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INTRODUCTION

The genus Kallstroemla Scop, represents one of the ten 
genera of the Zygophyllaceae (Caltrop family) found in North 
America. This Genus is considered to consist of thirteen 
species known in the United States, all of which are annual

r '4‘. . ■ . • • * - - ' &

herbs with the exception of Kallstroemla perennans Turner, 
a perennial. According to Vail (1910) five of- these species 
have been recorded in Arizona; on the other hand,Kearney 
and Peebles (1951) recognize only four distinct species.

Kallstroemla was founded on Trlbulus maximum L. of the 
West Indies and was split from the original genus Trlbulus 
by Scopoli in 1777* The distribution of Kallstroemla was 
once thought to be restricted to tropical America (Gray,
181|.9), but species are now known to occur as far north as 
southern Illinois, Kansas, and Colorado. It is found as far 
south of the equator as Argentina (Descole, 194-3) •

The problem presented in this thesis is restricted exclu- 
sively to the species found in Arizona. Kallstroemla hirsu- 
tissjma Vail and K. californlca (S. Wats.) Vail are difficult 
to distinguish and intergrade with one another. Their general 

appearance is quite similar, as is their habitat preference; 
therefore, misidentifled herbarium sheets frequently are 
found. .Separation of these two species is based primarily on 
quantitative rather than qualitative characters. In spite of
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the toxicity of K. hirsutlssima to domestic animals (Mathews, 
1941}-)> no particular attention is given to either species in 
the literature other than the original description^ which in
itself is very brief.

Kallstroemia qrandiflora Torr. - is widespread-arid variable: 
it seems to present more than one taxoni. * Unlike the others>
K . parviflora Norton is apparently a distinct species. •

The course of this study was undertaken in order to •'
determine whether or not there is a possibility of combining 
K. hlrsutissima and K. ca1ifornica as two varieties under one 
species, or finding some other clues to clarify their iden
tity. Special attention also was paid to K. grandlflora to 
determine the extent and nature of its variation. ^

in order to summarize the distinctive features which
characterize all the species included'under this genus, and 
to show how this genus differs from Tribulits L. to which it ? 
is very similar, the following description is'presentedi*1; '

kallstroemia Scop. Introd..212. 1777.
Herbs with stems diffuse.trailing, suberect or erect, . 

hirsute; leaves abruptly pinnate, opposite.or alternate; 
leaflets slightly oblique; stipules very narrow; flowers 
hypogynous, solitary on axillary pedicels, orange,.yellow, , v 
or whitish; calyx of 5.or 6 lanceolate or subulate sepals, 
scarcely united at the base, valyate in bud, mostly persis
tent and usually much shriveled or contracted in the fruiting
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calyx; petals $ or 6, obovate or obcordate, usually larger 
than the sepals, imbricated or convolute In bud, deciduous; 
pedicels swollen below the calyx; stamens 10 or 12; filaments 
filiform-subulate, those opposite the petals exterior, more 
or less adhate to their base (fig. Id), those alternate with 
the petals (opposite the sepals) shorter, and each subtended
externally by a small gland at their base (fig. 1c); anthers

■ ... . . . .  .. ; . . ,  / . •.

introrse, 2-celled,(the cells opening longitudinally; ovary
sessile, 8 to 12-celled (^-celled in Tribulus).destitute of

.. . .■ . ' ' - , . : , ■ ' ■ . . ''"/.y rv
transverse septa; styles united, columnar, or subulate from a; . ;• '
conic base; stigma capitate, 10-12 ribbed, rarely 5; ovules 

solitary in each cell (3-5 in each ceil in Tribulus) and pen-

dulus from its inner angle, anatropous or semi-anatropous, the
_ <' . .

micropyle superior; fruit pyramidal and 8-12 angled (5-angular 
in Tribulus). roughened or tuberculate on the back (spinose in 
Tribulus), separating at maturity?into 8-12 bony, indehiscent,
one-seeded nutlets (5 nutlets in Tribulus). leaving a persis-

: i
tent central column (fig. la) (no central column in Tribulus);

i iseeds filling the cells, obovate, testa membranaceous; endo
sperm wanting; cotyledons obovatei rather fleshy, their edges 
directed to the raphe and to the axis of the fruit.
Type species: Tribulus maximus L. ,

i
The observation was made by Gray (I8I4.9 ) and Chapman (1897) 

that the sepals of Kallstroemia were imbricated in the bud. 
Present investigation showed that in all species collected in 
Arizona the sepals were valvate in bud.
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K. jTrandiflora var. grandiflora



5

The origin of the name Kallstroemia is in doubt. Two 
possible derivations have been proposed. Gray (I8I4.9 ) sug
gested that Scopoli named it in honor of his friend 
Kallstroem, a now unknown botanist. Jepson (1936) hypothe
sized that the origin arose from the Greek word,kailos. mean
ing beautful, in combination with stroemia. a genus in the , 
Capparidaceae. r. v • ;

MATERIAL AND METHODS

Both pressed and fresh material were used in this study. 
Measurements were made from herbarium sheets of the University 
of Arizona and from approximately three hundred specimens ; 

borrowed from the following institutions: Missouri Botanical 
Garden, Gray Herbarium, and the University of Texas. Some 
measurements and ecological remarks were taken from herbarium 
sheets studied at the University of,California, Berkeley, and
Stanford University. I should like to acknowledge my appre-

:
elation to the above mentioned institutions for their kind 
cooperation.

Fresh material was collected on many field trips made to 
different locations in Arizona during the summer of 1957* 
Necessary measurements were taken in the field and the great

est possible amounts of seeds were gathered separately for 
each species. Buds were preserved in 3:1 absolute alcohol- 
glacial acetic acid for chromosomal study.' These field speci- 
mens were pressed and kept for further study and reference.
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In addition to the study of herbarium and fresh specimens, 
special attention was given to the pollen grains of each spe

cies and to the counting of stomata in the leaves. Many 
attempts were made for studying the chromosome numbers and 
their morphology. Pollen mother cells were taken from the 
anthers of very young buds and smeared in iron-aceto-carmine.
No positive results were obtained. In order to obtain root- 
tips for chromosome studies, attempts were made for inducing 
germination by artificially breaking the embryo dormancy of 
the bony seeds. Seeds were treated by different means, such 
as acids, cooling, heating, scarifying, washing with water, 
gibberellin, and exposing to light and darkness. In addition, 
a number of seeds were picked in the field from the soil dur
ing late winter and also treated by various methods. The seeds 
showed a tendency to be infected easily by fungus (Botrytis 
sp.); therefore, to prevent infection they were treated with 
copper sulfate and spergon. The results of all attempts to 
germinate the seeds were negative.

1. Pollen analysis
Pollen grains were taken from unopened buds of dried 

material. The buds of each species were first selected from 
one individual plant, but after the grains showed slight differ
ences in their axis length, pollen from several individuals of the 
same collection were mixed together to observe the range of 
variation. The pollen of all species was run simultaneously.
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After the grains were acetolyzed (9 acetic anhydride:! con
centrated sulfuric acid), they were heated in a water-bath 
tip to 80° C.-after beginning at room temperature. Erdtman • ,
(1952) suggested that the pollen be bested to the boiling 
point, but it was found that this temperature turned the pol
len grains of Kallstroemia to dark brown or almost black, and 
the transparent appearance was lost; After heating they were 
centrifuged for two minutes; the mixture was decanted and the
pol1iniferous material shaken with water;a few drops of 
alcohol were added, and the mixture’centrifuged again. The - 
pollen grains were transferred to watch glasses containing
1:1 glycerin and water, left in solution for'fifteen minutes, 
and then mounted on slides with glycerin jelly. Measurements 
of the axes, exinea, and pores were taken; :
• '.Vv -v.-.i r : . ' : v ; . h r  •.ir.,
2. Stomatal Distribution

1 Since the stomatal countings were made on dry leaflets, 
the collodion film technique was used. The collodion solution 

was prepared according to the formula of Loomis and Shull (1937) 

(Celloidin 10 gm. dissolved in 200 ml. of equal parts of abso
lute alcohol and anhydrous ether), but the procedure applied 

was that of Long and Clements ( 193k )» The leaflet surfaces 

were first shaved with a razor blade by passing the blade 
obliquely over the surface, or the hairs when sparse were 
picked up by forceps; then the surface was washed gently with 
ether. When the surface had dried completely, a thin layer
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of collodion solution was smeared with a brush over the 
leaflet. After remaining one or two minutes at room tempera-

C-.v i '..I'.
ture, the collodion films were peeled off with a fine forceps 
mounted on.siides (no medium was employed for mounting), and 
cover glasses were sealed with paraffin-petroleum Jelly 
mixture. , "  ̂ .

Stomata1 countings were made by using a microscope with 
a reticulate eyepiece as a counting chamber. The above pro
cedure wis applied on both surfaces of each leaflet; two 
leaflets were used from each leaf* two leaves from each plant 
and four plants for each species. The counts were taken 
from upper and lower positions of each surface, totalling a 

count of sixty-four for each species. A microscope field 
resulting from the combination of a lOx ocular and a Ijjx 
objective was used as a unit area. A sample;of the counting

■ y . '
method is shown in Table 1; all the countings and their 
averages are shown in Tables 3-7. 1
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Plant

1

Sample of Counting Method

no. Leaf no. Leaflet no. Surface Position Stomatal counts

26

TABLE 1

■ Lv.. ' r, ; . upper

lower

upper

lower

upper

1 ower

upper
; .u:

lower:

’

apical

basal '

apical

basal

apical

basal

apical

basal

apical

basal

apical

basal

apical

basal

apical

basal

19 
17 ; 
27

•.•v. 22

16

16
30

’ 29 -
21 * 

23 
26 • 
25 :■ 

r - 18

. . 2i ;

v-r-

; ■ 1, ; . *: v'* i t :

p C :



RESULTS

The pollen grains of the Arizona species of Kallstroemia. 
after they were given the same treatment, showed similar 
sculpturing. All are spherical, radiosymmetric, reticulate, 
polyphorate with circular pores spread uniformly over the 
pollen surface (fig. 2), bright orange after acetolysis and 
bright yellow without treatment. Pollen of the same species 
showed slight variation in their axes, but there was signifi
cant difference in the size of the pollen grains of the differ- 
ent taxa (Table 2). '

The axis of K. qrandiflora var. qrandiflora averaged 
75.6^; therefore, according to Erdtatan' s, scheme (1952), it 
should be considered to be large pollen (sporae magnae). The 
pores were 5*2/4 in diameter.

A recognizable group of K. qrandiflora which shall be 
referred to as variety maqna had clearly smaller pollen grains 
than those of K. qrandiflora var. qrandiflora. The axis aver
aged only, and the diameter of the pores was 5«5A In 
Table 2, measurements of the pollen grains of the five groups 
are presented. The number of units in the table indicates the 
length of the axis of the lumen only.

In K. parvlflora the pollen axis averaged 6l\..QA (sporae 
maghae), and the pores had a diameter of 3«5A Pollen of K. 
hirsutissima had an axis averaging 59.8yfr (sporae magnae), and
the pores were 3*5/4 in diameter
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Fig. 2
Pollen grain of K. grandiflora var. grandiflora xllOO
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TABLE 2

Size of 
pollen

POLLEN GRAIN MEASUREMENTS

arandiflora qrandiflora oarviflora californica hirsutissima 
var. var.

arandiflora magna

20 units* 1
21
22 11 .15 17

11
25 726 3 8
2? 228 1 9
29 9 2 10
30 18 17 13
31 12 15 2
32 1 9 6
33 1 5
3k k  : 3 .
32 23
36 17
37 k '• ' • • . . f ■
36 1

Mean 32.42 30.44 31.24 23.40 28.6
Std. dev,•** K3 \ / Kl \ / 1-3\ / K3\ / , ,
"t" test 20 .7 3.3 3 0 .1 21.6

* one unit = 1• 7 k ^
** standard of deviation estimated from range (see Snedcor Stat.

Math. 5th ed. p.3 8. 1956)
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In studying the stomatal distribution on leaflets taken 

from plants of the same locality, the number of stomates 
decreased from apex to base in the upper epidermis in all the 
taxa except K. hirsutissima in which the stomatal counts for 
both positions were about the same. On the lower surface in 
all the groups they increased from tip to base (see Tables 3“ 
7). It was found that the stomates were not clustered, but 
rather were uniformly distributed over the surface of the 
leaflet. It was very evident in all cases that the stomates 
on the upper surface were more numerous than those on the 
lower epidermis (fig.3). The results of countings showed 

that there is a difference in the stomatal number among the 

different taxa. In Tables 3-7 the averages of the apical and 

basal counts of all species are shown under each column, and 
the figure below represents the average number of stomates 
of the apical and basal figures. The size of the stomate 
could not be determined because of the change in its dimen
sions resulting from the use of dry material.



upper
epidermis

hirsutissima
parviflora
californica

/*V f /r /?./
lower epidermis

Fig. 3

Stomatal Distribution
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TABLE 3

Stomatal Distribution - £. oraadiflora var. qrandlflora

Upper epidermis Lower epidermis
apex base apex base

23# 21* 21* 24*
18 18 21 23
24 20 18 23

plant 1
20 23 18 20
26 21 19 17
2? 22 16 16

plant 2 3Q 29 21 23

26 25 ,18 2i
20 19 16 17
21 20 19 14

plant 3 21 22 18 17
20 20 16 18
26 28 21 20
21 18 16 17

plant 4 16 16 18

19 22 19 17
Average 22-38 21-94 18.31 19.06
Average of apical and
basal counts..... 18.69
* per unit field ■- see text



1 6

TABLE I4.
Stomatal Distribution - K. grandiflora var. magna

Upper epidermis Lower epidermis
apex base apex base

31* 29* 18* 15*
28 26 18 13

plant 1
28 27 17 18

26 28 15 22

29 28 15 16
26 26 17 16

plant 2
26 27 15 16
30 29 18 17
31 3 k 19 17
29 28 19 18

plant 3
30 29 16 16

27 26 18 19
36 32 18 17
29 28 19 16

plant Ij.
26 26 17 16
26 28 19 16

Average 28.6 28.18 17.4 16.75
Average of apical 
basal counts.....

and
17.06

w per unit field - see text
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TABLE 5

Stomatal Distribution - K. parviflora

Upper epidermis Lower epidermis
apex base apex base

18*: 21* 9* 24*
17 I k 16 23

plant 1
Ilf 15 12 23
17 12 12 20

10 11 10 17
12 16 10 16

plant 2
18 15 12 23
18 16 12 21

17 I k 9 17
18 18 13 I k

plant 3
18 27 18 17
23 18 26 18

21 23 19 20

21 16 18 17plant I4.
15 16 11 18

23 21 11 17
Average 17.5 1 7 .0 6 13.63 15.19
Average of apical and
basal counts..... 14.41

* per unit field -• see text



1 8

TABLE 6

Stomata1 Distribution - K. californica var. californica

Upper epidermis Lower epidermis
._apex . base apex base

23* 20* 11* 12*
13 12 11 13

plant 1 -
14 15 10 11
16 17 11 13

20 17 12 13
13 15 10 15

plant 2
18 15 11 12
19 . 21 10 11
14 14 12 9
20 19 15 11

plant 3
21 17 12 11

.... 18 14 13 1 4 ....
16 15 13 12

plant 4.
16 15 15 11
17 18 10 11
18 19 10 13

Average 17.18 16.44 11.81 12.0 '
Average of apical and
basal counts... 11.91
* oer urlit field .
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TABLE 7

Stomatal Distribution - K. hirsutlssima

Upper epidermis Lower epidermis
apex base apex base

20* 23* 11** 11*

plant 1
12 18 12 15
I k 14 I k 12
11 12 10 12
25 24 22 24
28 23 27 24plant 2
30 29 20 17
33 30 20 10
20 21 16 19

15 18 15 17
plant 3

21 22 17 22
27 28 18 20
20 25 13 I k

plant I4. 2 k 21 13 14
20 18 llj- 16
22 21 16 18

Average 21.38 21.69 16.31 16.$6
Average of apical and
basal counts. 16.1*4
* per unit Held -■ see text



SYSTEMATIC TREATMENT .

From the results of the pollen morphology aad stomatal 

distribution studies, accompanied by examination of numerous 
herbarium specimens and living plants of the representatives 
of the genus Kallstroemia in Arizona, the following conclu
sions and relationships are drawn.
1. Kallstroemia qrandiflora var. grandiflora

Kallstroemia grand!flora Torr.: A. Gray, PI. Wright.
1: 28. 1852.

Kallstroemia grandiflora detonsa A. Gray, PI. Wright.
1: 28. 1852.

Trlbulus Fisherl Kellogg. Proc. Calif. Acad. 7: 162. 1877.
Trlbulus qrandiflorus S. Wats., Bibl. Ind. 1^9. 1878.
Kallstroemia grandiflora arizonica Cockerell. Bull.

Torrey Club. 27: 8 7. 1900.
Annual; stems erect, suberect, or spreading, 2-7 dm. 

long, channelled or smooth, pubescent with short twisted 
hairs and longer.cilia (fig. la); stipules linear-subulate, 
ciliate, mostly persisting; leaves 3 -8 cm; long; petioles 
8 -2 5 mm. long; leaflets 5-9 pairs, blades obliquely oblong, 
obtuse, the basal pair or one leaflet of this pair smaller 
than the others, the terminal pair usually broader and shorter 
(fig. lb), sparsely puberulous above and sericeous beneath, 
8-20 mm. long; pedicels conspicuously thickened upward.
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1.5-9.6 cm. long; sepals narrowly lanceolate, 6-15 mm. long, 
covered with long spreading cilia, marcescent; petals obovate 
15-30 mm. long, orange or yellow colored with vertical red 
lines at the base of each; stamens 10 in two series, outer 
series longer than inner, a gland at the base of each short 
stamen; carpels 10, pubescent, dorsally tuberculate, slightly 
reticulate on the faces; beak 7-10 rarely 11 mm. long, slender 
with capitate stigma (fig. 1*.): pollen spherical, ?5.6> in 
diameter, polyphorate with circular pores spread uniformly on 
the surface, radi©symmetric, reticulate.

Type locality: borders of the Gila River, Arizona. Emory.
Type of soil: common on open plains and mesas of calcare

ous gravel and sandy soi1.
Elevation: 5000 feet or 1ower•
Season: February to September (Kearney and Peebles 1951); 

the earliest herbarium specimen examined was collected in 
late May.

Distribution.-Arizona: Greenlee, southern Apache, Graham, 
Cochise, Santa Cruz, Pima, Pinal, Gila, Maricopa, Yuma, and 
Yavapai counties.

Other than Arizona: New Mexico, Texas, and Mexico.
(It was attributed to California by Vail (1910), but no her

barium vouchers for such a distribution have been seen.

In 1899 Cockerell gave the name K. qrandiflora var.
arizonlca to a group of plants as a new variety of K. grand!- 
flora. —
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In his description he presented measurements which were 
extracted from within the range of those characterizing K. 
qrandiflora var. qrandiflora. For example, he put in the 
description of his variety that sepals were 8 mm. long and 
pedicels 14-22 mm. long. From the author*s study as presented 
above for var. qrandiflora. the sepals ranged from 6-15 mm* 
and the pedicels from 15-96 mm. long; therefore, it appears 
that the plant which was described by Cockerell clearly fits 
within the description of K. qrandiflora var. qrandiflora. 
and the name he used should be considered as a synonym to this 
variety.

2. K. qrandiflora var. maqna var. nov.
During the studies of the specimens of K. qrandiflora. 

two of the author*s collection showed significant differences 
in beak measurements and other characters. The first specimen 
which is identified by the number 66a in the writer*s collec
tion was found on August 3, 1957 about 100 meters south of 
St. Mary*s Hospital, Tucson, Arizona, at an elevation of 
approximately 2500 feet. The second specimen (66C) was found 
on August 5# 1957 about 300 meters northwest of San Xavier 
Mission, Pima County, Arizona. The beaks in the former meas

ured 13-15 mm. long and in the latter 1 3 -1 4 mm. long (fig. 4) • 
A third specimen, sheet number 1714997 in the herbarium of 
Missouri Botanical Gardens, collected by David Griffiths 
August 29, 1931 on the north slope of the Santa Rita Mountains, 
Pima County, Arizona, had beaks 13 mm. long.
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Nearly all the characters of variety xnaqna exceeded 
those of var. orandlflora In measurements, bat the pollen 
grains were markedly smaller being only 6$/* in diameter.
The stomatal distribution as compared with specimens of var. 
grandiflora of the same locality showed another difference 
as listed in Tables 3 and I}., Other variations are shown by 
the following comparison:

var. grandiflora var. maana
petals 15-30 mm. long 33-3l|- mm. long
sepals 8 -1 5 mm. long 16 mm. long
leaflet length up to 22 mm. long 35 mm. long
It is clear that the above described group represents a 

distinct variety of K. grandiflora. In view of its larger 
features which distinguish it from var. grandiflora. it is 
hereby designated K. grandiflora var. maqna.

Avar, grandiflora foiloils 35 mm. longis; petalis 33- 
3k- mm. longis; sepalis 16 mm. longis; stylo fructus 13 -1 5 mm. 
longo; polline 6 5 //in diametro differt.

Type locality: 100 meters south of St. Mary*s Hospital,
Tucson, Arizona. Al-Katlb 66A, University of Arizona Herbarium.

Type of soil: clay loam and gravel.
Elevation: 2500 feet.
Season: August.
Distribution.- Arizona: Pima County, Tucson, San Xavier 

Mission, Al-Katib 66C ; Santa Rita Mountains, Griffiths 

August, 1931.
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3* K. parviflora Norton, Hep. M. Bot. Card. 9: 153* 1898.
K. laetevlrens Thornber. Contrib. U. S. National Herb.

16: 4. 1912-16.
Primary branches 3-10 dm. long, smooth or channelled, 

covered with long spreading hairs or nearly glabrous; stipules 
linear-lanceolate, 4-8 mm. long, persistent; leaves with peti
oles 8 mm. long, leaflets 3-5 pairs, oblong, usually acute, 
6-12 mm. long, glabrous above with appressed pubescence 
beneath; pedicels l^-40mm. long; sepals linear-lanceolate, 
persistent; petals light yellow, turning whitish, 5-8 mm. 
long,usually barely exceeding the sepals; fruit minutely 
appressed pubescent, splitting into 8-10 nutlets; nutlets 

slightly reticulated on the faces, short rounded tubercles on 
backs; beak pubescent, 4-8 ram. long, longer than the fruit 
body (fig. 4)*

Type locality; Agricultural College, Mississippi.
Pollard 1295..

Type of soil: open plains, sandy and clacareous soil.
Elevation: 1000 - 5500 feet.
Season: August to end of October.
Distribution.- Arizona: Navajo, Coconino, Mohave, Green

lee, Cochise, Graham, Santa Cruz, Pima, Gila, and Yavapai 
counties.

Other than Arizona: Mississippi, Missouri, New Mexico, 
Texas, and Mexico.

4* K. californica (S. Wats.) Vail, var. californica
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K. califoralca (S. Wats.) Vail, Bull. Torrey Club.
2 2: 2 3 0. 1895.

Trlbulus califoralcms S. Wats., Proc. Amer. Acad.
11: 125. 1876.

A low diffuse annual, stems prostrate or decumbent,
8-I4.O cm. long, branching, hairy; stipules minute 1.5-3 nun. 
long; petiole 2 -1 0 mm. long; leaves 2 -5 cm. long; leaflets 
5 -6 pairs, elliptic 4.-10 mm. long, obtuse, hoary-pubescent; 
pedicels 6 -2 0 mm. long; sepals usually caducous in fruit, 2- 
l|. am. long; petals yellow to bright orange, slightly longer 
than the sepals; fruit with minute appressed hairs; 8 -1 0  

carpels sharply tuberculate on the back and scarcity reticu
lated on the faces (fig. 4-)? beak 1.5 -3 mm. long, shorter 
than the body of the fruit, pubescent at the base only.

Type locality: Lower California, on the eastern side
of the peninsula. E. Palmer. 1870.

Type of soil: Sandy, silty clay loam, and limestone hills.
Elevation: 7000 feet or lower.
Season: May to October.
Distribution.- Arizona: Apache, Coconino, Yavapai, Yuma, 

Pima, Pinal, Santa Cruz, and Graham counties.
Other than Arizona: Texas, New Mexico, southern Califor

nia, southern Colorado, and Mexico.

5. K. californica (S. Wats.) Vail var. brachystvlis (Vail) 
Kearney and Peebles, Jour. Wash. Acad. Sci. 29. 1939.
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K. brachvstvlis Vail. Bull. Torrey Club. 2^: 206. 1897.
Tribulus brachvstvlis (Vail) B. L. Robinson; A. Gray, 

Syn. FI. N. Aaer. 1: 354. 1897.
A diffuse herb; stems prostate, sparingly pubescent with 

white hairs; stipules lanceolate to ovate-lanceolate, mm. 
long, caducous; leaves 2-5 cm. long; leaflets 3-4 pairs, the 
basal leaflets usually much smaller than the terminal ones; 
pedicels 1.5-2 cm. long; sepals caducous before maturity of 
the fruit; corolla orange-yellow; fruit splitting into 10 
nutlets, each with 2-4 short obtuse tubercles on the back; 
beak 1-2 mm. long.

Type locality: mesa near Las Cruces, New Mexico.
Vooton. 1895-

Type of soil: sandy loam.
Elevation: 3909 feet.
Season: August to November.
Distribution.- Arizona: Cochise, Santa Cruz, and Pima

counties.
Other than Arizona: Texas, New Mexico, California, and

Mexico.
This form was considered by Vail (1897) as a distinct 

species, but when compared with typical K. californica. it 
showed close similarity in habitat, petals, sepals, length of 
beak, and pedicels. They differed only in the number of leaf 
lets (3-4 versus 4-6 pairs) and in the shorter, blunter tuber 
cles on the back of the fruit; even in these aspects some
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intergration was found. In agreement with Kearney and 
Peebles (1939) the writer concludes that such differences 
are not significant as bases for separation into a distinct 
species.

6. K. hlrsutissima Vail, in Small, FI. SE. U. S. 670. 1903.
Branched trailing annual, conspicuously pubescent, 3-7 

dm. long; leaves 1.5-lj- cm. long; petioles 3-7 mm. long; stip
ules lanceolate, 2-6 mm. long, persistent; leaflets 3-4 pairs, 
elliptic, 5-20 mm. long, shaggy pubescent especially beneath; 
pedicels 6-20 mm.' long; sepals linear-subulate, 3-6 mm. long, 
bristly hirsute; petals yellow to bright orange, becoming 
whitish when dry, 4-7 mm. long; fruit covered with straight, 
appressed hairs; beak pubescent mostly to the tip, 2-4 mm. 
long, almost as long as the fruit body, conic at base; carpels 
10 with blunt tubercles on the back and strongly reticulated 
on the inner faces (fig. 4).

Type locality: Dona Anac County, New Mexico. Wooton

564. Type of soil: cultivated soil and limestone hills.
Elevation: ,2500-4500 feet.
Season: June to late October.
Distribution.- Arizona: Cochise, Santa Cruz, and Pima

counties.
Other than Arizona: Kansas, Texas, New Mexico, Colorado,

and Mexico.
As K. hlrsutissima is presented in the description above.
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Fruits of five taxa of Kallstroemia
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superficially this species closely resembles K. californica. 
The three main features used in separating the different taxa 
of KalIstroemia, as shown in figure 5* illustrate how there 
is an overlapping in these two species• However, the combi
nation of the hairy beak, strongly reticulated inner faces 
of the nutlets, the persistent sepals, and the size of the 
pollen of K. hirsutissima can be used to separate these two 
into distinct species. In addition to these factors the 
toxicity of K. hirsutissima. as proven by the death of six 
cattle and the critical illness of ten others of the fifty- 
four which were grazing on pastures containing extensive 
growths of this species near Balmorhea, Texas (Mathews 1944), 

can be used as another clue to justify their identity as 
distinct species.

Univ. of Arizona Library
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beak
mm.

K. californica

leaflet petal

Fig. 5

Comparison of K. californica and K. hirsutissina
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KEY TO THE SPECIES AND VARIETIES

Petals 15-34 mm* long; beaks of the fruit 7-15 nun. long. 
Petals 15-30 am. long; sepals 6-l5 mm. long; beaks of the 

fruit 7-11 mm. long; pollen 75»6/< in diameter
1. K. qrandiflora var. qrandiflora 

Petals 33-34 mm. long; sepals 16 mm. long; beaks of the 
fruit 13-15 mm. long; pollen 65A in diameter

2. K. qrandiflora var. maqna
Petals much less than 15 mm. long; beak of the fruit not 

more than 8 mm. long.
Beak 4-8 mm. long, longer than the fruit body, pubescent

3. K. parviflora
Beak not more than 4 mm. long, shorter than the fruit 

body, pubescent or glabrous.
Carpels strongly reticulated on the inner faces; beak 

pubescent to the tip; sepals persistent
6. K. hirsutissima

Carpels slightly reticulated on the inner faces, beak 
glabrous or hairy at the base only, sepals mostly 
deciduous.

Leaflets 5-7 pairs, nutlets sharply tuberculate on 
the back....4 . K. callfornlca var. californica 

Leaflets 3-4 pairs, nutlets with more or less 
rounded tuberculations on the back

5* K. californica var. brachystylls



SUMMARY

1. Germination of Kallstroemia seeds proved to be difficult.
2. Kallstroemia pollen grains, when subjected to the aceto- 

lysis treatment, should not be heated over 80° C.
3* Pollen grains showed a slight variation in size within a 

species and a significant difference between species.
If. The sepals of all the species collected in Arizona were 

valvate in bud.
5. Stooates were essentially distributed uniformly over the 

surfaces of the leaflet; there were more on the upper 
than on the lower epidermis. Differences in the number 
of stomates were apparent among the different taxa.

6. jK. qrandiflora var. magna showed sufficient differences 
from var. grandiflora to be considered a new variety.

! • K» grandiflora var. arlzonlca Cockerell did not show any 
marked differences from var. qrandiflora: therefore, it 
should be considered as a synonym to K. grandiflora var. 
grandiflora.

8. Insufficient variation was found between K. brachvstvlis 
Vail and K. californica (S. Wats.) Vail to have these two 
regarded as distinct species. The conclusions of this 
study corroborated the ideas of Kearney and Peebles (1939) 
in considering K. brachvstvlis Vail as a variety of K. 
californica (S. Wats.) Vail.



9. The genus Kalisiroemia as it occurs in Arizona consists 
of four species: K. grandlflora. K. parviflora. K. cali-
fornica, and K. hirsutissima.
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