Bisson et al (1), showed that as the stem of the
asparagus grows older, the outer wall of the epidermis be-
comes thicker and more cutinized, the fiber cells in the
pericycle region become thicker and more heavily lignified
and the number of lignified tracheal tubes also increases
from the tip to the base of the spear,.

Jacobs (6) showed that the lignin content of the
asparagus stalks was only half as much at the tip (8.47 t
0.49%) as at the middle (17.84 % 0.49%) and basal portions

(14.59 * 0.25%).
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Smith and Kramer (17) reported that fiber content
was very low in the tip 11.25 cm (4.5"). They classified
that portion as very tender (0.012 to 0.020% fiber), and
called the adjacent section from 11,25 to 15.0 cm (4.5 to
6.0") where fibers were slightly noticeable (0.,024% fiber)
the tender portion, They observed that in the next section
(15.0 to 18.75 cm) , there was a big increase in fiber
(0.14%) and in the last section (18,75 to 22.5 cm) the fiber
content was so high (0.84%) that the section was considered
inedible, This work supported by the work of Scott and
Kramer (14) who reported the same distribution of the fiber
in spears they studied. Gonzalez (4) found that fiber con-
tent decreased from the base to the tip of the spears, re-
gardless of the temperature at which they were grown.

Scott and Kramer (13) showed that the percentage
of fiber was less in spears 20.0 cm long than in those
7.5 cm in length, They compared three lengths of the spear,
measured from the tip to the ground level: 7.5 cm (3"),
12,5 em (5,0") and 20.0 cm (8"), All spears harvested were
21.25 cm (8,5") in length, which means that the 7.5 and the
12,5 cm lengths had to be harvested below the ground. They
found the 15,0-18,75 cm (6.0-7.5") section of the 20.0 cm
(8.0") harvested spears was very close to the objectionable
fiber content, and the bottom section was very fibrous:
(more than 0,40%) and was considered unusable.

Gonzalez (4) showed that the percentage of fiber
was higher in spears of small diameter and increased with

spear length., The lowest percentage of fiber was found in
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spears 20.0 cm (8") long and 8.9 to 9.4 mm in diameter.
Small diameter (4.5 to 5.5 mm) spears and lengths of 30.0 to
35.0 cm (12.0" to 14.0") had the highest fiber content.

Segerlind and Herner (5, 15) showed that spears
longer than 25.0 cm (10.0") had more fibrous portion at the
base of the spear than shorter spears, They also found that
spears of small diameter had higher fiber content than spears
of larger diameters. Spears less than 1.0 cm (3/8") in diam-
eter had three times as much fiber as those 1.9 cm (3/4") in
diameter, at comparable distance from the tip. They pointed
out that the principal causes of fibrous pieces in asparagus
were spears longer than 18.75 cm (7.5") and spears harvested
too close to the ground (5, 15).

Kaufmann (8) related the rate and duration of
growth with fiber content in the asparagus spears, He
observed that the amount of fiber increased with the duration
of growth., This increment was particularly marked between
the second and third day of development. He found that
after the third day the fiber content so affected the
guality of the spears, that it was necessary to peel the
spear in order for it to be eaten. He suggested that the
main factor involved in growth was temperature, He recomend-
ed that the growth rate of the spears be increased, in order
for them to reach a harvestable length, in the minimum time
possible, Heating the soil or cultivation under plastic or
glass in order to increase the rate of growth, were some

ways recomended to achieve this (8).
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Gonzalez (4) showed that the growth rate per day
of the cultivar Mary Washington, grown in the greenhouse, was
lower (0.87 to 1.08 mm) at the temperatures of 10-15.5 °C
than at 21.1-26.6 °C (2.47 mm to 4.55 mm) regardless of the
spear diameter. But fiber content was lower at the temper-
atures of 21.1-26.6 °C, He attributed this to the rapid
growth of the spears, leaving no time for fiber formation.

Smith and Kramer (14) found no significant effect
of temperature upon the amount of fiber in spears in stor-
age., However, fiber content seemed to be lower at high
temperatures,

MacGillivray (10) found that as the number of
days required to produce a seven inch spear increased,
there was an increase in toughness, However, he did not
find variations in fiber content due to temperatures, On
the other hand, he observed that the tenderness of the
spear increased as the rainfall increased.

Segerlind and Herner (15) reported that temper-
ature may affect the fiber content of the harvested prod-
uct. They recorded the minimum temperatures three days
before harvest, and compared the average minimum temper-
ature with the fiber content obtained in each harvest date.
The results showed that asparagus produced at the lowest
temperatures in the experiment (harvested on May 5, Ave,
minimum temperature 2.2 °C) produced spears with a higher
fiber content than spears harvested when the highest aver-

age minimum temperatures in the experiment was 18.8 °C,
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This suggests that low temperatures may influence fiber con-
tent. However, the trend of their results was not consis-
tent and the authors concluded that the fiber content of
asparagus was influenced more by length and diameter of the
spear than by average growing temperature,

Several methods for fiber determination have been
developed; the most important are described as follows:

1, The blender method (Smith and Kramer, (17);
this method gives very accurate values of fiber content,
Spear sections are weighed, and cooked for 15 minutes in
boiling water. Cooked sections are then macerated in a
blender with 200 ml of water, The mixture is then trans-
ferred to a weighed 30 mesh screen, and dried for 2 hours
at 100 °C in an oven. The main disadvantage of this method
is the time (15 minutes) needed for the cooking step.

2, Lee (9) developed the Alcohol insoluble solids
(A,I.S.) method, which consists of the evaluation of insol-
uable solids in the different segments of a 25 gm sample of
a spear. The sample is ground up and the soluble solids are
dissolved using heated 80% ethyl alcohol; the insoluble solids
are then separated by filtration using a tared filter paper
and Buchner funnel. The filter paper with the insoluble sol-
ids is dried in an oven at 95 °C overnight. Finally the
weight of the paper with insoluble solids is substracted
from the total weight. Samples having more than 4.35% A.I.S,.
are considered fancy (low in fiber) and those lower than
4,04%, are termed off grade., This method is not practical

because of its very narrow range, and because solids have
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been found to be high at the tip of the spear, which is the
tender portion.

3. Wilder (21) developed the fiberometer for use
in measuring fiber in canned asparagus., This instrument con-
sists of a stainless steel wire to which a 3 pound weight is
attached. A spear is considered tender to the point farthest
from the tip that the wire will cut. The disadvantage of
this instrument is that the values are influenced by the
diameter of the spear.

4, Willey et al (22) developed the shear-press
which permits elimination of influence of the diameter of
the spear in the determination of fiber values. The shear-
press consists of a single blade 6.9 cm (2-3/4") wide, 9.7
cm (3-7/8") long and 0,0925 cm (37/1000 of an inch) thick;
the asparagus cell is 65.41] sg-cm (10.14 sg-in) and holds
12-20 spears., The blade must pass through all spears, sever
each completely and pass through a bottom slit before being
returned to the starting position, The spears are cut at a
point 12,5-15.0 cm (5.0-6.0") from the tip.

5. The tenderometer is an instrument which mea-
sures the fiber content and is not affected by the size of
the spear. Correlations of 0.729 between tenderometer read-
ings and crude fiber have been reported by Jenkins and Lee
(7). The advantages of the tenderometer are its simplicity
of operation, and rapidity and high degree of accuracy. It
measures the force required to shear a spear through a stan-

dard grid; the shearing force is inversely proportional to
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the tenderness of the product. The main disadvantage of the
instrument is that the portion of the spear is completely

macerated, rendering it unusable for other purposes,



MATERIALS AND METHODS

The cultivars studied were grown at M, S. U, Sodus
Experiment Station. Nine cultivars were used: Mary Washing-
ton, N, J,. 44 x 22, Michigan Select, N, J. 51 x 22, Califor-
nia 711, California 66, California 72, N, J. Improved and
California 309, These cultivars were planted in 1967, and
have been harvested for five years to date. They were plant-
ed at two spacing within the row, 22.5 cm and 45 cm (9" and
18"), with 120 cm (4') between rows,

The experimental plot as established is a split-
plot design with 3 replications; spacing being the main
plot and cultivars the subplot.

Random samples of five marketable spears from
each replication, cultivar and spacing were collected from
harvests on the following dates: May 10, June 17 and June 25,
1973, The spears from the first harvest date were snapped
while those from the last two were cut at the ground level.
Marketable spears were those more than 1.0 cm (3/8") in
diameter and 20.0 cm (8") in length, The spears were frozen
and kept in storage in plastic bags, until they were pro-
cessed.

Each spear was divided into five sections for

testing, as follows:

11
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Section 1 0.0 - 10.0 cm from the tip ( 0 - 4" ),

" 2 10,0 - 12,5 cm " " " (4 -5"),
" 3 12,5 - 15.0 cm " " " (5 =-6"),
" 4 15.0 - 17.5 cm " " " (6 =7"),
" 5 17.5 - 20,0 cm " " " (7 -8").

Fresh weight was determined for each section of the spear.

The blender method (17) with slight variations was
used to determine the fiber content. Spear sections were
weighed then cooked for 15 minutes in boiling water; cooked
sections were macerated for 2 minutes in a blender with
200 ml water, The mixture was then transferred to a 30 mesh
screen in order to separate out the fiber. The screen was
rinsed with water and the fiber was collected in filter
paper (Whatman N> 1, qualitative) 7.0 cm in diameter, that
had been dried in the oven at 100 °C for 2 hours and then
tared. Fiber was collected in the filter paper by suction,
using a Buchner funnel, The filter paper with the fiber on
it, was dried in the oven at 100 °C for 2 hours, and then
weighed. Fiber (in grams) for each treatment was obtained
in this manner,

The percent of fiber was calculated comparing the
fresh weight of each section with its corresponding amount
of fiber.

Statistical analysis were done separately for each
section of the spear from each harvest date.

Since spears harvested on May 10 were snapped and

those harvested on June 17 and June 25, were cut at the
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ground level, it was not possible to compare the three har-
vest dates in the same analysis., However, data from the last
two harvest dates were compared statistically for their fiber
content through the length of the spear,

Using data from the last two harvest dates and
temperatures recorded daily for the three days before each
harvest, correlation coefficients were calculated. The
temperature data is presented in Table 1,

Additionally, fiber determinations were made on
spears from 10 asparagus crowns which have been selected in
the M, S, U, asparagus breeding program for characteristics
such as color, vigor, spear size, branching, etc., These
crowns (5 males and 5 females), were as follows : 103 g,
172, 4173, 4734, 7514, 289 ¥, 382 ¥, 455 ¥, 587 ¥, and
660 ¥+, They were sampled three times in May, 1973, cutting

the spear at the ground level. The blender method was used

for fiber determination.
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Table 1. Average maximum and minimum temperatures at the M. S. U. Sodus Experiment
Station, for three asparagus harvest dates, in 1973.

Average temperature (°C).

HARVEST DATE

MAXIMUM MINIMUM
May 10 203V 11.1
June 17 28.8 18.6
June 25 22.5 12.5

1/ The average maximum and minimum temperatures were calculated from data recorded
daily, during the three days preceding each harvest date.






RESULTS

Spears harvested on May 10 had lower fiber content
at comparable section than spears from the other two harvest
dates, however, this may have resulted because the spears
were snapped rather than cut at ground level.

The results obtained from the spears harvested on
May 10, are presented in Table 2 and Figure 1. There were
no significant differences among cultivars in the amount of
fiber in any of the top four sections of the spear. However,
there were significant differences among cultivars in the
fiber content in the bottom section (17.5-20.0 cm). Mary
Washington and N, J. 51 x 22 had the lowest fiber content,
followed by Michigan Select. The highest fiber content was
found in N. J. Improved.

It can be seen in Figure 1, that with one excep-
tion, the fiber content for each cultivar in every section
was below 0,25%, which is the limit of fiber considered ac-
ceptable for asparagus processing in Michigan. The one ex-
ception was the bottom section (17.5-20.0 cm) of N, J.
Improved,

Table 3 and Figure 2 show the results obtained
from the second harvest date. The first four sections from
the tip showed differences in fiber content among cultivars.

The bottom section did not show any differences. In general,

15
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Michigan Select, California 72, California 66 and Mary Wash-
ington were the lowest in fiber. The highest were N. J. Im-
proved, California 711 and N. J. 44 x 22, The cultivar N. J.
Improved had only 10 cm of usable spear, since the remaining
four sections through the bottom showed a fiber content
greater than the limit (0,25%); the same was true for Cali-
fornia 711.

The fiber content from the June 25 harvest is pres-
ented in Table 4 and Figure 3. The statistical analysis did
not show differences among cultivars for every section of
the spear. However, it can be seen in Figure 3 that the
cultivars with the longest part of the spear containing fi-
ber percentage below the objectionable limit (0.25%), were
California 72 (17.5 cm of the spear), California 66 (17.5
cm) and Michigan Select (17.5 cm). The highest in fiber con-
tent were California 711 and N. J. Improved.

Since spears in the last two harvest dates (June
17 and June 25) were cut at the ground level, it was possible
to analize the data together. The results showed no differ-
ences among cultivars, no interaction between harvest date
and cultivar and no differences between harvest dates.
The analysis did show differences in fiber content among
the sections of the spear and there was interaction between
harvest date and section of the spear. The results are
presented in Table 5. The second and third sections from
the tip (10.,0-12.5 and 12.,5-15.0 cm) did not show signifi-

cant differences, The tip (0-10.0 cm) showed the lowest
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fiber content, whereas the bottom section of the spear (17.5
-20.0 cm) was the highest in fiber, regardless the harvest
date.

Crown spacing did not influence the fiber content.

The correlation coeficients between fiber content
and temperatures are shown in Table 6. Fiber content at the
tip (0-10.0 cm) increased with low temperatures and decreased
with high temperatures. On the other hand, it can be seen in
Table 6, that as far as the other sections of the spear was
concern, all the cultivars except Michigan Select in section
2 (10.0-12.5 cm) showed positive correlations; in other
words, as the temperatures increased, the fiber content also
increased. Fiber content in the cultivar N. J. 51 x 22 was
positively correlated with temperatures in all sections of
the spear.

The results obtained from spears from the selected
crowns are presented in Tables 7, 8 and 9, which show the
data for three harvest dates: May 10, May 17 and May 31, re-
spectively.

The fiber content in the spears of each crown was
variable depending on the harvest date; the relationship of
the fiber content of each crown regarding the other crowns,
was not the same in each harvest date. For example, 455%
and 382% were remarkable low in fiber when harvested on
May 17 (20.0 cm of usable spear), whereas 455% had only
12,5 cm of usable spear on May 31. On the other hand, 7514

was the lowest in fiber on May 10 (17.5 cm of usable spear)
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and on May 31 (20.0 cm of usable spear), while it had 12.5
cm of usable spear on May 17.
Four female crowns (455, 382, 289 and 587) were
the best (20.0 cm to 17.5 cm usable spear) on the second
harvest date. Three males (751, 473 and 172) were also

among the lowest in fiber.
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DISCUSSION

The cultivars with least fiber were Michigan Se-
lect, California 66, California 72 and Mary Washington. The
highest in fiber were N, J. Improved and California 711.

The cultivars low in fiber were those that had the highest
yield of marketable spears per acre, in 1972 (19) and in
1973 (20).

Since cellulose and lignin in the spear are formed
from the sugars in the crown (1, 6, 18, 23), the low yield
of the cultivars high in fiber may be due to the use of the
sugars stored as food reserves for the formation of fiber,
reducing the food reserves available for the growth of new
spears in the same season.

Cultivars showed differences in the distribution
of the fiber through the length of the spear. Thus, some
cultivars had 17.5 cm of usable spear while other cultivars
had only 10.0 or 12.5 cm (Tables 3 and 4, Figures 2 and 3).
This fact is very important, because it makes it possible
to select those cultivars with the greatest portion of us-
able spear, which will consequently produce more marketable
spears per acre.

Most of the information obtained in this study re-

garding fiber content through the length of the spear agrees

30
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with the findings of other investigators (4, 5, 13, 14, 15,
17). The fact that the second and third sections of the
spear (10.0-12.,5 and 12,.5-15.0 cm) did not show significant
differences in fiber content indicates that the same changes
are taking place in both sections; this could help in future
work, saving time in the process of fiber determination by
the blender method (17) because fewer number of sections
need be used to analyze fiber in a 20,0 cm spear.

The striking differences in fiber content observed
in the spears harvested on May 10, compared with those of
the the other harvest dates, were probably due to the dif-
ferent method of harvest, since use of the "snapping" meth-
od leaves the basal portion of the spear and most of the
fiber in the field.

The simple correlations showed that in the tip
section (0-10 cm) fiber increased with low temperatures and
decreased with high temperatures. In the other sections
the trend was just the opposite. These results agree in
part with the idea of other investigators (4, 5, 15). How-
ever, none of them (5, 15) indicated whether the total fi-
ber content or the fiber content in a given section was used
to correlate with temperature. Gonzalez (4) used the total
fiber content in the spear to indicate the tendency of in-
creasing fiber content with low temperatures., He did, how-
ever, report fiber for sections of the spear. By observing
his data for spears 20.0 cm long, it can be seen that the
fiber content of each section in relation with the tempera-

ture studied, followed the same trends as did the
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results presented herein,

Spears growing at high temperatures probably have
less fiber at the tip but more fiber in the sections below
the tip than spears growing at low temperatures., This points
out the importance of controlling the frequency of the har-
vests during periods of high temperatures, in order to have
spears of the appropriate length with the greatest usable
portion possible. At high temperatures the growth rate of
the spear will increase; if the periods between harvests are
long, the spears will increase in length rapidly, and the
zone high in fiber at the bottom sections Qill increase in
length toward the top of the spear, producing long spears
with high fiber content in the basal sections (5).

According to Working (23) and Downes et al (3),
cell division, elongation and enlargement in the tip 8 cm of
a spear proceed from the apex to the base in progressively
decreasing rates, The most active area of cell division,
elongation and enlargement was found to be in a zone 2.5 to
3.0 cm from the tip. In the 8 cm just below the tip to the
bottom of the spear, growth no longer occurred. The fiber
content in the 8 cm tip of the spear, may be low because food
reserves (mainly sugars) are used to supply energy for cell
division and elongation, leaving no reserves and energy for
the formation of high quantities of cellulose and lignin,

On the other hand, in the area below 8 cm, cell division and
elongation no longer occur and cell walls begin to thicken,
as lignin formed from the sugars stored in the crown and roots

is deposited.
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High temperatures possibly increase the rate of the
biochemical reactions related to growth and development at
the tip of the spear, while they favor those reactions re-
lated to the conversion of sugars into cellulose and lignin
in the sections beyond the tip, where no growth takes place.

As can be seen from the results presented herein,
all cultivars had sufficient fiber in the portions lower than
15,0 cm (6") of the spear to render them inedible, This sup-
ports the results of Segerlind and Herner (15), that fiber
content is high in the basal section of spears harvested too
close to the ground and in spears longer than 18.75 cm
(7.5"). This is also an indicatioen that in mechanically
harvested asparagus, the calibration of the level of the
cutting bar is very important, in order to harvest the spears
at the proper length, to ensure the longest edible spear
possible,

Although the fiber content of the 10 crowns select-
ed from the breeding plots was not consistant over the three
harvest dates (Tables 7, 8 and 9) there were indeed differ-
ences in fiber content of the spears from the various crowns,
It is interesting to observe that four female crowns were the
lowest in fiber (17.5 to 20 cm of usable spear) on the second
harvest date; two of them (455 and 382) had a remarkable low
fiber content, It has been observed that the fern of these
crowns are easily blown over by the wind. This indicates
that besides the limit of fiber content imposed by the indus-

try, as far as the edibility of the product is concern, the
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plant breeder should establish a minimum limit of fiber con-
tent in the plant, in order to allow the fern to remain up-
right., The system of grading the breeding material for its
tendency to fall over and its fiber content in different
years in a given region, will provide a good indication of
that limit for selection,

It is important to point out that in the evaluation
of asparagus cultivars, or in the selection of materials to
be used in the breeding program, it will be important to take
into account the distribution of fiber through the length of
the spear, rather than consider only the total fiber content
of the whole spear. The distribution of fiber in the spear
indicates the actual length of the spear that is edible
(portion with less than 0.25% fiber). Two cultivars could
show the same total fiber percentage, but one of them could
have 17 cm of usable spear and the other 20 cm (Tables 3 and
4) .
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