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varieties. Another New World (northwest South ways. Rational strategies for alleviation of cache)('
America, Panama, Costa Rica) disease is Monilia pod include eradicating the underlying infection 0 ia

rot (watery pod rot), caused by the fungus Monilia mor, blocking cytokine synthesis with agents ~htu.
roreri. Damage to pods can be severe. Control mea- specifically interrupt the requisite signaling pat~~
sures include removal of affected pods and use of re- ways, or inhibiting cytokine activity with specjfi
sistant varieties. Swollen shoot, a virus disease trans- antibodies or other antagonists. Oral or intravenou~
mitted by mealybugs, occurs only in western Africa administration of nutrients is likely to be effective~
and causes deformation ofthe tree and considerable the process has not advanced to a point at which
economic loss. Eradication programs have been at- utilization of nutrients is impaired. See ONCOLOGY
tempted. Some tolerance to the disease has been Bruce Beutle;
found. Other occasional problems include wilt, f
caused by the fungus Ceratocystis jimbriata and ;,::'=:::::;;;:::::::Ji!:lE:::::::::~::::!:::;:::ZliZ::::t:Zm~!:!t2I
commonly spread by Xyleborus borers; and cushion Cactus
galls, caused by a species of Calonectria. See PLANT
PATHOLOGY; PLANT VIRUSES AND VIROIDS. The common name for any member of the cactus

George A.Zentmyer family (Cactaceae). There are 120 genera with per.
Bibliography. P. H. Gregory (ed.), Pbytopbtbora haps 1700 species, nearly all indigenous to America.

Disease of Cocoa, 1974; C. A. Thorold, Diseases Of The cacti are among the most extremely drought·
Cocoa, 1975. resistant plants, and consequently they thrive in very

arid regions. The group is characterized by a flesh"
habit, presence of spines and bristles, and larg~.

Cachexia
The severe wasting syndrome that accompanies such
diseases' as cancer, infection, or parasitic infestation.
Occasionally, it is also observed in noninvasive con-
ditions, such as severe cardiac failure. The causes of
cachexia are only partially understood. However, it
is clear that most cachexia is caused by diminished
consumption of nutrients rather than by a hyperrne-
tabolic state.

Anorexia, the proximal cause of this problem, is
thought to be related to the expression of endoge-
nous factors collectively termed cytokines, some of
which hav~ now been identified. For example, tumor
necrosis factor, a protein (also known as cachectin),
when administered to animals for a long period of
time, causes a syndrome of cachexia indistinguish-
able from that produced by chronic disease. Inhibi-
tors of tumor necrosis factor activity may partially al-
leviate cachexia caused by experimental tumors. It is
likely that other cytokines are also involved, and that
together these agents cause wasting of such severity
that it may lead to death in a wide variety of diseases.
See ANOREXIA NERVOSA; CYTOKINE.

It is unclear whether cytokines suppress appetite
through a direct action on satiety centers in the hy-
pothalamus or through peripheral effects (such as
effects on the bowel or other enteric structures),
which then project to the central nervous system.
Another clinical feature related to cachexia appears
to be caused by a direct effect of cytokines (notably
tumor necrosis factor and interleukin-I) on stem cells
and stromal cells of the bone marrow. Tumor necro-
sis factor and interlcukin-l also appear to mobilize
lipid through direct effects on adipocytes.

The cytokines that cause cachexia are produced
mainly by cells of the immune system, especially
macrophages. Synthesis is triggered by contact with
molecules produced by microbial pathogens or
tumor cells. Induction of synthesis depends upon

(e)

Fig. 1. Three examples of cacti. (a) Mule cactus, with
closeup of flower, maximum height of 6 ft (2 ml. (b) Flowe;
of night-blooming Cereus, maximum height of 40 ft (12 J1l~,
(c) Saguaro, maximum height of 70 ft (21 m), with closeuP
flower.



Fig.2. Mamillaria vaupellii var. f1avispina.

brightlycolored, solitary flowers. There is a great
varietyof body shapes and patterns, and many of the
speciesare grown as ornamentals or oddities (Figs. 1
and2). A few have edible fruits. The cochineal in-
sect,which produces a valuable red dye, is cultivated
chieflyon the cochineal cactus (Nopalea coccinellij-
era). The saguaro (Cereus giganteus) of Arizona and
onorais the largest of the cacti, attaining a height

0[70 ft (21m). See CARYOPHYLLALES.
Perry D. Strausbaugh/Earl L. Core

Cactigrow in many habitats, ranging from epi-
phytesliving on trees in dense tropical forests to
large, isolated plants in deserts. In all cases, various
adaptationsthat lead to water conservation are ap-
parent.Forexample, the stems of most cacti are mas-
sireandcan store large amounts of water that sustain
the plants during prolonged drought. Adaptations
[orwater conservation also occur on a metabolic
Icre!.Cacti are increasingly recognized as important
crops,especially in arid and semiarid regions. Per-
haps the most widespread use of cacti is as orna-
mentals;collectors and hobbyists worldwide cherish
lhcirshapes,attractive flowers, and ability to tolerate
I ng periods without watering.

Glctusroots are shallow [most occur within 20 ern
is in.) of the soil surface], which allows the plants
10 respond rapidly to light desert rainfalls, as only
~smalldepth of soil needs to be wetted. Moreover,

'ts represent only a small fraction of a cactus plant
(generallyonly 7-12% of the total plant dry weight),
I' '" .CStmgthat a relatively small root surface area is

ntcessA :try to supply sufficient water from the soil.
C~lt1~'entionalway to represent the water storage

" p.IClty of a plant is the volume available for water
.• OClge d' idbe I' IVled by the area across which water can
r.lti~St.to~heair by transpiration. This volume-to-area

I.ISlugh for cacti compared with the majority
t.c.P\ ants,Whose photosynthetic organs are thin flat
=ves Th
'<:I\t: e leaves of most cacti are ephemeral or ab-

: ..50 the photosvnthetic organs are the relatively"Ive .
vf Ihe .green stems. Besides the obvious succulence

itlt stems of cacti, their cells are relatively largepro .
Anotmment vacuoles.

theirre~.e~adaptation of cacti to arid conditions is
haVe a tI·lttvelyslow loss of water to the air. Cacti

uck waxy cuticle on their stems, which acts

as a waterproofing skin. Also, the pores (called stom-
ata or stomates) in the cactus skin that are necessary
for the uptake of carbon dioxide (COz) from the at-
mosphere tend to open only at night. The opening of
stomata allows the vaporized water within the plant
to escape to the atmosphere. Because the stem and
the air temperatures are lower and the relative hu-
midity is higher at night than during the daytime,
much less water (generally 80-90% less) is lost by
transpiration during the nocturnal opening of stom-
ata by cacti compared with the daytime stomatal
opening of most other plants.

The opening of stomata at night presents a prob-
lem for photosynthesis, which requires light. Spec ifi-
cally, ph otosynthesis uses atmospheric carbon diox-
ide and the energy of sunlight to form sugars in the
chloroplasts of the chlorenchyma (the green tissue
that occurs outside the whitish water-storage tissue).
Open stomata are necessary for appreciable uptake
of carbon dioxide, which at night for cacti is attached
to the three-carbon compound phosphoenolpyru-
vate to form a four-carbon acid such as malic acid.
During the night the acid accumulates in the large
vacuoles of cactus chlorenchyma cells; during the
next daytime, when the stomata have closed, carbon
dioxide is released from the accumulated acid within
the stems of cacti. Carbon dioxide is then fixed into
sugars via photosynthesis when sunlight is available
as the energy source. The opening of stomata and the
increase in chlorenchyma acidity during the night
followed by decarboxylation of organic acids and
the formation of photosynthetic products during the
daytime is known as crassulacean acid metabolism
(CAM), because it was first discovered in the plant
family Crassulaceae.

Crassulacean acid metabolism is crucial for the
adaptation of cacti to the dry conditions character-
istic of deserts. Its water-conserving attribute is also
important in the increasing cultivation of cacti for
their fruits and as fodder for livestock, particularly
cattle. Currently just over 1 million hectares
(2.5 million acres) of cacti are cultivated, mostly for
the prickly pear cactus, Opuntia ficus-indica (the
second most cultivated crassulacean acid metabolic
species is pineapple, Ananas comosus). In particu-
lar, O. ficus-indica is extensively cultivated in Brazil
(the leading country with over 300,000 ha) and
northern Africa for fodder. In Mexico, fruit produc-
tion is the main usage (about 60,000 ha); young stem
segments of O. ficus-indica are also used in Mexico as
a vegetable, termed nopalitos. Commercialization of
its fruit, generally called cactus pears, requires the re-
moval of the irritating and skin-penetrating glochids
from the surface and even the application of a wax
that improves appearance and prolongs shelf-life. An-
other use of mature stem segments of 0.ficus-indica
(and a few other cactus species), either on the plant
or removed and placed in sheds, is for infestation
by females of the scale insect Dactylopius opun-
tiae, which produce the brilliant red dye cochineal.
Cochineal (carminic acid), 80% of which is currently
produced in Peru, leads to colors ranging from
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yellow to purple for fabrics, foodstuffs, and even
liqueurs.

Fruits termed pitayas, pitajayas, and various other
names of more than 20 species of cacti are collected
from the wild and sold locally throughout Latin
America. These are produced by tall columnar cacti
such as Cereusperuuianus, Stenocereusgriseus, and
S. queretaroensis as well as by vinelike cacti such
as Hylocereus polyrhizus, H. undatus, and Selent-
cereus megalantbus. The pulp color varies from
white to orange to deep purple; the seeds are small
(like kiwi seeds) and readily ingested. The peels do
not have the nasty giochids of O. ficus-indica, but cer-
tain postharvest problems such as a short shelf life
require further investigation, and the market would
also welcome greater year-round availability.

Cacti can grow in regions not suitable for other
crops. Moreover, growth of cacti responds favorably
to increasing levels of atmospheric carbon dioxide,
and cacti can survive increasing atmospheric temper-
atures, two aspects of global climate change.
Areas for cultivation of opuntias used for fodder are
expanding, as are markets for fruits of many species.
Indeed, because water is the principal limiting fac-
tor for agriculture in much of the world, the water-
conserving qualities of cacti augur well for their
increased commercialization in the future.

Park S. Nobel
Several diseases of wild cacti are known. The most

conspicuous of these is probably bacterial soft rot of
saguaro cacti, which is usua lly seen in older plants.
Affected tissues appear as dark, soft lesions that usu-
ally develop a light-green border; these lesions fre-
quently leak a dark, odorous fluid. Infected branches
may fall, and the fleshy tissue of diseased plants
may be destroyed in several weeks to a few months,
leaving bare the woody supportive ribs (xylem ele-
ments) of the plant. Control by chemical sprays or
soil drenches is not feasible. Therefore, when symp-
toms are first noted, rotting tissues should be re-
moved. If the rot is limited, l/z in. (13 mm) of
surrounding healthy tissue should also be discarded.
Immediately the cavity should be washed thoroughly
with a solution of one part household bleach and
nine parts water with the washing repeated in 18
to 24 h; the wound should be left open. Infections
so treated frequently do not spread. Plants with nu-
merous or large lesions should be removed and the
debris thoroughly treated with the diluted bleach, or
burned, or deeply buried.

The same controls apply to Similarly infected
organ-pipe cacti. Infected prickly-pear cacti initially
have similar symptoms, but internal tissues can be-
come so liquefied that pads bulge. The infected pad
should be promptly destroyed, and the former point
of attachment treated with bleach.

Recent studies in the United States have estab-
lished that the soft-rot disease is caused by bacteria
in the genus Erwinia, particularly E. cacticida. This
species has also been isolated from rotting cacti in
Australia and Mexico.

Saguaro cacti may be toppled by heavy winds

1

Fig. 3. Disease symptoms on prickly-pear pad: (a) lesions
caused by Phyllosticta concava; (b) virus-induced
symptoms; (c) injuries from penetrating cactus spines;
(d) ring pattern caused by feeding insects. (From S. M.
Alcorn, R. L. Gilbertson, and M. R. Nelson, Some diseases
of cacti in Arizona, Prog. Agr. Ariz., 27(3):3-5, 1975)

following soil-soaking rains. Roots of these plants
usually have been previously weakened by the root-
and wood-rotting fungus Poria carnegieana. Wind-
thrown plants tend to be mature specimens; no
control is known.

Prickly pears can be infected by other pathogens.
Certain viruses cause whitish rings or irregularly
shaped patterns to develop on pads (Fig. 3). Severely
affected plants also are stunted. The light-colored
lines usually are narrow. By contrast, rings causedby
the feeding of sap-sucking insects have small, cen-
tral green areas with broad, light-colored margins;
Presumably, sap-sucking insects carry the viruses be-
tween plants, but "new," infected plants will develop
if diseased pads root after their detachment from
the parent plant. The fungus Phyllosticta concaoa
causes the formation of generally circular, whitish
to tan, depressed, dry lesions on pads; these areas
usually become covered with black, slightly raised
"dots". An infection may penetrate to the opposite
side, where a similar lesion forms. Infected tissue can
disintegrate, leaving a hole through the pad. Fungi-
cidal sprays will minimize infections, which start in
cool, rainy periods. See PLANT PATHOLOGY.

Stanley M. Alcorn
Bibliography. S. M. Alcorn, R. L. Gilbertson, and
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L. Benson, The Cacti of the United States {llId

Canada, 1982; G. M. Milbrath, M. R. Nelson, and
R. E. Wheeler, The distribution and electron micro-
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cadmium
\ rdatively rare chemical element, symbol Cd,

'. number 48, closely related to zinc, with
alOnUl
\hichit isusually associated in nature. Cadmium was
~\(:o\'ercdby E Stromeyer in Germany in 1817 in a
ilnlpleof zinc carbonate. It does not occur uncom-
binedin nature, and the one true cadmium mineral,
pt'cnockite (cadmium sulfide), is not a commercial
<cureeof the metal. Almost all of the cadmium pro-
ducedisobtained as a by-product of the smelting and
ifliningof zinc ores, which usually contain 0.2-0.4%
Uldmium.

11 2

-H- 13 14 15 16 17 He
5 6 7 8 9 JO

** B C N 0 F Ne
13 14 15 16 17 18

•• !••• 3 4 5 6 7 8 9 JO 11 12 AI Si P 5 CI AT
I! 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
I Co Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
31 18 39 40 41 42 43 44 45 46

I!~48 49 50 51 52 53 54
III Sr Y Zr Nb Mo Tc Ru Rh Pd Cd In Sn Sb Te I Xe

r""p 56 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
eta. 1II HI Ta W Re Os Ir PI Au H. TI Pb Bi Po At Rn
II 88 103104 105 106 107 108 109 110 111 112 IJ3 114 115 116 III 118
Frb Lr RI Db S. Bh Hs Mt -~--~---

~nthanide rrrT<OT"<C"",,,,,,...-r;""""CC;-T«T<O,,,,.-rrOTi'OTml
series '-=-'-=.L!..!..l..!!:'-.l!.."'-1.!:!!!.L=-.t-=-L.!.!'-.l..=--'-'-"'--'--"!...L!!!!..L=.J

actinide rOa'TM--rn;--r;c;--r;;"",-""",-ncIn7TM""",,;nr.;;;-r;OOl

series '-=-,--,-!!-"-'-''-'---'''--'-'-''''-'-'-,,-"'''''-'='-=--'-=--'--''''-.L!..!''-''''''-'-'=

TIle United States, Canada, Mexico, Australia,
Belgium-Luxembourg,and the Republic of Korea are
prindpalsources, although not all are Producers.

Physicalproperties. Cadmium is a silvery-white
ductilemetal with a faint bluish tinge. It is softer
andmore malleable than zinc, but slightly harder
thantin. It has an atomic weight of 112.40, a spe-
liUegravity (sp gr) of 8.65 at 20°C (68°F), and its
metallicradius is 0.154 nanometer. Its melting point
Qf32 1°C(610°F) and boiling point of 765°C (l409°F)
ne lOwerthan those of zinc. There are eight natu-
tillyOCcurring stable isotopes, and eleven artificial
!llIStableradio isotopes have been reported. See TIN;
2l~c.

beChemicalproperties. Cadmium is the middle mern-
th'~of ~oup 11 (zinc, cadmium, and mercury) in

c J>enodictable, and its chemical properties gen-
trJIlYar .lit, . e tntermediate between zinc and mercury.
• ~lJUC,cadmium loses its luster in moist air and is
'~Pldll'd' Corroded by moist ammonia and moist sulfur
iI,~Xid.e.Most acids will dissolve cadmium, but not
cerJPldlyas zinc. Cadmium is very soluble in con-
IUI~~ratedammonium nitrate solution, and such so-
frornUsare Used by electroplaters to strip cadmium
andhPlated steel or iron objects. Cadmium oxide
10 e l'drOXide, unlike those of zinc, are insoluble
disp~cessSOdium hydroxide. The cadmium ion is

eed by zinc metal in acidic sulfate solutions.
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Cadmium is bivalent in all its stable compounds,
and its ion is colorless. It forms the complex ions
Cd(NH3)/+' Cd(CN)/-, and CdI/-. See MERCURY
(ELEMENl).

Cadmium oxide, CdO, is a brown powder (sp gr
6.95 at 20°C or 78°F) used mainly to prepare cad-
mium electroplating baths, and can be made by heat-
ing the hydroxide or burning the metal. It is more eas-
ily reduced to a metal by heating with carbon than
zinc oxide. This property, as well as the fact that cad-
mium is more volatile than zinc, is important in the
recovery of cadmium in zinc ore smelting operations
and from lead and copper smelting where zinc and
cadmium are present.

Cadmium sulfide, CdS, is obtained as a bright yel-
low precipitate by passing hydrogen sulfide through
a solution containing cadmium ions. The precipi-
tate is insoluble in cold dilute acid, and use is made
of this property in the detection of the presence
of cadmium by qualitative analysis procedures. CdS
(cadmium yellow) and cadmium sulfoselenide (cad-
mium red) are permanent useful pigments. These
compounds exhibit a strong photovoltaic response
to visible light, and are becoming of interest in solar
energy applications.

The Weston standard cell, which gives a nearly
constant potential (1.0186 V), uses cadmium sulfate,
3CdS04 • 8HzO, as an electrolyte.

Cadmium halide compounds are generally similar
to the corresponding zinc halide compounds, except
that the cadmium halides are less ionized and do not
hydrolyze in water as much as the corresponding
zinc compounds. Except for the fluoride, cadmium
halides are considerably less soluble in water than
the zinc compounds. Cadmium iodide is the least
ionized of the cadmium and zinc halides and, like
cadmium fluoride, does not form hydrates.

Toxicity. The fumes of cadmium, its compounds,
and solutions of its compounds are very toxic, and
cadmium-plated articles should not be used in food,
nor should cadmium-coated articles be welded or
used in ovens.

Analytical methods. Cadmium can be determined
gravimetrically by the sulfate method, by precipita-
tion as the beta-napthoquinoline complex, or by elec-
trodeposition from faintly alkaline cyanide solution.
Volumetrically, the cadmium ion can be titrated with
the chelating agent ethylenediarninetetraacetate
(EDTA), using Eriochrome Black T indicator. It is also
easily determined polarographically, a method par-
ticularly suitable when zinc is present, and also by
emission spectroscopy, by atomic absorption spec-
troscopy, and by electron microprobe analysis.

Uses. The main use of cadmium is in the plat-
ing of iron and steel, and to a much less extent of
other alloys, such as copper and brass, to protect
them from corrosion. Although cadmium can be de-
posited from acidic baths such as the sulfate (used in
the electrowinning of cadmium) and the fluoborate,
nearly all commercial plating for protective coatings
is done in cyanide baths (composed of 20-25 g/liter
cadmium oxide dissolved in 100-125 g/Iiter
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