EREMOCITRUS, A NEW GENUS OF HARDY, DROUTHRESISTANT CITROUS FRUITS FROM AUSTRALIA
By WALTER T. SWINGLE,
Physiologist, in Charge of Crop Physiology and Breeding Investigations,
Bureau of Plant Industry

A survey of the plants belonging to the orange subfamily (Citratae),
undertaken in the hope of finding new material for use in breeding, has
brought to light a citrous plant which combines in some degree the
winter dormancy of the kumquat and the absolute cold resistance of the
trifoliate orange. This is the Australian desert kumquat, originally
described as Triphasia glauca Lindl. and now called Atalantia glauca
(I/indl.) Benth. by most botanists.
A study of the reports of the early Australian exploring expeditions
has shown that this plant is undoubtedly the most cold-resistant of all
the evergreen citrous fruits, that it is also drouth-resistant, and yields an
edible, though small, kumquat-like fruit. With these qualities it combines a high degree of winter dormancy.
An examination of the scanty material of this plant preserved in the
herbaria of Europe and America and a study of living plants now growing
in the greenhouses of the Department of Agriculture at Washington, D. C,
show that its relationships have been misunderstood by botanists. When
first described it was wrongly put into the genus Triphasia and is still out
of place in the genus Atalantia, to which it is now referred. As a matter
of fact, the Australian desert kumquat is much more closely related to
Citrus than are either of the genera just named. It is most closely
related to the Australian species of Citrus and, like them, can in all
probability be hybridized with the commonly cultivated species of Citrus.
It can be grafted readily on the common citrous stocks.
The Australian desert kumquat is in many ways unique. It is the only
member of the subfamily Citratae that shows marked adaptation to desert
climates. It is a gray-green shrub or small tree, looking not unlike a
large, thorny sage bush, having leaves centric in structure, with appressed
hairs, stomates, and a very thick-walled epidermis on both surfaces and
palisade tissue just beneath. The slender, usually spiny twigs (fig. i)
are also gray-green and have stomates situated at the bottom of deep
pits. In all of these and in some other characters the plant shows the
outward signs of a profound adaptation to withstand the extreme heat
and dryness of a desert climate.
Because of these unique structural peculiarities and because of decided
differences in the number, arrangement, and character of the floral
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organs, it seems necessary to create a new genus to include this interesting plant.1
Eremocitrus Swingle.
The genus Eremocitrus resembles Citrus in the structure and appearance of the fruits;
it differs from it (i) in the leaves which have on both surfaces palisade cells, sunken
stomates, and appressed
few-celled hairs; (2) in
the 4- to 5-merous flowers,
with free stamens and a
4- or 5-celled ovary, with
2 ovules in each cell.
The leaves are graygreen, thick and leathery, and markedly pellucid punctate; they are
nearly alike on both sides,
having four ventral and
two dorsal layers of palisade cells, sunken stomates, an epidermis with
a thick cuticle, and scattered few-celled appressed hairs on both
surfaces. The spines are
usually long and slender, but are sometimes
wanting, especially on
fruiting branches of old
trees. They occur singly
in the axils of the leaves.
The twigs are gray-green,
slender, very slightly
angled when young, with
scattered stomates at the
base of deep, narrow pits,
FIG. I.—Eremocitrus clauca: Twigs from a syntypic specimen collected and two or more layers
by T. I,. Mitchell, near Forestvale, Queensland, Australia, on October of palisade cells below
17. 1846; from Gray Herbarium. A, Spiny twig showing a single the very thick-walled
flower; Bt spineless sterile twig; natural size. C, tetramerous flower
epidermis. The flowers
seen from the side. X5. Drawn by Theodor Holm.
occur singly or two or
three together in the axils of the leaves and are borne on slender pedicels about
as long or slightly longer than the petals. (See fig. 1.) The calyx is 3- to 5-lobed;
the petals, four or five, rarely three in number, are more or less narrowed at the base;
1
EREMOCITRUS gen. nov. (îMîIDç deserta + Citrus).—Genus Citro affinis, foliis utrinque stomatibus
pilisque instructis; floribus 4- vel 5-meris, staminibus liber is, ovario 4- vel 5-loculare, loculis 2-spermis.
Folia cinereo-virjdia, crassiuscula, pellucido-punctata, mesophyllo céntrico, utrinque stomatibus et pilis
adpressis, pauci-cellularibus instructa. Spinae in axillis foliorum singulae, interdum in ram is veteris
carentes. Flores in axillis foliorum singulae vel paucae, pedicellatae, 4- vel 5-meres; pétala basi angustata;
stamina libera, numero petalorum quadruplo; ovariumV*- vel 5-loculare, ovulis in locula binis; stylus breviusculus, crassus, caducus. Fructus ovalis vel pyriformis, cortice ut in Citro carnosa, glandulis oleiferis
instructa; pulpa vesiculari acida, vesiculis subglobosis pedicellatis. Semina parva, 5 mm. longa; testa dura
rugosa; cotyledones hypogaeae; folia primitiva cataphylla.
Arbuscula vel arbor parva, spinosa.
Species typica et única, Triphasia glauca Iyindl.
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the stamens are normally four times as numerous as the petals, with the filaments
free. The ovary is obovate, with a rather thick, subcylindric, caducous style, 4or 5-celled, with two ovules in each cell; the disk is small. The fruits are x)4 to
%% by J.% to iX cm.—smaller than those of any known species of Citrus—subglobose,
oval or somewhat pyriform, with a thin, fleshy peel, like that of a lime, covered
with oil glands. The pulp is vesicular, sour, and juicy. The pulp vesicles, which
separate easily in the ripe fruit (fig. 2, A-D), are subglobose, and are borne on slender
stalks. The seeds are small (5 to 6 by 3 to 4 by 2% to 3 mm.), pointed ovate, yellowish gray with a hard testa, irregularly verrucose and furrowed in a longitudinal
direction. (See fig. 2, E.) The cotyledons are plano-convex, remaining hypogeous
in germination; the postcotyledonary leaves are slender cataphylls (fig. 3).
This monotypic genus is based on Triphasia glauca lÂndl., native to the drier parts
of northeastern Australia.
RELATIONSHIPS

Eremocitrus is most nearly related to the three aberrant Australian
species of Citrus, C. australis Planch., C. australasica F. Muell., and C.
Garrowayi F. M. Bail, and
agrees with them in having free
stamens, subglobose pulp vesicles, and the first postcotyledonary leaves of the young seedlings reduced to cataphylls. It
c
B
differs from these Australian
FIG. 2.—Eremocitrus glauca: Fruits and seed from Tambo,
species of Citrus in having gray- Queensland, Australia (S. P. I. No. 29537, James Pink,
green leaves, with palisade cells, January, 1911). A, large pyriform fruit, natural size;
t small oblate fruit, natural size; C, cross section of a
stomates, and curious appressed B
4-celled fruit, showing four seeds and numerous pulp
hairs on both surfaces, and also vesicles, natural size; Z>, a single, short-stalked pulp
Xa; E, seed, showing rugose testa. XiM.
in having the stomates of the vesicle.
Drawn by M. W. Gill.
twigs situated at the base of
pits, in the usually 4-merous flowers, and in the much smaller fruits
with only one or two seeds in a segment.
Eremocitrus resembles the kumquat (Citrus japónica Thunb.) in being
a shrub bearing very small fruits and in its physiological adaptations
to secure extreme winter dormancy. The kumquats differ decidedly
from it in having usually 5-merous flowers, polyadelphous stamens, and
a 5- or 6-celled ovary, short-stalked, fusiform pulp vesicles, and bifacial
glabrous leaves. Eremocritrus shows little affinity to any other species
of Citrus.
From true Atalantias, such as A, monophylla (Roxb.) DC. and A.
citrioides Pierre, having 2- to 4-celled fruits with pulp vesicles, Eremocitrus
differs in having the stamens four times as numerous as the petals instead
of twice as numerous. It also differs markedly from Atalantia in the
structure of the leaves. It differs from the African cherry oranges
(Citropsis spp.) in having simple leaves, two ovules in each cell of the
ovary, stalked pulp vesicles, and in many anatomical characters.
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In its fundamental morphological characters, Eremocitrus probably
represents fairly accurately the ancestral type from which were derived
the Australian species of Citrus.
This ancestral type has been, however, profoundly modified by the
superposition of many anatomical
and physiological characters acquired as a result of a long-continued
struggle for life in a desert climate.
Only one species of Eremocitrus is
known :
Eremocitrus glauca (Lindl.), n. comb.
Triphasia glauca Lindl., ex T. I,. Mitch., 1848.
Jour, Exped. Trop. Austral, p. 353. I^ondon.
Atalaniia glauca Benth., 1863, Fl. Austral., v. 1, p.
370. I^ondon.
Mus., W. S. Campbell, 1899, in Agr. Gaz., N. S.
Wales, v. 10, p. 1168, fig. 5, sub. nomen Citrus
australis (sterile twigs); Fairchild, 1912, in U. S.
Dept. Agr. Yearbook, 1911, pi. 45, fig. 1 (fruits
only).

This species, the desert kumquat,
desert lemon, or desert lime of the
Australian pioneers, is a shrub or
small tree sometimes attaining a
height of 15 feet and a diameter of
6 inches (Maiden, 1889, p. 379)}
When young, the branches are very
spiny and the leaves are very narrow. As the tree gets older, the
leaves become broader and more
abundant and the spines are much
reduced or entirely wanting (Campbell, 1899, p. 1168, fig. 5).
The leaves of mature plants are
oblong linear or elongate cunéate,
bluntly rounded, retuse or emarginate at the tip, with undulate entire
margins, 25 to 45 by 4 to 10 mm.,
mostly 30 to 40 by 6 to 8 mm.
FIG. 3.—Eremocitrus glauca: Seedling plants grown
from seed from near Chinchilla, Queensland, Aus- They show on both surfaces minute
tralia (S. P. I. No. 29660). A, young seedling (about sny mm. long), scattered,
with hypogeous cotyledons still inclosed in the
seed coats, natural size; B, an older seedling with appressed few-celled hairs, with a
a very long taproot, natural size; C, a cataphyll. warty cuticle.
The leaves are paraXs- Drawn by Theodor Holm.
heliotropic (standing more or less
on edge), very thick, prominently glandular dotted, and taper gradually into very short wingless petioles.
1

Bibliographic citations in parentheses refer to *' Literature cited," pp. 99-100.
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The spines, which are always single, are slightly to one side of the axil
of the leaf and are usually very slender, 2 to 4 cm. long and only \% to 2
mm. in diameter. On old trees, especially on fruiting branches, they are
often wanting.
The flowers are borne either singly or in groups of two or three in the
axils of the leaves on new growth, as in Citrus. The pedicels are slender,
4 to 6 mm. long. The calyx is 3- to 5-lobed, sparsely hairy, the lobes
acute. The petals are four or five (rarely three) in number, somewhat
narrowed at the base, and broadly rounded or bluntly pointed at the tip,
4 to 6 mm. long. There are four times as many stamens as petals, usually
16 to 20, rarely 12 (in trimerous flowers); the filaments are slender,
about 4 to 5 mm. long. The pistil is borne on a low disk and has an
obovate ovary, with a rather thick subcylindric style
(fig. 4) ; the ovary is 4- or rarely 3- to 5-celled ; each
cell contains two ovules.
The fruits are small, globose, oblate, or sometimes
pyriform, \% to 2% by 1% to 1% cm., havingfour
(rarely three or five) cells filled with subglobose
stalked pulp vesicles. The seeds are oval, yellowish
gray, 5 to 6 by 3 to4 by 2l/i to 3 mm., with a tough,
longitudinally furrowed, and verrucose testa (see fig.
2). The cotyledons are hypogeous in germination,
and the young seedlings produce alternate slender FIG. 4—Eremociirus glauca:
Flower from which petals
cataphylls which only very gradually become broader and
stamens have fallen;
and leaf-like. The young spiny plants, even when showing pedicel, calyx
(one sepal cut away), disk,
several years old, usually have only very narrow ovary,
style, and stigma;
leaves, differing but slightly from the cataphylls of from a specimen collected
by Robert Brown, No. 58,
the young seedlings. (See fig. 3.)
Sept., i8oi (?), Upper
DISTRIBUTION OF EREMOCITRUS

Head, Broad Sound,
Queensland; in National
Herbarium, Washington,
D. C. X5. Drawn by
J. M. Shull.

Eremocitrus occurs in northeastern Australia from
the Burdekin River, Queensland, latitude 21 ° S.
(Mueller, 1858, p. 150; 1857, p. 169; Gregory, 1857, p. 237), to Dubbo,
New South Wales, latitude 32o 30' S. ; also in the coast region near Broad
Sound in Queensland, latitude 22o S. Specimens have been examined
from the following localities :1
I. QUEENSLAND.
PORT CURTIS DISTRICT.—Broad Sound. ROBERT BROWN, NO. 5343, September,
1802 [?] "Rutac ? suaveolens Aurantiac. genus 10 and. bacc. polysperma No. 58 desc.
nost. [?] a Broad Sound. Ad margines dumetis prope Upper Head, Broad Sound/'
Three twigs, two with flowers, one with young fruits, British Museum; fragment
with flowers, Washington, D. C. (National Herbarium); no number, no date, four
twigs, two with flowers, two with young fruits, Kew;2 fragment in Washington, D. C.
* All of the specimens located in herbaria outside of Washington, D. C, were examined and photographed by the writer, and prints enlarged to natural size have been filed in the National Herbarium at
Washington, D. C.
* This specimen has a locality label " Broad Sound " in Robert Brown's handwriting, but no other data.
It is probably a part of No. 58, as the specimens are similar to those in the British Museum.
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(National Herbarium); no number, no date, two sheets of two and three sterile twigs,
Paris (Muséum) * ; no number, no date, four sterile twigs, Dahlem.1
NORTH KENNEDY DISTRICT.—Brigalow Scrub, south of Burdekin River, between
latitude 200 and 21 ° S. FERDINAND MUEIXER, no number, October 14 to 30, 1856
(Mueller, 1857, p. 169, 1858, p. 150); three twigs, one with flower and two with
fruits, Kew.
SOUTH KENNEDY DISTRICT.—Head of Suttor River. RUTHERLAND, no number, no
date [before 1867], two twigs, one with young fruits, one sterile, Kew.
MARANOA DISTRICT.—Dublin County, near Forestvale, between Possession Creek
and " Camp 32, ' ' near the junction of Maranoa and Merevale Rivers. T. L. MITCHELL,
October 17, 1846, three sheets with flowering twigs,2 Kew; "Interior of New South
Wales, SIR T. L. MITCHELL, Presented 1847," two twigs, one with fruits, British
Museum; two twigs, one with flower (see fig. 1), Harvard (Gray Herbarium).
WARREGO DISTRICT.—F. M. BAILEY, no number, no date (before 1911), two twigs,
one with flower buds, one sterile, Washington, D. C. (National Herbarium).
In vicinity of Tambo. Collected for JAMES PINK (S. P. I. No. 29537), January,
1911 ; fruits only (fig. 2; see also PI. XI/V, fig. 1, U. S. Dept. of Agr. Yearbook
for 1911 ), Washington, D. C. (Department of Agriculture Economic Collections,
National Herbarium); WALTER T. SWINGLE (C. P. B. No. 7239), February 20, 1914;
twigs cut from greenhouse plants grown from seed sent by James Pink, Washington,
D. C. (National Herbarium).
DARLING DOWNS DISTRICT.—Lytton County, near Chinchilla. "Growing naturally on the Condamine River, 12 miles from Chinchilla Rly. Station," collected
for JOHN WILLIAMS (S. P. I. No. 29660), December, 1910, seeds only, Washington,
D. C. (Department of Agriculture Economic Collections, National Herbarium);
WALTER T. SWINGLE (C. P. B. No. 7244), February 20, 1914, leafy twigs from plants
grown in Department of Agriculture greenhouse from seed sent by John Williams,
Washington, D. C. (National Herbarium).
Aubigny County, Dalby. T. L. BANCROFT, no number, no date, "Desert or native
kumquat, used by settlers," one twig with flowers, Washington, D. C. (National
Herbarium).
Marsh County, Goondiwindi. Collected for J. H. MAIDEN, no number, May, 1912,
twig and ripe fruits, Washington, D. C. (National Herbarium); WALTER T. SWINGLE (C. P. B. NO. 7522), February 20, 1914, leafy twigs from plant grown in Department of Agriculture greenhouse from seed sent by J. H. Maiden, Washington, D. C.
(National Herbarium).
II. NEW SOUTH WALES.
Lincoln County, Dubbo. Collected for J. H. MAIDEN (C. P. B. No. 2901), April
22, 1910, fruits only, Washington, D. C. (National Herbarium).
Finch County, Collarenebri. Collected for J. H. MAIDEN (S. P. I. No. 37808) before
March 16, 1914; twigs, leaves, and fruits, Washington, D. C. (National Herbarium).
1
This material has no original label, but is probably from the same collection as No. 58. All of these
specimens show pedicels which have lost the flowers or young fruits.
2
Tripkasia clauca was probably based by Lindley on several syntypes, and it is now difficult to decide
which specimen should be designated as the lectotype. One sheet (Herb. Hook., 1867) with four twigs
has pencil sketches of the flower parts by " J. F." on a separate sheet. One with two twigs (Herb. Benth.,
1854) has a printed label like that on the specimen in Gray Herbarium. The third specimen (Herb. Hook.,
1867), also with two twigs, has pencil sketches on the sheet of flower parts and the following notes: "Cal.
lobes 4-5, small, unequal imbricate ciliate. Petals 4-5 fleshy, unequal, concave, sessile[?]. Stamens
15-20, anthers oblong, sessile[?l, 2 loc. 2 longit. rim. Ovary. " Above these notes thenames ^Dodonaea,"
"Celastrus," and "Cfr Diosma " are written as if in an attempt to identify the plant. On the same sheet
are mounted three twigs collected by Mueller on the Burdekin River. These eight twigs in the Kew
Herbarium, together with the two in the British Museum and the two in the Gray Herbarium, are
probably syntypes.
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The first specimens of Eremocitrus glauca to be collected in Australia
were found by Robert Brown in September, 1802(F), in the thorny brush
at Upper Head on the coast region bordering Broad Sound in Queensland
and not in its characteristic habitat, the Downs or Brigalow Scrub country,
to the west of the coast ranges in southern Queensland and New South
Wales. Brown's specimens, the best of which are now found in the
British Museum, show unusually abundant leaves and flowers, probably
because they were growing in a somewhat moister climate than usual.
Either this colony of the desert kumquat represents a slightly different
subspecies, or else it is merely a chance colony of the typical form of
the species introduced into the coast region by birds or by other means.
It differs only in its somewhat luxuriant growth from the desert kumquat of the semiarid scrubs to the west of the coast ranges.
HARDINESS OF THE DESERT KUMQUAT
The accounts of Eremocitrus glauca contained in the records of the
early exploring expeditions in Australia show it to be native to the
semiarid region west of the coastal mountains of Queensland and New
South Wales, where drouths are frequent and the temperature often
falls low in winter. These records are of interest, as they reveal that
this near relative of our citrous fruits has great resistance to cold and
drouth.
The first mention as yet found of this plant is in Ludwig Leichhardt's
narrative of his expedition from near Brisbane to the Gulf of Carpentaria
made in 1844-45 (1847, p. 8, 43, 75, 83, and map). During the months
of November and December, 1844, Leichhardt and his party traveled
from the Darling Downs, at the headwaters of the Condamine River,
about 100 miles northwest of Brisbane, to the Expedition Range, some
300 miles to the northwest. This route was in general parallel to the
coast, about 100 to 150 miles inland, and just westward of the coast
range for the first half of the distance. The Brigalow Scrub, a dense
growth of scrubs and small trees, taking its name from the Brigalow
(a species of Acacia), whose silvery green leaves give a distinctive
appearance to the thickets where it abounds, occupies much of this
low plateau region west of the coast ranges, and generally covers the
heavy loam soil that overlies the sandstone formation.
Leichhardt, during this portion of his trip, notes repeatedly the presence of a "small orange" or "native lemon." He first found this plant
on October 5, 1844, while the party was camping on the Darling Downs.1
This was in latitude 26o 56' 11" S., and, though the antipodean spring
was well advanced (Eremocitrus glauca was in flower when seen here), the
thermometer had registered 32o F. at sunrise two days previously.
**' A small orange tree, about 5-8' high, grows either socially or scattered in the open scrub * * *."
(Leichhardt, 1847, p. 8.)
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On November 20, in traveling along Robinsons Creek in latitude about
25o 30'S., he notes (Ldchhardt, 1847, p. 43) that:
* * * the country began to rise into irregular scrubby ridges; the scrub generally
composed of Vitex intermingled with various forest trees. The small orange-tree,
which we had found in blossom at the Condamine, was setting its fruit.

The last mention of the plant was made on December 24, while the
party was in the region between the Expedition and Christmas Ranges,
latitude 24o 30' to 45' S. On that day Leichhardt (1847, p. 83) observed :
Here we passed an extensive Myal forest, the finest I had seen, covering the hilly and
undulating country, interspersed with groves of the native lemon tree ; a few of which
were still sufficiently in fruit to afford us some refreshment.

On the night of December 14-15, when in the same country, only a few
miles away, cold weather was encountered, of which Leichhardt wrote
(1847, p. 75):
The night was extremely cold, notwithstanding we were encamped under the shelter
of trees: and it was therefore evident that we were at a considerable elevation above
the level of the sea.

The next account of this species is by Lieut. Col. Mitchell (1848, pp. 188,
209, 221, 231, 353, 434, and maps). This plant was discovered on October 17, 1846, not far from his camp, No. 32, near the juncture of the
Maranoa and Merevale Rivers, in the southern part of Queensland, latitude 26o S.1 The drouthy character of the climate is evident from
Mitcheirs remark (1848, p. 353) that:
We had this day passed over a fine open forest country, in which were also groves
of the Acacia péndula. The vegetation, in general, seemed drooping, from the want of
rain; but the whole was available for grazing purposes.

Among the interesting plants collected was the one in question, of
which Mitchell (1848, p. 353) wrote:
A small fruit, with the fragrance of an orange, proved to be a new species of
Triphasia.f
f7\ glauca (Lindl. MS.); spinosa, foliis coriaceis integerrimis crenatisque linearibus
glaucis obtusis retusisque, floribus trimeris dodecandris 2-311ÍS brevi-pedicellatis.

The footnote inserted at this point is the original botanical description
of the plant.
This plant was found on the return trip to the south, but the expedition had passed through this same region on the way north during June
and July (midwinter in that latitude), and the observations made at that
time showed the climate to be decidedly cold for a country so near the
Tropics. On June 24 Col. Mitchell stated that "the hoar frost had
stiffened the grass and the water was frozen so that the horses cared not
to drink." The temperature was 170 F\ at 4 a. m. and 21 ° F. at sunrise.
At this date his party was in the vicinity of Mount Owen, only about 45
miles north-northwest of camp No. 32. On July 2, at camp No. 41, in
the valley of the Warrego River (latitude 25o S., longitude 147o 30" E.)
* This locality is not tar trom the present village oí Forestvale in Dublin County.
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the thermometer registered as low as 70 F. at 3 o'clock in the morning
and at sunrise 140 F. This was at a point 70 miles north-northwest from
the region where the desert kumquat was originally found, but at 1,800
feet altitude instead of 1,300. On July 12, at his camp No. 48, at a point
about 100 miles northwest of the locality where Eremocürus glauca
was discovered, Mitchell states that the temperature at sunrise was 11 ° F.
This was latitude 24' 50" S.
On June 3 while in the vicinity of Kings Ferry,1 some 15 miles south of
camp No. 32, the type locality of the species, the temperature registered
16° F. at sunrise, which would indicate a
possible minimum temperature of about 8°
to io° F., if the same values hold here as
at camp No. 41. This was at an altitude of
1,400feet, nearly the same as at camp No. 32.
It would not be surprising, in view of
these scanty records taken at random, if
temperatures as low as 50 F., or even zero
Fahrenheit, would be found to occur occasionally in the region where the desert kumquat grows wild. Such low temperatures
might injure the leaves and perhaps the
smaller twigs, but recovery would probably
be rapid and complete. Certainly no other
edible citrous fruit is native to any region where it is exposed to such severe cold
weather.
DROUTH-RESISTANT ADAPTATIONS
THE DESERT KUMQUAT

5.—Eremocürus glauca: Cross section of leaf from near Forestvale,
Queensland, collected by T. L.
Mitchell on October 17,1846; in GrayHerbarium. Shows four ventral and
two dorsal strata of palisade cells,
central thin-walled cells often containing crystals of calcium oxalate.
The outer wall of the epidermis is
very thick. A stomate and an appressed hair are shown on the upper
surface; these organs occur also on
the lower surface. X240. Drawn
by Theodor Holm.

FIG.

OF

The very first glance at a specimen of
Eremocürus glauca shows that it is a pronounced desert plant. Any one accustomed
to seeing desert plants will be struck by
the familiar gray-green color of the scanty
foliage of small, thick, leathery leaves. So
marked is the xerophytic character of the
Australian desert kumquat that an experienced botanist on first seeing
it exclaimed, " It must be some kind of sagebrush ! "
The cuticle is very thick, and the breathing pores are sunk below the
surface and have very small air spaces below them. The leaves differ
markedly from those of the ordinary citrous fruits in being provided
with stomates and palisade tissue on both faces (fig. 5), making the upper
1

This was near the present town of Donnybrook in Dublin County, Maranoa District.

41217 °—14
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and lower surfaces very similar in appearance and function, a not uncommon characteristic of desert plants. The leaves are very thick,
perhaps because of their double equipment of palisade tissue. The young
leaves have a scattered covering of minute short, thick appressed hairs,
with a warty cuticle. They bend abruptly at right angles near the
base and are from 80 to 135 ¡1 long and 10 to 16
/e wide, often unicellular when young, but usually
2- to 4-septate when old. The wall is thickened
internally
at the base where it is bent, and the
FIG. 6.—Eremocitrus çlauca: A
hair from the leaf oí a plant cuticle shows numerous wartlike, oval promigrown from seed from near
nences (fig. 6). These hairs often disappear almost
Chinchilla, Queensland (S. P.I.
Exactly similar hairs
No. 29660). Shows abrupt entirely from old leaves.
bend near the base and the occur on the young twigs.
No such persistent
cuticular prominences. Such
coating
of
hairs
occurs
on
the
leaves of any
hairs are usually 2- to 4-septate.
X372. Drawn by Theodor other citrous fruit.
It
is
probable
that a study
Hohn.
of this plant in the field will show that this coating of peculiar hairs serves as a protection to the young twigs and
leaves as they are developing.
The young twigs of the Australian desert kumquat are very slender in
comparison with those of other citrous trees and are, like the leaves, of
a gray-green color. A cross section of a young twig shows the presence of a very thick cuticle and small deeply sunken stomates nearly destitute of air spaces (fig. 7). Both of these characters indicate strongly
marked drouth-resistant adaptation. The
twigs have below the
epidermis a double
layer of palisade cells
filled with chlorophyll (see fig. 7) and
are as well adapted to
manufacture starchy
food as are the
leaves themselves.
Here, again, we find FIG. 7.—Eremocitrus glauca; Cross section of the epidermal region of a
a character common i-year-old twig from near Forestvale, Queensland, collected by T. h.
Mitchell on October 17, 1846; Gray Herbarium. X248. A, thickin desert plants, walled epidermis, two strata of palisade cells, and inner cortical parenwhich often drop their chyma; B, a stomate at the bottom of a deep narrow pit. Brawn by
Theodor Holm.
leaves in time of severe drouth and utilize their green twigs for as much photosynthesis as
the scanty water supply will permit.
That this species must endure severe drouth in its Australian habitat
is confirmed by the fact that on the day the type specimens were collected Mitchell observed the wilting of some of the Australian acacias,
themselves drouth-resistant plants. A study of the anatomy of the
desert kumquat confirms abundantly the natural inference that any
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citrous fruit to thrive in such conditions must possess marked adaptations
to enable it to resist severe drouth.
It is very probable that the ability of this plant to grow in dry soils
exposed to hot, dry winds will render it of great value in breeding
new types of citrous fruits better fitted than any we now possess to grow
under semiarid conditions.
USES OK THE FRUITS OF THE DESERT KUMQUAT
The early explorers of the deserts of southern Queensland and northern
New South Wales note repeatedly the fact that the fruits of the desert
kumquat are edible.
Leichhardt (1847, p. 77), writing on December 16, 1844, said:
Yesterday in coming through the scrub, we had collected a large quantity of ripe
native lemons, ... we made them into a dish very like gooseberry-fool; they had
a very pleasant acid taste, and were very refreshing. They are of a light yellow
colour, nearly round, and about half an inch in diameter; the volatile oil of the rind
was not at all disagreeable.

At this time Leichhardt was in the region to the west of the Expedition Range at about latitude 24o 45' S., in what is now Denison County.
About 10 years later Ferdinand von Müller accompanied the North
Australian Expedition, under the command of A. C. Gregory, and in
his report (1858, p. 143) noted that this species is one of the plants
characteristic of the Brigalow Scrub. He called the fruit "a small
lemon" and stated that it was among the native fruits eaten by the
exploring party.
Prof. J. H. Maiden (1888, p. 489; 1889, p. 8), Colonial Botanist of
New South Wales, Australia, said of this species:
'Native Kumquat/ 'Desert Lemon/
The fruit is globular, and about half-an-inch in diameter. It produces an agreeable beverage from its acid juice. A fair preserve may be made out of the fruit.

Prof. F. M. Bailey (1895, p. 17) wrote as follows:
Atalantia glauca, J. D. Hook. The Kumquat or Lime of our Downs country.
Order Rutaceae, and closely allied to the orange; often attains the size of a small tree,
but while only the size of a small shrub yields a great abundance of fruit, which is
gathered and converted into jam by the settlers. By careful selection and crossfertilization from this might be obtained varieties worthy of cultivation for the sake
of their fruit.

It is evident from this testimony that the Australian desert kumquat
when growing in a wild state yields fruits which, though small, are eaten
and even prized by the settlers.
This is also shown by the following account, from a letter of F. S.
Carne, dated Fairfield, Roma, Queensland, February 15, 1914, addressed
to W. M. Carne, of Sydney, Australia, and by him sent to the author.
* * * The limes flower in the early spring and the fruit is ripe about the end of
November. They are to be found principally on broken Brigalow plains in chocolate
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soil, mostly shallow and often stony, and seem to have a tendency to form small scrubs
covering an acre or so, but in stich cases do not bear much fruit. The trees that are
growing in small clumps with a fair amount of room between them fruit very heavily
and every season. I don't think they bear till at least 5 years old. The trees when
mature average about 10 or 12 feet in height and the stem about 6 in. in diameter
and about 6 feet from the ground to the limbs. The young trees are very thorny and
have very few leaves, but the grown trees are nice and bushy with scarcely any
thorns. At certain times of the year they exude a gum of which some people are very
fond. It has a slightly tart taste. Although all the grown trees appear of the same
kind to me, odd ones have a fruit much larger and the shape of a Lisbon lemon, the
fruit of the majority, however, is the shape of the Mandarin. * ■ * * I am sending
a bottle of lime jam. We make it every year. * * * Some folk also make pickles
of them, and the children use a lot of them for drinks.
(The jam is of the bitter marmalade character and in my opinion a very pleasant
novelty. W. M. Cfarne].)

Doubtless if this tree were cultivated, fertilized, and irrigated in
accordance with the best methods of modern citriculture, fruits of a
larger size and of better flavor could be obtained.
It is to be hoped that the botanists and horticulturists of Australia will
give more attention to this remarkable species, one of the most interesting of their citrous fruits. This should result in bringing to light unusually hardy, drouth-resistant, large-fruited or otherwise interesting forms.
Even in its present form the Australian desert kumquat is well worthy
of culture in regions slightly too dry or too cold to permit ordinary
citrous fruits to succeed.
INTRODUCTION OF EREMOCITRUS GLAUCA IN THE UNITED STATES

Through the cooperation of the Office of Foreign Seed and Plant Introduction, seeds of Eremociirus glauca were secured from Queensland,
Australia, in April, 1911. On germination the seedlings showed hypogeous cotyledons, succeeded by very slender cataphylls.1 Very soon long,
slender spines were produced near the axil of each leaf. In spite of every
effort to force these young seedlings into a vigorous growth, it has proved
impossible in the three years that have elapsed to induce the formation
of any full-sized leaves such as are seen on specimens collected in Australia.
These plants continue to produce cataphylls and very long, slender spines.
Even in Australia the trees when young are very thorny and have only
very narrow leaves.
Plants have been sent to a number of localities in Florida, Alabama,
Louisiana, Texas, New Mexico, Arizona, California, and Oregon for trial
and within a year or two it will be possible to ascertain with a fair degree
1 The Australian species of Citrus, C. australis, C. australasica, and C. Garrowayi, germinate in the same
way, producing alternate cataphylls which gradually become larger and usually after a few months are
replaced by true leaves of nearly full size. These three Australian species of Citrus, together with the
broad-leaved C. inodora F. M. Bail., constitute a very distinct group of species differing from the other
species of Citrus in a number of other characters, such as the small flowers, with free stamens and a fewcelled ovary with only four or six ovules in a cell.
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of accuracy the soil and climatic factors which limit the culture of the
desert kumquat in the United States.
THE UTILIZATION OF EREMOCITRUS IN BREEDING
From the taxonomic study of Eremocitrus, it is clear that its nearest
relationship is with the peculiar Australian species of Citrus (especially
C. australis and C. australasica), with which it shows close similarities
in many characters of fundamental importance, such as the flower and
fruit structure and the method of germination.
This close relationship, deduced from the botanical characters, is
confirmed by the fact that Eremocitrus glauca grows vigorously when
grafted on Citrus australasica (PI. VIII, fig. 1) and that Citrus australasica grafts readily on Eremocitrus glauca. It has been found that
Citrus australasica hybridizes freely with at least two cultivated
species of Citrus, * and it is not only almost certain that Eremocitrus
glauca will cross with Citrus australasica and the other Australian species
of Citrus, but also very probable that it will hybridize with the commonly cultivated Asiatic species of Citrus.
The desert kumquat, native to the semiarid Australian scrubs, able
to withstand severe cold in winter as well as burning heat and extreme
dryness both of the soil and air in summer, is the most promising
species known for use in breeding new types of hardy citrous fruits.
Every effort is being made to hasten its flowering, so that hybrids
can be made, using it as one of the parents. The fact that the desert
kumquat has edible fruits without any disagreeable acrid oil in the
peel or in the juice makes it far more promising than the Chinese
trifoliate orange, Poncirus trifoliata (L.) Raf. ( = Citrus irifoliata L.), for
breeding hardy citrous fruits for table use.
The discovery of this markedly drouth-resistant species in the Australian scrubs opens the way to the breeding of a new class of citrous fruits,
able to grow with much less water than is required by ordinary oranges,
lemons, or grapefruits.
GRAFTING AND BUDDING EREMOCITRUS
The Australian desert kumquat can be readily grafted or budded on
all of the commonly cultivated species of Citrus, such as the orange,
grapefruit, lemon, etc., and also on the Australian finger lime (C. australasica). It grows very well on the tabog of the Philippine Islands
(Chaetospermum glutinosa (Blanco) Swing.), and on the wood-apple of
India (Feronia elephantum Corr.). (See PI. VIII.)
The various species of Citrus graft easily on Eremocitrus, which
makes it possible to test this new hardy stock for types of soil to which
* Mr. George W. Oliver crossed Citrus australasica with C. miiis in 1909, and the writer crossed the same
species with C. aurantifolia, the common lime, in 1913, in the greenhouses of the Department of Agriculture
at Washington, D. C Vigorous hybrids were secured from both of these crosses.
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the commonly used citrous stocks are not well adapted. It is not impossible that the desert kumquat, being adapted to grow in desert soils,
which are usually more or less saline, will prove able to withstand more
"alkali" in the soil than the Asiatic species of Citrus, which are indeed
very sensitive to salty soils or water.
Being different from Citrus in so many visible characters, it is possible
that Eremocitrus will also differ physiologically and prove resistant to
some of the many fungous diseases that attack citrous stocks.

NEED FOR TAXONOMIC STUDY OF THE WILD RELATIVES OF
CULTIVATED PLANTS
The bringing to light of the true relationships and possible uses of
Eremocitrus, which, although described 66 years ago, has remained
to this day practically unknown to botanists and horticulturists, is
another link in the chain of arguments going to prove that a better
knowledge of the wild relatives of our crop plants is indispensable as a
preparation for their improvement by breeding.
It is certainly surprising that a plant so remarkable as Eremocitrus
glauca, closely related to our cultivated citrous fruits and bearing edible
fruits in a wild state, the only desert plant known in the whole orange
subfamily, and the hardiest of all the evergreen species, has never before
been introduced into culture or utilized in breeding experiments.
Probably the neglect of this remarkably interesting plant in the past
has been due largely to the unfortunate nomenclatorial history of the
species. Originally placed in Triphasia, it would naturally be supposed
to be similar to Triphasia trifolia (Burm.) Wilson, common in gardens
in tropical and subtropical countries. This plant is a small shrub with
trifoliate, almost stalkless, leaves, subtended by paired spines. The
fruit is a little berry filled with a sweetish and aromatic mucilaginous
pulp, very unlike an orange and not at all closely related to the genus
Citrus.
After being classed as a species of Triphasia for 15 years, the Australian desert kumquat was removed to the genus Atalantia by Bentham in
1863. It is true that this placed it in a genus more closely allied to
Citrus than is Triphasia, but about this time Baillon's view that Citrus
is closely related to the Bael fruit (Aegle marmelos (L.) Correa) and
the wood-apple of India began to be accepted generally by botanists,
and as a result the possibility of a species of Atalantia being closely
allied to Citrus seems not to have occurred to any of the botanists who
have published concerning this group of plants during the past third of
a century.
That the discovery of Eremocitrus is not a unique result of some
extraordinary good fortune is shown by the fact that an equally striking
and equally misunderstood new genus, Citropsis (Swingle and Keller-
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man, 1914), also closely related to Citrus, has lately been described
from tropical Africa and also by the recent discovery of a new and
curious species of Citrus (Swingle, 1913), growing wild at higher altitudes and farther north than any other previously known species of
the genus.
The citrous fruits are perhaps the most interesting and in many ways
the best known of all our fruits, so that the surprising lack of knowledge
as to the wild relatives of Citrus is doubtless duplicated in the case of
many other commonly cultivated plants. Until these neglected botanical resources are brought to light and rendered available to the experimenter by critical taxonomic study it is not possible to undertake the
improvement of our crop plants in the most rational and effective way.
This hybridizing of our crop plants with their wild relatives is a work of
the greatest moment at the present time, when the constantly increasing
cost of food directs attention to the necessity of extending agriculture
by bringing under culture lands too dry, too wet, too salty, too poor, or
situated in climates too hot, too cold, or too variable for the culture of
the crop plants as they now exist.
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PLATE VIII
Eremocitrus glauca (Lindl.) Swing. S. P. I. No. 29Ó60. Grown from seed from the
Condamine River near Chinchilla, Queensland, Australia. One-eighth natural
size.
Fig. 1.—Desert kumquat grafted on the Australian finger lime {Citrus australasica).
Fig. 2.—Desert kumquat grafted on the wood-apple (Feronia elephantum). Two
years' growth.
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