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ABSTRACT

In the family Zygophyllaceae, Tribulus and Kallstroemia were 

first placed in one genus, Tribulus. by Linnaeus in 1753• In 1777 

Scopoli split the genus into Tribulus and Kallstroemia basing his 

separation on the dissimilarity of the fruiting structure.

The purpose of this study is to try to validate this separation 

by comparing the embryo sac development in Tribulus terrestris L. and 

Kallstroemia grandiflora Torr. Earlier attempts to separate the two 

genera on a physiological basis were unsuccessful.

The embryo sac development for Tribulus terrestris and 

Kallstroemia grandiflora follows the basic monosporic eight-nucleate 

pattern. Minor variations exist in comparable stages in the two genera. 

The two species differ in megaspore disintegration, shape of the mature 

embryo sac, and orientation of the antipodals.

The evidence obtained from this investigation does not negate 

the separation of Tribulus and Kallstroemia as two distinct genera.



INTRODUCTION

Two genera in the family Zygophyllaceae are Tribulus and 

Kalistroemia. These two taxa, now accepted as separate genera, 

were first classified by Linnaeus in 1753 under one genus, Tribulus.

In 1777, Scopoli split the genus into Tribulus and Kallstroemia basing 

his separation upon the fruiting structure. The mature fruit of 

Tribulus breaks up into five nutlets, each containing from one to 

five ovules with commonly two. The mature fruit of Kallstroemia 

breaks up into eight to twelve nutlets, each containing one ovule. 

Beyond the difference in their fruiting structure, Tribulus and 

Kallstroemia are similar in their general morphology.

The purpose of this research was to compare the embryo sac 

development of these two genera with the aim of finding a further 

basis for validating the separation. Earlier attempts at separation 

by means of chromatograms of leaves and embryos, pollen grain via

bility examinations, and karyotype determinations were unsuccessful 

(Storm, 1963).

As representatives of the individual genera, Tribulus 

terrestris L. and Kallstroemia grandiflora Torr. were selected.

These two species are common in the Tucson area and were easily 

obtained for this investigation.
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Tribulus terrestris is an annual, herbaceous plant character

ized by long, prostrate stems radiating from the primary root. The 

compound leaves are pinnate with each leaf composed of 8-12 leaflets. 
The yellow flowers are small , axillary, solitary and peduncled. The 

petals average 4 millimeters in length. Protruding from the dorsal 

surface of each of the mature nutlets are two sharp spines capable 

of puncturing bicycle tires, hence the common name of puncture vine.

The weedy plant is also known as bull-head, or burnut.

Linnaeus first described T, terrestris in Species Plantarum 

in 1753* He recognized four species of Tribulus of which three are 

still valid. Tribulus terrestris is native to southern Europe, western 

Asia, and the East Indies (Small, 1903; Vail and Rydberg, 1910). How 

Tribulus was introduced into the United States is obscure. The plant 

may have been introduced from several points of entry: New York,

Florida, Texas, and Mexico (Small, 1903). Tribulus terrestris. at 

present, is widespread in the United States and is found from the 

eastern Atlantic seaboard to the midwest, to the southwest, and to 
central California (Vail and Rydberg, 1910).

Morphologically, Kallstroemia grandiflora is similar to 

Tribulus terrestris except for the flower color which is bright 

orange instead of yellow and the shape of the mature fruit which is 

more convex than those of Tribulus. Petals of Kallstroemia grandiflora 

may measure 15-30 millimeters long. The dorsal surface of the nutlet 

of Kallstroemia is tuberculate, without spines.

The genus Kallstroemia was founded on Tribulus maximus L. 

Presumably the genus was named after some obscure botanist. Torrey
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described Kallstroemia grandiflora from a collection made by Wright 

11 on the borders of the Gila" (Gray, 1852). Of the 13 species of 
Kallstroemia in the United States, K. pirandiflora is the most showy.



MATERIALS AND METHODS

The material used in this research consisted of flower buds 

from Tribulus terrestris and Kallstroemia grandiflora in various 

stages of development. Tribulus terrestris was collected arourxl the 

University of Arizona campus; Kallstroemia grandiflora was obtained 

from several location sites south of Tucson. Collections were made 

at different times of the day so as to enhance the probability of 

obtaining all the various stages of the embryo sac.

The flower buds were immediately killed and fixed in Randolph's 

Modified Navashin Fluid (Johansen, 1940). In all older buds, the acces

sory floral parts were stripped off to facilitate handling and penetra

tion of the killing solution.

In the dehydration of the plant material, the tertiary butyl 

alcohol method was used (Johansen, 19^0). The material was embedded in 

paraffin. Sectioning was done on a rotary microtome. The sections 

were cut eight to fifteen microns in thickness depending upon the age 

and hardness of the material. The sections were stained with iron- 

haematoxylin (Johansen, 1940) and counterstained with fast green and 

orange G.

4,



EMBRYO SAC DEVELOPMENT OF TRIBULUS TBRKESTRIS

The embryo sac development for Tribulus terrestris follows the 

normal monosporic eight-nucleate pattern.

The megaspore mother cell is initiated two or three cell layers 

beneath the micellar epidermis. It appears as a distinctly larger cell 

with dense cytoplasm and a darkly staining nucleolus (Fig. 1). The cell 

at this point measures 22.5 microns in length. The first division pro

duces a dyad. The second division results in a linear tetrad of four 

megaspores (Fig. 2).

Megaspore disintegration is peculiar. The two megaspores 

closest to the micropyle seem to disintegrate at the same time. The 

third megaspore from the micropyle is long persisting. In many instances, 

this megaspore gives the impression of participating in the rest of the 

embryo sac development. Often it appears as the other nucleus of a two- 

nucleate stage. Figure 3 shows two separate cells. Further stages 

indicate this third megaspore eventually disintegrates. The megaspore 

furthest from the micropyle becomes the functional megaspore (Fig. 4).

In the formation of the female gametophyfce, the functional mega

spore undergoes three successive mitotic divisions. (All photographs 

are orientated with the micropylar end toward the top of the page.)

The first mitotic division results in the two-nucleate stage. Careful 

observation of Figure 5 will show three dark bands above the micropylar 

nucleus, the remains of the three other nonfunctional megaspores. It

5
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should be noted that the embryo sac tapers at the chalazal end. Also 

cytoplasmic strands can be seen to connect the two nuclei. The second 

division results in the four-nucleate stage (Fig. 6). The last divi

sion results in the eight-nucleate stage. One nucleus from each end 

migrates to the center to form the polar nuclei. Figure 7 shows the 

mature embryo sac. The three antipodals are arranged in a linear 

sequence, a condition found to be consistent in all other sections at 

this comparable stage.

The embryo sac undergoes further maturation. The two polar 

nuclei fuse. At this stage, the female gametophyte is ready for 

fertilization.

Figure 12 shows camera lucida drawings of the megagametophyte 

development of Tribulus terrestris in sequence. These drawings were

made from the photographed sections



Figure 1. Tribulus terrestris. young megaspore mother cell.

Figure 2. Tribulus terrestris. linear tetrad of four megaspores.



Figure 2



Figure 3

Figure U

Tribulus terrestris. persistent 3rd and 4th megaspores from 
micropyle.

Tribulus terrestris, 3rd megaspore from micropyle and large 
functional megaspore.
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Figure 4



Figure 5. Tribulus terrestris. two-nucleate stage.

Figure 6. Tribulus terrestris. four-nucleate stage.
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Figure 6



Figure 7. Tribulus terrestris. eight-nucleate stage with nuclei 
arranged as three antipodals, two polar nuclei, two 
synergids and an egg.
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Figure 7



Figure 8. Camera lucida drawings of the megagametophyte development 
of Tribulus terrestris. A. Megaspore mother cell. B. 
Advanced megaspore mother cell. C. Linear tetrad of 4 
megaspores. D. Functional megaspore, note orientation 
of ovule. E. Two-nucleate stage. F. Four-nucleate 
stage. G. Eight-nucleate stage.
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DEVELOPMENT OF THE MEGASPORANGIUM IN TRIBULUS TERKESTRIS

In Tribulus terrestris. there may be found one (Fig. 9) to as 

many as five ovules per carpel. Two ovules per carpel is by far the 

most common (Fig. 10), three frequent (Fig. 11), and four (Fig. 12) or 

five rare. With respect to orientation, the ovule is hemianatropous 

whereby the position of the ovule is about parallel to the axile 

placenta.

Both outer and inner integuments are formed in Tribulus. The 

inner integuments are formed first. The integumental primordia first 

appears as a slight protrusion on either side of the nucellus. This 

is first discernible along with the megaspore mother cell at a young 

stage. The outer integumental primordia is discernible by the time 

the megaspore mother cell has matured to the point prior to meiosis. 

Integumental growth is rapid. By the time the four megaspores are 

formed, the inner integument has enveloped over most of the nucellus. 

By the time the embryo sac has reached the two-nucleate stage, the 

inner integument has covered the nucellus except for a narrow passage, 

the micropyle.

The formation of the micropyle is by the inner integument. 

Following the two-nucleate stage, the cells of the inner integument 

become closely appressed obliterating the micropyle.

The type of nucellus found in Tribulus terrestris is crassi- 

nucellate in which a well-developed parietal tissue is present. The

12
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developing megagametophyte is surrounded by three or four cell layers 

of parietal tissue which persists throughout the rest of the embryo 

sac development.

The shape of the mature embryo sac in T. terrestris is distinc

tive. At the chalazal end where the antipodals arrange themselves in 

a tier, the embryo sac tapers. In an embryo sac at the stage prior 

to fertilization, this chalazal portion is seen as a short, tubular 

depression in respect to the rest of the sac.



Figure 9. Tribulus terrastris. one ovule per carpel

Figure 10. Tribulus terrestris. two ovules per carpel. Note the 
advanced megaspore mother cell in the lower ovule.
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Figure 9

Figure 10



Figure 11. Tribulus terrestris. three ovules per carpel

Figure 12. Tribulus terrestris. four ovules per carpel.
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Figure 12



EMBRYO SAC DEVELOPMENT OF KALL5TROEMIA GRANDIFLORA

The development of the female gametophyte of Kallstroemia 

grandiflora follows the monosporic eight-nucleate embryo sac pattern.

The archesporial cell, giving rise to the megaspore mother 

cell, develops about two cell layers beneath the micellar epidermis.

The cell is prominent in the developing ovule. It measures approx

imately 18 microns in length and contains dense cytoplasm, a large 

nucleus and nucleolus (Fig. 13).

The megaspore mother cell undergoes enlargement prior to mei- 

osis. Figure 14 shows an advanced megaspore mother cell in prophase. 

Note the size of the cell in contrast to the rest of the megasporan

gium, the abundance of cytoplasm, and the prominent chromosomes. The 

cell has now approximately tripled in length. Undergoing meiosis, the 

megaspore mother cell produces first a dyad (Fig. 15) of two nuclei, 

and second, a linear tetrad of four megaspores (Fig, 16).

Of the four megaspores, the three closest to the micropyle 

disintegrate, the fourth remains as the functional megaspore. Disin

tegration is sequential, starting with the megaspore closest to the 

micropyle (Figs. 1? and 18).

The functional megaspore undergoes three divisions to form 

the female gametophyte. The first division produces a two-nucleate 

stage (Fig. 19). Disintegrated megaspore and nucellar tissue may 

still be discernible above the micropylar nucleus. The second division

16



17

produces a four-nucleate stage (Fig. 20). The nuclei may be seen 

to be connected by cytoplasmic strands. The third division produces 

the eight-nucleate stage. Figure 21a shows two of the eight nuclei. 

Figure 21b shows the remaining six nuclei. The micropylar nuclei 

are still connected by cytoplasmic strands and these in turn connected 

to the three nuclei at the chalazal end by other cytoplasmic strands. 

These two sections are serial.

The embryo sac now proceeds in rearrangement and maturation. 

Two nuclei, one from the micropylar end and one from the chalazal 

end, migrate to the center of the embryo sac to form the two polar 

nuclei which eventually fuse. Figure 22 shows the embryo sac with 

the eight nuclei arranged in position. Figure 23 shows the egg and 

fused polar bodies. The persisting synergids and antipodals are not 

shown in this section. Cell walls are present between the synergids 

and egg as well as the antipodals. The female gametophyte is now 

ready for fertilization.

Figure 24 shows camera lucida drawings of the me gagametophyte 

development of Kallstroemia grandiflora in sequence.



Figure 13.

Figure 14.

Kailstroemia grandiflora. young megaspore mother cell.

Kailstroemia grandiflora. advanced megaspore mother cell 
at prophase.

V . \
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Figure 13

Figure 14



Figure 15. Kailstroemia grandiflora. dyad.

megaspores.Figure 16. Kalistroemia grandiflora. linear tetrad of four
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Figure 15

Figure 16



Figure 17. Kalistroeraia grandiflora. 3rd and 4th megaspores from 
micropyle. Note size of 4th megaspore.

Figure 18. Kailstrosmia grandiflora. functional megaspore



Figure 17

Figure 18



Figure 19. Kallstroenia grandiflora. two-nucleate stage

Figure 20. Kallstroenia grandiflora. four-nucleate stage.
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Figure 20



Figure 21a. Kailstroemia grandiflora. two nuclei of eight-nucleate 
stage.

Figure 21b. Kallstroemia grandiflora. six nuclei of eight-nucleate 
stage. Figures 21a and 21b are serial.
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Figure 21a

Figure 21b



Figure 22. Kailstroemia grandiflora. eight-nucleate stage arranged 
as two synergids, an egg, two polar nuclei and three 
antipodals. The antipodal nuclei are out of focus.

Figure 23. Kailstroemia grandiflora. fused polar bodies and egg 
nucleus. Persistent synergids and antipodals are not 
shown.



23

Figure 23



Figure 24. Camera lucida drawings of the megagametophyte develop
ment of Kallstroemia grandiflora. A. Young megaspore 
mother cell. B. Advanced megaspore mother cell. C.
Dyad. D. Linear tetrad of 4 megaspores. E. Third and 
fourth megaspores from micropyle. F. Functional megaspore. 
G. Two-nucleate stage. H. Four-nucleate stage. I.
Two nuclei of 8-nucleate stage before migration. J.
Snx nuclei of 8-nucleate stage before migration. I and J 
are serial. K. Eight-nucleate stage with the nuclei 
arranged in position. L. Fused polar bodies and egg 
nucleus.
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Figure 24



DEVELOPMENT OF THE MEGASPORANGIUM H  KALLSTROEMIA GRANDIFLORA

Only one ovule is formed per carpel in Kalistroemia grandiflora. 

The megasporangium first appears as a slight, conical protuberance 

from the axile placenta. As this primordium develops, the ovule 

begins to bend apically. The nucellus may be observed as a conical 

structure about six to eight cell layers in width. At the base of 

the nucellus, the primordium of the inner integuments initiates 

through perclinal divisions of the micellar epidermis. The funic

ulus may be seen as a stout stalk. At this point, the primary 

sporogenous cell is differentiated and may be observed to centrally 

located in the nucellus.

Prior to the megaspore mother cell undergoing meiosis, the 

me gasporangium undergoes considerable maturation. At this stage, 

the outer integument has been initiated and develops to the extent 

that it partially envelops the inner integument. The inner integu

ment has now developed to the point where it covers most of the 

nucellus. Although the nucellus increases in length, it does not 

increase in width. The nucellus surrounding the advanced megaspore 

mother cell is consistent in being four or five cell layers thick, 

the innermost layer surrounding the megaspore mother cell showing 

some disintegration. The inner integument continues to grow over the 

micellar cap. For the short time during the formation of the megaspore 

and the disintegration of three of the four megaspores, the micropyle

25
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formed by the inner integument is still visible. Hot-rever, try the 

time the embryo sac has developed to the two-nucleate stage, the 

micropyle is no longer visible, the passage being closed try the inner 

integumentary cells.

As in Tribulus. the type of nucellus formed is crassinucellate. 

The megaspore mother cell develops two or three cell layers beneath 

the nucellar epidermis.

In Kailstroemia grandiflora. the shape of the mature embryo

sac is an elongated oval.



DISCUSSION AND CONCLUSIONS

The purpose of this research was to compare the embryo sac 

development of Tribulus and Kallstroemia in order to obtain char

acters for separating these two genera on a basis other than the 

accepted morphological criterion of fruit structure. Many simi

larities observed in the embryo sac and megasporangium development 

in Tribulus terrestris and Kallstroemia grandiflora would lend 

support to the close relationship of the two species.

The embryo sac development of Tribulus terrestris and 

Kallstroemia grandiflora follow the basic monosporic eight-nucleate 

pattern. Initiation of the megaspore mother cell occurs two or three 

cell layers beneath the micellar epidermis. The mature megaspore 

mother cell undergoes meiosis forming first a dyad and then a linear 

tetrad of four megaspores. Disintegration eliminates the three mega- 

spores nearest the micropyle. The functional megaspore then undergoes 

three successive mitotic divisions resulting in an eight-nucleate 

stage. Rearrangement of the embryo sac results in one nucleus from 

each end of the sac migrating to the center forming the two polar 

nuclei which fuse. Cell walls are laid down between the egg and 

synergids as well as the antipodals. At least up to the time of 

fertilization, the synergids and antipodals are persistent.

In these two species the development of the megasporangium 

is strikingly similar. In both species, both inner and outer

2?
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integuments are formed, an ephemeral micropyle is formed by the 

inner integument, and the ovule is hemianatropous.

The slight but distinctive differences between these two 

species are as follows: the disintegration pattern of the three

megaspores nearest the micropyle, the characteristic shape of the 

chalazal portion of the embryo sac, and the arrangement of the 

antipodals. In Kallstroemia erandiflora. disintegration is sequen

tial starting with the megaspore nearest the micropyle whereas in 

Tribulus terrestris. the third megaspore from the micropyle is long 

persisting. The characteristic shape of the chalazal portion of 

the embryo sac in Tribulus is a short, tubular depression whereas 

in Kallstroemia. the mature embryo sac is an elongated oval. The 

antipodals in Tribulus are arranged in a linear series in the nar

row tapering chalazal end of the embryo sac whereas in Kallstroemia. 

the antipodals are arranged in a cluster. Only one ovule is formed 

per locule in Kallstroemia whereas one to five ovules per locule 

are formed in Tribulus.

The many similarities observed in the development of the 

megasporangium and the embryo sac support the interpretation of a 

close relationship between the two genera, Tribulus and Kallstroemia. 

However, since approximately 70$ of the flowering plants studied 

exhibit a monosporic, eight-nucleate embryo sac, it is not unusual 

to find two genera with the same developmental pattern; therefore 

the results of this study do not alter the present interpretation of 

two separate genera based on the differences in the structure of the

fruit
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