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A Study of Jatropha cardloubylla. (#)

The purpose of this investigation is to 
study the gross morphology and anatomy of Jatropha cardioohylla. 
By gross morphology is meant the study of its external structure 
or form as can he seen without dissection* * Anatomy includes 
the study of the plantfs internal structure such as tissues, 
cells, and cell contents. This latter phase of the work 
requires the use of special methods in dissection.

There doesn't seem to he any clear cut 
classification of the Bunhorbiaceae which center around the 
genus Jatropha. Britton and Brown, in their second volume 
of "Illustrated Flora of Northern States and Canada",(*) 
include Jatropha as a part of the genus Cnldoscolug. The 
third edition of Chapman*s "Flora of the Southern United 
States" (**), and Johnson's "Taxonomy of Flowering Plants" (***) 
classify Cnldosoolus stlmulosus A.Gray as being the same as 
Jatropha stlmulosa Miohx. Similarly, in Supplement III of 
the Index Kewensis, Plantarlua Phanarogamariumj. (****) it 
has been found that some species of Jatropha Linn, are the 
same as the species included in the genua Mozlnna Ortega,

(#) Mozlnna cardiophylla Torr.
(*) Britton, N.L*, and A,Brown, "Illustrated Flora of 

Northern States and Canada". pp« 452-462.
(**) Chapman, A.W. "Flora of Southern U.S," p, 452,
(***) Johnson, "Taxonomy of the Flowering Plants", p. 343.
{****) Index Kewensis, Plantarium Phanerogamarium, p. 98.



This change seems to have been introduced by J. K. Small*
In his "Flowers of Southeastern United States'* (*), Small 
includes all three genera, Jatronha, cnidoscoins, and Mozlnna. 
However, he says that Mozlnna sessiliflora is the same as 
Jatronha snathulata var. sessiliflora (Hook.) Small:
Cnidoscoins stimulosus (Michxe) Engelmn, and Gray is the same 
as Jatronha stimulosa Miehx*; and Cnldoscolns texanus (Muell. 
Arge) Small is the some as Jatronha texana $Mnell.) Arg.
Bentham and Hooker, in "Genera Plantarum", (**) claim that 
Jatropha snathulata is the same as Mozlnna Ortega. Torry, in 
"Botany of the Mexican Border" (***), roughly discusses a 
Mozlnna cardlophylla. v

The plant chosen fbr this study seemingly 
does not fit into the genus Jatropha as shall be pointed out 
later, but the problem 6f its proper classification really 
belongs to taxonomy# In this dissertation the plant under 
discussion shall be called Jatropha cardlophylla as it is 
popularlly/known. i» this-'vicinity•*:

The amount of morphological and anatomical 
work which previously has been completed in the genus Jatropha 
is almost negligible, H, V. Wettstein, in his "Handbuoh der 
Systematischen Botanik" (****)f discussed the family 
■Muphorblaeeae and the sub-family Urotoaoldeae but says nothing

Small, J« K., "Fldwers of Southeastern U.S." pp, 705-706.
(**) Bentham,G. and J.D. Hooker "Genera Plant a rum", pp. 890-891
(***) Torrey, J. ^Botany of the Mexican Boundary", pp. 197-198
(****) Wettstein, H.V., Handbuoh der Systematischen Botanik" 

pp. 524-531.



about each genua included in the Crotonoldeae so far as their 
anatomy is concerned. He discussed the genera from a commercial 
standpoint only* Among these,two species of Jatropha are 
Included W t  neither is Jatropha cardlonhylla, Heinrich
Herbert, in his "Inaugural Dissertation Anatomisohe Under-

- . ,..
suchung Ton Blatt und Axe der Htppooaneen" (*), discusses the i
morphology and anatomy of the leaves of mdny species of Jatropha, 
He has described them very minutely but Jatropha cardiophylla 
is not among those he stud led. A recent study on a neighboring 
genus is W, Bobiliofffs "Anatomic en Physiologic van Hevea 
brasiliensls",(**)» In this book, Bobilioff discusses the 
latex system of Hevea from an anatomical and a physiological 
point of view.

The name, Jatropha cardiophylla. appears 
in a taxonomies! discussion found in Part 111 of Vol. 23 of 
the Contribution to the United States national Herbarium of 
1923. (***) D. T. Madlougal, in an article appearing in the 
Plant World of 1908, (****), speaks of the oangre engrado, 
the corrupted form of asngre de grado. This is the Mexican 
name for Jatropha cardiophylla *

(*) Heinrich, Herbert, "Inaugural Dissertation, Anatomisohe
Untersuohung von Blatt und axe der Hippcsaaneen" Munch en, 1897

(**) Bobilioff, W, " Anatomie en Physiologic van Hevea
braslllensis". Biological Abstracts, vol.5, nos.6-7,
1931. Abstract no. 18401, p, 1802.

(***) Contributions from the U.S. National Herbarium, 23 
(mrt 3) pp. 634-638.

(****) MaoDougal, D.T., "The Sours® of Vegetative Seasons in 
Southern Arizona." Plant world 11, p 263. 1908.
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Forrest Shreve classifies this plant as one of the desert 
sclerophylls, in his article published in the Plant World 
of 1911. (*).

The material for this study was collected 
in the cactus garden on the campus of ihe University of Arizona, 
and in nearby rocky hills. The procedures for embedding 
material were taken mainly from Chamberlain's M Methods in 
Plant Histology*’. Leaf material was embedded as outlined in 
the pa raff in method. The paraffin and celloldln methods 
were used for embedding root and stem specimens* Some of this 
latter material was killed and fixed in Conant’s G. B. S," 
solution and softened with hydrofluoric Acid while some was 
killed and fixed in Bonin1s killing fluid and embedded without 
previously being softened by the a old# A modification of 
the procedure for butyl alcohol infiltration, as outlined in 
Science of January 24, 1930 (**), was also used.

The exact procedure for this butyl alcohol 
infiltration was as follows:
1. Specimens cut 1/4 inch in length were killed and fixed in 

Carnoy’s Fluid for SOnaminutes.
2. Specimens were washed in two changes of absolute alcohol,

30 minutes each.
3. Specimens were placed into three parts absolute alcohol 

and one part butyl alcohol for one hour.^r .

T*) Shreve, Forrest, "Establishment Behavior of the Palo 
Verde." Plant World, 14: pp. 2#9~296. 1911.

(**) Zirkle, C. "Procedure for Butyl Alcohol Infiltration". 
Science, January 24, 1930. p, 105.



4# Specimens were placed into equal parts of absolute 
alcohol and butyl alcohol for one hour.

5. Specimens were placed into one part absolute alcohol 
and three parts butyl alcohol for one hour*

6. Specimens were placed into pure butyl alcohol for 
one houtf*

7. Specimens were placed into one part paraffin which had 
been melted then hardened, and one part butyl alcohol.
This was left in the paraffin over night.

8. Specimens were placed into melted pure paraffin, inside 
of paraffin bath, for three to five days. The paraffin 
was changed twice daily*

9. Specimens were then embedded, sectioned, stained, and 
mounted in balsam in the usual! way. The stains used 
were Erlich's haematoxylin and safranin*

Both root and stem tissue were macerated 
as outlined by Sehultne's Maceration Method and Jeffrey's 
Maceration Method, free-hand sections of live root, stem 
and leaf material were made for comparison with the embedded 
material. All the work on the flower and fruit was done from 
free-hand sections of live material.

Color was removed from the leaves in the 
following manner, to make a study of the venation:
1. Whole leaves were placed in a saturated aqueous solution 

of chloral,hydrate for three days,
2. Leaves were rinsed thoroughly in water and placed for a 

similar lehgth of time in 5% potassium hydroxide.
3. Leaves were placed in 70# alcohol where they remain** 

until wanted for study.
Jatropha cardlophylla is a shrub found 

in rocky foot-hills from Yuma to Tucson in Southern Arison®,
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and extends southward into Sonora, Mexico* It grows in the 
same locality with Momisla pallida. Fransoria ambroseaefolla 
and Onuntla veraioolor. The shrub grows in groups of two 
to a dozen or so shrubs, the shrubs of each group being all 
staminate or all pistillate plants* Rarely was a shrub 
found growing by itself and no cases were observed where both 
staminate and pistillate plants were growing in the same group 
of shrubs.

Morphology or external features of 
Jatrooha oardlonhyllat
Shrub: (Figure 1) 1 ft.-2 1/2 ft. tall, 1 ft.-3 ft.

broad; perennial; erect ascending, many branches 
from the base; dioecious, rarely monoecious* Two 
esses were found where a shoot had developed from 
on® of the roots about 1/2 and 1 ft. respectively 
from the original shrub. This indicates a vegetative 
method of reproduction*

Root: (Figure 1) 3/4 in.-l 1/2 in. in diameter; fleshy;
tuberous; growing and ^ranching laterally about 
4 in. below the surface of the soil; yellowish 
brown; slightly shallowly fissured; sub-terete to 
flattened.

Stems: 1/4 in.-5/8 in. in diameter at base; terete;
reddish brown to purplish brown; glabrous, glaucous; 
very flexible and elastic.

Spurs or shortened shoots:1/2 in.-2 in. long, l/8in»- 3/16 in. 
in diameter; many leaf soars arranged in whorls;



otherwise same as stems.
Branches? 1/8 In.•3/16 in. In diameter; axillary or

continuation of shortened shoot; otherwise same 
as stems.

leaves: Drought deciduous; 9/16 in.-l 3/8 In. long, 7/8 in.
1 7/8 in. wide; alternate on long shoot, whoried 
on shortened shoot; petioled; palmately veined; 
midrib impressed above, prominent below; green, 
margins sometimes suffused with red; glabrous with 
waxy appearance, sometimes more or less puntleulate; 
apex mucronate or acute or obtuse; margins 
undulate or scalloped or nearly sinuate with a 
hydathode at end of each vein; base cordate; very 
broadly triangular-cordate in outline; warped and 
very wrinkled.

Petiole: 5/8 in.-l 1/2 in. long; 1/32 in. in diameter at
base tapering to 1/64 in. in diameter at the top; 
lighter green than leaves or light green suffused 
with red-brown or red-brown; glabrous, glaucous; 
terete or sub-terete.

Inflorescence? Stamlnate:
Compound cyme on shortened shoot (Figure 2);
5/4 in.-l 1/4 in. long; 1 1/4 in.- 1 1/2 in. 
wide.

Main branch: 1/48 in. -1/32 in. in diameter; light or
medium green suffused with dark red or all dark
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red; glabrous; glaucous; terete or sub-terete. 
Branohlet: branching from main branch; 1/80 in. - 1/64 in*

in diameter; braeteate; otherwise same as main branch. 
Bracts; 1/48 In. - 1/12 in. long; 1/80 in.-1/48 in. wide; 

mid-rib impressed above, more or less prominent 
below; glabrous; green; margins reddish with a 
hydathode at end of each vein; apex obtuse or acute, 
redd!sh; linear-la neeolate*

Flower: 1/4 in. long, 3/32 in,-1/8 in. wide; (Figure 3).
Sepals; 5; 3 outer and 2 inner.

Three outer sepals; 1/16 in. long, 1/24 in,- 1/16 in. 
wide; green suffused with greenish yellow at base 
of inner surface, outer surface suffused with red; 
margins red, entire, sometimes wavy, with a 
hydathode at end of each vein; apex acute or obtuse 
or truncate or mucronate; elliptical to oval in 
outline.

Two inner sepals; 3/32 in, long, 1/32 in. wide; inner 
surface glabrous and waxy looking, outer surface 
slightly warty; yellow-green to green, outer 
surface sometimes suffused with red; margins slightly 
suffused with red, or red, sometimes wavy; apex 
slightly suffused with red, or red, acute or obtuse 
or truncate; oblanoeolate to spatulate in outline# 

Petals;5; imbricate; fused from base to 3/4 way up from 
base.
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Limb: 5-lobed, lobes curled outwardly.
lobes: 1/52 in.-1/24 in. long, 1/16 in. wide; creamy

white to light yellow; glabrous; margins wavy, some
times suffused with red; apex emarginate to cuspidate, 
sometimes suffused with red.

Tube: 3/8 in. long, 3/16 in* wide, creamy white; outer 
surface glabrous, inner surface setose at base; 
campanula te.

Glands: 5; attached to receptacle between corolla tube and 
stamens, opposite sepals; 1/128 in. long; white; 
fleshy; wedge-shaped.

Stamens: 10; of two lengths with filaments more or less 
united.

Longer 5;
Filaments 3/16 in. long; creamy white to very light 
yallow; glabrous.
Anthers 1/16 in. long; innate; 2-oelled, with 
dehiscence down the sides/

Shorter 5;
Filaments 3/32 in. long; creamy white to very light 
yellow; glabrous.
Anthers 1/16 in. long; extrorse; 2-oelled; with 
dehiscence down the side.

Inflorescence: Pistillatei
Mostly solitary on shortened shoot, occasionally 
in cyaose inflorescence from shortened shoo* or
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elongated shoot; inflorescence 1/2 in. long, 1/2 ln.- 
1 in* wide; axillary. (Figure 2). Main branch and 
branehlets similar to those of staminate inflorescence 
but with longer bracts#

Bracts: 1/6 in.- 5/16 in. long, 1/48 in.-1/24 in. wide; 
apex aette; linear to linear-lanceolate; otherwise 
same as those of stamlnate inflorescence.

Flower: 3/16 in* - 1/4 in. long, 1/8 in. -3/16 in. wide;
sometimes more or less erect but mostly more or less 
deflexed. (Figure 4)

Stem: (of solitary flower); 5/8 in. long, 1/32 in. in 
diameter at base tapering to 1/64 in. in diameter 
at top; light green or green suffused with dark red 
or all dark red; glabrous; terete to sub-terete.

Seoals: 5; 3/32 in* -1/8 in* long, 1/16 in. wide; 
glabrous; yellowish green; margins red with a 
hydathode at end of each vein giving it the 
appearance of being toothed; apex red, acute or 
obtuse; broadly lanceolate to ovate.

Petals: 5; imbridat®, more or less fused to about 2/3 
way up from the base.

Limb; 5-lobed; lobes 1/16 in. -3/52 in. ling, 1/16 ln.- 
3/32 in. wide; sometimes curled outward but mostly 
spreading horizontally; glabrous; whitish yellow to 
green!A yellow; margins slightly wavy, somewhat 
transparent, sometimes slightly suffused with red;



Tube: 1/8 in# - 3/16 in* long, 3/32 in# vd.de; whitish 
yellow to greenish yellow; outer surface glabrous, 
inner surface setose at base; campanulate*

Glands: 5; attached to receptacle between corolla tube 
and pistil; 1/128 in. long; white or light green; 
flat, not fleshy a s in stamina te flowers; wedge- 
shaped.

Pistil: 5/32 in. - 3/16 in. long.
Style 3/64 in* - 1/16 In* long; greenish white or 
yellowish white; glabrous; stigma forked; recurred; 
sparsely short, fine hairy*
Ovary: 3/38 in* long, 1/16 in. wide; greehieh white 
or yellowish white; glabrous; 1-carpeled; parietal 
placenta; superior; ovate.

Fruit: 13/16 in*- 7/8 in* long, 3/8 in.- 5/8 in. broad;
a capsule; dehiscent; green, when fully matured 
tan suffused with light reddish brown, (Figure 5) 
When fullyf matured the fruit shrinks to about 1/2 U 
2/3 sine of fully developed but green fruit. The 
above measurements are of the fully developed but 
green fruit.
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Anatomy or Internal Features of 
Jatrooha eardlonhylla.

The root Is functionally a great storage 
organ for the plant. On the outside of the root, there Is a 
layer of cork tissue from 6 or 7 to 25 or SO cells thick#
This tissue is more or less transparent, (Figure 6), Within 
the cork, there is a tissue from 12 sells thick in a younger 
root to 30 cells thick in an older root which shows nany latex 
cells forming a background for the comparatively few 
parenchyma cells scattered throughout it. Most of these 
parenchyma cells and some of the latex cells contain calcium 
oxalate crystals. - Longitudinally, the latex elements if this 
tissue appear to be latex cells arranged in groups around the 
parenchyma cells. (Figure 7). The parenehy# cells contain 
starch. In cross section, the cortical tissue shows fewer 
latex elements, fewer calcium oxalate crystals, but more 
parenchyma. (Figure 6) Longitudinally, the latex elements 
of this tissue show comparatively1 fewer latex cells ©f 
ordinary size but more tubelike latex cells branching in many 
directions throughout the parenchyma.

_ The phloem tissue is very poorly developed
in the root. Scarcely any phloem can be found. For the most 
part, some fibers, latex cells and parenchyma cells are found 
in the usual;-phloem region#

The root is similar to what Jeffrey (*) 
calls an arboreal root in that it contains ne pith# Inside

(*) Jeffrey, E.C,, "The Anatomy of Woody Plants'*, p# 151.
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the cambium ring, there Is xylem extending to the very center 
of the root* Besides latex cells, fibers and tracheae, there 
are many parenchyma cells densely filled with starch grains. 
Many of these parenchyma cells are arranged in rows radiating 
from the center, and many more are found scattered throughout 
the xylem elements so the distribution of the parenchyma may 
be said to be diffuse. The latex cells, slightly fewer In 
number than the parenchyma cells, are similarly arranged.
Many tracheae, especially those towards the center of the 
root, show a profusion of tyloses. (Figure 8) Some vessels 
have lateral pitting in crowded alternation like that of the 
poplar, and some have elongated slits closed by equally 
elongated membranes. Vessels with both these types of lateral 
pitting occur side by side.

The stem, besides storing an abundance of 
food, is especially adapted for the manufacturing of food 
of photosynthesis. The surface of the stem is covered with 
cuticle giving it a smooth waxy appearance. Occasionally, 
stems will have a powdery bloom-like coating outside the 
cuticle. Indide the cuticle there is a layer of cork tissue 
of only a half dozen cells thick, followed by a layer of 
chlorenehyma tissue. These parenchyma-like cells contain 
chlorophyll, calcium oxalate crystals, and usually large 
starch grains. This tissue is from six to twelve cells thick, 
the cells being smaller than the parenchyma cells deeper in 
the cortex* Latex cells, some of which have anastomosed
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laterally, and some of which hive elongated into the tube-1 Ike 
structure, occur here* The remainder of the cortex is composed 
of parenchyma cells containing starch grains, bas<t fibers, 
some latex cells* and some phloem. There is scarcely more 
phloem in the stem than in the root# Transversely, small 
bundles of phloem tissue are seen just outside the cambium 
ring# Longitudinally, this tissue in the younger stem j,s 
distinguished from the cambium and potential xylem only by 
its relative position. (Figure 10) Older stems show sieve 
tubes with lateral seive plates as in Fopulus♦

The wood or xylem ring is separated from 
the phloem by a cambium ( as in the dicotl stem)* The xylem 
consists of tracheae, trachelds, wood fibers, wood parenchyma, 
and an occasional latex cell. Ths tracheae are usually 
arranged' in groups of two to ten tubes. The proto-xylea 
vessels have annular thickenings. The meta-xylem vessels 
have lateral pitting! in crowded alternation or in elongated 
slits closed by equally elongated membranes, (Figure 12).
Some tracheae contain tyloses, some show an occasional 
fragment of cell wall, some are semi-filled or entirely 
filled with a thick fluid-like substance which absorbs 
safranin dye. This last fact causes such tracheae to appear 
to be filled with latex but careful study proves a different 
situation. Medullary rays, one sometimes two cells thick, 
alternate with groups of trachelds one to eight cells across. 
Other parenchyma cells are scattered throughouti.the xylem
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elements In diffuse fashion. All the parenchyma cells of the 
xylera ring are filled with starch grains. Just inside the 
xylem ring are found many comparatively tiny parenchyma cells 
grouped about the points of the proto-xylem. These cells 
are densely filled with starch grains* There seems to be no 
definite number of proto-xylem points grouped around the 
pith. Within these tiny parenchyma cells, there is a pith 
composed of ordinary parenchyma cells filled with starch. 
Occasionally there is a latex cell*

The spurs or shortened shoots are so-called 
because of the extremely short internotes that exist between 
the nodes. These spurs arise from the axils of the leaves 
just as any other lateral branch but they haven't developed 
in length in the manner that the usual branch elongates. 
Internally, the shortened shoot is very similar to the 
ordinary stem or branch except that the xylem and the latex 
elements are more irregularily arranged due to the numerous 
leaf traces that arise from them.

The leaves are more or less bifacial. 
Stomata are found on both surfaces of the leaf. In the lower 
epidermis, one accessory cell is found on one side* and two 
accessory cells are found on the other side of each stoma. 
(Figure 13). This one-two arrangement of the accessory cells 
is not quite so apparent in the upper epidermis, (Figure 13) 
The epldermftHcells are more or less polygonal in shape.
Some cross sections of the leaves show the ordinary palisade



and spongy parenohyma type of tissue arrangement as in Figure 
14; some sections show a distinct layer of palisade tisane 
against both surfaces of the leaf with spongy parenchyma 
tissue in the middle as in Figure 15, and other sectione 
show all gradations of tissue arrangement between these two 
extremes. Even the same section cut with a microtome will 
show the two extremes and intermediate steps of tissue 
arrangement• The palisade tissue varies from one to three 
cells in thickness. Latex cells ore always found throughout 
the center of the leaf. Occasionally, latex cells are found 
in palisade tissue. (Figure 18) Many simple and compound 
crystals are found -throughout the spongy parenchyma. (Figure 15) 
Occasionally, a large compound crystal appears in the palisade 
tissue. (Figure 15) The vessels in the veins have annular 
thickenings. (Figure 14).

Cross sections through the midrib show 
sclerenohyma tissue just inside both the upper and lower 
epidermis. The selerenchyma below the upper epidermis is 
followed by latex cells and parenchyma cells# then by xylem 
points radiating outwardly towards the lower side of the leaf. 
On the distal ends of the xylem points phloem tissue is found. 
Many of the parenchyma cell e found in this region o cm tain 
calcium oxalate crystals. Between this tissue and the 
sclerenohyma indide the lower epidermis, there are larger 
parenchyma cells, and some latex cells* (Figure 17)

Sections throw# the margin of the leaf



show a transparent tissue from three to seven cells thick.
These cells are like those of the epidermis in cross section, 
only shorter and rounded# The outside of this tissue is 
covered with a layer of cuticle as any ordinary leaf epidermis# 
Wherever a vein reaches the margin of the leaf, there is a 
hydathode or water pore# Sections through a hydathode show 
a definite layer of long, narrow, transparent cells arranged 
in palisade fashion, in place of the round cells found in the 
usual margin df the leaf#

The anatomy of the fruit is somewhat 
unusual. Croesseotions of the young unfertilized ovary show 
a single carpel with one fully developed ovule with a 
parietal placenta# Occasionally, a section will show a slit 
in the tissue along one side of the ovule. This slit or 
elongated hole is lined with a layer of cells like the cells 
lining the ovary wall around the fully developed ovule, so 
it may he considered as a rudiment of a second cell or ovary 
cavity. On one side of the ovule, in the ovary wall, appears 
a bundle of vascular tissue which is the midrib of the carpel 
leaf. Directly opposite this vascular bundle in the ovary 
wall, there is another differentiated mass of tissue# This 
tissue is the protrusion of the receptacle which is found 
along the margin side of the carpel leaf. Inside the ovule 
tissue, on the same side as the protrusion of the receptacle, 
there is a small bit of differentiated tissue whldh is the 
raphe. (Figure 18) Longitudinal sections of the Unfertilized
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ovary, out through the margins of the caipel leaf, show the 
same alignment of the various tissues. (Figure 19). Above 
the microp^le, there is a placental outgrowth called the 
obturator by Strasburger (*) and other German authorities.
The section used for Figure 19, was not out through the 
midrib so it shows no vascular tissue on the right hand side*

In addition to the tissues enumerated above, 
the young developing fruit shows an endocarp tissue between 
the protrusion of the receptacle and the raphe* The obturator 
is much smaller, rapidly being replaced by the outgrowth of the 
outer integument. The inner integument is becoming thinner 
and harder. The nucellus has practically all disappeared, 
it's place being oppupled by the endoppera and the developing 
embryo. (Figure 20).

The fully developed fruit consists of an 
eo to carp, a thin papery endocarp, a more or less fleshy outer 
integument, a hardened shell-like inner integument, and a 
thin layer of nucellus surrounding the endosperm and young 
embryo. The protrusion of the receptacle lies between the 
ectocarp and endocarp along the marginal side of the carpel 
leaf. At the mioropylar end, the protrusion of the receptacle 
has pushed through the endocarp and is attached to the raphe 
which is burrowed into the fleshy outer integument, The 
raphe extends along this one side to the hllua at the base of 
the seed. The obturator has practically vanished. Below the

(*) Strasburger, "Text-Book of Botany", p, 623, fig. 621,
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obturator, the outer integument is more fleshy than elsewhere 
and appears as a caruncle-like growth, (Figure 20)* Longitu
dinally, the embryo appears as a rather broad hypoootyl at 
the microp$ilar end of the seed with two flat cotyledons ex
tending through the endosperm to the opposite end of the seed. 
(Figure 5) When the seed is fully matured, the raphe 
together with the very thin layer of tissue that is left of 
the outer Integument, clings tightly to the hardened shell- 
like inner integument. At this stage, all signs of a caruncle 
have entirely disappeared. The nueellue has been reduced to 
a very thin white layer of tissue adhering to the inside wall 
of the Inner integument. The fruit has shrunken to one-half 
or two-thirds the size of the green but fully developed 
capsule.

Discussion.

As has been previously pointed out, while 
most taxonoraisjts call this genus Jatropha Linn., some are 
usingnthe rames Jatropha. Cnidoscolus. and Mozinna 
Interchangeably as least in so far a® some of the species 
are concerned. Wettstein gives the following classification:

Class - Dic&tyledon
(Part) 1 - Monochlamydeae 

Order - Triooceae
Family - Euphorbia®eae 

Sub-family - Crotonoideae
Genus - Jatronba



(20)

Wettstein states that as a rule the 
pistillate floner contains a three-carpeled ovary, each carpel 
with one ovule, seldom is there an increase or decrease in * 
the number of carpels, or the Increase to two ovules in each 
carpel. Likewise, EngLer and Prantl, while they have divided 
their Jatronhinae Pax. into Chlamydo.latronha and Neojatronha. 
they speak of a three-carpeled ovary. In fact, all taxonomy 
books that discus® the Jatronha fruit characterise® it as 
having a three-carpeled ovary.

All of the specimens of Jatronha cardiophylla. 
examined contain only one carpel# In cheeking through the 
specimens of other species of Ja tronha found in the herbarium 
of the University of Arizona at Tucson one species, Ja tronha 
raaororhiza. was found with a distinct three-carpeled ovary, 
the carpels fused together by their margins with the protrusion 
of the receptacle in the middle. Another Jatronha. species 
not named, which was collected in the brushy flats at La 
Clenega, Sonora, Mexico on July 18, 1911, has a two-carpeled 
ovary, the margins of the carpel leaves being fused together 
with the protrusion of the receptacle between them. With 
these two ovaries in mind, and the fact that cross-sections 
of young unfertilized ovaries of Jatronha cardiophylla show 
a rudiment of a second cell or ovary cavity, this specimen, 
with its one carpel attached to the protrusion of the receptacle 
by its margins may be considered as the end product of a 
reduction process which has taken place in this group of
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plants* However, this reduction process as Illustrated by 
these three species does not stop x&th the mere reduction 
in the number of carpels. There also is a reduction in the 
size of the caruncle found in the mature seed. The seeds of 
Jatronha maororhlza have a well developed caruncle like that 
of the castor bean seeds (Ricinus communis): the seeds of 
the Jatronha collected at La Clsnega, Sonora, Mexico, have a 
tiny, almost insignificant caruncle| while the fully matured 
seeds of this specimen are perfectly smooth with no signs 
whatever of any caruncle-like growth.

Strasburger l*) states that:
" The caruncle, which is formed from the outer 

integument (Figure 576B) persists in the seed."
According to this definition, the 

thickening of the outer Integument at the micropylar end of the 
developing fruit so that it protrudes upwards and somewhat 
replaces the obturator, may be called a caruncle, but it 
disappears as the fruit becomes fully matured, V/hen this 
reduction process is understood, there is little doubt that 
this specimen belongs to the genu# Jatronha unless taxonomists 
wish to make it a new genus because it superficially differs 
so much from the true type.

The question of just how this plant 
reproduces itself may not be amiss. While there was no 
difficulty in finding flower and fruit material at Sabina 
Canyon at the foot of the Santa Catalina Mounted ns , this

(*) Strasburger, "Text-Book of Botany" pp. 624-625.



plant has the reputation of rarely fruiting* Two instances 
were found where a young shoot was growing from the foot of 
an older shrub about one foot away. These observations together 
with the fact that the shrubs grow in groups, and all the 
plants in each group are of the same sex, indicate that its 
principle mode of reproduction may he vegetative rather than 
sexual. Further observations are required before drawing 
definite conclusions.

The presence of spurs or shortened shoots 
is also interesting* All dirubs observed have at least some 
indication of spurs or shortened shoots. They vary from plant 
to plant in number and in length of each Individual spur. 
Frequently, a perfectly notaal shoot or branch is found as 
the outgrowth of the distal end of the spur# It may be tint 
the shrub’s available supply of water plays some part in its 
development in the length of branches, just as the water 
supply affects the formation of seasonal rings. This premise 
may be questioned by the lack of spurs or shortened shoot 
formation in the m i n  stems growing directly from the soil, 
but then, the plant probably wouldn’t grow in conditions 
other than those witii an ample supply of water.

The plant, except for the leaves, is very 
elastic in that it can be bent easily in any direction with
out breaking, and it will spring back into position when 
released. The great frequency of medullary rays and the great 
amount of parenchyma cells scattered throughout the narrow
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rays of xylera elements, all of 1*1 Ich result In the comparative 
lack of woody elements, may give the shrub Its elasticity.
This characteristic lack of rigidity is undoubtedly of some 
value to the plant in that it must be cut or punctured in some 
way to be wounded#

The diversified tissue arrangement found 
in the leaves may benefit the plant. The leaf blades are 
always at least a little bit warped. Occasionally, some are 
so twisted that they are curled, or the two halves may be 
more or less parallel to each other and perpendicular to the 
midrib. The leaves on the shrub are of short duration, only 
being present during rainy seasons and for a short time 
thereafter, for this reason, it is essential that the plant 
manufacture as much food as it may, while its leaves are 
present. ' The warped condition of the leafes together with 
the palisade tissue present on both surfaces, may enable the 
plant to make the most use of its photosynthetic abilities.

There is ar(profusion of calcium oxalate 
crystals in some parts of the plant. They are very numerous 
in the leaf and in the chlorenchyma of outer cortex of the 
stem. This suggests a connection between the crystals and 
the chlorophyll~bearing tissue. Calcium oxalate crystals do 
occur in numbers in the midribs of leaves and in the cortex 
of the root, but here, they are in close proximity with the 
phloem tissue just as some crystals are found in the phloem 
region of the stem. Just what part they play in the plant's 
life history is a good problem for further study.
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The leticiferous system of this plant 
is out of the ordinary* In young tissues, cells were found 
showing an internal latex farmtion, arranged in rows* (Figure 
21) These cells look like any other parenchyma cells about 
them so far as cell wall structure is concerned. Later, ;• 
some of these cells elongate forming tube-like structures 
amoung the nearby cells. This does not agree with the 
conditions Barling found existing in one-year old seedlings 
of Aohras zanota L, He found that the end walls of adjacent 
cells disappear resulting in latex tubes. However, Barling 
found no anastomosis or lateral fusion of cells. In this 
respect, Aohras zanota is unlike Jatropha oardlonhylla.
The older cells of Jatropha oardlonhylla show later protrusions 
(Figures 10 and 81), some show lateral branching, and in 
branch initials, elongated latex cells are seen branching off ' 
in most any direction, (Figure 22) Sven so, none have been 
seen branching quite so much as the laticiferous system of 
Soorzonera which Jeffrey pictures on page 435 of his book.

Besides the groups of neighboring latex 
cells, Jatropha cardiophvlla contains isolated latex cells,
Even in young unfertilized ovules, about every third cell 
contains latex. In the developing fruit, many of these cells 
have elongated forming tube-like structures. These elongated 
cells also anastomose or branch la terally. According to the 
abstract of "Anatomle en Physiologic nan Hevea braslliensis". 
Bobilloff cla ims that the latex cells originate in primary
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tissues, and as the plant grows the latex system spreads much 
in the manner of a fungous hyphal growth* This seems to he 
the case with Jatrooha cardionhylla.

Xyloses are found in most tracheae of the
root. Some tracheae of the stem contain tyloses-like structures,

'

some contain what seem to be fragments of cell walls, so it 
may not he far from amiss in contending that the material 
found in some of the vessels may he due to the presence of 
tyloses where cell walls have disappeared*

The tyloses contain starch grains thereby 
making the older, perhaps discarded vessels serve as food 
storing organs*

As has been noted, there is comparatively 
very little phloem present in this plant* In both the root 
and stem, there are many latex cells in the phloem region.
This fact makes it reasonable to suppose that some of these 
latex elements may be replacing the phloem tissue and may 
possibly function both as food conduction and as food storage 
organs for the plant*

The contents of many latex cells include 
starch grains* Many of the latex elements give a positive 
reaction to the test for starch* All react positively to the 
teat for tannin* The starch grains, like those of ti&her 
Bunhorblaceae. are not uniform in size or structure. (Figure 
23)* The larger compound grains are not very numerous. The 
smaller grains, some of which seem to have been parts of :



compound grains that hare become detached, comprise the greater 
amount of the starch. These are similar to the starch grains 
of Manlhot utillssiraa, Shown in Engler and Gilg1 s n Syllabus 
der Pflanzenffcmlllen”.

Conclusions and Suggestions for Further
Study

As a rule, Jatronha cardio-phylla is a 
dioecious shrub, rarely monoecious. The shrubs grow in groups, 
all the plants in any one group being of the same sex. It 
reproduces vegetatively as well as sexually. The shrubs have 
leaves only during the rainy seasons. The leaves are warped, 
have hydathodes at the ends of tho veins in their margins, and 
are more or less bifacial. Ordinarily, each stoma has one 
accessory cell on one side, and two accessory cells on the 
other side of the uauali.pair of guard colls. The plant is 
practically glabrous except for a setose inner surface of the 
corolla tube, and a sparsely, diort, fine hairy stigma. When 
not in leaf, photosynthetic processes are taken care of by the 
cortical ohlorenohyma found undermath the reddish brown or 
purplish brown outer covering cf the stems. All shrubs 
contain spurs or shortened shoots, some of which later develop 
into the usual shoot with elongated internodes. These spurs 
may be the result of dry seasons.

The staminate inflorescence is always 
cymose whereas the pistillate inflorescence is usually solitary.
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The parts of the pistillate flowers, i.e., bracts, sepals, 
and corolla lobes, are more spreading than those of the 
stem mate flower# The fruit consists of one carpel fused to 
the protrusion of the receptacle by the margins of its carpel 
leaf. It has a solitary ovule with the micropjple directed 
upward and outward# The seed has a carunoula-like growth 
during its development but this suggestion of a caruncle 
completely disappears as the seed matures# The single carpel 
and no caruncle are the results of a reduction process which 
has taken place in this group bf plants#

There is a.iprofusion of calcium oxalate 
crystals in the leaf and in the cortical chlorenchyma of the 
stem, where these crystals probably originate# Many crystals 
are found near the phloem regions as well as the chlorenchyma 
tissue.

The root is fleshy, and spreads laterally 
for several feet, about six to ten inches below the surface 
of the soil! It is an arboreal root with tyloses in its 
older vessels, many stareh grains in its parenchyma cells, and 
functions as a great food storage organ for the plant# The 
stem contains a pith surrounded by tiny parenchyma cells 
grouped about the proto-sylea points. There is no definate 
number of proto-xylea points found in the stem# The frequency 
of medullary rays together with many other parenchyma cells 
scattered throughout the wood, give the plant its elasticity. 
The proto-xylem Vessels have annular thickenings whereas the
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secondary xylem shows lateral pit tings In crowded alternation 
or in elongated slits closed with equally elongated membranes* 
The comparative lack of phloem together with latex cells 
containing starch, Indicate the possibility of some connection 
between the latex cells and the phloem. At least, there is 
an indication that the elongated latex cells may be partly 
replacing the phloem tissue* The presence of tyloses indicates 
that the older vessels in both root and stem are functioning 
as storage organs.
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Figure 1 5 Jatrppha cardlophyila
1* Root.
2. Stem.



Figure 2 : Jatropha eardlophylla - Inflorescences
1* Spur or shortened shoot.
2. Elongated shoot.



3 : JatroDha cardio-Dhvlla • staminate flower
1# Anther, 5. Corolla limb.
2, Filament, 6, Petal,
3, Gland, 7. Sepal,
4, Corolla tube. 8. Receptacle,



Figure 4 : Jatropha cardlophylla - pistillate flower
1# Stigma (parted)#
2. Style,
3. Ovary.
4. Gland.
5. Corolla tube.

6. Corolla limb.
7. Petal.
8. Sepal.
9. Receptacle.



Figure 5 : Jatropha cardlophylla - fruit.
1. Fruit X 1. 11. Carpel.
2 .  Obturator. 12. Receptacle.
3. Micropyjbe. 13. Sepal,
4. Protrusion of receptacle. 14. Inner integument.
5. Raphe. 15. Nucellus.
6. Inner integument. 16. Hypocotyl,
7. Outer integument. 17• Plumule.
8. Endocarp. 18. Cotyledon.
9. Hilum, 19. Endosperm.

10. Ectocarp.



Figure 6 : Jatropha cardlophylla - root, oross-section x h.p.
1. Cork.
2 .  L a t e x .
3. Crystal.

4. Parenchyma.
5. Phloem.
6. Cambium.



Figure 7 s Jatropha oardlo^hylla - root, long* sect, x h,p.
1, Cortex,
2, Latex cells.

3 ,  P a r e n c h y m a  c e l l s ,
4 ,  C r y s t a l .



F i g u r e  8  ; J a t r o p h a  c a r d l o p h y l l a  -  r o o t ,  c r o s s - s e c t ,  x  h , p ,
' 1 ,  Center o f  r o o t , 3 ,  T r a c h e a e ,

2. Latex, 4 ,  T y l o s e s ,



Figure 9 : Jatronha cardiophylla - stem, croes-sect, x h.p.
Cork. 7. Cambium.
Outer cortex (chlorenchyma) 8. Xylera.
Latex cell. 9. Medullary ray.
Anastomosing latex cell. 10. Tracheae.
Bast fibers. 11. Proto-xylem point
Phloem. 12. Pith.



Figure 10 : Jatropha cardiophylla - stem, long, sect, x h,
1, Cork, 5, Phloem,
2, Outer cortex (chlorenchyma) 6, Cambium,
3, Latex cell, 7, Vessels (tracheae)
4, Tube-like latex cell, 8, Crystal,



Figure 11 : Jatropha cardiophylla- stem, long. sect, x h.p.
I# Cortex.
2. Crystal.
3. Seive tube.
4. Young, undifferentiated phloem tissue.



I igure 12 : Jatropha cardiophylla - stem, long. sect, x h.p.
1# Vessel with annular thickening*
2. Vessel with lateral pitting.
3. Vessel containing granular material.
4* Tracheid.



Figure 13 i Jatrooha cardiophylla - epidermis
1. Stoma.
2. Guard cells

3 .  A c c e s s o r y  c e l l s
4 .  E p i d e r m i s  c e l l .



Figure 14 ; Jatropha cardiophylla - leaf, cross-sect, x h.p.
1. Cuticle.
2. Epidermis. 
•3 . -> t 0/Tl3. .
4. Palisade.

5. Spongy parenchyma.
6. Latex.
7. Crystal.
8. Vein.



F i g u r e  1 4  : J a t r o p h a  c a r d l o p h y l l a  -  l e a f ,  c r o s s - s e c t #  x  h . p *
1. Cuticle#
2. epidermis* 
3# Stoma#
4, Palisade.

5. Spongy parenchyma,
6. Latex#
7# Crystal#



Ft sire 16 : Jatropha cardlophylla - leaf, cross-sect, x h.p
1# Palisade#
2# Spongy parenchyma.3, Latex cell#



F i g u r e  1 7  : J a t r o u h a  c a r d l o p h y l l a  -  m i d r i b  o f  l e a f
c r o s s - s e c t i o n x  1i . p .

1 .  E p i d e r m i s . 6 . P a r e n c h y m a2 .  S t o m a . 7 . V e s s e l .3 .  S c l e r e n c h y m a . 8 . P h l o e m .
4 e P a l i d a d e *  9 *  C r y s t a l .5 .  L a t e x  c e l l .



Figure 18 : Jatropha cardlophylla - unfertilized ovary 
cross-section % n.p.

//

ft

1. Rudiment of second cell•
2. Vascular bundle.
3. Embryo sac.
4. Nucellus.
5. Inner integument.

6. Outer integument.
7. Raphe.
8. Protrusion of receptacle.
9. Ovary wall.

10. Ovary cavity.

i !



Figure 19 : Jatropha cardiophylla - unfertilized ovary 
longitudina1 section x l#p*

1. Ovary wall. 6. Inner integument.
2. Obturator. 7. Nucellus•
3. Protrusion of receptacle. 8. Embtyo sac.
4. Raphe. 9. Ovary cavity.
5. Outer integument.



Figure 20 : Jatropha cardlophylla - developing fruit 
longitudinal section x l.p#

I# Ectocarp. 7. Endosperm.
2. Obturator. 8. Ovary cavity.
3. Caruncle-like growth. 9. Sndocarp.
4. Outer integument. 10. Raphe.
5. Inner integument. 11. Protrusion of receptacle.
6. Nucellus.



F i g u r e  2 1  : J a t r o n h a  c a r d i o i o h y l l a  -  s t e m ,  l o n g .  s e c t ,  x  h . p .
1 .  T u b e - l i k e  l a t e x  c e l l .
2 .  L a t e r a l  p r o t r u s i o n  o f  t u b e - l i k e  l a t e x  c e l l .
3 .  A n a s t o m o s i n g  o f  t u b e - l i k e  l a t e x  c e l l .
4 .  C o r k .
5 .  C h l o r e n c h y m a  r e g i o n .
6 .  I n n e r  c o r t e x .



F i g u r e  2 2  ; J a t r o u h a  c a r d i o p h y l l a  -  s t e m  ( b r a n c h  i n i t i a l )  
l o n g i t u d i n a l  s e c t i o n  x  h . p .

1 .  B r a n c h i n g  t u b e - l i k e  l a t e x  c e l l •



Figure 23 : Jatropha cardiophylla - starch grains x h*p.



F i g u r e  2 4  : J a t r o p h a  c a r d i o p h y l l a  -  c r y s t a l s  o f  l e a f  x  h * p .





1. fiber
a .  F i b e r

of root.
of stem*

of cortex
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