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ABSTRACT

This experiment was conducted to determine if any 
cytological and morphological differences existed between 
normal and a male sterile mutant of Cucurbita maxima 
Duchesne.

Buds were fixed in Carnoy's solution and stained in 
Snow's alcoholic hydrochloric acid-carmine mixture in 
preparation for cytological analysis. Other starninate buds 
.were fixed and embedded in paraffin and cut into longitu
dinal and cross sections. In order to differentiate 
sporogenous material from the surrounding cell layers, the 
material was stained in safranin-fast green or thionin- 
orange G.

■Cytological studies indicated that meiosis was 
completely normal in buds from the male sterile plants.
Some time during maturation of the’microspores there was a 
collapse of the cells and no mature pollen was found in 
buds of the male sterile material. •

Examination of longitudinal and cross sections 
revealed normal development of the pollen mother cells and 
the surrounding cell layers through the quartet stage of 
development. Some of the tapetal cells had undergone 
additional cell divisions. After the microspores broke 
Away from each other, an enlargement of the tapetal cells 
' vii
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and deterioration of the microspores was noted. The cells 
of the tapetum at the height of their expansion were 
greater than twice the size of the tapetal cells at the 
quartet stage. In contrast, the tapetum in male fertile 
plants began to show a gradual decrease in size after the 
formation of microspores.

The observations indicated that the male sterility 
studied here was associated with.abnormal tapetal develop
ment .



INTRODUCTION

For several years plant breeders have realized the 
importance of male sterility in the commercial production 
of hybrid seed. By incorporating male sterility into 
breeding programs they have removed the need for expensive 
and timely hand emasculation.

Geneticists have studied the inheritance of male 
sterility and have found that some male sterilities were 
due to dominant genes, others were recessive in nature, and 
still others resulted from a genetic-cytoplasmic inter
action .

People concerned with the cytology and morphology 
of the flower have often found in male sterile plants . 
unusual events associated with microsporogenesis and the 
development of tissue surrounding the microsporangium.

Sometimes irregularities in the meiotic process 
have led to pollen sterility, however, most investigations 
into this problem of male sterility have shown that tapetal 
anomalies were.associated with pollen abortion. The 
abnormalities in tapetal development have been divided into 
three categories: (l) formation of a tapetal plasmoditim,
(2) premature breakdown of the tapetal complex, and (3) 
persistence of the tapeturn.

■ 1  . v  • ■ ■
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In the first category several authors discovered 

that tapetal cells fused together and invaded the anther 
cavity, often crushing the microspores. Premature tapetal 
breakdown before or during microsporogenesis has been cited 
by others as the reason for male sterility. In the majority 
of investigations a persistent tapeturn was found in associ
ation with aborted pollen. Sometimes tapetal cells of male 
sterile plants were seen intact through the formation of 
pollen grains, whereas in the male fertile material there 
was scarcely a remnant of tapetal tissue at that stage of 
development.

The following thesis problem was undertaken in an 
effort to determine the cause of male sterility in a mutant 
of Cucurbita maxima Duch. By observing microsporogenesis. 
and the morphological structure of sporogenous material and 
the surrounding cell layers, it was hoped that some differ
ences between the normal and male sterile plants could be 
seen. The questions below were posed to help keep in mind 
various phenomena associated with male sterility in other 
species.

1. Did pollen mother cells of male sterile plants 
undergo meiosis and if so, was the meiotic process
similar to that in normal plants?

/ ' .2. Were mature pollen grains found in male sterile
plants ?
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3 . Was viable pollen made functionless because the

anthers in the male sterile plants did not dehisce?
4. Were there any abnormalities associated with the

cell layers surrounding the pollen mother cells?
5. If abnormal tapetal cells were found in association 

with male sterility, how was this abnormal tapeturn 
comparable to tapetal cells in male fertile plants?



REVIEW OF LITERATURE

Male sterility can manifest itself in three ways 
according to Gabelman (1956): (1) as pollen sterility due
to the abortion of pollen, (2) as stamina! sterility due to 
malformation or absence of stamens, and (3) as functional 
pollen sterility due to failure of anther dehiscence.

Many studies revealed that male sterility results 
from abortion of the male gametes. Several investigations 
,of microsporogenesis and the development of the tape turn 
which immediately surrounds the sporogenous tissue, have 
shown that the failure of a plant to produce functional 
pollen was associated primarily with abnormal tapetal 
development.

Artschwager (1947) spoke of male sterility in sugar 
beets, Beta vulgaris L., with reference to two types of 
tapetal anomalies. In non-cytoplasrnically inherited male 
sterility the tapeturn enlarged along with the microspores. 
This unusual enlargement was not associated with the male 
fertile plants. In cytoplasmically inherited male 
Sterility, individual tapetal cells lost their identity and 
fused together to form a periplasmodial complex which 
invaded the cytoplasm, causing crowding and destruction of 
the. microspores. Zenkteler (1962), working, with 
cytoplasmic-genetic male sterility in carrots, Daucus 
- - . 4
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carota L., showed that tapetal cells enlarged and fused 
into a plasmodium that expanded into the anther cavity.
This was followed by a general breakdown of the microspores 
and the entire anther. Reference to this plasmodial mass 
as it. affects the sterility of developing male gametes was 
also noted in two other species. Brooks, Brooks, and 
Chien (1966) cited the work of Chang (1954) on male 
sterility in Zea mays L. Monosmith (1928) as per Jones and 
Emsweller (1936) referred to this plasmodial mass in her 
dissertation concerning male sterility on the onion, Allium 
cepa L.

Rick (1948) found premature tapetal degeneration as 
well as delayed tapetal breakdown in his study of nine 
genetic male sterile mutants of the tomato, Lycopersicon 
esculentum Mill.

Singh and Hadley (1961) reported that tapetal 
nuclei in cytoplasmic male sterile sorghum, Sorghum vulgare 
Pers., divided repeatedly without subsequent cytokinesis.
In addition, the tapeturn persisted fOr a longer period of 
time in the male sterile plant. This persistence of an 
intact tapeturn well into pollen grain maturity was also 
noted by Dubey and Singh (1965) on their work with the 
mechanism of pollen abortion in cytoplasmic male sterile 
flax, Linum usltatissimum L. In the male fertile plants, 
the tapeturn broke down shortly after the quartet stage of 
development. Similarly, cytp-histological investigations
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on Sudangrass, Sorghum vulgare var. sudanense, by Alam and 
Sandal (1967) revealed persistence of tapetal cells in 
cytoplasmic-genetic male sterile plants but not in the male 
fertile ones . Mi cr o s po ro gene sis seemed to be normal- 
through the quartet stage. Joppa, McNeal, and Welsh (1966) 
also.noted that delayed tapetal breakdown.was associated 
with cytoplasmic male sterility in wheat, Triticum aestivum 
L. In colchicine-induced cytoplasmic male sterility in 
grain sorghum, Erichsen and Ross (1963) found delayed 
degeneration of tapetal cells in male sterile plants. 
Webster and Singh (1964) studied the behavior of a non- 
dehiscent type of sterility in sorghum. The cytoplasmic 
male sterile plants contained a tapetal complex that 
resisted breakdown for a longer period of time than did 
the fertile plants.

Chauhan and Singh (1966) found pollen abortion in 
cytoplasmic male sterile wheat associated with three dif
ferent types of tapetal abnormalities. These abnormalities 
were consistent throughout the wheat inflorescence. The 
central flowers showed a premeiotic tapetal degeneration 
whereas the lateral flowers showed either a delayed tapetal 
breakdown or formation of a periplasmodium. A more rapid 
tapetal breakdown in male sterile orchardgrass, Dactylis 
glomerata L., was similarly noted by Filion and Christie 
(1966). In the work by Kaul and Singh (1966) on barley, 
Hordeum sp., it was noted that developing microspores began
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degenerating before the collapse and disintegration of the 
tapetal cells in the genetic male sterile plants.

Male sterile mutants have been found in members of 
the family Cucurbitaceae. The phenotype of a genetic male 
sterile mutant of the muskmelpn, Cucumis melo L „ was 
studied by Bohn and Whitaker (1949). This work revealed 
that meiosis was normal and at the quartet stage, the 
microspores began to collapse. There was no anther 
dehiscence.

Shifriss (1945) studied genetic male sterilities in 
the genus Cucurbita. He found that male Sterility in 
Cucurbita pepo L. was expressed by a completely aborted 
androecium prior to anthesis.

Several studies have been made on male sterility in 
Cucurbi ta maxima Duchesne. Hutchins (1944) found a genetic 
male sterile variant of C. maxima in which the staminate 
flowers were abnormal and the stamens Were small, with 
immature anthers. Scott and Riner (1946) reported that a 
genetic male sterile C. maxima showed a deteriorating 
androecium in the bud stage. In another study on C. maxima 
genetic male sterility, Singh and Rhodes (1961) reported 
that meiosis was inhibited and occasionally microspore 
mother cells developed a thick wall and resembled pollen 
grains. The tapetal cells began degenerating after the 
pollen mother cells started to collapse (see Appendix).



Cucurbita maxima Duch. is a monecious plant having 
a simple inflorescence. Castetter (1926) and Passmore 
(1930).found the haploid chromosome number to be 20. At 
maturity, three stamens are visible in the male flowers.
Two of the stamens are much larger than the third. Heimlich 
(1927) referred to this smaller stamen as a "half stamen," 
whereas Miller (1929) claimed that it was a complete 
stamen. Regardless of the controversy some generalizations 
can be noted.

■ Each of the larger stamens produce two S-shaped 
thecae or pollen sacs, while the third smaller stamen 
produces only one. Two microsporangia are formed in each 
theca. In the development of the microsporangium from 
three to five archesporial cells beneath the epidermis of 
each anther lobe undergo periclinal divisions to form 
parietal cells and sporogenous cells (Heimlich1927; Esau 
1961, pp. 298-299). The parietal cells divide several 
times and ultimately form four or five layers that 
surround the sporogenous material.

The outermost parietal layer just beneath the 
epidermis is called the endothecium or fibrous layer.

One or two layers beneath the endothecium are re
ferred to as the middle layers. They usually are crowded 
out or reabsorbed before the quartet stage of development.

The innermost parietal layer is known as the 
tape turn. The tape tal complex remains prominent until the



quartet stage. After this it begins to degenerate and lose 
its identity. By the time mature pollen grains are formed. 
there is only a scant vestige of a protoplasmic mass that 
once was the tapeturn.

Primary sporogenous cells divide several times to 
produce microspore (pollen) mother cells. These cells 
undergo meiosis to form four microspores (quartet).
Through a maturation process these microspores develop into 
mature pollen grains and. at the time of dehiscence the 
pollen grains are released from the anther sac through a 
weak point in the remaining parietal layers and the epi
dermis. This weak point is referred to as the stomium.



MATERIALS AND METHODS

The source of the male sterile line of Cucurbita 
maxima Duch. came from Northrup, King and Co. who obtained 
the seed originally from Dr. A. E. Hutchins of Minnesota'. 
The male sterility was governed by a single recessive gene, 
and was maintained in a heterozygous condition.

Plants were grown twice in 1967 in the greenhouse 
of the Department of Horticulture located at the Univer
sity's Campbell Avenue Farm.

In June, fifteen seedlings were transplanted from 
flats into six foot rows. Each plant was placed about one 
foot apart with five seedlings per row. The plants were 
rogued so that one row was completely sterile, one row was 
fertile and the third row contained a mixture of fertile 
and sterile plants.

Two areas of the greenhouse were used in the 
October planting to minimize the effect of adverse temper
atures. A population of ten seedlings was planted in each 
area. During the earliest part of the growing season 
staminate buds were picked for the study of microsporo- 
gen.esis, in the warmer part of the greenhouse only. These 
plants showed no signs of severe setback due to cool 
temperatures. This area was not rogued until such time as 
the other group of plants began producing buds. At that
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time this first set of plants was rogued to all male 
steriles and the other planting became the male fertile 
source. '

Buds were collected between 7:00-9:30 A.M. since . 
this time period proved to be the one in which the pollen 
mother cells were in their most actively dividing state.

Preparation For Smears
Carnoy1s solution (Johansen 1940, p. 40) was used 

as the killing and fixing solution. It consisted of 3 
parts of 100% ethyl alcohol to 1 part of glacial acetic 
acid. After 24 hours the material was transferred to a 
70% ethyl alcohol solution for 2 hours. Four successive 
changes to new 70% ethyl alcohol were made after this ■ 
initial transfer. The anthers were dissected from the 
buds and placed in alcoholic hydrochloric acid-carmine 
stain (Snow 1963). One modification of Snow's carmine 
technique was made in which a saturated solution of ferric 
citrate at a, rate of 4 drops to 13 ml. of carmine was added 
directly to the bulk solution of Snow's carmine. Anthers 
were left in the stain for 24-48 hours and then stored in 
70% ethyl alcohol.

Smears were prepared by placing a small piece of 
anther on a slide containing a drop of aceto-carmine. The 
piece of anther was broken up with a glass rod, larger 
particles were removed and a cover slip was placed on the



mixture. Pressure was exerted on the cover slip through 
piece of filter paper to remove the excess liquid and als 
to flatten the cells. The slide was heated over steam 
intermittently for from 2-10 minutes depending on the 
degree of cytoplasmic destaining desired. -

: Preparation For Sectioning
Buds were picked and placed in FAA solution 

(Johansen 1940, p. 41) which consisted of 90 cc. of 70% 
ethyl alcohol, 5 cc. of glacial acetic acid, and 5 cc. of 
formalin. They were kept in the FAA solution for 8 days.

For dehydration, the Tert Butyl Alcohol Method 
(Johansen 1940, p. 130) was used. The standard method of 
embedding was used (Johansen 1940, p. 134).

Paraffin was cut into squares each containing a 
bud. The squares.were mounted on wood blocks for both 
serial cross sections and longitudinal sections. The 
material was cut at 8 microns thickness. Ribbons were 
mounted on slides in the following manner. Slides were 
coated with Haupt’s adhesive (Johansen 1940, p. 20) and 
several drops of 4% formalin were put on the slide. The 
ribbon was floated on the formalin solution, placed in 
the proper position and dried on a slide warmer for 2-12 
hours

Safranin-fast green and thionin-orange G were the 
two stains used in this process. The procedure for
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s af ran in-fas t green was done according to the following 
outline. Each solution was put in a Cop1in jar and six 
slides were run through at a time.

Solution
Xylene
Xylene ■"
Xylene--100% ethyl alcohol (1:1) 
100% ethyl alcohol 
95%, ethyl alcohol 
70%, ethyl alcohol 
50% ethyl alcohol 

Safranin 
50% ethyl, alcohol 
70% ethyl alcohol 

Fast green ,
100% ethyl alcohol
100% ethyl alcohol
Xylene-ethyl alcohol (1:1)
Xylene
Xylene

Time Period 
5 minutes 
5 minutes 
1 minute 
1 minute 
1 minute 
1 minute 
1 minute 
45 minutes 
1 minute 
1 minute 
20-30 seconds 
30 seconds 
30 seconds 
1 minute 
5 minutes 
5 minutes

After removal from the last Xylene solution a drop of 
Permount was put on the slide and the cover slip placed in 
position. This was a modification of the procedure used by 
Brooks, Bradley, and Anderson (1959, p. 22, Schedule A).

The thionin-orange G method of staining was taken 
after Sadik and Minges (1964). One modification of the 
procedure was used. From the first water rinse, after 
removing from thionin, the slides were placed in 50% ethyl 
alcohol and 70% ethyl alcohol, then to 95% ethyl alcohol 
as per the procedure.

Safrani'n-fast green was used to stain nuclear y 
material and to differentiate between the various
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structures of the anther. Thionin-orange G was used mainly 
to differentiate necrotic tissue, but was also a good stain 
for distinguishing the structures of the anther.

Photographic Technique 
Photomicrographs were taken using a Polaroid 4 x 5 

Land film packet, Black and White/Type 52 and Black and 
White/Type 55 P/N. The latter was used mostly since it 
produced negatives of the photomicrographs in addition to 
the prints.

Photomicrographs were taken at various magnifica
tions using a Bausch and Lomb microscope equipped with a 
Leitz Wetzlar aristophot. Light exposures were regulated 
with the aid of a Luna-Pro Electronic System Exposure 
Meter.



RESULTS AND DISCUSSION

Macroscopic Comparisons 
Seeds from male sterile plants germinated as 

readily as those from male fertile material. Both types 
were equally vigorous growers and no difference was noted 
as to the time it took the plants to initiate flowering. 
Buds prior to anthesis appeared normal in all male sterile 
material. The only difference between the normal and male 
sterile plants was seen in the formation of anthers. In
Photograph A of Figure 1 the fruit and leaf from a typical

v  ' ' ;

plant can be seen. Photograph B of Figure 1 shows the 
staminate flowers from a normal and male sterile plant.

The differences in androecia! development between 
both types of plant were extreme. This contrasting feature 
became evident quite early.in the development of the bud.
In male fertile buds a steady increase in size of the 
stamens was noted. At the time of anthesis the average 
length of the androecium measured 18.54 mm. In contrast, 
early deterioration of the androecial complex was seen in 
the male sterile material. The stamens became watery and 
increased only slightly in size before deterioration began. 
As the buds matured, progressive necrosis was noted. By 
the time of anthesis only a shrivelled mass of tissue 
remained. The average size of these androecia was 4.45 jmm.
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Maic Fe r til e

Figure 1. The leaf, fruit, and male floral parts from 
normal and male sterile plants of C . maxima 
Duch. -- (A) A typical fruit and leaf from one 
of the plants of C . maxima. (B) A comparison 
between androeciaT development within the 
staminate flowers of a normal and male sterile 
plant.



Figure 1.--Continued. The leaf, fruit, and male floral 
parts from normal and male sterile plants of 
C. maxima Duch. -- (C) and (D) A progression of 
androecial development. The deterioration of 
the androecial complex within the buds of male 
sterile plants took place early in bud develop
ment .
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FERTI LE

FERTILE

Figure 1.--Continued. The leaf, fruit, and male floral 
parts from normal and male sterile plants of 
C. maxima Duch. -- (E) Comparative androecial 
development between buds from a normal and male 
sterile plant two days prior to anthesis.
(F) The androecia from normal and male sterile 
plants at anthesis and one day before the 
flowers opened. Pollen was shedding from the 
anthers of the normal flower.
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Photographs C and D in Figure 1 show the developing 
androecium of normal and male sterile plants. The buds 
were of equal length and diameter.

In photographs E and F of Figure 1, differences 
can be seen between normal and male sterile androecia at 
anthesis, and one and two days before the flowers opened. 
Note in photograph F the pollen from the fertile anthers as 
well as the1shrivelled androecium of the male sterile 
plants.

Occasionally during the growing season, a different 
type of male sterility was observed in both the male 
fertile and male sterile material. This type of sterility 
was manifested by a completely absent androecium. There 
was. no evidence that the androecia! complex had developed 
within the buds. This phenomenon lasted only for short 
durations during the life of the plants and no correlation 
could be made between this type of sterility and the one 
under study, Age of the plant or some other environmental 
changes would offer the most probable explanation for such 
an occurrence.

Cytological Comparisons
Smear studies revealed little difference between 

the normal and male sterile plants through the quartet 
stage of meios is. Mature pollen grains were never found in 
the male sterile material. This indicated that the
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breakdown had occurred somewhere during the maturation of 
the microspores.

While studying rnicrosporo genes is the size 
(diameter) of the pollen mother cells was measured to 
determine if differences existed between the normal and 
male sterile cells. Data in Table 1 show that no diff
erences existed between.the diameters of the pollen mother 
cells from the male fertile and male sterile plants.

Table 1. The diameter of pollen mother cells in early 
prophase.

Male Fertile Male Sterile
Class Frequency Class Frequency

(microns) Cells/Class (microns) CelIs/Glass

70-74 1
75-79 3 75-79 7
80-84 10 80-84 12
85-89 18 85-89 10
90-94 36 90-94 40
95-99 8 95-99 3

  100-104 _2
75 75

Mean 87.53 
Standard Dev. 4.95

Mean 86.63 
Standard Dev. 6.11
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From the data in Figure 2 it can be .seen, however, 
that the pollen mother cells varied more in size in the 
male sterile plants. The means and standard deviations 
were 87.53 + 4.95 microns and 86.63 + 6.11 microns for 
pollen mother cells of normal and male sterile plants, ■ 
respectively.

Buds picked during a certain point in the growing 
season showed lagging chromosomes at anaphase I in the, male 
sterile material. Further investigation revealed that this 
condition also existed in the normal material. No diff
erences between the two could be seen as both showed an 
equal number of laggards, the most common being two for 
each anaphase I configuration. In addition most anaphase 
I cells showed no lagging chromosomes which indicated that 
this condition did not predominate. Lagging chromosomes 
can be seen in Figure 4-E, F . At no time was a displaced 
univalent or micronucleus visible in later stages of 
meiosis. The fact that this condition was present in the 
normal plants seems to preclude the possibility that it,was 
connected with the problem under study.

Normal configurations were observed at all stages 
of meiosis. Photomicrographs in Figure 4 show clearly 20 
bivalents at diakinesis and metaphase I and 20 univalents 
moving toward opposite poles at anaphase I. The complete 
orderly process of meiosis in pollen mother cells from
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Figure 2. The frequency of pollen mother cells within 
different diameter classes.
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normal and male sterile plants can be seen in other photo
micrographs in Figures 3, 4, 5, and 6.

Following the quartet stage the microspores of the 
male fertile material separated from each other and con
tinued developing to form mature pollen grains. Figure 6C 
shows the pollen grains with their very characteristic 
spiny exine. The average diameter of mature pollen grains 
was 89.58 microns. '

Microspqres in male sterile plants separated after 
the quartet stage and, began to round up and mature slightly. 
Only occasionally did developing microspores achieve a 
resemblance to pollen in normal plants. In Figure 6D it 
can be seen that minute spines in the exine had formed.
This was the terminal stage of development in male sterile 
plants. This stage has been referred to in the literature 
as "pre-pollen." Usually the microspores started to 
shrivel shortly after separating from the quartet. See 
Figure 6E. Eventually they lost their cytoplasm completely, 
yielding only an empty shell.

Morphological Comparisons 
Examination of longitudinal and cross sections of 

buds from male sterile plants, revealed that at the early 
stages of microsporogenesis the microspores and surrounding 
tissue appeared quite normal. In Figure 7-B, C, both 
fertile and male sterile material can be seen. The



Figure 3. Early stages of mi c ro s po ro gene sis in C. maxima.
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Figure 4. Microsporogenesis in C. maxima
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Figure 5. Late stages of microsporogenesis in C. maxima.
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*

Figure 6. Microspore and pollen grain formation in C. maxima.



Figure 7. Serial sections of buds from C . maxima.
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outermost layer, of cells surrounding the microsporangium is 
the epidermis. The next layer seen is the endothecium 
which is followed by the middle layer and the tape turn or 
the innermost layer. Within the cavity pollen mother cells 
can be seen.

As meiosis progressed in the normal tissue the 
tapeturn remained quite uniform up to the quartet stage. As 
the. microspores matured the uninterrupted tapetal complex 
began to break up into individual cells; after pollen was 
formed these cells appeared very vacuolated and disrupted. 
See Figures 7E and 8-A, C, E.

In the buds of male sterile plants the tapeturn
remained very predominant throughout the meiotic process. 
Often tapetal cells began to divide and increase in total 
number and area. As a result of this the tapetal mass 
invaded the locule. At the time of quartet formation most 
of the tapeturn was at least two cell layers thick and the 
anther cavity appeared to be reduced in size. A few of the 
microspores looked misshapen. Figure 7-D, F gives a clear 
picture of the occurrences mentioned above.

As the microspores separated from the quartet
configuration the tapetal ce1Is, still predominant, began 
to increase in size. Progressive deterioration of micro
spores was noted along with this tapetal enlargement. The 
cells comprising the tapeturn became hypertrophied and the 
androecium began to show signs of collapse. All layers



Figure 8. Serial sections of developing buds from C. maxima.
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immediately beneath the epidermis became increasingly non- 
dis tinet. In advanced stages of disruption the microspores 
collapsed completely and there was a fusion of material 
into a structureless mass of protoplasm. See Figures 7F 
arid 8-B, D, F.

Measurements were made on the length of tapetal 
cells in order to ascertain what the variation in length 
was at several stages of development. Table 2 contains the 
data for such measurements.

Table 2. Mean length (microns) of tapetal cells af various 
stages of microsporogenesis. -- (Two buds were 
counted per stage and twenty cells were scored 
per bud.)

Meiotic Stage Male Fertile Male Sterile

Early Prophase 24.60 24.75
22.70 25.30

Dyads-Quartets . 21.30 25.50
21.40 25.20

Microspores-Pre-Pollen 18.75 51,30
18.85 63 .00

Pollen grains 17.20 __a
18.40

aNo anthers with mature pollen were found.
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The average length of tapetal eelIs at prophase. I 

for fertile material was 23.65 microns with about a 10% 
reduction to 21.35 microns at the quartet stage. Cells of 
the tapeturn of male sterile plants averaged 25.03 microns 
in length at prophase I and remained about the same up to 
quartet formation. Development after the quartet stage 
became more dramatic. The tapetal cells in normal plants 
continued to show gradual reduction in size but the length
of the tapetal cells in male sterile material more than

. ' ■ . ' .

doubled between the formation of microspores and the 
collapse of the anthers. The increase in length went from : 
25.03 microns to 57.15 microns.

This phenomenon has been noted by others. Brooks, 
et al. (1966) measured the radial length of tapetal cells 
in normal and male sterile sorghum. The width of tapetal 
cells of male fertile plants was 8.0-11.0 microns at 
prophase I, and at the pollen stage the cells decreased to 
5.0-6.6 microns. In male sterile material prophase I 
tapetal cells ranged from 9.0-13.0 microns and at the pre
pollen stage they had enlarged to 18.0-27.7 microns.

Similarly, Kaul and Singh (1966) noted in barley a 
greater than 100% increase in tapetal cell length from the
pollen mother cell stage to the formation of microspores.

' . 1 Tapetal cells from male fertile plants on the other hand
decreased 95% in size during the same developmental period.
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Studies by Chauhan and Singh (1966) with wheat sterility 
revealed about the same results.

The tape turn acts as the supplier of nutr ients, to 
developing microspores. A gradual absorption of materials 
from the tapetal cells would cause shrinkage and the 
eventual destruction of the tapetal mass. This was the 
situation as it appeared in the normal material. Contrary 
to this, a persistent tape turn., one which was gradually in
creasing, in size and number of cells, might utilize so much 
energy for its own perpetuation that it could conceivably 
•cause starvation and ultimate destruction of the immature 
microspores. This condition, was observed in the male 
sterile material.

Cooper (1952) advanced the idea that the role of 
the tapeturn was not only a source of nutrition for dividing 
pollen mother cells but also was a tissue that secreted 
substances for the development of microspores after 
meiosis. For example, in studying Lilium species he found 
that after microspores separated from the quartet, the 
tapeturn appeared to exude waxy materials into the Tocole. 
These materials became associated with the microspore walls 
at the time of the formation of the pollen exine. This 
occurrence was observed in 17 other Angiosperm species as 
well.

Dubey and Singh (1965) suggested that the tapetal 
tissue became more important after the quartet stage. It
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was during' the development of the microspores into mature 
pollen grains that the tapetal complex played a major role.

Cooper (1952) felt that a definite biochemical 
relationship existed between the tapeturn and the develop
ment of mature pollen. Just what biochemical relationship 
exists between the tapeturn and microspores is not known.
It is quite clear, however, that when tapetal abnormalities 
of the type discussed were present a corresponding upset in 
pollen development was noted.



SUMMARY AND CONCLUSIONS

Cytological and morphological examination of the 
buds of normal and male sterile plants of Cucurbita maxima 
Duch. revealed the following:

1. Pollen mother cells from male sterile plants were 
the same size as those of the male fertile plants. 
The means and standard deviations of the diameters 
of pollen mother cells were 87.53 + 4.95 microns 
and 86.63 +6.11 microns in male fertile and male 
.sterile material, respectively.

2. No differences could be seen between the meiotic
I ■ ■ ■

stages of male fertile and male sterile plants.
3. No mature pollen was observed in male sterile 

plants. A stage of "pre-pollen" in which there 
was a slight formation of spines on the exine was 
seen occasionally.

4. Tape ta1 cells in normal and male sterile material 
appeared the same through the quartet stage of 
tfticrosporogenesis except that some cells in the 
male sterile plants had undergone additional cell 
divisions.

5. In male sterile plants tapetal cells began to en^ 
large after microspores separated from the quartet 
configuration. ' At the height of enlargement the
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tapetal cells were greater than twice the size they
were at the quartet stage. The tape turn from male
fertile plants showed a gradual reduction in size
between the formation of microspores and pollen
grains. The average length of tapetal cells of
male sterile plants increased from 25.03 microns at
the quartet stage to 57.45 microns at a time prior - ■ ' . - -
to destruction of the microspores; whereas tapetal
cells from male fertile plants averaged 21.35
microns at the quartet stage and 17.80 microns
after pollen grains were formed.

It is apparent from the information obtained in 
this study that the destruction of the male gametophyte 
occurred sometime during the maturation of microspores and 
that there was a definite correlation between abnormal 
tapetal behavior.and the destruction of the microspores. 
From this it can be assumed that the destruction of micro
spores was due to abnormal behavior of the tapetal cells.



APPENDIX

Seed from the male sterile mutant of C . maxima 
Duch. that Singh and Rhodes (1961) reported on was obtained 
from Rhodes in order to study the male sterility in con
junction with the one investigated in this thesis. Both 
male sterilities were governed by a single recessive gene. 
It was hoped that by crossing these two lines containing 
the male sterile genes, it would be possible to determine 
if the genes were allelic in nature or if they segregated 
independently. -

Seed containing the male sterile gene in the 
heterozygous condition was planted in two separate popula
tions . One population contained the Rhodes male sterile. 
gene hereafter designated as (ms^). The other population 
contained the male sterile gene studied in this thesis and 
will be hereafter designated as (mSg). Both populations 
segregated in a 1:1 ratio for their respective male fertile 
and male sterile plants.

Crosses were made in the following manner. Pollen 
from male fertile plants in population 2 was placed on the 
stigma of male sterile plants from population 1. A 
reciprocal cross in which pollen from male fertile plants 
in population 1 was put on the stigma of male sterile 
plants in population 2 was also made.



Fruit developed on the vines and was picked and 
after-ripened and the seed was planted in flats. The 
results.of this experiment were not completed in time to be 
included in the appendix of this thesis. Figure 9 shows a 
comparison between the fruit from the two lines used in 
this cross. The green fruit is from the Rhodes line and 
the orange fruit is from the line studied in this thesis.

Based on Mendelian ratios the following tables were 
compiled to indicate what the expected progeny from the 
above crosses would be in the event that the male sterile
genes were allelic in nature or segregated independently.

\

Table 3 shows that if the genes were allelic, the progeny 
resulting would segregate in a 1:1 normal to male sterile 
ratio, whereas Table 4 shows that if the genes segregated 
independently, all the progeny would be male fertile.



Figure 9 A comparison between the fruit from the two 
lines of Cucurbita maxima Duch.
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Table 3. The parental types, gametes, and progeny from a 

cross involving two lines each containing a gene 
for male sterility that was allelic to the other.

Generation Female Parent Male Parent Ratio
Parental genotype 
Pheno type

ms^
male sterile

Ms 2/ms 2 
male fertile

Gametes
Progeny genotypes 

and phenotypes

ms 1 X Ms o and' ms
ms ]_/ms2 male sterile
ms %/Ms 2male fertile

1

1

Table 4. The parental types, gametes, and progeny from a 
cross involving two lines each containing a gene 
for male sterility that segregated independently 
from the other

Generation Female Parent Male Parent Ratio
Parental genotype 
Phenotype,

ms fMs 2/ms pMs 2 
male Sterile

Ms ] Ms 2/Ms ]ms 2 
male fertile

Gametes ms ]Ms2 X Ms ̂ Ms 2 and Ms ̂rns 2
Progeny genotypes 

and phenotypes
ms pMs 2/Ms pMs 2 
male fertile

1

ms ̂ Ms 2/Ms ̂ ms 2 male fertile
1
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