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Chapter I 

Historical Review and Introduction 

Cotton, the chief fiber crop of the world (Hayward, 

1938), has been an important economic crop from as early 

as 2500 B.C. (Szalay and Berzi, 1973). The main use of 

cotton is in the production of textiles from fibers which 

grow from cells in the epidermal layer of the seed. These 

fibers are divided into two groups, the long lint fibers 

which are removed by the ginning process, and the short 

fuzz fibers which are not removed by ginning (Aiyangar, 

1951î Heiba, 19^8), It is interesting to note that 

not all epidermal cells produce fibers and not all fi-

bers are lint fibers. Of the two fiber types, the lint 

fiber alone is of economic importancej it has received 

the attention of many investigators and has been the 

subject of many contrasting reports, 

Very little work has been done on the ovule coat 

prior to anthesis. The study of the preanthesis ovule 

is a necessity for the elucidation of the early stages 

of fiber differentiation and the identification of 

fiber primordia, i.e,, cells that become fibers. It 

is possible to work with ovules of this period because 

the floral bud in upland cotton was found to differen-



tiate about 23 days before flowering occurred (Martin, 

et al,, 1923), As the cotton plant grows, the oldest 

floral branches, i.e,, the first floral branches to 

differentiate are located near the bottom of the plant, 

On a single branch growing outward from the main axis 

of the plant, the floral buds were reported to be sep-

arated by a time period of six days (r- cClelland and 

Neely, 1923? Gore, 1932). The time between the initia-

tion of one floral branch and the next is about three 

days. Therefore, the first buds on adjacent branches 

will also be separated by this time period, Conse-

quently, the age of a given bud can be determined by 

its relationship to a flower of known age. 

The outer integument of the cotton ovule was 

reported to arise before or at about the time of the 

inner integument, and the two integuments grew to sur-

round the nucellus by the time the megaspore mother 

cell divided (Gore, 1932). These two integuments con-

sisted of undifferentiated cells, all resembling one 

another except that the inner and outer epidermis could 

be recognized in both (Balls, 1915). 

At two days preanthesis, the outer epidermal cells 

of the outer ovule coat were reported to be uniformly 

rectangular in shape with the nucleus masked by cyto-

plasmic inclusions (Aiyangar, I95I). The exception to 



this was the guard cells which differentiated at about 

this stage of development (Ayyangar, 19^8). At 12-16 

hours before anthesis, the outer epidermis was found 

to consist of loosely packed, cubical, richly cytoplas-

mic cells containing a large nucleus (Joshi, et al., 

1967). 

The fiber primordial cells were first recognized 

at 16 hours before blooming (Aiyangar, 1951). The 

fiber primordial cells were larger than the other epi-

dermal cells. The primordial cell cytoplasm was dense 

and the nucleus finally became transparent and contained 

a single, big nucleolus, The fiber primordia were first 

seen at the chalazal end of the ovule (Aiyangar, 1951). 

In most species of cotton, protruding cells could 

be seen on the surface of the ovule, appearing first 

at the chalazal end and spreading toward the micropy-

lar end on the day of anthesis (Lang, 1938). Various 

workers have reported that the first formed fibers pro-

duced lint (Aiyangar, 1951; Farr, 1931; Gulati, 1930; 

Joshi, 1967; Lang, 1938; Ramchandani, 1966j Singh, 1931; 

Turner, 1929). The fibers were believed to initiate 

elongation over a period of days after flowering, As 

the fiber elongated, the nucleus, containing a large 

dark nucleolus, migrated toward the outer end and came 

to lie at about the middle of the fiber. Balls (1915) 



reported that the density of fibers on the seed was 

set at the time of flowering, and Heiba (19^8) agreed 

that both the lint and fuzz fibers initiated elongation 

on the day of flowering, 

Lang (1938) reported that at least two periods of 

fiber initiation took place, The first period of elon-

gating cells was observed on the day of anthesis and 

these cells produced lint, The second series of elon-

gating cells began, about the fourth day, to produce 

fuzz fibers. Aiyangar (1951) reported that three per-

iods of fiber initiation took place. The second of these 

started about the fourth day and the third period be-

gan about the sixth day. Joshi, et al,, (I967) also 

reported three periods of initiation of elongation. 

The second occurred at 4-6 days postanthesis, and the 

third at about 8-10 days. The first two crops of elon-

gating cells were reported to give rise to lint fibers 

and the third to give rise to fuzz fibers. Farr (1931) 

found that at six days postanthesis the fibers under-

went changes which differentiated the two types. The 

long fibers became more hyaline and the short fibers 

became more opaque due to the presence of pigment in 

the cell sap, 

Very little work has been reported on the non-

fiber epidermal cells, Barritt (1929) did report that 



the epidermal cells enlarged laterally and restricted 

the lumen at the base of the fiber cells. 

The light microscopic information reported in the 

previous studies was obtained by observations of either 

whole moimts or thick paraffin sections of ovules and 

fibers, Relatively thinner sections, and a concomi-

tant increase in observable detail, can be obtained 

with plastic embedded tissues (Feder and O'Brien, I968). 

Hence, it seemed possible that an increase in morpho-

logical detail coupled with interpretations made possi-

ble by the explosion of scientific knowledge over the 

past few years would warrant yet another study of the 

epidermal layer of the cotton ovule, Therefore, a 

light microscopic study of the development of the epi-

dermal layer of the cotton seed was undertaken to de-

termine the morphological and cytochemical changes that 

take place in the epidermal layer of cells during the 

differentiation of cotton fibers. This differentiation 

takes place around the time of anthesis starting at the 

chalazal end of the ovule, For these reasons, this 

study was restricted to the chalazal end of the cotton 

ovule between six days preanthesis and ten days post-

anthesis. 



Chapter II 

Materials and Methods 

Cotton seeds of the species Gossypium hirsutum 

var. Dunn 56 C were obtained from the Texas A & M 

Agriculture Experiment Station at Lubbock, Texas, cour-

tesy of Dr, J. Gipson. The seeds were germinated in 

flat trays and subsequently planted in a mixture of 

three parts sterile sand and one part peat moss. The 

plants were raised to maturity in a controlled environ-

ment chamber with light and dark cycles of 14 and 8 

hours and day and night temperatures of 32 and 21° C. 

respectively. The plants were watered twice daily and 

fertilized weekly. 

Blooms were tagged daily and allowed to continue 

to grow. When a series of bolls from six days prean-

thesis to ten days postanthesis was available, the 

bolls were harvested, the ovules dissected out and 

placed in a cold (0-4° C.) solution of 1 ^ gluteral-

dehyde in 0.1 M cacodylate buffer at pH 7.2 (Sabatini, 

et al., 1963) for 18-24 hours. To facilitate fixation, 

the seeds older than five days postanthesis were cut 

in cross section and the chalazal end retained. 

After fixation, the material was dehydrated through 

an alcohol series including two changes of 70 % ethyl 
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alcohol, one change of 95 % ethyl alcohol, and three 

changes of 100 % ethyl alcohol. The tissues were allowed 

to remain in the solutions for five to ten minutes be-

tween changes. The specimens were then placed in a 

mixture of 94,7 % glycol methacrylate, 0.3 ^ (w/v), 

2, 2-azobis (2-methyl propionitrile) and 5 % (v/v) poly-

ethylene glycol 400 (Feder and O'Brien, I968). Three 

changes of the glycol methacrylate mixture v/ere used 

with the materials staying about eight hours in each 

change. To facilitate infiltration, the specimens were 

placed on a slow turning, inclined wheel, The ovules 

were then placed in fresh monomer mixture in dry gela-

tin capsules and placed in a 40 C. oven for two to 

four days to polymerize, After polymerization, tissue 

sections two microns thick were cut using dry glass 

knives on an LKB Ultratome III. The sections were re-

trieved with jewelers forceps and placed in drops of 

distilled water on clean glass slides. The slides were 

dried at 60° C. on a slide warraer, labeled and stored 

for future use. 

For general morphological study, the slides were 

placed in a solution of ,05^ toluidine blue in distilled 

water (Feder and O'Brien, I968) for one minute, rinsed 

through three baths of distilled water (one minute in 

each, with constant agitation) and allowed to dry. 
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Nucleoli were studied in sections stained in a 

solution of 0,005 % acid fuchsin in 1 >í acetic acid 

for two hours, The sections were rinsed through two-

minute baths of 1 ^ acetic acid and allowed to dry 

(Robinow and Marak, I966). 

The classic ferric chloride stain for tannins 

(Reeves, 1951) proved to be generally unsatisfactory 

on this material so a battery of other stains was em-

ployed. The stain finally selected for use was 0.2 > 

toluidine blue in 1,0 N hydrochloric acid (Ginzberg, 

1967). The slides were stained 30 minutes, rinsed 

through two-minute baths of 0,1 N hydrochloric acid 

and allowed to air dry, Table 1 shov/s how the present 

material compares in staining affinity for tannins to 

the differentiating cells studied by Ginzburg (I967). 

After staining, the sections were allowed to air 

dry and were made permanent by applying a drop of His-

toclad mounting media and #0 thickness glass coverslip. 

To insure a close fit, the slides were turned upside 

down, blotted on a paper towel to remove the excess 

mountant and allowed to dry (Feder and O'Brien, I968). 

The sections were observed and photographed on 

a Zeiss microscope equipped with an automatic camera 

and Kodak Panatomic X film, Photographs v/ere printed 

with a Durst Laboratory S-45 EM enlarger, with final 

nagnifications of 250, 625i and 1,5^3 diameters. 



TABLE I. Results of staining for the examination of 
tannins 

Stain Results 

Ginsburg, 1967 Present 

Toluidine blue, acid ++ 4-++ 

Periodic acid-Schiff ++ + 

Ferric Chloride + + 

Saffranin-fast green ++ ++ 

1 % OsOjî  +++ +++ 

(+-least intense staining; +++-most intense staining) 



Chapter III 

Results 

A variety of stains were employed for the morpho-

logical and cytochemical study of the cotton seed. Of 

the stains tried, certain stains were selected as giv-

ing the most information and allowing the best inter-

pretation. 

Toluidine blue was selected as a stain for gen-

eral morphology. It worked well as a differential stain, 

giving very distinct results. The nuclei stained blue-

green with darker blue chromatin granules scattered 

throughout. The nucleoli appeared a very dark purple. 

The cytoplasm was light greenish with transparent va-

cuoles. In cells where polyphenolic compounds were 

prevalent, the stain was green to dark green (Feder and 

O'Brien, I968). Using black and white film, most of 

the structures could be easily identified (Fig. 1). 

The nucleoli were stained with acid fuchsin (Ro-

binow and Marak, I966). This stain was employed because 

it stained the nucleoli a deep red color which distin-

guished it from the rest of the cell which acquired 

varying intensities of light red. This stain (Fig. 2) 

allowed the nucleolus to be observed much easier with 
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black and white film than was possible with the tolui-

dine blue stain in Fig. 1, 

The stain selected for "tannins" was acid tolui-

dine blue (Ginzburg, I967) because of the intense stain-

ing which it produced (Fig. 3). Table 1 compared the 

results of the current investigation to those reported 

by Ginzburg (I967) for tannins. Tannins are defined 

as complex phenolic compounds (Ribereau and Gayon, 1972), 

Polyphenolic compounds stain light green in aqueous 

toluidine blue (Feder and O'Brien, I968). The struc-

tures that were light green in aqueous toluidine blue 

(Fig. 1) were also densely stained by acid toluidine 

blue (Fig. 3). Hence, it was concluded that the sub-

stances stained with acid toluidine blue were polyphen-

olic compounds. 

Certain regions of the nucleus of the epidermal 

cells stained intensely with acid toluidine blue (Fig. 

3). The question was raised if this might not be chro-

mosomal staining since toluidine blue is used at higher 

pH's as a stain for nucleic acids (Gurr, I966). Care-

ful comparison of Figures 1 and 3 suggests that nuclear 

staining in the epidermal cells was greater in Figure 3. 

Also, in the subepidermal cells, which were not filled 

with polyphenolic compounds, the staining (Fig. 3) was 
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much less (Fig. 1). It seemed feasible that if acid 

toluidine blue stained chromosomal material, there 

should have been a much stronger correlation between 

the two stains. Since the similarity between the stains 

was only its location in the nucleus of the epidermal 

cells, it was concluded that the two toluidine blue 

stains, i.e, at two different pH's, used in the pre-

sent study did not stain the same materials in the 

nucleus, 

The results of this study could be divided into 

seven, more or less, distinct time periods according 

to the appearance of the epidermal layer of cells, 

The divisions used were as follows: In the six-day 

through four-day preanthesis period, the cells were 

essentially alike (Fig. 1-3). Three-day through one-

day preanthesis was the time when cell differentiation 

became obvious (Fig, 4-6). On the day of anthesis, 

the differentiated cells began to initiate elongation 

to become fiber cells (Fig, 7-9). On one-day and two-

day postanthesis, initiating fiber cells were found, 

but no further cell differentiation was observed in 

the epidermal layer (Fig. 10-12), At three-day through 

five-day postanthesis cell differentiation again took 

place (Fig, 13-18), On six-day through eight-day post-

anthesis, fiber initiation was again seen (Fig, 19-21), 
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The epidermal cells filled with polyphenolic compounds 

on nine-day and ten-day postanthesis with no further 

initiation of fibers observed (Fig. 22). 

Six-day throu.̂ h four-day preanthesis 

At the earliest preanthesis times examined, the 

epidermal cells were generally cuboidal to columnar 

in shape with dimensions of about 9 x 9 x 15 u (Fig, 

1-3). Numerous small vacuoles were scattered through-

out the cytoplasm of the cells, The single nucleus 

was centrally positioned and chromatin particles could 

be seen in some nuclei (Fig, 1), The nucleoli were 

small (less than 1,2 u) and four nucleoli were fre-

quently observed in a single nucleus (Fig, 2). In the 

epidermal cells, the nuclei contained heavy concentra-

tions of particulate polyphenolic compounds, and the 

cells as a group stained darker than the subepidermal 

cells which did not contain polyphenolic compounds 

(Fig, 3). 

Three-day through one-day preanthesis 

Approaching anthesis, the epidermal cells retained 

their shape with slightly larger dimensions. The num-

ber of vacuoles in the cytoplasm decreased in number 

but increased in volume to take up more space within 

the cell (Fig. 4), Most nuclei remained centrally lo-

13 
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cated and showed chromatin granules (Fig. 4). In a 

few cells, the nucleus became slightly enlarged and 

a single large nucleolus (up to 2 u diameter) was pro-

minent (Fig, 5). Most of the nuclei appeared to con-

tain a lesser concentration of polyphenolic compounds 

(Fig, 6) than was found at earlier times (Fig, 3), 

The day of anthesis 

On the day of anthesis, the first set of fiber 

cells started to elongate. These initiating fiber cells 

bulged outward at the top of the cell (Fig. 7-9). 

Various cell structures started to migrate toward the 

outer tip of the fiber cell (Fig. 7). An enlarged 

nucleolus (over 2 u) was present in the nuclei of cer-

tain cells (Fig, 7,8) and very little chromatin stain-

ing was found (Fig, 7). Nuclei of initiating fibers 

were found to be free of acid toluidine blue staining 

(Fig. 9). 

In addition, the epidermal cells maintained their 

original shape with a further increase in volume. The 

nuclei remained centrally located in the cell and most 

were free of chromatin staining (Fig. 7). The nucleoli 

were large (about 2 u) in some cells but small (1.2 u 

or less) in others (Fig. 8), In most epidermal cells, 

the concentration of polyphenolic compounds appeared 

greatly reduced (Fig, 9). 

14 
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One-day and tv/o-day postanthesis 

The fiber cells which had initiated elongation 

on the day of anthesis reached a diameter of about 

22 u (Fig, 10). The nucleoli had enlarged to as much 

as 4 u (Fig. 11), Fiber nuclei were free of chromatin 

staining and had moved out into the fiber (Fig. 10-11). 

It was also noted that the fiber cell frora this time 

until the end of the study was not stained by acid 

toluidine blue (Fig, 12). 

Initiating fiber cells with their bulging tops 

v/ere found extending above the epidermal cells (Fig. 

10). The cell contents had started moving out into 

the newly formed fiber. The nucleus was enlarged with 

one large nucleolus (Fig. 12), and showed no acid 

toluidine blue staining. Large vacuoles with concen-

trations of polyphenolic compounds, appeared in the 

cytoplasm of the initiating fiber cells (Fig. 12). 

Epidermal cells were found to be slightly larger 

(13 X 13 X 21 u) than at previous times, but retained 

their shape (Fig. 10-12), The nuclei were centrally 

located and many contained chromatin granules (Fig, 

10). The nucleoli were found to be small (less than 

1.2 u) and numbered up to two per nucleus (Fig. 11). 

The nuclei of the remaining epidermal cells contained 

concentrations of polyphenolic compounds (Fig. 12), 

1 
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Three-day through five-day postanthesis 

V/ith age, fiber cells were larger (29 u diameter), 

Fiber nucleoli became larger (7 u), eventually forming 

a sphere of dark staining material around a light stain-

ing core (Fig. 13). The fiber cell, as previously men-

tioned, had no affinity for acid toluidine blue (Fig. 

14), There were no further changes observed in fiber 

cells past this time period in the present study. Also, 

no fiber initiation was found at this time. 

The epidermal cells enlarged slightly (about 15 x 

15 X 25 u) and maintained their shape (Fig. 15-16). 

The nuclei remained centrally located with chromosomal 

staining (Fig, 15). The nuclei contained a lesser con-

centration of polyphenolic compounds (Fig. 14) than 

was seen in the previous period (Fig, 12), By five-

day postanthesis, the nuclei became devoid of polyphen-

olic compounds while large concentrations were found 

in the vacuoles of the cell (Fig. 17). The nucleoli 

in some cells increased in size to about 1,8 u, while 

nucleoli in other cells remained sraall with diameters 

of less than 1,2 u (Fig, l6), 

Six-day through eiffht-day postanthesis 

A new wave of fiber initiation was found between 

six days and eight days postanthesis, The initiating 

fiber cells protruded above the epidermal cells (Fig, 

I 



18, 19). The nuclei were devoid of chromatin stain-

ing (Fig. 18) as v/ell as acid toluidine blue staining 

(Fig. 20). 

The epidermal cells were cuboidal to columnar 

in shape with centrally positioned nuclei (Fig, 18, 

19). The nuclei stained light for chromatin (Fig, 18) 

and were completely devoid of polyphenolic compounds 

(Fig. 20). As many as tv/o nucleoli, less than 1,2 u 

in diameter, v/ere observed (Fig. 19). Concentrations 

of polyphenolic compounds were found in the large va-

cuoles of the cytoplasm (Fig. 20). 

Nine-day and ten-day postanthesis 

New initiating fiber cells v/ere not seen at this 

time, The epidermal cells enlarged slightly, and the 

nucleus and cytoplasm were displaced laterally leaving 

a large vacuole which appeared to be filled with poly-

phenolic compounds (Fig, 21), 

The subepidermal cells were not the topic of this 

studyj however, with increasing ovule development, it 

was noted that these cells showed a greater affinity 

for the polyphenolic stain (Figs, 3, 6, 9, 12, 14, 17, 

20, and 21). 
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Chapter IV 

DISCUSSION AND CONCLUSION 

Gradual changes which differentiated the fiber 

cells from surrounding epidermal cells took place in 

the outer epidermal layer of cells of the cotton ovule 

around the time of anthesis, Previously, the earliest 

differentiative change was reported to be at about six-

teen hours preanthesis when the fiber primordial cells 

were slightly larger and contained a larger nucleus 

than surrounding cells (Aiyangar, 1951). The use of 

plastic embedment in the present study enabled greater 

cellular detail to be observed and the first notice-

able change occurred at three days preanthesis when an 

enlarged nucleolus was observed in the nucleus of some 

cells, The cells with enlarged nucleoli were fiber pri-

mordial cells. At the same time, there was found to 

be a decrease of polyphenolic compounds in the nucleus 

of most cells, Ginzburg (1967) reported a similar 

phenomenon in Reaumuria root cells which differentiated 

to form root hairs. The future root hairs were cyto-

chemically identified in their meristematic stages by 

their larger nuclei and nucleoli and their lower con-

tent of tannins. 

18 



As the ovules progressed in age (to the day of 

anthesis), it was found that the cells initiating elon-

gation contained large nuclei and nucleoli. The nuclei 

were also found to be free of phenolic compounds that 

had been present at earlier times. This finding cor-

responded with and confirmed Aiyangar's (1951) report 

that the fiber primordial cell nucleus became trans-

parent with a single, big nucleolus, In some fiber 

primordials and elongating fiber cells, vacuoles which 

contained polyphenolic compounds were observed. Poly-

phenolic compounds appeared to have been removed from 

the nucleus and concentrated in the vacuoles in the 

process of differentiation, Phenolic compounds have 

been shown to act as growth regulators through lAA oxi-

dase interactions (Gortner and Kent, 1953i 1958; Rey-

nolds and Maravolo, 1973; Sacher, I963). Monophenols 

inhibited lAA induced growth by decreasing auxin levels 

whereas ortho-diphenols act synergistically v/ith lAA 

by inhibiting lAA oxidase to produce elongation (Hen-

derson and Nitsch, 1962; Reynolds and Maravolo, 1973). 

Auxin is necessary for cell elongation (Lebekenko, I963) 

and lAA stimulated fiber elongation in cotton ovules 

(Beasley, 1973); therefore, it is possible that the 

polyphenolic compounds in the nucleus of the cell could 

have controlled the auxin level v/ithin the cell, thereby 

regulating differentiation. 

19 
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It was also shown by the present study that in 

the elongating fiber cell, the nucleus and nucleolus 

continued to enlarge, and that polyphenolic compounds 

did not appear in the nucleus after the primordial 

stages. In fact, fibers at later times did not stain 

for polyphenolic compounds. This lends support to 

the idea that the absence of polyphenolic compounds 

allowed elevated auxin levels and, therefore, elonga-

tion of the fiber cells, 

The nucleolus in fiber cells enlarged and by about 

three days after fiber initiation reached a stage where 

it could be demonstrated that the outer layer was dark 

staining material with a light staining core. This 

type of nucleolar configuration was previously reported 

to develop after animal cells were treated to block RNA 

synthesis (Busch and Smetana, 1970). Recent reports 

suggest that this nucleolar arrangement in plants was 

correlated with an increase of nucleolar RNA synthesis 

(Johnson, 1969; Deltour and Bronchant, 1971). If the 

latter were the case, the enlarged nucleolus during 

differentiation could represent the cells preparation 

for the increased synthesis, especially protein synthe-

sis, that would be required during elongation. Since 

the fiber cell enlarged rapidly after initiation, 

reaching a length in excess of 25,000 u by 15 days post-

anthesis, it should require a tremendous amount of new 
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protein for the formation of new plasma membrane and 

vacuolar membranes. 

Epidermal cells were found with large and small 

nucleoli until the first day postanthesis, Between 

the first and third day, no epidermal cells contained 

large nucleoli, and epidermal cells contained polyphen-

olic compounds in the nucleus, The fiber cells were 

found to initiate elongation until the second day post-

anthesis, As has been reported, fiber initiation takes 

place in v/aves beginning on the day of anthesis (Aiyan-

gar, 1951; Joshi, et al., 1967; Lang, 1938). The first 

wave of initiating fibers became lint fibers (Joshi, 

1967; Lang, 1938). The second and final stage of fiber 

elongation was found to initiate at about six days post-

anthesis. 

No initiation of elongation was observed between 

the third and the fifth day postanthesis, During this 

time, the nucleoli of some epidermal cells began to 

enlarge and the concentration of polyphenolic compounds 

in the nucleus decreased. By the fifth day, the nuclei 

were nearly devoid of polyphenolic compounds, but large 

concentrations of these compounds were found in the 

vacuoles, again possible correlated with the removal 

of these materials from the nucleus. 

Between the sixth and eighth day postanthesis, a 

new wave of initiating fiber cells were seen. These 
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later developing fiber cells were thought to form fuzz 

fibers (Joshi, et al,, 1967; Lang, 1938). Enlarged 

nucleoli and nuclei devoid of polyphenolic compounds 

were observed through the seventh day, Polyphenolic 

compounds were found in the vacuoles of all cells ex-

cept the elongating fiber cells, 

On days nine and ten postanthesis, the lateral 

displacement of the nuclei and the concentration of 

polyphenolic compounds in the vacuoles of the nonelon-

gating epidermal cells caused the internal detail of 

the epidermal cells to be obscured. 

In summary, nucleolar enlargement in epidermal 

cells was found to start at three days preanthesis and 

end at one day postanthesis, Nucleolar enlargement 

was again found between three and six days postanthe-

sis. 

The concentration of polyphenolic compounds in 

the nucleus of epidermal cells was found to decrease 

starting at three days preanthesis and reaching a low 

point at the time of anthesis. The nuclei of cells 

which started to elongate at the time of anthesis were 

found to be free of polyphenolic compounds. At one 

day postanthesis, the nonelongating epidermal cells 

were found to have a concentration of polyphenolic 

compounds in the nucleus which again decreased until 



five days postanthesis, when they appeared absent from 

all cell nuclei, 

Fiber elongation was initiated on the day of 

anthesis and continued until two days postanthesis at 

which time initiation ceased. A new wave of elongation 

was initiated at six days postanthesis, lasting until 

eight days postanthesis. 

It can be observed that a period of nucleolar 

enlargement correlated with a decrease in nuclear poly-

phenolic compounds preceded both lint and fuzz fiber 

initiation, Nucleolar enlargement was the first mor-

phological manifestation of fiber differentiation and 

occurred approximately three days before elongation 

begins. Epidermal cells in the periods before and after 

the first wave of fiber cell differentiation were ob-

served to have small nucleoli and large concentrations 

of polyphenolic compounds in the nucleus. These find-

ings suggest two phenomena not previously implicated 

in cotton fiber development, First, the enlarging 

nucleolus was in preparation for the added protein syn-

thesis that would be needed for elongation. Secondly, 

the decreasing polyphenolic compounds in the fiber 

cells led to increased auxin activity that resulted in 

elongation, Both phenomena were found to occur in 

epidermal cells which developed into fiber cells. 
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Fig. 1-3—Median longitudinal section of the epi-
dermal layer of the cotton ovule at six through four 
days preanthesis, 833 X, 

Fig. 1—Early preanthesis cells show central nu-
clei (Nu) containing nucleoli (N) and chromatin (C), 
The cells contain numerous small vacuoles (V) in the 
cytoplasm. Certain cells in the subepidermis (Pc) are 
filled with polyphenolic compounds, Aqueous toluidine 
blue stain, 

Fig, 2—Dark nucleoli (N) in lighter staining nu-
clei (Nu) are apparent by this staining procedure, Acid 
fuchsin stain. 

Fig, 3—Subepidermal cells (Pc) stain intensely 
for polyphenolic compounds (P), which can also be ob-
served in the nuclei (Nu) of many epidermal cells. 
Acid toluidine blue stain. 
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Fig, 4-6—Median longitudinal section of the epi-
dermal layer of the cotton ovule at three through one 
day preanthesis. 833 X, 

Fig, 4—Nuclei (Nu) containing chromatin (C) are 
seen near the center of the cell, Aqueous toluidine 
blue stain. 

Fig, 5—Certain cells have slightly enlarged nu-
cleoli (N) and others have small nucleoli (N), Large 
cytoplasmic vacuoles (V) can be seen in some cells. 
Acid fuchsin stain, 

Fig. 6—Polyphenolic compounds (P) in the nuclei 
(Nu) appear reduced compared to earlier times. Acid 
toluidine blue stain. 
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Fig. 7-9—Median longitudinal section of the epi-
derraal layer of the cotton ovule on the day of anthesis, 
Fiber cells which are initiating elongation (Fi) can be 
seen protruding above the surface. 833 X, 

Fig, 7—The initiating fiber cells (Fi) have an 
enlarged nucleolus (N), The nucleus of the fiber ini-
tials (Fi) show little if any chromatin (C), The epi-
dermal cells have centrally positioned nuciei (Nu) 
which contain chromatin (C), Toluidine blue stain. 

Fig, 8—Several nucleoli (N) are enlarged over the 
nucleoli at earlier times. Acid fuchsin stain, 

Fig, 9--The nuclei (Nu) of the initiating fiber 
cells (Fi) are free of polyphenolic compounds (P). 
Polyphenolics (P) can be found in the nuclei of the non-
elongating epidermal cells. Large cytoplasmic vacuoles 
(V) can be observed in the fiber initial cells (Fi), 
Acid toluidine blue stain. 
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Fig. 10, 11—Median longitudinal section through 
the epidermal layer of the cotton ovule one and two 
days postanthesis, Elongating fiber cells (F) can be 
observed extending above the epidermal layer of cells, 
Enlarged nuclei (Nu) and nucleoli (N) are found in the 
fiber cells (F). 833 X, 

Fig. 10--The nucleus (Nu) of the fiber cell (F) 
is free of chromatin staining (C) which is present in 
the epidermal cells, Fiber initials (Fi) can be ob-
served protruding above the surface of the ovule, Aque-
ous toluidine blue stain. 

Fig, 11—The nucleoli (N) of fiber cells are 
greatly enlarged compared to the nucleoli (N) of the 
epidermal cells. Acid fuchsin stain. 
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Fig. 12—Median longitudinal section through the 
epidermal layer of the cotton ovule one day postanthe-
sis. Polyphenolic compounds (P) can be observed in the 
nucleus (Nu) of the epidermal cells as well as in the 
vacuoles of sorae initiating fiber cells (Fi). The nu-
cleus of the fiber initial is nearly devoid of poly-
phenolics (P) but a large nucleolus (N) is faintly vis-
ible. Acid toluidine blue stain. 833 X •<». 

Fig, 13—Gross section of fiber cells (F) at three 
days postanthesis. Enlarged nucleoli (N) can be found, 
and one can be observed to be a sphere of dark staining 
material surrounding a lighter staining core. 833X. 
Acid fuchsin stain. 
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Fig. 14, 15--Median longitudinal section of the 
epidermai layer of the cotton ovule at four days post-
anthesis. 833 X. 

Fig. 14--Fiber cells (F) do not stain for polyphen-
olic compounds (P) which can be observed in the nucleus 
of the epidermal cells. Acid toluidine blue stain. 

Fig. 15—Chromatin (C) can be observed in the 
nuclei (Nu) of the epidermal cells. Aqueous toluidine 
blue stain. 
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Fig. 16, 17—Median longitudinal section of the 
epidermal layer of the cotton ovule at five days post-
anthesis. 833 X. 

Fig. 16—The nucleoli (N) of some epidermal cells 
are enlarged whereas the nucleoli in other cells are 
small. Acid fuchsin stain, 

Fig. 17--Polyphenolic compounds (P) are concen-
trated in the vacuoles of the epidermal cells, while 
the nucleus (Nu) appears free of these compounds. The 
transparent base of the fiber cell (F) and lack of stain-
ing in the fibers above the epidermis indicated that 
polyphenolics are not found in the fibers. Acid tolui-
dine blue. 
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Fig. 18, 19--i. edian longitudinal sections of the 
epidermis of cotton ovules at six through eight days 
postanthesis. 833 X. 

Fig. 18—Initiating fiber cell (Fi) with enlarged 
nucleolus and nucleus free of chromatin stainin̂ ;̂  can be 
observed. Nuclei (Ku) of epidermal cells contain chro-
matin staining (C). A large fiber base (F) can be seen 
in the row of epidermal cells. Aqueous toluidine blue 
stain. 

Fig, 19—A fiber initial (Fi) with an enlarged 
nucleolus (N) can be compared to the epiderraal cells 
with small nucleoli (N). Acid fuchsin stain. 
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Fig. 20, 21--Median longitudinal sections of the 
epidermis of cotton ovules. 833 X. 

Fig. 20—Six through eight days postanthesis. 
Epidermal cell nuclei (N) are free of polyphenolic com-
pounds (P) which are found in the vacuoles (V). Fiber 
cells (F) are free of polyphenolics. 

Fi.f:. 21--Nine days postanthesis. Epiderraal cell 
vacuoles (V) became enlarged displacing the other cell 
contents laterally. Vacuoles (V) rapidly fill with 
polyphenolic compounds (P) after this time. The fiber 
cells (F) have no affinity for the polyphenolic stain. 
Acid toluidine blue stain. 
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