General Morphology, Growing Conditions and Development of Fiber
Filaments in Lechuguilla (Agave lecheguilla Torr.)!

ABSTRACT

Lechuguilia (Agave lechequilla Torr.} varies In morpholo-
gical types and abundance under different edaphic cenditions,
Fiber celis in lechuguilia develop at the hase of thedeveloping leaf
fram procambial cells surrounding an undifferentiated meso-
phyll. Gradually these procambial cells develop into fiber cells
and are transformed into fiber bundles with xylem and phloem
an the concave side of the bundle. The sequential processes of the
developmaent of fiber cells and fiber bundles are discussed. The
fiher bundies are youngest at the leaf base and highty matured at
the leal apex.
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INTRODUCTION

lant fibers have been used since the beginning
of civilization and are obtained from different
plant organs, including stems, leaves, seeds or
fruits (9). They vary if their mode of development,
structure, yield and quality (1, 5, 6, 8, 9, 10). Yucca
(Yucca carnerosana) and lechuguitla (Agave lechegui-
Ila) are important commercial fibers and arc significant
natusal resources in the arid regions of Mexico (11,13}
These two specics play an important role in the econo-
my of some rural people {11).
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COMPENDIO

Se determind Ia influencia de diferentes condlciones ed4fi-
cas sobre 1a sbundancia vy tipos morfelgicos de lechuguilla
(Agave lechequilla Torr.). Las fibras cefularesdela techugulillase
forman en a base de [as hojas en desarrollo a partir de las células
procambilales que rodean el meséfile indiferenciado. Estas céiu-
ias procambiales se forman gradualmente en células de fibras y
se convierten en un manojo de fibras con xilemz y fleema en su
lade céncavo. Se discute la secuencia de los procesos en el
desarrollo de las célutas de fibra y de 1os monojos, los que son
menos madures en la base de la hoja y més maduros en el dpice.

Owing to its high bending modulus, resitiency and
springincss, lechuguilla fiber is in great demand in
many countrics for mass production of machine scru-
bbing brushes (3, 4). Mait (7} reported that some
species of Agave (A sisalana and A cantala) could be
substituted for A. lecheguilla in its atilization in machi-
ne scrubbing brushes, provided the fibers arc treated
with resin. 'The anatomy of the fiber filamenis can be
correlated with the quality of the fiber (7, 8, 9). Signi-
ficant differences were found in morpho-anatomical
structures and yicld componentsinA. leche guillaamong
differont localities, and many of the morphological and
vield components were well correlated (6, 13). Aregre-
ssion model was able to be formulated for the prediction
of fiber yield as a function of different morphological
and anatomical variables.

Data (1) reported that fiber cells in A. americana
develop from the protophloem as well as from the
ground tissue. The present study seeks to explain the
general morphology, the developmental anatomy of
fiber in A lecheguilla, and o correlate growing
conditions and fiber quality.
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MATERIALS AND METHODS

Three kinds of leaves were collected for the study
of the development of fiber bundlcs: 1) very young
tcaves from the central cone, or “cogollo”; 2) partially
developed leaves from the middle whorls; and 3) fully
maturc lcaves from the external whorl of the plant.

Transverse sections were made from the three ty-
pes of leaves at the base, middle and tip with a freezing
microtome at 50/um . For observation, each 50/um (Alt
230) fresh section was pul in 70% alcohol, then trans-
ferred 10 distilled water and mounted on a slide with a
drop of glycerine and a drop of safranin (2% in watcr)
with a cover slip.

The [iber filaments were extracted lrom the basal,
middle and tip portions of the developing and mature
leaves and then macerated with 10% nilric and 10%
chromic acid (1:1) in a test tube at 60°C (2). From four
10 24 hours were required for maceration, depending on
maturity of the fiber filaments. The macerated fiber
filaments from the base, middle and top portions were
washed with water, and a fragment of fiber filament was
mounted on a shide in 50% glycerine and stained with a
dropof safranin or cosin. The developmentof fibercells
was also studied from serial longitudinal scctions.

The fibers were extracted by scraping off the
parenchymatous mesophyll tissue with a knife and
drying it in an incubator at 60°C for three days. The
tension and clongation of fiber strands of five large
fiber filaments {obtaincd from the three regions of the
leaf) and five short fiber filaments ({rom the peripheral
regions of each leaf) were measured with a dynamome-
ter (Woodbrand and Co. Lid., U § A.). Fiber quality
tests were measared only from the middle portions of
each fiber filament,

RESULTS

General morphology
and growing condition

A lecheguilla is a monocarpic plant with a crown
of basal leaves at the soil surface emerging from a
central cone (“cogollo”). The leaves are lanceolate,
tough in texture, and very fibrous, with a bluish ar light
green leaf surface and marginal curved spines (Fig. 1).
The flowers are pedicellate borne in a fong inflorescen-
ce (Fig. 2).

Fig. 1. A lecheguilla, plant with a rosette of basal leaves having
marginal spines and central leafy cone; “cogollo™ (x 173
approx )

Fig. 2. A lecheguilla flowers with fleshy peduncle, lealy perianth
and pendant versatile anthers (x 2 approx.}

Lechuguilla shows great variability in plant densi-
ty and morphology under different edaphic conditions
and degree of surface inclination in the arid regions of

- Nuevo Leon. It grows in rocky soils, with population

density decreasing with a decrease in pebbles. Morpha-
logical types vary in leaf oricntations, leaf forms, leal
dimensions, marginal spincs and pigmentation.

Developmental anatomy
of the fiber bundle

‘The developmental siages of the {iber strands can
be observed from the wansverse sections of the develo-
ping and mature lfeaves at three different positions:
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base, middie and top of central whosl, and also at the
middle whotl and in the peripheral leaves (Figs. 3-14).
A transverse section at the actively growing meristema-
tic leaf hase of the “cogolio” indicated that the procam-
bial cells first form an incomplete circle of cells with
accumulation of dense protoplasm, followed by a
complete circle surrounding undifferentiated tissue in
the center (Fig. 3). Gradually this takes on a crescent
shape with the development of the vascular bundle on
the concave side, The inmer thin-walled tissue was
gradually pansformed into fiber cells starting from the
concave and progressing to the convex side of crescent
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(Fig. 3). g EL X

Fig. 4. Transverse scction at the basc of young leaf showing gradual
translormations of thin-walled parechymatous lissuc into &
partially lignified fiber bundie (x 600).

Fig. 5. Transverse section of the young leal al midregion showing
uniform partial lipnification of developing fber cells with

Fig. 3. Transversc section at the base of young leaf from “cogollo™ broad lumen (x 600)
showing (a and b} circles of procambial cells encircling
undefined central tssue and (¢ and d) showing gradual
development of fiber cells from the inner convex side of the
sernilunar fiber bundle 2 150,

Ina wansverse section of the leaf at the base, middle
and wop portions of the three types of leaves, the fiber
cells in the fiber bundles showed a gradual increase in
degree of lignification with a broad lumen (Fig. 4), but
the middle and apex of the same lcaf showed higher
degrees of tignification with a narrower lumen (Figs. 5
and 6). Subsequently, the maturing fiber cells in the
bundle showed a greater degree of lignification at
different positions in the middle and peripheral lcaf
whorls (Figs. 7 and 8). The fiber cells at the base of the
mature leaf of the peripheral whorl were highly lignified

i H reeion of Fig. 6. Transverse scction of the young feaf at the apex showing
g:;%c:gi:?grzl;arcd with the same region of younger warked lignification of fiber cells and a narrow lumen in the

differentiated fiber bundle {(x 600)
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Fig. 7. Transverse section at the base of a partially developed Jeaf
from the middlc whorl showing gralual ligaification of
well- developed fiber eells in the bundle (x 600).
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Fig. 8. Transversc section at the midleal region of the parially
developed leal in the second whort showing further develop-
ment of bundle {x 600).

'_d\'ﬁ:u.;i » W

showing lignified fiber cells with a broad lumen (x 600)
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Fig. 9. Transverse scction al the base of a mature extemal leaf

Owing to the extreme degree of lignification, it was
not possible to section the apical spine of the mature
leaf. ‘The fiber bundles arc at a much younger stage of
development in the lcaves of the “cogollo™ compared
with the middle and extemnal leaves, which arc highly
lignified. Consequently, the fiber strands of the leaf
base extend and converge gradually along the growing
leaf through mesophyll tissue until they finally unite in
the teaf apex to form the strong spine in ail the leaves.
The filaments at the margin of the leaf are short and do
notreach the apex. The iniiation of the fiber bundie was
assaciated with the initiation of protophloem and pro-
toxylem in the concave region of fiber bundle.

Subsequenlly, the development of the fiber bundle
was closely associated with the development of the
vascular bundle growing from the base to the apex. The
highly developed vascular bundic showed organized
phloem and xylem having a sheath at the concave side
ofthe large fiber bundle. Differentiation of fibers occurs
at twa points: one in the protophloem and another in the
abaxial xylem.

Development of fiber cells

The fiber initials were developed in the merisiem at
the leaf base as a result of procambial ccll formation
associated with denser cytoplasm compared with the
surrounding celis. Once formed, the developing fiber
initials gradiually clongate vertically from the meriste-
matc base with thickening of sccondary cell walls
along the growing lcaves. The lumen showed accumu-
lated granular protoplasm with depositions in the pri-
mary cell wall (Fig. 10). Subsequently, the secondary
wall thickens into a spiral reticulate pattern (Figs. 11
and 12).

Fig. 10. A developing fiber cell showing depositions of protoplasmic
contents on the primary wall in the form of small paiches
fcaving pore spaces in between and accumulation of proto-
plasmic granules (arrow) {x 1000)
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Fig. 11. A developing fiber cell showing accumulation of protoplas-
mic contents in spiral and reticulate manner (arrow 10
secondary fiber cell walf) (x 100)

Fig. 12 A contrasting view of a developing fiber ccll wall showing
protoplasmic granules and depositions of secondary cell
wall material in a spiral (x 100)

Fig. 13. Fiber cell in the middle pant of a young leaf showing broad
lumen and irregular constrictions {x 1{(0}.

Fig. 14. A maturing fiber cell showing depositions on primary cell
wall in small bands lcaving pore spaces in between and
presence of granules 1o form the secondary cefl wall (x

1000).

The fiber cells in the middle of a leaf have a broad
jumen with irregular constrictions (Fig. 13). Someli-
mes the lumen is narrow with a highly lignificd secon-
dary cell wall in the maturc ieal (Fig. 14}, but with
maturation, the cytoplasmic granules disappear from
the jumen.

‘Tension and elongation
of fiber filament

The results of the analysis of the physical proper-
tics of long central fibers and the short marginal fiber
from three types of leaves arc shown in Table 1.

‘Table 1. Physical properties of fiber filaments from threetypes
of leaves (mature, partly developed and young) (aver-
age of five filaments).

Leaftype  Long fiber Glament Short {iber fHament”

Tensivn Elengation  Tension Elongation
{cm) {em) {em) {cm)
Young 2.840 342 1.070 1.52
Panly
developed 309G 354 945 1.50
Matwre 2075 1.56 799 122

The long central fibers showed higher values of
elongation and tension compared with the peripheral
short fibers, The fiber quality from younger lcaves was
superior to that from the mature lcaves. As is usual, the
quality of long fibers was superior to that of the short
ones.
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DISCUSSION

The development and lignification of fiber cell
walls increases from the base to the tip. The fiber
bundles are younger in the central “cogollo” at the base,
middle and leaf tips compared with all the positions in
the middle whorl and external leaves. They are younger
at the base and older at the tip; therefore, the fiber cells
in the mature external leaves are highly lignified and
produce hard fiber filaments which are difficult to
manage.

As shown in the photomicrographs of figures 10 to
14, the secondary cell wall formation is assaciated with
sequentially distinct processes which include the
condensation and accumulation of protoplasmic granu-
les and their deposit in the cell wall materials in small
patches, both in spiral and reticulate patterns.

The present study supports the findings of Datta (1)
for A. americana, in that fiber cells in A. lecheguilla
develop by modification of ground parenchyma at the
meristematic leaf base. Thin-walled parenchyma at the
leaf base undergoes repeated mitosis with the
accumulation of protoplasm to form the fiber initials,
which ther elongate vertically. The pattern of develop-
mentresembles that of A. americana (1) and Lozano (6
and 13) found that in A. lecheguilla there is a gradual
accumulation of dense protoplasmic contents and of the
protoplasmic micellae in the secondary cell wall.

The fiber strands obtained from the partly mature
and younger leaves are of higher quality than those of
the mature leaves. The leaves of second whorl might be
of equal or of better quality than those of the central
care, although the common practice is o exploit the
central “cogollo” only.

The fiber quality differs at the base, middle and 1op
of the leaves, as the degree of lignification increases
gradually from the leaf base 1o the tip, and the fiber is
softer in the basal regions compared in the distal ones.
Owing to high degree of lignification of the fibers
obtained from the external mature leaves, these fibers
can be used for machine scrubbing brushes and other
rustic uses.

CONCLUSIONS

Lechuguilla shows large variability in morpholo-
gical types and abundance in different edaphic

conditions. The development of fiber cells and f{iber
bundles in Iechuguilla follow sequential processes of
morphogenesis. Fibercells inlechuguilla develop at the
base of the developing leaf as a circular o semi-circular
ring of procambial cells surrounding an undifferentia-
ted mesophyll. Gradually this ring assumes a lunar
shape with the development of xylem and phloent on
the concave side. Cells of the inner, undifferentiated
meristem accumulate dense protoplasm and are gra-
dually transformed into fiber cells starting at the conca-
ve side and progressing (o the convex side of the semi-
lunar undifferentiated meristematic ring. This is finally
transformed into a fiber bundie, followed by vertical
clongation of the fiber cells and the condensation of
protoplasm, thus forming the secondary cell wall of the
fiber cells.

Fiber filaments arc formed by the union of develo-
ping fiber cell arising from the merisiematic Ieaf base
traversing the leaf mesophyll. These fiber {ilaments
converge at the apex to form the apical spine. The
filamenis obtained from central leaves ("cogollo™) are
younger and of better quality compared with those from
the peripheral mature leaves. However, the fibers from
external leaves may be used for rustic purposes like
brooms, scrubbing brushes, etc. Due to irregular and
excessive harvesting, lechuguilla is in danger of
extinction. Therefore, proper care should be wken to
save this valuable natural resource.
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