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FOREWORD

The cactus Opuntia hasbeen used in M exico from pre-Higpanic times, and a ong with mai ze (Zea mays)
and agave (Agave spp.), played amagjor rolein theagricultura economy of theAztec civilization.

In recent yearsthere hasbeen increased interest in Opuntia speciesfor theimportant rolethey play —and
arelikely to play —inthe success of sustainable agricultural systemsin marginal areasof arid and semi-
arid zones,

Opuntiasarewel |-adapted to arid zones characterized by droughty conditions, erratic rainfall and poor
soilssubject to erosion, having devel oped phenologica , physiologica and structural adaptationsto sustain
their development in these adverse environments. Notable adaptations are their asynchronous
reproduction, and their Crassulacean Acid Metabolism, enabling them to grow with very high efficiency
under conditionsof limited water.

While opuntiasmay particularly contributein times of drought, serving asalife saving crop to both
humans and animals, they also regularly providelivestock foragein arid and semi-arid areas. They
provide highly digestible energy, water and mineras, and when combined with asource of protein, they
constitute acompletefeed.

In 1995 FAO published a book on Agro-ecology, cultivation and uses of cactus pear, prepared
through CACTUSNET, theinternational cactusnetwork, with only one chapter devoted to the use of
opuntiaasfeed. The present publication, also prepared through CACTUSNET, focusesprimarily onthe
use of opuntiaasforage and presents many recent research and devel opment findings.

The preparation of thisbook was coordinated by EnriqueAriasand Stephen Reynol dsof theHorticulture
and Grassland and the Pasture Crops Groups of the Plant Production and Protection Division, and by
Manuel Sanchez of the Feed Resources Group of theAnimal Production and Health Division.

E. Kueneman

Chief, Cropand Grasdand Service

Plant Production and Protection Division
H. Kudo

Chief, Animal Production Service
Animd production and hedthdivison



PREFACE

Towards the end of 1990, encouraged by the Mexican Embassy in Rome, a Mexican delegation consisting
of researchers, technicians and officials from the federal agricultural sector, visited the island of Sicily, Italy,
with the aim of initiating agreements to exchange information between the two countries concerning the
cultivation and utilization of opuntia. When the delegation arrived on the island, the spectacular development
of opuntia was noted. It was surprising to realize that formal cultivation of opuntia started only in the 19th
century.

One year later, an [nternational Symposium on Opuntia, with participants from Chile, Italy, Mexico and
USA, was organized in Lagos de Moreno (Jalisco, Mexico), with the purpose of encouraging producers and
researchers to increase cooperation among the participating countries and to diffuse information on the
importance of opuntia.

As a follow-up to this meeting, it was proposed to create an International Technical Cooperation Network
on Cactus Pear (CACTUSNET). The proposal was presented in a special session of the Second
International Congress on Opuntia, which was held in Santiago, Chile, in 1992. CACTUSNET was
established under the auspices of the Food and Agriculture Organization of the United Nations (FAO) ina
specific meeting organized by the University of Guadalajara, Mexico, in August 1993, with the participation
often countries from the Americas, Asia and Europe. Subsequently, several African countries have also
joined the Network.

Subsequently, thanks to the voluntary cooperation of CACTUSNET members residing in countries with an
arid environment, it was possible to start a database on countries of production, opuntia uses, and cultivated
areas. At the end of the 20th century, the area under cultivated opuntia for forage was reported to be
900 000 ha, greatly surpassing the reported area for fruit (100 000 ha). For farmers in arid zones, opuntia
planting is one solution to the problem of recurrent droughts. The succulence and nutritive value of opuntia
make it a valuable emergency crop, permitting livestock farmers in Brazil, Mexico, South Africa and USA to
survive prolonged and severe droughts.

It is worth mentioning that most authors of this book are technicians and scientists with wide experience in
their own country of cultivation and use of opuntia as forage. The publication strengthens the written
information on opuntia, since most of the existing publications have emphasized its use as a fruit.

Finally, I would like to mention that the diffusion of information on species like opuntia can allow assessment
of its value for tackling drought in the short term, while in the medium term opuntia can constitute an
important alternative to counteract global climate change and desertification. Other benefits from opuntia
are soil and water conservation, and protection of local fauna in arid and semi-arid lands.

The publication of this book is, therefore, opportune, reflecting one of the basic objectives of the CACTUSNET,
namely the diffusion oftechnical and scientific knowledge on opuntia

Dr Eulogio Pimienta
University of Guadalajara, Mexico

First General Coordinator of the CACTUSNET
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Opuntia as forage 1

INTRODUCTION

Sephen G. ReynoLbsand Enrique ARiAs

GENERAL BACKGROUND ON OPUNTIA

The utilization by man of the cactus Opuntia was recorded in Mexico in pre-Hispanic times, where it
played amajor role in the agricultural economy of the Aztec empire; with maize (Zea mays) and agave
(Agave spp.), opuntias are the oldest cultivated plantsin Mexico. There are three crucial stepsin the
transition from the use of wild plantsto planned cultivation, namely:

* the gathering of wild plants;

* cultivation of (wild) plants near human settlements, and

* cultivation of varieties, altered by selective propagation methods, in intensive farming for the

purpose of marketing.

Opuntiasare now part of the natural |andscape and the agricultural systems of many regions of the
world. Typicaly, therearethree main production systems: wild cactuscommunities; family orchards; and
intensivecommercia plantations. Opuntias have adapted perfectly to arid zones characterized by droughty
conditions, erratic rainfall and poor soilssubject to erosion. They thus contributeintimesof drought, serving
aslifesaving cropsfor both humansand animals. Some speciesare even naturalized weedsin countries
such as South Africaand Australia, where the environmental conditionsare particularly favourable.

Inrecent years, plantationsfor fruit or forage production, aswell asfor vegetable or nopalitosand
cochineal, have been devel oped in many countries of Africa, America, Asaand Europe. Thereisincreasing
interestin opuntias, and O. ficus-indicain particular, and theimportant rolethey play and arelikely toplay in
the success of sustainable agricultural systemsin arid and semi-arid zones, where farmers and shepherds
must look to those few species that can profitably survive and produce. Thus opuntias have become an
endlesssourceof productsand functions, initialy asawild plant and, later, asacrop for both subs stence and
market-oriented agriculture, contributing to thefood security of populationsin agriculturally marginalized
areas.

BOTANY

There are almost 300 species of the genus Opuntia (Scheinvar, 1995). In Mexico alone, Bravo (1978)
recorded 104 speciesand varieties.

Accordingto Scheinvar (1995), thename* Opuntid’ comesfrom an ancient Greek villageintheregion
of Leocrid, Beocia: Opus or Opuntia, where Tournefort found a spiny plant which reminded him of the
American opuntias. Opuntia includes 11 subgenera: Opuntia, Consolea, Austrocylindropuntia,
Brasiliopuntia, Corynopuntia, Cylindropuntia, Grusonia, Marenopuntia, Nopalea, Senopuntia and
Tephrocactus.

Thetaxonomy isdifficult for anumber of reasons. their phenotypes, which vary greatly according to
ecological conditions; their polyploidy, with agreat number of popul ationsthat reproduce vegetatively and
sexually; and the existence of numerous hybrids, asalmost all species blossom during the same period of

Stephen G. REYNOLDS Enrique ARIAS
Crop and Grassland Service Horticultural Crops Group

Plant Production and Protection Division, FAO




2 History of the use of opuntia as forage in Mexico

theyear and thereare no biological barriers separating them. Scheinvar (1995) mentionsninewild species
of Opuntia (O. hyptiacantha Web; O. joconostle Web; O. lindheimeri (Griff. and Haare) Bens.; O.
matudae Scheinv.; O. robusta Wendl. var. robusta; O. sarca Griff. ex Scheinv.; O. streptacantha Lem.;
O. tomentosa SD. var. tomentosa and var. herrerae Scheinv.) and three cultivated species (O. albicarpa
sp. nov.; O. ficus-indica (L.) Mill.; O. robusta Wendl. var. larreyi (Web.) Bravo), aswell as one culti-
vated species of the subgenus Nopalea (O. cochenillifera (L.) Mill.), providing detailed descriptions of
each.

The evolution of members of the subgenus Opuntiain arid and semi-arid environmentshasled to
the devel opment of adaptive anatomical, morphologica and physiological traits, and particular plant
structures, as described by Sudzuki Hills(1995).

The species of the Opuntia spp. subgenus have devel oped phenological, physiological and struc-
tural adaptationsfavourableto their development in arid environments, in which water isthe main factor
limiting the development of most plant species. Notable among these adaptations are asynchronous
reproduction, and Crassulacean Acid Metabolism (CAM), which, combined with structural adaptations
such as succulence, enables this plant to survive long periods of drought, and to reach acceptable pro-
ductivity levelseveninyearsof severe drought.

TERMINOLOGY

In this book opuntiais used to refer to the whole genus, of which the most widely known is Opuntia
ficus-indica. Previously, opuntiawas used almost interchangeably with cactus pear and prickly pear.
Here, while these terms are occasionally used, the term opuntiais preferred because cactus pear can
sometimesrefer to thefruit, and also not al opuntiasare prickly pears, there being many spinelessclones.

Other termsused includethefollowing:

cactus pear —opuntiaplant

cladode — shoots or stem-like organs

jarabe—asyrup product from the fruit

melcocha—jam

miel detuna— cactus pear honey

nocheztli —highly prized red dye obtained from the body of the cochineal insect (Dactylopius
coccus) living on some opuntias. Called grana cochinilla by the early Spanish in Mexico, now
called cochineal

nochtli —opuntiafruit

nopal —opuntiaplant (mainly Mexico)

nopalitos—young cladodes used as vegetables

nopalli —opuntiaplant in Nahuatl language

notuatl —the original Mexican word (from Aztec times) for opuntia

prickly pear —opuntiaplant

gueso de tuna— cactus pear cheese

tenochtli —sacred opuntiain early Mexico

tun/tunas— Caribbean word for fruit or seed

L
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Opuntia ficus-indica

Common names:

* Spanish: nopal, cardén de M éxico, chumbera, chumbo, chumbua, higo chumbo, higo de pala,
higo México, higuera de pala, nopal de castilla, tuna de Espafia, tuna espafiola, tuna mansa,
tuna, higo chimbo, tunaredl.

* Portuguese: palmaforrageira, figo dalndia, figo de pitoira, figueiradalndia, palmatoriasem
espinhos, tabaido.

* English: Barbary fig, Indianfig, prickly-pear.
* French: chardon d’ Inde, figue de Barbarie, figuier araquettes, figuier d’ Inde, opunce, raquette.
* [talian: Fichi d'India
* German: frucht desfeigenkactus, Indianischefeige.
CACTUSNET

Upon the request of member countries, an international network, CACTUSNET, was established in
Guaddgara, Mexico, in 1993, under theauspicesof FAO, toincrease cooperation among scientigs, technicians
and growersfrom different countries, and to facilitate the exchange of information, knowledge and technical
cooperation on cactus. Cooperation inthe collection, conservation, eval uation and utilization of germplasm,
and the promotion of the ecological and socia benefits of opuntiasare also aimsof the network. Twenty-
two countrieshave sincejoined. The University of Guadalgara, Mexico, and the University of Reggio
Cadbria/lUniversity of Palermo have hosted the general coordination; from October 2000, the coordinating
institution becametheNationa Institutefor Agricultural Research of Tunisa. Meetingsnormally take place
in conjuction with the International Congress on Cactus Pear and Cochineal, held every fourth year, but
additiona regiona meetingsand working group meetingsare also held, such asthosein Angola, Argentina,
Chile, Italy, Mexico, Peru and South Africaon arange of topics, including post-harvest aspects, genetic
resources, cochineal, forage, fruit production, etc.

Tangibleresultsof cooperation through CACTUSNET have been the preparation for publicationin
1995 of the FA O book Agro-ecology, cultivation and uses of cactus pear (which hasbeen trand ated into
Spanishandisbeing trandatedintoArabic), the production of aDescriptor List, and theannua CACTUSNET
Newsletter. Thefifth edition, published in March 2000, focused on the use of opuntiaasforageandis
availableon thewebsite of the FAO Grassland Group:
http://www-data.fao.org/WAICENT/FAOINFO/AGRICULT/AGP/AGPC/doc/publicat/Cactusnt/cactusl.htm

The present publication isalso an example of voluntary cooperation of institutionsand individuals
participating inthe CACTUSNET.

OPUNTIAUSEASFORAGE

Felker (1995) has provided an excellent introduction to Opuntia as forage and a synthesis of common
recommendationsfor cactus use and management for livestock feed. He mentionsanumber of excellent
regiona reviewscovering the usesof cactusfor foragein North Africa(Monjauze and Le Houerou, 1965),
South Africa(DeKock, 1980; Wessels, 1988), Mexico (e.g. Floresand Aguirre, 1979; Fuentes, 1991),
Brazil (Domingues, 1963) and the United States (e.g. Russell and Felker, 19873, b; Hanselkaand Paschd,
1990). Much of the progress stemmed from thework of Griffithsin Texasinthefirst two decades of the
1900s.

Opuntiaisparticularly attractive asafeed because of itsefficiency in converting water to dry matter,
and thusto digestible energy (Nobel, 1995). Cactusisuseful not only becauseit can withstand drought, but
also becauseitsconversion efficiency isgreater than C, grassesand C, broadleaves. Biomassgeneration
per unit of water ison average about threetimes higher than for C, plantsand fivetimes higher thanfor C,
plants. Under optimal conditions, thevarioustypesof plantscan produce similar anountsof dry matter per
surface area, but under arid and semi-arid conditions, CAM plantsare superior to C,and C, plants.
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Cacti, and specifically Opuntia spp., have been extremely useful livestock forage in times of
drought, primarily by providing digestible energy, water and vitamins. Although mainly used for cattle,
opuntia has also been used as forage for pigs. However, it must be combined with other foods to
completethedaily diet because opuntiasare poor in proteins, although rich in carbohydrates and calcium.
Sinceit growsin severely degraded land, itsuseisimportant because of itsabundancein areaswherefew
cropscan grow. Itisestimated that, worldwide, 900 000 haare cultivated with opuntiafor forage pro-
duction.

While spinel esstypes need to be protected against herbivory, the more cold-hardy, S ower growing
spiny types require no such protection, although it is necessary to burn off the spines before using for
livestock feed.

Felker (1995) noted the lack of serious R& D and suggested priority areasfor researchintotheuse
of cactusfor forage.

ENVIRONMENTAL ISSUES

Opuntia spp. arebeing utilized in programmesto prevent soil erosion and to combat desertification,;
they haveagrest capacity for adaptation, growing in severely degraded soilswhich areinadequatefor other
cropsand areideal for responding to global environmenta changes such astheincreasein aimospheric CO,
levels. Opuntias are also important as cover in arid and semi-arid areas because they can survive and
spread under conditionsof scarce and erratic rainfall and high temperaturesand can play animportant role
inthe protection of local fauna.

However, thiscapacity for adaptation and rapid spread has caused problems, mainly whereintroduced
Opuntia spp. have established and thrived in the absence of natural enemies and appropriate management
to become noxiousweedsin anumber of counties. In the previous FA O publication Agro-ecol ogy, cultivation
and uses of cactus pear, a chapter by Brutsch and Zimmermann focused on naturalized Opuntia spp.
which threaten native plant genetic resources, and also on thebiological, chemical, mechanical or integrated
meansof control which have been devel oped. Biological control hasbeen particularly successful in countries
such asAustraliaand South Africa. However, the problems of devel oped countriesare not necessarily the
same asthose of |ess devel oped countries, and what may be considered aweed in one country may bean
important economic source of food in another. Therefore different countriesand even areaswithin countries
may view Opuntia spp. differently.

Thisbook emphasizesOpuntiaasava uablenatura resource, whichin many countriesisunderutilized,
and which can provide forage for livestock and enable economic activities to be undertaken and may
contributeto thefood security of populationsin agriculturally marginalized aress.

PURPOSE OF THE BOOK

Severa publications have dealt with opuntia. Previoudly, through CACTUSNET, FAO published Agro-
ecology, cultivation and uses of cactus pear. The present publication focuses solely on the use of
opuntia as forage and aims to present much of the recent findings and research in one volume. From
chaptersdealing with itsearly use asforagein Mexico and itsecophysi ol ogy, the book presentsmateria on
germplasm resources and breeding for forage production, then deals at length —through eight chapters—
withitsuseasforagein Mexico, Brazil, USA, Chile, Argentina, WesternAsiaand North Africa, Ethiopia,
and Southern Africa. One chapter focuses on various aspects of opuntiacultivation for fodder. Thefinal
chapter deal swith hydroponic opuntiaproduction, followed by acomprehensive bibliography and an annex
of opuntia-related websites. 1t ishoped that the book will achieveits purpose of providing readerswith an
up-to-date reference on the use of Opuntiaasforagefor livestock, and assembling in one volume past,
recent and ongoing work on the subject.
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HISTORY OF THE USE OF OPUNTIA AS FORAGE IN MEXICO

M arcoAntonio ANAYA-PEREZ

INTRODUCTION

Opuntia, often called prickly pear, or cactuspear asitisnow usually knownin commerce, isaplant typica
of the Mexican landscape, and amg or symbol of identity for the Mexican people. Together with maizeand
agave, opuntiahasbeen astaplefood, instrumenta in enabling human settlement and cultural development
of the Chichimecagroups of the centre and north of the country.

Complementary toitsimportance asfood wereinter aliaitsusesasabeverage, medicine, source of
dye, and asan object of magical-religious practices. Tlacuilos [the native historians of Pre-Columbian
Mexico, who used pictogramsto record events|, chroniclers, travellers, historiansand scientistshaveleft
testimony of this. However, the economicimportance of opuntiaasforage was not perceived during the
Spanish Colonia Period, or even after independence.

Thefew recordson the use of opuntiaduring the colonial and post-independence erasindicatethat it
was used asanimal feed, especially inthe northern arid and semi-arid zones. Itsuseincreased fromthe
early 1600swith theintroduction of cattleto semi-arid areas and the consequent depl etion of grasslands.
Thissituation forced stockmen to cut opuntiapads and burn off thethornsto feed livestock inthelr pastures,
especidly during droughts.

Inthe second haf of thetwentieth century, the Government of M exico and someeducationd ingtitutions
began to recogni zetheimportance of opuntiacultivation, particularly for forage. The Colegio de Posgraduados
released improved varieties to participate in a programme aimed at stopping overexploitation of wild
populationsof opuntia, associated withintensvelivestock feeding during droughtsor asaregular complement
tothediet. Opuntiaplantationshave been promoted asafoundation of reforestation and recovery programmes
for extensive degraded areas, aiming to control desertification. There arefew studieson the history of
opuntia, with the exception of cochineal. Thischapter presentsabrief account of the utilization of opuntia
asforagein Mexico.

ORIGIN

According to Flannery (1985), between the end of the Pleistocene (ca. 100 000 years B.P) and the beginning
of thefifth millennium AD, the prehistoricindigenousgroup of the semi-arid basinsand valleys of the states
of Hidalgo, Mexico, Morel os, Guerrero, Pueblaand Oaxaca began cultivating aseries of native plants,
which later becamethe basic foodstuffsof the ancient middle-American civilizations. For centuries, these
native Americans had lived as nomads, learning inter alia, which plantsto gather and consume, how to
roast opuntia and agave to make them edible, and how to extract syrup from the pods of the mesquite
(Prosopisspp.). Thecultivation of beans, squash, huatli (Amaranthussp.), chilies, tomatillo, avocado,
and, asHannery (1985) suggests, perhaps opuntia, agave and other semitropical fruitsbegan between 7 500
and5 000 yearsBC.

Sincethearrival of manin Mexico in the desert and semi-desert zones, about 20 000 years ago,
opuntias have beenimportant asfood sources, aswell asfor drink and medicine. Long before horticultural
management of the opuntiawasknown, the ancient Mexicans consumed it abundantly fromthewild. Fray
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Bernardino de Sahagun, in his work Historia General de las Cosas de |la Nueva Espafia —
written during thefirst half of the 16" century —reported that native Americanslived for many yearsand
were*“ healthy and strong.” Their vitality, according to him, was dueto thetype of diet, which was not
cooked with other things. They ate“prickly pear leaves’, prickly pear fruits, roots, mesguite pods, and
yuccaflowerswhichthey called czotl, honey and rabbits, hares, deer, snakesand fowl (Sahagun, 1997).

Ontheuseof opuntia“ sacred tree’” asabeverageto quenchthirst, Friar Toribio Motoliniasaid, “...
theseIndianswhom | refer to, becausethey arefrom aland so sterilethat at timesthey lack water, drink
thejuiceof theseleavesof nocpal ... ” Thefresh and aromatic opuntiafruit, or tuna, wasaso used for
this purpose; they made nochoctli, or pulque (afermented drink, generally made from the sap of the
century plant. —Trandator’snote). Theword tunaoriginated in Haiti and wasintroduced by the Spaniards
during the Conquest.

TheDelaCruz-Badiano Codex of 1552 showshow opuntiawas used to treat several ailmentsof
thehuman body. For example, opuntiawas used to cureburns. “Theburned part of our body iscured with
thejuice of the nopalli withwhichit should be rubbed onwith honey and eggyolk ...” (Veldzquez, 1998).

The genus Opuntia spread from Mexico to practically the entireAmerican continent (from Alberta,
Canada, to Patagonia, Argentina), and, after the Spanish Conguest, to the rest of theworld (Floresand
Aguirre, 1979). 1n 1700, Tournefort named opuntias Opuntia, because of their similarity to athorny plant
that grew in the town of Opus, Greece (Velazquez, 1998). In Mexico, several species of the genus
Opuntia of the Cactaceae family are called nopal. All of them are endemic to America, and of the 377
recognized species, 104 arefound wildin Mexico, and 60 of these are endemicin Mexico.

There arefew studies on the history of opuntia, except in its association with cochineal. Tibén
(1993), in hisHistory of the name and of the foundation of Mexico, describesthe drawing done by the
tlacuilo of Fray Diego Duran, of the foundation of Mexico Tenochtitlan:

“Totheleft of thehill, abeautiful bird withitswingsextended hasjust alighted onaprickly pear and
sings, asitsopen beak indicates. A large snake with forked tonguerisesinthedirection of the
plant ...

“Thus, thetenochtli, the prickly pear of hard red tunas, was, from the beginning, thetree of human
hearts. The serpent that emergesfrom the bowels of the earth isnight; the bird that singsover the
prickly pear isat oncethe sameeagle-sun ...”

Itisof interest that the opuntiawherethebird, or eagle, hasalighted isknown by the scientific name
of Opuntia streptacantha, which comes from streptos, “twisted” and acantha, “thorn”. The tuna
lapidea, according to Dr Francisco Hernandez issimilar to opuntiainitsflowersand fruit, but withlong,
narrow, twisted branches (Granados and Castafieda, 1991).

Although the sources consulted for the Colonial Period do not mention the use of opuntia, asa
forage plant, without doubt during the droughts which affected New Spain, the livestock that spread
throughout the country had to consume opuntia, asreported in sources from the 19 and 20" centuries.

DISTRIBUTION

The geographical distribution of the genus Opuntiain Mexico, according to recent studies, reflectsthe
abundance of opuntiaand itsnatural incidencein associations, focusing on the most important species
(Granadosand Castafieda, 1991; Floresand Aguirre, 1979):

O. leucotricha  Guanagjuato and eastern San L uisPotosi, withirregular distribution and variable
densities. Between SantaMariadel Rio and San L uis Potosi, southwest of Villade
Arista. With high areal densitiesin Fresnillo and Calera.



Opuntia as forage 7

O.lindheimeri  Withadensity of upto 1000 plants/hain General Teran, Salinas, and elsewhereinthe
state of Nuevo Ledn, and in Tamaulipas, Guerrero and Hidalgo.

O. streptacantha San LuisPotosi: Zaragozaand north of the capital, north of Bocas and southeast of
Moctezuma. Densitiesof 200 to 600 plantshaarefound in San Luis Potosi.
In Zacatecas: NoriadelosAngeles, Ojo Caliente, Troncoso and Guadalupe.

Thisdistribution indicatesthat the region of Mal Paso, southwest of the city of Zacatecas, hasthe
greatest diversity of opuntiaspecies. Incontrast, chroniclersand historians of the colonia period recounted
the abundance of opuntiapractically throughout the country. From the chroniclesof travellersor scientific
works, the present distribution includes Querétaro, Guanagjuato, Jalisco, Nayarit and Coahuilain Mexico,
and Texasinthe United States.

Pedro de Rivera, in histrip to northern New Spain at the beginning of the 18" century, reported that
inthedirection of San Juan del Rio, Querétaro, hefound thick vegetation of mesquite, guizaches (Prosopis
$p.), and opuntia. Inthedirection of Ojuelos, Jalisco, near San Miguel El Grande, he passed through flat
land with scrub vegetation of oak, mesquite and opuntia. On the border between the kingdoms of New
Galiciaand Nayarit, he went through rough mountains with many rocks and thick brush of mesquite,
guamuchiles, guizachesand opuntia(Trabulse, 1992a).

Alexander Von Humboldt reported that Villade Saltillo, province of Coahuila, islocatedinanarid
plain which descendstoward M onclova, the Rio Grande, and the province of Texas, whereinstead of the
wheat hemight find in aEuropean plain, hefound only fields covered by opuntias (Humbol dt, 1984).

COLONIAL MEXICO

Description of the opuntia plant

The morphology of opuntia awed the Europeans, who had never seen a plant like it, leading them to
describeit the best they could. During the colonial period, study and recording of opuntiabegan withthe
work of José Antonio Alzate on cochineal. Thenopalli, or cactus pear, was known by the Spaniards as
nopal, and thefruit astuna, although in the 16" century thisplant was also called higueradeindias(fig
of theIndies), higuerade pala (shovel fig), tunal de Castilla, nopal de Castilla, chumbos, tuna chumbera,
tuna mansa, and tunal (Rojas and Sanders, 1985).

IN1539, Friar Toribio Motolinia, describing hisexperiencesin Michoacan, reported that inthisprovince
the tunales were abundant:

“... they aretreesthat have leaves the thickness of fingers, some thicker and others less, as long
as the foot of aman, and as wide as a hand span...” (Motolinia, 1995).

Inthe mid-16™ century, Friar Bernardino de Sahagin wrote:

“The tree called tuna has large, thick leaves, and green and thorny; this tree gives flowers on the
same leaves [and] some are white, others vermilion, others yellow, and others fleshy; produced
in thistree are fruits called tunas [that] are very good to eat [and] come out of the same leaves ...
“(Trabulse, 1993).

Describing opuntia, Friar Bernardino de Sahaguin reported:

“There are trees in this land they call nopalli, which means tunal, or tree with tunas; it is a
monstrous tree, the trunk is composed of |eaves and the branches are made of these same leaves;
the leaves are broad and thick, having juice and are viscous; the same leaves have many thorns...
The leaves of this tree are eaten raw and cooked.” (Sahagun, 1997).

The Nahuas — a Pre-Columbian tribe that dominated central Mexico —identified several native
specieswhose scientific names, common names and placewhereidentified arethefollowing:
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* Nopalea cochenillifera (L.) Salm-Dyck (syn. Cactuscochenillifera L .; Opuntia cochenillifera
(L.) Mill), also called nochez opalli (Nahuatl), nopal de San Gabriel (Oaxaca), tuna mansa
(Puerto Rico), tuna nopal (ElI Salvador). This plant and nopal de Castilla (Opuntia ficus-
indica L.) are species used in the production of the cochineal insect (Dactylopious coccus
Costa). N. cochenillifera hasseveral varieties; the best known and most used is nopal nocheztli,
namely cochineal opuntia, which the Spaniards named nopal de Castilla. Another variety is
known as nopal de San Gabriel.

* Opuntia Miller (Cactaceae). The most usual name for the cultivated species of thisgenusis
nopal, and thefruit iscommonly called tuna.

* Opuntia amyclaea Tenore (syn. O. ficus-indica f. amyclea (Ten.) Schelleand O. ficus-indica
var. amyclea (Ten.) Berger.)

* Opuntiaficus-indica (L.) Mill. (syn. Cactusficus-indicaL.). Alsoknown asnopal deCastilla,
tuna de Castilla, nochtli; used in the production of cochineal.

* Opuntiaimbricata (Haw.) D.C. (syn. Cereusimbricatus Haw., OpuntiaroseaD.C., O. decipiens
D.C,, O. exuviataD.C., O. arborescens Engelm., O. magna Griffiths, O. spinotecta Griffiths,
xoconochtle, joconochtle (Jalisco), xoconochtli, joconostle (Zacatecas), cardenche (Durango,
Zacatecas), tasajo (Chihuahua), coyonostle (Nuevo Leon and Coahuila), coyonoxtle, coyonostli
(Nuevo Leon), tunajoconoxtla (Jalisco), tuna huell, velas de coyote, entraria (New Mexico)).
Thexoconochtli isacactuswith cylindrical stemswith long thornsand very sour fruit.

* Opuntia megacantha Salm-Dyck (syn. O. castillae Griffiths, O. incarnadilla Griffiths), the
nopal de Castilla.

* Opuntia streptacantha Lem. Also called tecolonochtli or tecolonochnopalli; thisisthecardon
nopal or cardona tuna. The fruit is an intense red, aromatic and refreshing. It has great
importancein the semi-arid and desert zones (Rojas, 1990).

Friar Francisco deAjofrin, who travelled through New Spaininthe 18" century, reported that there
were opuntiafruit —tunas—amost year-round. Somewere white, othersyellow, and some were more
fleshy (Trabulse, 19924). Miguel Venegasindicated in the 18" century that in Californiathered tunasare
infrequent, and in New Spain they called them tunastaponas (Trabul se, 1992b).

The physician Francisco Hernandez, in hismonumental work Historia Natural dela Nueva Esparia,
found seven distinct types of tunas: iztacnochtli, thisopuntiawas known to the Spaniards asthe higuera
delasindias(fig of thelndies) which, according to them, was similar to thefig tree, even when neither the
plant nor the fruit had any similarity to afig tree or afig (Trabulse, 1992b), coznochtli, tlatonochtli,
tlapal nochtli, tzaponchtli, zacanochtli (Rojas and Sanders, 1985), and nopalxochcueztic (Epiphyllum
acker Haw.) (Rojasand Sanders, 1985). The Nahuasclassified thislast plant in the group of tunas, most
certainly because of the similarity of itsflowersand fruitsto those of the nopal, which belong to the same
botanical family. Thisisaplant withlong fleshy, undulating leavesand beautiful red flowers.

Bernardino de Sahaguin also madeinteresting records of opuntiaspeciesand the diversity of tunas,
very similar to that done by Francisco Hernandez (Sahaguin, 1997) and Motolinia(1995).

Propagation
Friar Toribio de Benavente explainshow opuntiareproduces:

“... and one leaf of these plantsis planted and they proceed leaf after leaf, and leaves also come
out of the sides, and they become atree. The leaves at the foot thicken greatly, and become so
strong that they become the foot or trunk of thetree... In this New Spain thetreeis called nucpai
—nopalli — and the fruit is called nuchtli ... “(Motolinia, 1995).

“Wherever aleaf fallsfrom thistree, another similar tree is soon formed; and what isadmirableis
that, after sometime, stuck on the leaves appears agum called alquitira, for which many conifers
are used.” (Cervantes, 1991).
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Livestock raising

Thelivestock brought from the West Indies (Cosio, 1987) by the Spaniards caused arevolution in the
economy of New Spain, and immense areas previously unused by agriculturewere brought into use. The
livestock camefrom Cuba, Santo Domingo and San Juan, Puerto Rico. Hernan Cortés brought the horses
(11 horsesand 5 mares), and Gregorio Villa obosbrought cattlefrom Santo Domingo (Cosio, 1987). Livestock
gaveagricultureabood, providing anima traction, transport and manure. Nolessimportant wasitscontribution
to the devel opment of mining; animalswere used asdriving power and transport. Inaddition, livestock was
used as a basic source of food. For these reasons and because of the immense virgin grasslands that
existed, livestock multiplied and spread from the central high plateau to therest of New Spain during the
16" century. Although it decreased, notably in the 17*" century, the numberswere so great that in many
regionsmany wild herdswereformed.

The Spanish Mesta concept —aformal organization of livestock producers— also cameto New
Spain, whereit was composed of ownersof livestock ranches (Chevalier, 1982). Extensive grazing of
sheep and goats began, moving livestock from placeto place for summer and winter grazing. Theroutes
crossed New Spainin every direction. The Cabildo (government) of Mexico City founded thefirst Mesta
inNew Spainon July 31, 1527. Later, Puebla(1541), Oaxaca (1543) and Michoacan (1563) followed
(Chevalier, 1982).

Contemporary sourcesindicate the extent of the changes:

* As of 1579, no fewer than 200 000 sheep from Querétaro moved 300 to 400 km during the
month of September, to find fresh pastures near L ake Chapal aand western Michoacan, return-
ing totheir ranchesin May.

* Thelivestock from Tepeaca, Puebla, and somefrom the Central Plateau, wintered in pastures
of Veracruz on the Gulf of Mexico.

* From the Huasteca, livestock went to graze on the shores of Rio Verde, in San Luis Potosi.

* In 1648, more than 300 000 sheep from the mountains of New Spain weretakento the extensive
plainsof the Kingdom of Nuevo Leon, wherethey grazed for morethan six months. In 1685, itis
said that 555 000 head of cattlearrived (Chevalier, 1982; Humbol dt, 1984).

* At theend of the 16" century, in the High and L ow Mixtec regions, theindigenous people came
to own 250 000 head goatsand sheep. In Tlaxcalaand Puebla, the communitieshad morethan
400 000 head of sheep and goats, and the communities of Zimatlan, Oaxacaand Jilotepec, State
of Mexico, together had more than 350 000 head (Rojas, 1990).

Themigrating livestock damaged the crops of theindigenous people, in spite of the ordinances of
1574, which obliged the ranch ownersto open up roadsreserved for livestock to go from one placeto the
other, but most never obeyed. Theirrigated, cultivated areas of thetownswerewhat interested theranchers,
much morethan the plains covered with opuntiaor the bald mountainsthey crossed.

Forage

Livestock feeding was mostly provided from natural sources, and that included opuntia. Reproduction of
livestock was spontaneous, and often the owners themselves were ignorant of how many beasts they
possessed. Sheep and goats were husbanded under nomadic grazing; cattle, only onasmall scale, were
raised onranchesand speciaized haciendas. The harsh environmenta conditionsaffected theanimals, and
—coupled withlossesfrom robbery, pests, disease, frosts, hail and severe drought —decimated thelivestock,
especially because alarge proportion of theanimalswasraised inthearid regions.

A drought meant lack of drinking water and grass, followed by hunger, malnutrition, disease and
finaly death. Thissituation obliged the ownersto leavethe animalsfreeto foragefor themselves. The
historian Frangois Chavalier reported that in the years of drought animalsdied by thethousands (Chevalier,
1982).
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Sourcesfromthe 16™, 17", and 18" centuries state that the livestock ate grasses, stubble, maizeand
opuntia, among other things. 1n 1585, Juan Gonzad ez de Mendozawrotethat intheentire Kingdom of New
Spain, thelivestock fed on green plantsand maize, which wasthe wheat of the Indians (Trabulse, 1993).

Chevalier (1982) reportsthat at the end of the 16" century, the“ encomenderos’ (landlords) fattened
their animalswith maize, which they had, in abundance, thanksto tributes. The quality of the meat was
linked to the quality of themaize or the grasses (Trabulse, 1993). Asto the usefulnessof stubble, inthe 18"
century, JostAntonioAlzatewrote:

“For some years | saw a subject who obtained an ear of Meztitlan, he sowed it in asmall garden:

the stalks grew to six or seven feet and produced three, four or more ears of large size. This

excessive vegetation was not the effect of any preparation neither of the seed, nor of the fertility

of the soil, because if he sowed another species of maize, the product corresponded to its nature.

Thisexperiment foreseesgrest profitsfor ranch ownerswho would benefit if they sowed Meztitlan

maize, besides the abundance of the fruit, tlazole, or straw, increases, which is so necessary for

the livestock (Trabulse, 1992b).

Asto the opuntia cactus used asforage, the newspaper El Nacional, of Mexico City, reported that
during the colonia period therewere mestizo farmerswho planted opuntiain haf of their farm plotsto feed
theanimals, and in the other half they sowed maize and beans:

“... and when they judged the land to be worn out, they cut half the cactus pear as forage for the
animals, especially the cattle, and the rest was planted in the agricultural land, which after two
years was again used for ordinary crops, repeating the same operation of leaving the land to rest
by planting cactus pear, which maintains the ground moist and magnificent grasses grow at the
same time, preventing erosion of the land and providing abundant, moist, fresh grass for the
livestock almost year-round (Anon., 1962).

INDEPENDENT MEXICO

When Mexico won itsindependencein 1821, the national territory consisted of alittlemorethan4 million
km?, which included theterritories of Texas, New Mexico, Arizonaand California, which passed to the
USA in 1848. Intheseterritories, opuntiawas used asforage; once chopped up or singed, it wasgivento
cattle (Floresand Aguirre, 1979), apractice also common in the Mexican statesborderingthe USA. This
was confirmed by astudy in Mexico at the end of the 19" century by the German Karl Kaerger (1896),
whoseobjectivewastoinvestigate agricultural aspectsinwhich Germany couldinvest, especialy consdering
thefacilitiesgiven by the government of Porfirio Diaz to foreigners.

Livestock husbandry

Cattleraising developed in Mexico mostly in the northern part of the country. Enormousrancheswere
established and |and was concentrated to such adegreethat the Terrazasfamily owned almost the entire
state of Chihuahua.

At theend of the 19" century, massive sheep raising was conducted in the northeast of the country,
especidly inthe states of Zacatecas, Tamaulipas and Chihuahua, wheretherewere haciendaswith 70 000
to 80 000 head of cattle head (K aerger, 1986). Goatswere abundant in Puebla, Zacatecas, Aguascalientes,
Tamaulipasand San L uis Potosi, while cattle wereraised basically in the north of Mexico and the coastal
region of Veracruz, whereimprovement of the nationa breed with theintroduction of Durham and Hereford
bullshad begun. Outstanding among the pastures used for fattening werethoselocated in the Huasteca,
the northern coastal zone of Veracruz, and the southern coastal region of Tamaulipas (most of the state of
Tamaulipaswas dedicated to sheep and goat raising).

Theforage

Inthe northern part of the country, the cowboys, besidesriding horseback every day over agiven areaof
the haciendato guard the cattlefrom possible rustling, had thetask of getting additional feed for theanimals
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during thedry season. Thefeed wasobtained by cutting agave plants, known as sotol, and chopping their
leaves, and, moreimportant, cutting opuntiapadsand burning off thethorns so that the livestock could eat
the pads, although often the plantswere eaten where they were standing. Thegreatest opuntiapopulations
were found in San Luis Potosi, Tamaulipas and Nuevo Leon, where the farmers could distinguish the
followingvarieties.

* Nopal rastrero (creeping prickly pear): a cactus with alateral growth form and consumed
mostly by goats.

* Nopal cuyo: athin cactuswith few thorns; relished by cattle.

* Nopal cardén (O. streptacantha): afruit specieswith broad pads. Itsfruit isused to prepare
afermented drink, mixing it with maize grains, applesand canealcohol. Cattlecaneat it only
during the dry season sincein therainy season it swellstoo much (Bazant, 1980).

* Nopal cegador (blinding prickly pear): Well eaten by cattle, athough it can cause blindnessif
thethornsgetinto their eyes.

* Cardencheor joconostle: It haslarge cylindrical stems(trunk) and is preferred by livestock.

* Tasgjillo: similar to the cardenchetype, but the stemsare smaller and of lower quality. Goats
eat itsfruit (Kaerger, 1986).

A newspaper article appearingin the early 20" century reported the enormous amounts of tunas of
all kindsthat were produced in San LuisPotosi. It pointsout that opuntiagrew inthe poorest land, in hard,
cracked, alkaline soil, where there was no other sign of vegetation, far from fresh water springs, where
there were more hills than flat 1and; this hilly land promoted cactus growth, and gave the landowner
splendid profits, sincethey needed neither care nor expenditures of any kind.

“[The parts] of the prickly pear used are: the pads for feeding cattle, when they are fresh, and

when they are dry they are magnificent fuel, and the tunas, from which a delicious fermented

drink is made called colonche; also, an exquisite tuna syrup is made, as well as jams and taffy,

and aliquor is also extracted from the tuna ... “ (Marquez, 1986)

Animalsalso ate other plants covered with thorns without singeing, such as mesquite (Prosopis
spp), lechuguilla(Agavelecheguilla) (the northeastern agave, which isused to producefibre), and huapile,
abromeliad which coverslargeareas. Thelechuguillaisvery nutritious, although it hasthe disadvantage
of inducing the animalsto becomewild, asthey need not drink water because of thejuicinessof theleaves
(Kaerger, 1986).

RECENT DEVELOPMENTSOF OPUNTIAINMEXICO

Forage

The importance of opuntia as aforage plant in the 19" century was the outcome of the need to feed
livestock inthearid zones of the country, wherethe dry seasonsarevery long. Opuntiaisan excellent feed
for livestock (Floresand Aguirre, 1979).

Government interest in devel opment of the arid zones, which accounted for 40% of the national
territory, led to creation of the National Commissionfor Arid Zones(CONAZA) in 1970. Thisingtitution
provided support to arid zoneswhere it was not possibl e to obtain profitable grain harvests unlessthey
wereirrigated. CONAZA proposed aprogrammeto grow and use wild plants such asopuntia, candelilla
(Euphorbia antisiphylitica), lechuguilla(Agave lecheguilla), fibre yucca (Yuccafilifera), and mesquite
(Prosopisjuliflora). Accordingto apreliminary study of the 1970 census, over 50% of the cattle and
sheep and almost 80% of the goats existing in the country werein arid zones. 1n these zones, opuntia
becamevita, becauseit provided somefood and water for theanimals (Villarreal, 1958).

Although during thefirst half of the 20" century there were numerous species of wild opuntia, they
began to disappear, mostly because of the excessive removal by merchantsto supply foreign markets.
Lawswere passed to prohibit itsexport, but today the commercein opuntiacontinuesin different forms,
with the consequent disappearance of some species (Granados and Castafieda, 1991).
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The people of Northern Mexico have used opuntia as forage for many decades. At present the
dairy industry inthe arid zones of the north still use opuntiaasforage. 1n 1966, 600 tonne of opuntiawere
used daily infeeding stabled dairy cattlein Monterrey, Nuevo Ledn, and 100 tonnedaily in Saltillo, Coahuila
(Granados and Castarieda, 1991). Cattleand, aboveall, grazing goatsand sheep, consume opuntiaal most
all year. The shepherd burnsoff thethornsfrom the padsthat he selects, athough sometimesthe standing
plantsaresinged (Floresand Aguirre, 1979).

TheMinistry of Agriculture promoted opuntiaplantationsfor foragein many regions. Thegathering
of opuntiafor forage wasbanned in the states of Coahuila, Chihuahua, Nuevo Leon and Tamaulipas, and
industrialization promoted. Cattlemen werebarred from singeing opuntiathicketsto ship them to market
(Anon., 1961). Thegovernment of Zacatecas began acampaign to industrialize opuntia, especialy the
cardontype, abundant in the state (Anon., 1963a).

Reduction of the opuntiapopulations obliged the Ministry of Agricultureto set up aProgrammefor
GeneticImprovement of Prickly Pear in 1961, at the Graduate College of the Nationa School of Agriculture.
Thegoa wastoincreasefruit production and improve cattle feeding in the semi-arid zones of the country,
which largely depend on opuntiaduring droughts. The main objectivewasto obtainimproved varieties,
which would, besides producing high quality fruits, be spinelessin order to use the padsto feed cattle
(Anon., 1963b). By 1975, Mexican geneticistshad produced severa useful varieties (including cvs. CPF1,
Pabellénand CPV 1).

Opuntiaproduction

Opuntiaisnot considered aregular forage crop and statistics on planted area and production were not
reported until 1984, and then with little accuracy. Although the cultivated areahas been growing steadily,
thefiguresarelow: 22 hain 1984, risngto 422 hain 1997 (SARH, 1984 t0 1989; SAGAR, 1990t0 1997).
Forage production has been reported in the northern and central part of the country, aswell as Southern
BgaCalifornia. Opuntiaused for forage production isnot directly assessable compared to traditional
crops because of thewide utilization of wild stocks.
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ECOPHYSIOLOGY OF
OPUNTIA FICUSINDICA

Park S. NoBEL

INTRODUCTION

Thephysiological basisof the ecologica successand agricultural usefulnessof opuntiasasaforageinlarge
measurereflectstheir daily pattern of stcomatal opening (stomataarefineporesintheleaf or stem surface
that regulate the exchange of gases between a plant and its environment). Most plants have daytime
stomatal opening so that CO, uptake occurs concomitantly with photosynthesis, which usesthe energy of
light to incorporate CO, from the atmosphere into a carbohydrate. Plants like Opuntia ficus-indica,
however, have nocturnal stomatal opening, so net CO, uptake and water loss occur during the cooler part of
the 24-hour cycle. This gas exchange pattern isreferred to as Crassulacean Acid Metabolism (CAM)
becauseit was studied extensively inthe Crassul aceae, athough apparently first recognized in the Cactaceae
(Ting, 1985; Nobel, 1988). CAM plantsarenativeto arid and semi-arid regions, aswell asto periodically dry
microhabitats such asthose occupied by epiphytes (most of the 20 000 speciesof CAM plantsare epiphytes
growing ontreesintropical forests (Winter, 1985; Nobel, 1991a).

DAILY GASEXCHANGE

Asjustindicated, O. ficus-indicatakesup CO, primarily at night (Figure 1A). Under wet conditionsand
moderate temperatures, net CO, uptake becomes positivein thelate afternoon, when daytimetemperatures
have decreased substantially, and reachesits maximum value afew hours after dusk. Generally, asmall
burst of net CO, uptake occurs at dawn (Figure 1A), when the availability of light allows for direct
incorporation of atmospheric CO, into carbohydratesusing the C, pathway of photosynthesisduring the
coolest part of the daytime. Thedaily pattern for water vapour lossviatranspiration for O. ficus-indica
(Figure 1B) issimilar to the pattern for net CO, uptake, reflecting the requirement of appreciable stomatal
opening to get substantial exchange of either gaswith the environment.

The CO, taken up by aCAM plant at night is bound to a three-carbon compound to form afour-
carbon organic acid, suchasmalate. The accumulating organic acidsare stored overnight inlargevacuoles
within cells of the chlorenchyma (the greenish chlorophyll-containing region), so the tissue becomes
progressively more acidic during the course of the night. CO, isreleased from the organic acidsduring the
next daytime, causing thetissue acidity to decrease. Thisreleased CO,, whichisprevented fromleavinga
CAM plant by daytimestomata closure, isthenincorporated into photosynthetic productsinthe chlorenchyma
cellsinthe presence of light. The daily oscillations of acidity, which is characteristic of CAM plants,
requireslarge vacuolesfor the sequestering and short-term storage of the organic acids.

Park S. NoBEL

Department of Organismic Biology, Ecology, and Evolution
University of California (UCLA)
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WATER-USE EFFICIENCY

A useful benefit:cost index for gasexchange by plantsistheratio of CO, fixed by photosynthesisto water
lost by transpiration, whichisreferred to asthe water-use efficiency (WUE). For the gas exchange data
presentedin Figure 1, net CO, uptakeintegrated over the 24-hour period s 1.14 mol/m?/day and thewater
lossis51.3 mol/m?/day. ThustheWUE is0.022 mol CO, fixed per mol H,O lost for thisCAM plant. This
WUE isabout triple that found for highly productive C, plants (such asmaize or sugar cane) under similar
environmental conditions. C, plantshave daytime net CO, uptakeinitially into four-carbon organic acids,
and 5-fold higher than for highly productive C, plants (such asafalfa, cotton, or wheat), which aso have
daytimenet CO, uptake but whoseinitial photosynthetic product isathree-carbon compound (Nobel, 1995).

Figure 1. Net CO, uptake (A) and transpiration (B) for Opuntia ficus-indica over a 24-hour period under
conditions of wet soil, moderate temperatures, and high light levels (Source: Nobel, 1988, 1995)
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Themuch higher WUE for CAM plantsrdatesto thereduced differenceinwater vapour concentration
between the plant and the atmosphere during the period of substantial stomatal opening. In particular, the
water vapour content inleavesand stemsiswithin 1% of the saturation valuein air at thetissuetemperature
(Nobel, 1999); tissuetemperaturestend to be much lower at night, and the water vapour saturation value of
air increases nearly exponentially with temperature. For instance, the water vapour content for saturated
airis0.52 mol/méat 10°C, 0.96 mol/m? at 20°C, and 1.69 mol/m?*at 30°C. If thewater vapour content of
theair is0.38 mol/m? (40% rel ative humidity at 20°C), then the drop in water vapour concentration fromthe
plant to the atmosphere, which representsthe driving force for water lossfrom aplant, isthe difference
between 0.52 and 0.38, or 0.14 mol/m?at 10°C; 0.96 - 0.38, or 0.58 mol/m?at 20°C; and 1.69- 0.38, or 1.31
mol/m?®at 30°C. For the same degree of stomatal opening, thedriving forcefor water lossthenis0.58/0.14,
or 4.1-fold higher at 20°C than at 10°C, and 1.31/0.58 or 2.3-fold higher at 30°C than at 20°C. Because
tissuetemperaturestypicaly averageat least 10°C lower at night than during the daytimein many locations,
CAM plantstend tolose only 20 to 35% as much water asdo C, or C, plantsfor agiven degree of stomatal
opening. Thisisakey featureintheir utility asforage cropsin arid and semi-arid regions.

WATER RELATIONS

Besidesusing CAM, withitsinherently high WUE, O. ficus-indica has other adaptationsthat |ead to water
conservation. For instance, thewaxy cuticleonitsstemsisrelatively thick, generaly 5to 30 um (Conde,
1975; Pimienta-BarRioset al., 1992, 1993; North et al., 1995). Thishelps prevent water lossfrom the
plantsto the environment. Inaddition, the somata frequency isusualy low for opuntias, generally 20to 30
per square millimetre (Conde, 1975; Pimienta-BarRioset al., 1992). Consequently, thefraction of the
surface area of the stems through which water vapour can move from the plants to the atmosphereis
relatively low. Moreover, the stems contain alarge volume of whitish water-storage parenchyma, which
actsasawater reservoir for the chlorenchyma, wheretheinitial CO, fixation at night viaCAM and the
daytime photosynthesistake place. For instance, during adrought lasting three months, the chlorenchyma
in the stems of O. ficus-indica decreases in thickness by 13%, while the water-storage parenchyma
decreasesin thicknessby 50%, indicating agreater water lossfrom thelatter tissue (Goldsteinet al., 1991).
As another adaptation, the roots of O. ficus-indica tend to be shallow with mean depths near 15 cm,
facilitating aquick responsetolight rainfall. For instance, it canform new rootswithin 24 hoursof wetting
of adry soil (Kausch, 1965). Itsvariouswater-conserving strategieslead to aneed for asmall root system,
indeed, roots compose only about 12% of thetotal plant biomassfor O. ficus-indica (Nobel, 1988).

Drought, which physi ol ogically commenceswhen the plants can no longer take up water from the soil
(becausethe soil water potential isthen lessthan the plant water potentia), leadsto adecreasein the ability
of the stemsto take up CO, from the atmosphere (Figure 2A). Little changein net CO, uptake ability
occursduring thefirst week of drought for O. ficus-indica, reflecting water storage in the stem and the
inherently low water requirement for CAM. Also, thewaxy cuticle and low stomatal frequency allow 20%
of themaximal net CO, uptake to be present even one month after the plantsare under drought conditions
(Figure2A). After theinitial week of drought, the net CO, uptake over the next month averages about hal f
of themaximal value (Figure 2A); after about two months, asmall daily net CO, lossoccurs, asrespiration
becomes greater than net photosynthesis, whereas most C, and C, crops begin having anet loss of CO,
within oneweek of the commencement of drought. Thusthenet CO, uptakeability of O. ficus-indicaand
certain other CAM plantsisextremely well suited to arid and semi-arid regions. Nevertheless, soil water is
themajor limiting factor for net CO, uptakeby O. ficus-indicain such regions, whereirrigation may not be
economically feasible.



16

Ecophysiology of Opuntiaficus-indica

Figure 2. Influence of drought length (A), night-time temperature (B), and light (C) on net CO, uptake over 24-hour
periods for O. ficus-indica. Except as indicated, plants were well watered, maintained at night-time
temperatures near 15°C, and had a PPF of about 25 mol/m?/day incident on the cladode surfaces
(Source: Nobel and Hartsock, 1983, 1984; Israel and Nobel, 1995)
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TEMPERATURE RELATIONS

Temperature not only influences metabolic processes and hence daily net CO, uptake but extreme
temperatures can also lead to injury and even death of plants. Inthisregard, O. ficus-indicaisextremely
tolerant of high air temperatures, but not of air temperatures substantially below freezing. When plantsare
acclimatized to high day/night air temperatures of 50°C/40°C, their chlorenchymacellsare not seriously
injured by 1 hour at 60°C, and most cellssurvive 1 hour at 65°C (Nobel, 1988). Indeed, high-temperature
damagefor O. ficus-indicainthefield isgenerally only observed near the soil surface, wheretemperatures
in deserts can reach 70°C; young plants or newly planted cladodes are especially vulnerabletoinjury. In
contrast, cell injury inthefield occursat freezing temperatures of -5°Cto-10°C. Damagevarieswiththe
cultivar (Russell and Felker, 1987b), with therapidity of the onset of freezing and hencethetimefor low-
temperature acclimatizion or “ hardening” (Nobel, 1988), and with the stem water content, asalower water
content leadsto better tolerance of lower air and stem temperatures (Cui and Nobel, 1994a; Nobel et al.,
1995).

Because CO, uptakefor CAM plantsoccursprimarily at night, night-timetemperaturesarefar more
important than are daytime onesfor daily net CO, uptake by O. ficus-indica (Figure 2B). Moreover, the
optimal night-timetemperatureisrdatively low, 15°C, and temperaturesfrom5°Cto 20°C dll lead to at least
80% of the maximal net CO, uptake. Such low temperatures also lead to low rates of transpiration. As
night-time temperaturesrise, ssomatatend to closefor O. ficus-indica; e.g., at 30°C the stomataare only
one-third asopen asat 20°C (Nobel and Hartsock, 1984), which hel psreduce net CO, uptake at the higher
temperature (Figure 2B). Except for night-time temperatures substantially bel ow freezing or above 30°C,
temperatureisgenerally not amajor limiting factor for net CO, uptake by O. ficus-indica, especialy in
seasonswhenwater fromrainfall isavailable, whichisfortunate, because manipulation of air temperatures
inthefieldisexpensive.

LIGHT RELATIONS

Another environmental parameter affecting net CO, uptakeislight; thelight incident onindividua stemscan
be readily manipul ated by the spacing of plants, although tradeoffs occur between maximizing net CO, per
plant versus net CO, uptake per unit ground area (Garcia de Cortazar and Nobel, 1991). The stems of
O. ficus-indica are opague, contrary to the casefor theleaves of most C, and C, plants, so orientations of
both sides must be considered when evaluating light absorption. Also, the light that is relevant isthat
absorbed by photosynthetic pigments, mainly chlorophyll, whichisreferred to asthe photosynthetic photon
flux (PPF; 400 to 700 nm wavelength; also referred to asthe photosynthetic photon flux density and the
photosynthetically activeradiation (PAR); Nobel, 1999).

When the plants are maintained in the dark, only respiration occurs, so thereisaslight lossof CO,
(Figure2C). Asthedaily PPFincreases, thedaily net CO, uptakeby O. ficus-indicaincreases. Saturation
by light isapproached at atotal daily PPF of about 25 mol/m?/day (Figure 2C; for comparison, thetotal daily
PPF on ahorizontal surfacefor aclear day during which the sun passes overhead isabout 65 mol/m?/day;
Nobel, 1988). Because of the opaque nature of the stems, some of their surfaces are not favourably
oriented with respect to interception of sunlight; also interplant shading will reduce daily net CO, uptake.
Thus net CO, uptake per plant is greatest when the plants are far apart and do not shade each other.
However, net CO, uptake and hence productivity per unit ground areaisthen minimal. If theplantsarevery
closetogether, shading is excessive and much of the stem areareceiveslessthan 5 mol/m?/day total daily
PPF, for which net CO, uptakeissubstantially reduced (Figure 2C). Indeed, net CO, uptake per unit ground
areafor O. ficus-indicaismaximal when thetotal areaof the stem (including both sides of their flattened
stem segments, or cladodes) is4 to 6 timesthe ground area (Garciade Cortazar and Nobel, 1991). When
theratio of total stem areato ground area, termed the stem areaindex (SAl), is1, 2 and 3, the net CO, per
unit ground areafor O. ficus-indicais 35%, 62%, and 85% of maximal, respectively (Nobel, 1991a).
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NUTRIENT RELATIONS

Net CO, uptake, growth and productivity for O. ficus-indica are influenced by macronutrients and
micronutrientsinthe soil, aswell asby salinity and soil texture (Nobel, 1988; Hatzmannet al., 1991). For
instance, growth in sandy loam isabout 25% of maximal at anitrogen content of 0.03% by dry mass, 50%
of maximal at 0.07% N, 75% of maximal at 0.15% N, and approaches maximal near 0.3% N (Nobel,
1989a). BecausetheN content in native sandy soilsin arid and semi-arid regionsisgenerally below 0.07%,
nitrogen fertilization usualy increasesthe growth of O. ficus-indica and other opuntiasin such areas(Nobel
etal., 1987). Theprotocol for nitrogen fertilization of O. ficus-indica hasfollowed traditional practices
developed for other crops(Barberaet al., 1992; Nerd et al., 1993), where the main form taken up fromthe
soil isnitrate (Nerd and Nobel, 1995). Although N isgeneraly themgjor limiting nutrient, growth of opuntias
usually isalso stimulated by phosphorus and potassium fertilization (Nobel, 1989b). A soil level of only
5 parts per million by dry mass (ppm) Pleadsto half-maximal growth for O. ficus-indica (Nobel, 1989b),
but the stems produced are below the nutritional needs of cattle for phosphorus. Indeed, stems of most
opuntiascontain about 1% N by dry massin nutrient-poor native soils, which isbel ow the nutritional need of
cattlefor nitrogen, but about 2% when grown on periodically fertilized agricultural land (Nobel, 1988).

Asfor most cacti, O. ficus-indicaissensitiveto soil salinity. Inhibition of growthisoften linear with
sodium content, with 150 ppm Naleading to approximately 50% inhibition of biomass accumulation by
O. ficus-indica (Nobel, 1989b). Itsrootsare more affected by salinity than areits shoots; e.g. watering
with 60 millimolar (mM) NaCl (about 12% of the salinity of seawater) for six monthsreducesroot growth
by 84% and shoot growth by 50% (Berry and Nobel, 1985). Exposing the entireroot system of O. ficus-
indicato 100 mM NaCl for 10 weeks reduces root growth by 38% (Nerd et al., 1991) but after only 4
weeks, growth of asingle root exposed to 100 mM NaCl can be reduced by 93% (Gersani et al., 1993).
Also, Nais not readily transferred from the roots to the shoot or from basal cladodes to new daughter
cladodes (Berry and Nobel, 1985). Asisthecasefor nearly al plant parts, the Nacontent of the cladodes
of O. ficus-indica does not meet the nutritional needs of cattlefor thiselement.

ATMOSPHERIC CO,

Theatmospheric CO, level iscurrently increasing by about 2 ppm by volume annually, which canlead toan
increaseindaily net CO, uptakeby O. ficus-indica. For instance, adoubling of the current atmospheric
CO, level causesnet CO, uptake by two-month-old cladodesto increase by 49% and their WUE toincrease
by 55% compared with the current atmospheric CO, level (about 360 ppm; Cui et al., 1993). The
aboveground-dry-massproductivity by O. ficus-indicainthefieldis 37-40% higher for adoubled CO, level
versusthe current CO, level (Nobel and Israel, 1994). Although the nitrogen content of older cladodes
remains near 1% of the dry mass, the N content of three-month-old cladodes averages 1.47% of thedry
mass at current ambient atmospheric CO, levelsbut 1.26% at doubled atmospheric CO, levels (Cui and
Nobel, 1994b); the lower N content at the higher atmospheric CO, level reflects a lower amount of
photosynthetic enzymes, asisalso found for other species.

PREDICTED PRODUCTIVITIES

The responses of daily net CO, uptake to environmental factors over 24-hour periods under controlled
conditionscan leadto predictionsfor plant productivity inthefield, as CO, uptakeleadsto growth and hence
toanincreasein plant biomass(Nobel, 1988, 1991b; Garciade Cortazar and Nobel, 1991). Such responses,
especidly withregard to plant spacing leading to ahigh-planting density that maximizesproductivity per unit
ground area, have been used to predict maximal productivity. Thishasled to experimental cultivation of
O. ficus-indica near Santiago, Chile, and Sdltillo, Coahuila, Mexico, under wet soil conditions (generated by
year-round irrigation), moderate temperatures closeto those optimal for net CO, uptake, SAlsof 4t0 6, and
non-limiting soil nutrients (Nobel, 1991a; Garciade Cortazar and Nobel, 1991, 1992; Nobel et al., 1992). For
theseideal conditions, the measured dry mass productivity is50 t/halyr. Considerably lower productivity is
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expected, however, under moretypica (non-idedl) field conditions, productivitiesthat can be predicted using
Figure 2to obtain relative net CO, uptake responses.

A high-planting density with an SAI of 4 to 6 causestheroot systemsof individua plantsto overlap.
Thusamoretypical field situation might bean SAI of 2, which also allowsfor the pathwaysinthefield
necessary for plant maintenance and the harvesting of cladodes. The weather may not lead to ideal
temperatures, which are essentially controllable only by changing thelocation of thefields. Instead of year-
round irrigation, two lesser water availability situations will be considered, which are more typical of
M editerranean climates or regionswhere encroaching desertification favour theuse of O. ficus-indicaas
aforage, namely, wherethe seasonal rainfall leadsto wet soil conditionsfor nearly two monthsin thewinter
and wheretherainfall leadsto two wet periodsof nearly one month each. Using an SAI of 2 leadsto 62%
of the maximal CO, uptake per unit ground area based on PPF interception (Figure 2C) and the field
temperatures may lead to 80% of themaximal daily net CO, uptake (Figure 2B). For thesinglewinter wet
period and using the response of O. ficus-indicato drought (Figure 2A), the plantswould have amaximal
net CO, uptakefor two months, plushaf of themaximal for amonth more during drought or (2.5/12)(100%)
or 21% of the maximal net CO, uptake that would be obtained under year-round wet conditions Because
responsesto thesethree environmental factorsare multiplicative (Nobel, 1984, 1988, 1991a), the predicted
productivity is0.62x 0.80x 0.21 x 50 t/halyr =5.2 t/halyr. For thetwo wet periodsper year plusthedaily
net CO, uptakeresponses of O. ficus-indicato drought (Figure 2A), water limitationswould lead to [(1.5
+1.5)/12] x 100 = 25% of the maximal annual net CO, uptake, so the predicted productivity is (0.62) x
(0.80) x (0.25) x (50 t/halyr) = 6.2 t/halyr. A more precise estimate can be obtained by using monthly or
evendaily vauesfor thelimitations caused by water, temperatureand light on daily net CO, uptake (Figure 2).
Inany case, environmental conditionsin thefield can be used to predict productivity for O. ficus-indica
using responsesof daily net CO, uptaketo soil water, air temperature and PPF determined under controlled
conditionsinthelaboratory.

COMPARISONSWITH OTHER SPECIES

Although most ecophysiological studieson opuntias have been donewith O. ficus-indica, similar results
occur for other opuntiasand other CAM plants (Nobel, 1988, 1994). For instance, Opuntia amyclea can
have ahigh annual biomass productivity of 45t dry mass/halyr at an optimal SAl and under irrigationin
Sdltillo, Coahuila, Mexico (Nobel et al., 1992; actually, speciesstatusfor O. amycleaisuncertainbutitis
morphologicaly distinct from O. ficus-indica). Among other CAM plants, certain agavesused commercidly
inMexico, namely, Agave mapisagaand A. salmiana, have high biomass productivities, averaging 40 t/hal
yr (Nobel etal., 1992). In comparison, thefour highest-yielding C, crops have an average productivity of
38 t/halyr, the four fastest-growing C, trees average 41 t/halyr, and the four highest-yielding C, crops
average 56 t/halyr (Nobel, 1991a). Of greater importancefor forage considerationsin arid and semi-arid
regionsisthebiomassproductivity whenrainfal isseverdy limiting. Under such circumstancesthe advantages
of CAM become apparent for water conservation, asagavesand opuntias have ahigher WUE, leadingtoa
higher biomass productivity per unit ground areathan do C, or C, plantsunder the same conditions (Nobel,
1994).

Agaves and other cacti also have other ecophysiological responses similar to thosefor O. ficus-
indica(Nobel, 1988, 1994). For instance, net CO, uptake, growth and biomass productivity respond favourably
to N fertilization, and generally dsoto Pand K fertilization, and nearly al speciesareinhibited by increasing
soil salinity (Nobel, 1989b). Asfor O. ficus-indica, increasing theatmospheric CO, level alsoincreasesthe
biomass productivity for agaves. A doubling of thecurrent CO, level |eadsto about 50% more biomassfor
Agave salmiana over 4.5 months (Nobel et al., 1996) and nearly 90% more biomass for Agave deserti
over 17 months (Graham and Nobel, 1996). Doubling the atmospheric CO, level for A. deserti increases
daily net CO, uptake per unit leaf areaby 49% whilereducing daily transpiration by 24%, leadingtoa110%
higher WUE. As for O. ficus-indica, other commercial CAM plants are also sensitive to freezing
temperatures, but highly tolerant of high temperatures (Nobel, 1988). For instance, -8°C for 1 hour had
similar deleterious effects on chlorenchymacellsof A. salmianaand O. ficus-indica (Nobel, 1996). Thus
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theextent of cultivation of both speciescanincrease because of therising air temperaturesthat are predicted
to accompany global climate change, and theincreasing atmospheric CO, levelswill increasetheir biomass
productivity.

CONCLUSIONS

Clearly, O. ficus-indica and certain other commercial CAM speciesarewel | suited for foragecropsinarid
and semi-arid regions, generally asaresult of their nocturnal stomatal opening that |eadsto nocturnal net
CO, uptake. Theresponsesof their daily net CO, uptaketo soil water content, air temperature and PPF
areknown or can bemeasured, alowing predictionsof their biomassproductivity invariousregions. Although
extremely high (50 t dry mass/halyr) productivity ispossiblefor O. ficus-indica, predicted productivity of
5to 6 t/halyr under water-limited conditions can still surpass productivity of C, and C, species used for
forage. Specifically, O. ficus-indica can have a WUE that is 3 to 5 times higher than for C, and C,
species. Inaddition, alow stomatal frequency and athick cuticle reduce water loss, whileits massive
photosynthetic stemsact asawater reservoir, extending the period during drought that daily net CO, uptake
can occur. Opuntia ficus-indica is sensitive to freezing temperatures but extremely tolerant of high
temperatures; its net CO, uptake and growth are generally enhanced by N fertilization and increasing
atmospheric CO, levelsbut inhibited by soil salinity. Inany case, based on the suite of itsecophysiological
characteristics, O. ficus-indicahasgreat promisefor increased usage asaforage crop in arid and semi-
aridregions, aswell asfor combating desertification.
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GERMPLASM RESOURCES AND
BREEDING OPUNTIA
FOR FODDER PRODUCTION

Candelario MonbraGON-JAacoBo and Salvador PEREz-GONZALEZ

INTRODUCTION

Thenopal or opuntiaisgeneraly recognized asafruit crop for semi-arid subtropical conditionsaround the
world, althoughitisgrown commercidly for thispurposeonly infive countries: Chile, Italy, Mexico, South
Africaand USA. However, itismoreimportant asaforage and fodder plant, cons dering the extent of wild
and cultivated areasin countrieswhereit isanative plant, aswell aswhere opuntiahas become naturalized.
Stati sticson worldwide estimated arearange from >687 000 ha(Nobel, 1994) to 2.3 millionha(DelaCruz,
1994), thelatter figureincludes|ow-density populations scattered across northern Mexico. It hasbeen
estimated that 92% of these resources are potentially useful as stock feed.

Two anatomical featuresof the plant imply that acceptance of opuntiafruit in theinternational market
could be slow and perhaps limited: the actual fruit quality (i.e. seediness) and the peel glochids. The
presence of thorns on the most productive and high quality fruit cultivars discourages new growersin non-
traditional growing areas. For vegetable use, the mucilage seemsto bethe most important limiting factor for
new consumers. Utilization as afodder or forage, however, seems to be more feasible. Opuntia can
provideacontinuous, va uablesupply of freshfodder during the dry season, given itssucculent non-deciduous
vegetative structure, afeaturerarely found in other forage species. Thefodder will inturn betransformed
into more prized commodities: milk, mest, leather and wool.

Animal husbandry on alimited scaleisacommon survival strategy in semi-arid lands. In many
countries, domestic animals also represent social status, because they are an asset that can be readily
utilized. Pastoral societiesare presentinall arid and semi-arid undevel oped regionsof theworld, making
intensive use of nativegrasslands. Asaresult, depletion of grasdandsisawidespread problem around the
semi-arid belt of theworld, contributing to desertification. Thesearchfor plantsthat can withstand climatic
constraintsand hel p stem land deteriorationiscontinuous. Inthiscontext, opuntiahasinteresting potential,
asaready showninitscentresof diversity and many other areas of theworld that, for historical reasons,
have benefited from opuntiaintroduction and dispersal.

Systematic collection and characterization of germplasmfrom nativeaswell asnaturaized populations,
and continued efforts at breeding, are needed to find new selections and to develop new cultivars for
desertified areas, areasthat currently arerunning out of optionsto recover their biological productivity.

Attemptsto breed opuntiadate back to theearly 1900s, when L uther Burbank in Californiaenvisioned
the development of spinelessvarietiesfor fodder (Dreyer, 1985) that could be cultivated around the globe
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and make productivevast tractsof barrenland. Itisnoteworthy that opuntiaentered theinternational scene
asafodder crop, contrasting withitstraditiona utilization asafruit and vegetable plant in Mexico.

In thischapter we review the importance of the germplasm base of fodder and forage opuntia, the
extent of itsvariability and utilization, and the need for |ong-term conservation efforts. Thetechniques,
research progress, breeding constraints and goals associated with devel oping fodder varieties are a'so
discussed.

BIOLOGICAL BASISOF BREEDING

Natural hybridization of opuntiaiscommon. Itisrelated to polyploidy and appearsto be one of the major
causes of diversity. Asexual reproduction is an adaptive answer to the low germination rates and seed
predation foundinthisgroup (Del Cadtillo, 1999). Hybridizationin natura populationsof Southern Cdifornia
wasd ucidated by Walkington (1966, cited by Gibson and Nobel, 1986) based on morphologica and chemica
studies. These findings indicated that plants of Opuntia occidentalis came from a cross between two
native platyopuntias: O. ficus-indicaand O. megacantha. The hybrid wasreported as having features of
both parents. Scheinvar (1995) reported that in wild populations of opuntias, plants|ocated in the periphery
of thepopulation show greater variability than thosegrowing inthemiddle, probably dueto agreater exposure
to genetic exchange with other speciesand genotypes.

Partial aswell astotal cross-pollinationisfound in cultivated accessions; thus cultivated typesare
likely theresult of cross-pollination. All Mexican cultivarsare reported as products of hybridization of
O. ficus-indicawith different wild opuntiaforms (Pimienta-BarRios and Mufioz-Urias, 1995).

Opuntiaflowersare a so capable of self-pollination, and bagged flowersare ableto set fruit (Nerd
andMizrahi, 1994). Sdf-pollinationwasconfirmed by Wang et al. (1997) with ahybridizationtria involving
six Opuntia species. Thesuccessof self-pollinationisalso confirmed incommercia orchards, wherelarge
blocksof asinglecultivar set fruitsand seedswithout the apparent need for specia pollinating varieties, as
reported by Damigella(cited by Nerd and Mizrahi, 1995, and Mondragon, 1999).

OPUNTIA BREEDING TECHNIQUES

Opuntiaflowersare hermaphrodite, but they can be emasculated and i solated with some difficulty to perform
controlled crosses. Opuntiabreeding principles and techniqueswere described by Mondragon and Bordelon
(1998) and Mondragdn (1999), some refinementsto the techniques were added by Bunch (1997). The
following stepsare taken when emascul ating opuntiaflowers: (1) brush the glochidsfrom the exterior of the
budsto allow easy handling; (2) excise the corolla, using asfew strokes as possible, thereby avoiding
wounds and mechanical damagetothe style; (3) carefully removethe stamensand anthers, cutting closeto
the base; (4) rinse thoroughly with clean water to get rid of residual pollen and anthers; (5) clean the
wounded surface with apaper towel; (6) allow 15-20 minutesto promote drying of the wounded tissues;
(7) cover theflower with aglassine or paper bag, and seal it with arubber band; and (8) label.

The seedsare extracted fromripefruits, then washed and sun-dried. Disinfectionwithdiluted (10%)
commercia bleachisrecommended beforeplanting. Germinationisenhanced by scarification, i.e.immersed
inhot water at 80°C and allowed to cool off a room temperature, followed by overnight soaking. The seeds
can be planted in standard germination media. High temperatures (30-35°C) and regular irrigation are
needed to attain good germination rates (Mondragon, 1999). Germination starts after aweek, but can
continuefor up to two months, depending on seed condition, cultivar and species.

Oncethefirst cladode attains 5-10 cm they can be transplanted to small plastic bags or pots and
placedinanursery. Plant growthinthenursery can beaccelerated by providing long-day illumination and
fertigation. Plants having asecond cladode (25-40 cm total height) are mature enough to tolerate field
conditions, but till they are sensitiveto frosts, therefore they should be planted after any risk of chilling
temperaturesisover.
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LIMITATIONSTO BREEDING

The ability to generate apomictic seedlings derived from the nucellar tissue of the seed and the length of
juvenility arethe most important constraintsfor opuntiabreeding. Apomixishasbeen reportedin severd
speciesof Opuntia, including O. aurantiaca Lindl., O. dillenii Haw., O. glaucophylaWendl., O. leucantha
Link., O. rafinesquii Engelm., O. tortispina Engelm., and O. ficus-indica (L.) Mill. (Tisserat et al., 1979).
Within cultivated opuntias, apomixisisal so awidespread phenomenon. Mondragon (1999), working with 17
breeding popul ations of Mexican origin grown under greenhouse conditions, found that al entriesproduced
materna seedlings, though at different rates. Anexploratory trial of apomictsidentificationwith phenotypic
and molecular markerswas also conducted. Seedlingsemerging late werefound to be associated witha
random amplified polymorphic DNA (RAPD) banding pattern smilar to that of the materna entry, providing
atool for early screening of apomictic seedlings.

Another effective approach to separate sexual seedlings has been used by the Italian breeding
programme. Assuming that thelargest embryo present in the seed isof sexual origin, they arerescued from
the seedsand grown in nutrient media (Chessaand Nieddu, 1999) thereby increasing the number of zygotic
individualsfor field eval uation.

Opuntiacan reach the reproductive stage after the second to fifth year of planting when started from
cuttings, according to cultivar and growing conditions. Plants derived from seeds of a cross between
cv. Cristalinaand cv. Reyna(both of which set fruit after the third year when propagated from cuttings)
under optimum conditionsin northern Guanajuato, Mexico, also started bearing fruits at the third year
(Mondrag6n and Fernandez, unpub. observation). However, someimportant traitsthat qualify afodder
cultivar —including nutritiona value, digestibility and lack of spines—can be evaluated after the second year
of planting. To evaluate plant productivity, fully-grown cuttings can be obtained at the end of the second
year (Mondragon, persona observation).

GERMPLASM RESOURCES
Wild stock

Numerousopuntiaspeciesare utilized asforagein northern Mexico. Fuentes(1991) and Floresand Aranda
(1997) reported the use of 10-18 species, 15 of which areplatyopuntias. O. streptacantha, O. megacantha,
O. leucotricha, O. robusta, O. rastrera, O. lindheimeri, O. engelmannii, O. cantabrigiensis,
O. macrocentraand O. phaeacantha arethe most important regarding abundance, distribution and preference
by ranchers. The most frequently used are O. engelmannii and O. lindheimeri (DelaCruz, 1994). All the
above-mentioned speciesarethorny and haveto be processed for moreefficient use. O. robusta presents
spiny and spinel esstypes, but individua swith smooth pads are predated by rodents during thejuvenile phase
and arenot usualy foundinthewild. O. elisanaisvauedin South Texasand used in situ after burning off
the spines (Felker, 1995).

Even some obnoxious species harmful to livestock, like O. mycrodasys (or blinding prickly pear,
named after the damage caused by the numerous glochids) are consumed when other species become
scarce (DelaCruz, 1994). Varietiesof al speciescan befound closeto the original stock, originated by
chance seedlings of sexual origin. Most of thewild accessions have been reported as having low ploidy
levels(4x and 6x), although O. streptacantha cv. Cardonapresents2n = 2x = 88, asobserved by Mufioz-
Uriaset al. (1995).

Theutilization of whole plantsto feed cattleis endangering wild popul ations of opuntiain northern
Mexico. Too often, they are completely uprooted to increase the collected volume and monetary income,
severely diminishing the chancesfor recovery. The problem cannot be solved easily becausethe plantsare
harvested to be utilized in suburban dairy operations, far away from the nativelocations and benefiting other
users, besidesthelandlords. The germplasm availablein these areas hasbeen barely evaluated and therisk
of loss of valuableindividualsisareal threat. The effects on opuntiavariability can be disastrous and
permanent. Aninitiativeto enforcerational utilization and in situ conservation of wild opuntiaisneeded,
along withintensive effortsto rescue useful germplasm.
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Backyard sour ces

Backyard orchards containing opuntiaare commonly seenin semi-arid central Mexico. They represent an
intermediate stagein opuntiadomesti cation, and were a so the source of propagul esfor theearlier commercia
orchards (Pimienta-Barrios, 1990). Fruit clonesareimportant inthese sites, but clonesfor multiple use—
fruit and vegetable, fodder and vegetable, etc. —are also present in these domestic collections. Mixed
stocksof spiny and spinelessgenotypesarewidely available. Plantsintheyard represent feedstuff readily
availablefor domesticlivestock during thedry season. Spinelessgenotypesare preferred for easier handling.

Thefamily orchardsarethebest sitesto find individuasof sexual aswell asclond origingrowingin
closevicinity. Opuntiaiscapableof cross-pollination, allowing the possibility of chance seedlingsderived
from natural crosses. Inthese places, seedling predation may belower and growing conditionsareimproved
by wastewater and manure of domestic animals. Collection effortsin Mexico have been focused mainly
inbackyards, but acomplete eval uation of suitability asfodder and productivity under cultivationislacking.

EARLY ATTEMPTSAT BREEDING OPUNTIA FOR FODDER

Hyhbridizationin opuntiawasfirst claimed by L uther Burbank intheearly 1900s, which led to thedevel opment
of theso-called ‘ spineless’ cactus. Burbank saw it ashaving immense potential for cattleforagein desert
areas. Severd cultivarswere devel oped, and Burbank aggressively marketed five of them (Dreyer, 1985).
They were said to be the product of extensive crossing and sel ection among accessions shipped from
Mexico and other countries. Today, four of these cultivarsstill remainin the South African collection.

Disregarding the obviousimportance of opuntiaasaval uableresourcefor Mexico, the plant remained
nearly forgotten by the Mexican scientific community for morethan half acentury. Formal breedingwas
initiated in Mexicointhe 1960s. The Universidad AuténomaAgrariaAntonio Narroinitiated research,
selecting for cold-hardy Opuntia (Martinez, 1968, Borrego et al., 1990). During the samedecade, thelate
Dr F. Barrientos of the Colegio de Postgraduados de Chapingo pioneered thefirst hybridizations of opuntia
inMexico.

Theimproved Mexican cultivars

The COPENA seriesof cultivarswere devel oped by the Col egio de Postgraduados of the EscuelaNaciona
deAgricultura. Cvs CPF1, CPF2 and CPF3 were selected for fodder production, and cv. CPV1 for
vegetable use (Barrientos, 19653, b), but all belong to O. ficus-indica. The mature pads of CPV1 are
useful asfodder. Currently, only CPF1 and CPV 1 can befound, plantedin small plotsin central Mexico.

COPENA F1 or cv. CPF1 produceslong, thin, green pads, excellent for human consumption when
tender. Thefruitsof this cultivar are light green, with thin pericarp and aslight blush. Under rainfed
conditions, at least one flush of padsper growing seasonisproduced. Cv. CPV 1lisavegetable cultivar
whose mature pads can al so be used for fodder.

Cv. Pabellon hasovoid, thick, dark green pads; adult plants produce red tasty fruitssimilar to the
fruitsobtained from cv. RojaLisa, afruit cultivar. Itisprobably aselection fromAguascalientes, Mexico.
Both entriesare now availablein most of the germplasm banksrecently formed.

CvsANF1andANV 1 arecultivarsdevel oped during the 1960s by the Universidad AutonomaAgraria
Antonio Narro (UAAAN). Described as spineless and suitablefor fodder production, plantationswere
promoted primarily in northern Mexico, but with limited success, probably dueto thelack of interestin
opuntiacultivation for fodder production asaresult of the abundance of thewild resource. They areonly
availableat the source.
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The‘Palmasof Brazil’

Northeast Brazil isthe most important growing areafor fodder opuntiaintheworld. Cvs’PamaGigante
and’PdmaRedondd (both O. ficus-indicaMill.) arewiddy cultivatedin dry areas. Together with cv. ‘Pdma
Miuda (Nopal ea cochinellifera Salm-Dick), which tolerates more humid conditions, they arethe mainstay
of commercia production of thiscrop.

These cultivarshave small and sweet fruit without commercial importance. They wereintroduced
to Brazil by the Portuguese during the colonia era. “IPA-Clone 20" was selected from open pollinated
seedsof PalmaGigante (O. ficus-indicaMill.). Infieldtrias, IPA-Clone 20 produced 50% more fodder
than the maternal entry (Arrudaand Warumby, 1999).

The spineless Burbank selectionsin South Africa

O. ficus-indicaisbelieved to have been introduced to South Africaat least 250 years ago (Zimmerman
and Moran, 1991), giving this country the oldest record of opuntiaintroduced asafodder crop. Modern
introduction started in 1914, including 22 entries. 19 green“leafed” and threeblue“leafed” accessions, by
way of “true-to-typeseed”. Fromthisinitia collection, and assuming cross-pollination, numerouscrossbred
cultivarshavebeenfound. These selectionswereobtained by L uther Burbank in Californiafrom material
collected in Central America(Wessels, 1988).

The selections Robusta, M onterey and Chico, described asblue-leafed spineless cultivars (probably
O. robusta, based on the bluish hue of the cladode and the red fruit and flesh) were imported to South
Africaas seed from Burbank Nurseries, to be cultivated as stock fodder (Wessels, 1988). Robustaand
Monterrey are highly productive, while Chico presents some cold resistance. All spinelessor ‘ Burbank’
opuntias bear tiny bristles (glochids) around areoles and on the fruit surface (Brutsch and Zimmerman,
1990).

ACTIVE BREEDING PROGRAMMES

The early efforts in selection and genetic improvement were unsustained. A fresh start at breeding is
underway in Italy, Mexico, South Africaand USA, based on the utilization of local germplasm. This
renewed interest, encouraged by the Food and A griculture Organi zation of the United Nations (FAO), has
resulted in the collection of wild and semi-domesti cated accessions, publication of information on crop
management practices, and devel opment of new usesfor opuntia(Barbera, 1995).

D’ Arrigo Brothers, a produce company based in California, USA, supports a private breeding
programme aimed at improving fruit quality of their spinelesscommercia cultivar Andy Boy (similar to
cv. Rossa, whichisgrown and marketedinItaly). Eventhoughthey areinvolved in neither the development
of fodder nor vegetablevarieties, the programmeis sd ecting only spinelesscultivars, which could be eva uated
by other parties.

TexasA&M University, Kingsville, (TAMUK) has been involved since 1982 in collection and
introduction of opuntiatothe USA, aswell asagronomic research and extension. The programmefocuses
onthe development of freeze-tolerant cultivars, aschill damageisacommon problemintheregion (Wang
etal., 1997). In 1996, thefirst round of crosses marked the beginning of along-term breeding programme.
In 1998, the genetic material wastransferred to Universidad Nacional Santiago del Estero, Argentina,
wherethework continued vigorously. TAMUK isalso responsiblefor the popul arization of the vegetable
opuntiaand opuntiaproductsin Texas. Cv. Spineless 1308 (an accession originally collected inthe humid
tropical region of Tamazunchale, Mexico) hasbeen extremely successful among growersand consumers.

Another active breeding programmeislocated in Sassari, Italy, involved mainly inimproving fruit
quality. Their interest also focuseson spinelesscultivars. Additionally, the programmeisworking with
other opuntiasof ornamental value.

Opuntiabreeding started in Brazil in 1985, with 85 clones obtained from seeds derived from open
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pollination of cv. Palma Redonda, plus 17 other clones from several Brazilian locations. Continuous
introduction of genetic material fromAlgeria, Mexico, South Africaand USA hasincreased the number of
entriesto 1400 clonesat the I ngtituto Pernambucano do PesquisaAgropecuaria, (Cordeiro and Alburquerque,
thisvolume), making it the highest number of fodder clonesin evaluation anywhereintheworld. Higher
productivity and better nutritional value, aswell as adaptation to more humid and warmer environments,
arethegoals of thisprogramme.

BREEDING GOALS

Cold tolerance

Hybridization of cold-tolerant native specieswith highly productive but cold-sensitive commercial spe-
ciesshould be amajor objective of breeding programmesto expand the cultivation of opuntia(Gregory
etal., 1993; Mizrahi et al., 1997). Themost important opuntiacultivarsaregenerally irreversibly injured
at temperatures of -5t0-10°C (Russall and Felker, 1987b; Nobel and Loik, 1993). Certainwild Opuntia
species, such asO. fragilis (Nutt.) Haworth and O. humifusa (Rafinesque), both native to Canada, can
tolerate temperatures bel ow -20°C when properly acclimatized (Nobel and Loik, 1993). Coldtoleranceis
an important featurefor opuntiaproduction (fruit aswell asforage) in the southern USA, wherefreezing
temperaturesoccur occasionaly (Parish and Felker, 1997). Susceptibility tofreezingistheprimary factor
limiting the expansion of opuntiaasfodder and foragein cattle-producing areas of the USA. Russell and
Felker (1987b) reported that O. ellisanain Texasendured -9°C without apparent damage, whilefruit and
fodder accessionsfrom Brazil, Chile, Mexico and South Africapresented different degreesof frost damage.
The South African spinelessfodder cultivarsweretheleast affected.

Intheearly 1900s, Uphoff (1916) reported that speciesof cacti having relatively thick integuments
(cuticle, epidermis, crystal-bearing layers, and severa layersof thick walled cells) weremoreresistant to
low temperature than those with thinner integuments. According to Goldstein and Nobel (1991), re-
duced water content and accumul ation of organic solutes and mucilage may be partially responsiblefor
cold acclimatization.

A key issuein cold hardinessisthelength of the onset period of freezing temperatures, as noted
by Gregory et al. (1993). In Opuntia, the lack of freeze hardinessis probably not due to the lack of
toleranceto cold temperatures per se, but the range of day to night temperatures, from 28°C downto -
12°Cinasingleday in Texas, which does not allow the plant to properly acclimatize and express cold
tolerance.

Borrego et al. (1990) reported that selection for cold-hardy genotypeswasinitiated inthe Universidad
Antonio Narroin northern Mexico by Dr Lorenzo Medinain 1963, taking advantage of an unusua -16°C
frost event. Thebest 31 individualswere selected, together with outstanding fruit and vegetableregional
genotypes that also survived the frost, collected from backyards. Some of these clones were later
introduced to southern Texas by P. Felker.

Parishand Felker (1997) found severd promising clonesintheir experimenta orchard at Kingsville,
Texas, an areawith recurrent frost and low temperatures of about -12°C. Clone 1436, obtained from
Sdltillo, Mexico, wasfound to have high yield and good fruit quality. Two other clones, 1452 and 1458,
collected in northern Mexico from areasin the highlands exposed to late frostsand light snow cover, are
aso promising. Thesefindingsindicate the existence of genesfor cold tolerance and the possibility of
opuntiacultivationin colder regions.

Devel opment of hybridswithimproved cold hardinesswas undertaken at Kingsville, Texas, using
the spiny O. lindheimeri asasource of cold-tolerance genes(O. lindheimeri and O. ellisiana have been
observed to tolerate -20°C) and spineless accessions of good fruit quality from Mexico (Wang et al.,
1997). Any spineless segregant has potential to be used in cultivated conditions as a fruit or fodder
cultivar.

O. robusta typically doesnot tolerate frost, as observed in Texaswith cvs’Robusta,” ‘"M onterey”
and’Chico,” noneof whichtolerated a-12 C frost registered in 1989 (Felker, 1995).
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Spineless pads

The presence of spineson the padsisaseriousimpediment to widespread utilization of opuntia. Spine-
less pads are thought to be the result of domestication by man, because plants with smooth pads do not
prosper inthewild. Theinheritance mode of thistrait has not beenidentified, but reversal of spineless
back to spiny forms has been reported in South Africa. Zimmerman and Moran (1991) reported that
thereisevidencesthat only spinelessformswereintroduced to South Africamore than 250 years ago,
and they reverted back to the original spiny form over a period of nearly 200 years. Spiny plantsare
more aggressive and better adapted to spread. These clues suggest the existence of recessive genes
associated with spininess, and confirm the ability of opuntia to reproduce from seed. All breeding
programmes aim to produce spinelessforms.

Plant productivity

Striking differencesin plant vigour have been observed within seedling popul ations derived from selfing
and crossing, suggesting that these differences are probably derived from the plant’s own capacity to
photosynthesizeaswell to absorb nutrientsand water. Thismight be expressed asahigher bud density and
capacity to budbreak in spring, resulting in more cladodes per plant or larger size. It isanimportant
selectiontrait, particularly if associated with spineless pads, digestibility or nutritional value.

Giventhat fodder productioninvolvespartia or total utilization of the vegetative structure, the capacity
to produce new cladodes and to recover quickly from pruning are the more important features to be
manipulated through breeding. Thesize of the cladodesisdetermined by the genotype (Mondragdn, 1999),
and to alesser extent by the planting layout and soil fertility. For higher biomassyieldin cultivated stands,
itispreferableto have cultivarswith medium-sized cladodes suitablefor close planting.

High protein content

Protein content varies significantly according to cladode age, with mature pads having higher percentages.
Thedifferences persist among varietiesand species. Crude protein varied widely when Fuentes (1991)
compared six opuntias from northern Mexico. The lowest value was observed in O. rastrera (2.8%)
compared to 5.1% recorded in O. ficus-indica. The latter sample most probably was obtained from a
backyard or from acommercia plantation. Accordingto Murillo et al. (1994), differences have been
observed between O. lindheimeri var. tricolor (2.81%), which hashigher protein content than O. lindheimeri
var. lindheimeri (4.0%). Thegenetic component of thistrait isdifficult to separate becauseitisstrongly
influenced by soil fertility and crop management. Therefore, selectionfor cultivarswith high protein content
must be conducted under carefully controlled conditions. Itisdoubtful that the genetic gain of protein
content associated with sel ection can surpassthe effects of efficient management of soil fertility.

Pest and disease tolerance

Thereareanumber of peststhat affect opuntia, and variationsin susceptibility to pests have been observed
but not thoroughly studied. Wild cochineal (Dactilopius coccus Costa) and stinky bugs (Chelinidae
tabulata) seem to prefer some spiny cultivars (Mondragon, pers. observation). Soft black rot (Erwinia
p.) isaseriousdisease affecting forage and vegetabl e plantationsin Italy, Mexico and other countries, and
thereareno reports of tolerance among commercial varieties. Eventhough there are optionsfor chemical
control, tolerant cultivarswould offer asafer and more economica aternativefor growers.

IMPROVED OPUNTIA CULTIVARSBEY OND 2000

Coallection of opuntiagermplasm is performed on the basis of major use: fruit, vegetable or forage. New
hybridswill haveto be subjected to awider eval uation to increase the output of breeding programmes.
Breeding for multiple usesis an immediate objective to be pursued by the research programmes. The
suitability of tender padsto be used asavegetabl e can bejudged during the juvenile phase, after thefirst
year planted in thefield. Mature pads, needed to evaluate fodder potential, can be obtained after the
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second year, without hindering the growth or development of the plants. Several combinations can be
expected in regard to use: fruit+forage cultivars and vegetable+fodder, aswell asthe usual single-use
cultivars.

Local tastes and preferences for vegetables can slow down the acceptance of tender opuntiain
those countries without atradition of human consumption of Opuntia. Therefore, the most important
combination for growers—other than Mexicans—will beforage+fruit. Evaluation of protein content and
nutritional value should beincluded asaroutinefor al new cultivars. Thereislittleinformation ontheusage
of fruitsasasupplement to mature pads, and the effects on the nutritional value of an opuntia-based diet, an
aternative of usein countrieswithout atradition of fruit consumption.

Thenew cultivarshaveto be devoid of thornsto facilitate cultivation, fodder handling and feeding.
M odification of cropping systemscould alow theintroduction of opuntiato new locations; the practice of
multiple cropping based on thelocal staple cropswill allow gradual introduction of opuntiato new growers.
Outstanding spiny cultivars, which are less affected by wild rodents, can be directed towards ecol ogical
applications, such asrecovery of degraded lands. Vigorousexchange of spinelessgenotypesamong breeding
programmes should be encouraged.
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PRODUCTION AND USE OF OPUNTIA
AS FORAGE IN NORTHERN MEXICO

Juan José L 6rPez-GaRcia, Jesls Manuel Fuentes-Robricuez and R.A. RODRIGUEZ

OPUNTIAIN NORTHERN MEXICO

Environmental conditionsand physographic variableshaveresulted inawiderange of semi-arid ecosystems
with adiversefloraand faunain northern Mexico, where Opuntia isabundant and widely distributed in
largethicketscalled nopaleras. It isrepresented by 104 species, 60% located in the Chihuahuan desert.
The most important species for forage use are: Opuntia leucotricha, O. streptacantha, O. robusta,
O. cantabrigiensis, O. rastrera, O. lindheimeri and O. phaeacantha (Bravo, 1978; Elizondo et al., 1987).

GEOGRAPHICAL DISTRIBUTION OF NOPALERAS

Marroquin et al. (1964) recognized threelarge regions covered with opuntiasin northern Mexico alone. A
wider approach, including the whole country, was proposed by L épez and Elizondo (1990), who recognized
four regions occupied by opuntiaeras exploited for forage or fruit, or both.

A. Central-southern zone. Thisincludes parts of the states of Puebla, Querétaro and Oaxaca, and is
characterized by treetypes cultivated in nopal eras and producing tender pads (nopalitos), fruits (tunas)
and forage. Speciesaremainly O. ficus-indica (nopal de Castilla), O. amyclaea (nopal alfajayucan),
with severa cultivated varieties (Barrientos, 1972), O. megacantha (tuna amarilla) and O. tomentosa.

B. High plateau zone. Thisliesmainly inthe states of Zacatecasand San L uis Potosi, but includesalso
partsof Aguascalientes, Durango, Guanguato and Jalisco. Itincludestree-typevegetation of O. leucotricha
(nopal duraznillo) and O. streptacantha (nopal cardén), aswell as shrubby plants of O. robusta (nopal
tapon), O. cantabrigiensis (nopal cuijo), O. rastrera (nopal rastrero), O. lindheimeri (nopal cacanapo)
and O. leptocaulis (nopal tasajillo).

C North zoneinthe Chihuahuan desert isthelargest region, and includesthe states of Chihuahua, Durango,
Zacatecas and Coahuila. It isrepresented by shrub vegetation of O. cantabrigiensis, O. phaeacantha
(nopal rastrero), O. lindheimeri and O. rastrera.

D. Coastal zoneof the Gulf of Mexico. Thiscoverspartsof the states of Coahuila, northern Nuevo Leon
and Tamaulipas. Shrubby plants of O. lindheimeri are found associated with other forage species:
O. leptocaulis, O. microdasys (nopal cegador), O. imbricata and O. rastrera to a lesser extent.

Juan José LorPEz-GARCIA, JesUs Manuel FUENTES-RODRIGUEZ and R.A. RODRIGUEZ

Universidad Autonoma Agraria Antonio Narro
Coahuila
México.
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DISTRIBUTION OF THE MAIN FORAGE SPECIES

O. leucotricha (nopal duraznillo). The most widely distributed species across region B at atitudes
between 1500 and 2500 mwith anannual rainfal ranging from 220to 450 mm. Thesewild populations
have been seriously affected by the continuous increase in the cultivated area of maize and dry
beans.

O. streptacantha (nopal cardon) ispresent inlarge areas of the states of Zacatecas and San L uis Potosi,
and to alesser extent over Aguascalientes, Durango, Jalisco and Guanguato. Thisareaisthreatened
by seriousdesertification.

O. robusta (nopal tapdn) grows in association with O. leucotricha and O. streptacantha. 1t iswidely
distributed over the states of Zacatecas, San L uis Potosi, Guanajuato, Aguascalientes and Jali sco.
Thetender cladodes are large and succulent, appreciated for human consumption both fresh and
pickled.

O. cantabrigiensis(nopal cuijo) isashrub with awell-defined stem and abundant spines, used mainly to
feed goats. It hasawidedistribution at dtitudesfrom 1500 to 2200 mwith relatively low densitieson
calcareous soils over the states of Nuevo Ledn, Coahuila, Zacatecas, San L uis Potosi, Hidalgo,
Aguascalientes, Durango, Jalisco, Querétaro and Guangj uato.

O. radtreraisashrub with creeping habit, lessthan 1 mtall, widely used to feed dairy cattlein the states of
Coahuila, Nuevo Ledn, Zacatecas, San L uisPotosi, Durango and Aguascaientes. It growswell ina
wide range of soils, from deep to shallow, rocky and calcareous. It issometimesfound in dense
thickets.

O. lindheimeri (nopal cacanapo) extends over the states of Coahuila, Nuevo Ledn and Tamaulipas at
atitudesaround 1000 mwith an average annual rainfall of 400 mm. The specieshasfour important
varieties, all widely appreciated for forage: aciculata, lindheimeri, subarmata andtricolor.

O. phaeacantha grows wild in Coahuila and the southern parts of Chihuahua and Durango with only
200 mm of annual rainfall at atitudes between 1500 and 1700 m. Fivedistinct foragevarietieshave
been described: major, phaeacantha, diskette, spinosibaca and Nigerians. All of them have good

foragequality.
O. engelmannii isfound in NE Zacatecas and SW Coahuila at altitudes between 1700 and 2200 m in
shallow, calcareous soils. Itisused mainly to feed goatsand sheep.

O. imbricata (nopal scoyonoxtle, xoconoxtle, cardencheor cholla) exhibitsgreat variability and iswidely
distributed inthe states of Coahuila, Zacatecas, San L uisPotosi, Chihuahua, Aguascalientes, Durango,
Jalisco and Guangjuato. It growswell inrelatively poor soilsandisatypical invader plant in poorly
managed grasslands. Used to feed goats and sheep after burning off the spinesin situ.

O. microdasysis ashort shrub without true spines but loaded with short bristles or ahuates, which are
blown by wind and can easily blind animals. It growson cal careous soils, and isused to feed animals
under extremedrought conditionsin southern partsof Coahuila, north of San LuisPotosi and Zacatecas.

O. violacea (morado) isrecognized by its purple-coloured cladodes. A short shrub (<1 m) that growson
deep clay soilsof Chihuahua, NW Coahuilaand east Durango —areaswith only 200 mm of annual
rain, hot summers (up to 45°C) and cold winters(-8°C). Itsforage quality ispoor.

O. rufida (blinding opuntia) isashrub growing to about 2 mthat growsin calcareousclay soils, inthed opes
or inthedeep valleys. Itscladodesarelarger than O. microdasys, and itsquality asforageisalso
poor. Itisused only asan emergency feedstuff (Elizondo et al., 1987).
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PRODUCTION
Wild stands

Forage availability from Opuntia in northern Mexico reliesmainly on wild populations, formed by the
species described above, which are distributed on 283 000 km?. Unfortunately, these areas have been
subjected to heavy use and poor management (Marroquin et al., 1964). Recurrent periods of drought
associated with scarcity of other feedstuffs have also increased the demand for opuntiaforage. The
productivity of such ecosystemsis relatively low and unstable, strongly dependant upon climate and
management conditions.

Yield rangesfrom 25to 125 t/ha, depending upon the species, plant vigour, climate, soil fertility and
management system. Theyield value assumesthat 75-80% of aboveground biomassisusually harvested.
Therecovery period isstrongly dependent onrainfall and intensity of usage.

Cultivated nopaleras

Thereare several production systems, ranging from replanting wild standsto intensive production systems
based onhighdensitiesandirrigation. Federa programmesaimed to recuperate highly deteriorated nopaeras
havefailed duetoalack of understanding of the complexity of the production systemsinvolved. Plantations
wereusually established on marginal landsand under poor management practices, which contributed tothe
faillureof programmes. However, thesefederal projects should continue putting emphasison moreefficient
useof natural resources, to improvethe ecol ogical and socio-economic conditions of the semi-arid regions
innorthern Mexico (L 6pez, 1977; Medinaet al., 1990).

WEell-tended nopal eras planted with 2500 plants per hectare can produce above 100 t/ha after the
fifthyear of planting. Recordedyield for the seventh year is160 t/ha. Sustainable productionisaccomplished
by harvesting every other row annually. However, ingeneral, plantationsare poorly managed and average
yield variesfrom 5to 15 t/haafter thefifth year of planting.

Factorsimportant inimproving yield include:

* Ste selection. For intensive production, it is advisable to select the best part of the land in
terms of soil conditions. The plantation should be at high density. Extensive plantationsare
suggested asan aid to recover natural grassland. Planting under these conditionsinvolvesalow
density of opuntiaplants. Extensive plantingsare conducted in any type of soil.

* Variety selection. A widerange of adaptation tolocal conditionsisneeded, expressed asgood
vigour, health and productivity. They should besuitablefor animal feeding either spindessor with
aminimum density of spines, palatablewith no sdeeffects, of high nutritive value, and havequick
recovery after harvest. Toleranceto pestsand diseasesisalso desirable.

* Propagation. The sourcefor planting material should be 1-4 yearsold, collected from healthy
and vigorousplants. Cladodesare cut at thejoint with asharp knife, the base disinfected with
Bordeaux mixture (1 kg of copper sulphate, 1 kg calcium hydroxide and 100 litre of water) and
allowedtoair-dry inthe shadefor aweek. Cladode bruising should beavoided. Thesepractices
increase transpl anting success.

Soil preparation For extensive plantings, cladodes are deposited directly in shalow holesduginthefield
without disturbing natural vegetation. Depending upon thedope, it might be necessary to build terraces or
individual micro-catchments. Oncetheplantsarewell established, surrounding vegetation shading the
plantscould beeiminated or pruned back. Under intensive planting systems, regular soil preparation practices
(ploughing and contour furrowing) should be performed before transplanting the cladodes.

Transplanting Under dry conditions during the spring in the Chihuahuan desert, it ishighly recommended
to transplant after thefirst summer rain. However, if additional water for irrigationisavailable, planting
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could be performed any time, but late fall seems to be the best time of year to allow plant rooting
previousto budbreak.

The best planting material isacutting with two cladodes, burying 50 to 75% of the basal cladode.
If planting material isin short supply, then single-cladode cuttings can be used. Based on the authors
experience, row orientation has not proved to beimportant for initial plant development inthefield.

Planting density Using 2 500 plants/hait ispossibleto produce 100 t/hain thefifth and 160 t/hainthe
seventh year of transplanting. If densities are increased up to 40 000 plants/haunder fertile soils and
intensive management practices, such asirrigation and fertilization, yieldsmay reach 400 t/ha(Barrientos,
1972). However, actua yieldsinthearid regionsof Coahuilaarevery low, ranging from5to 15 t/ha.

Management practices Careduring thefirst two yearsinvolvesonly the elimination of cladodesgrowing
too close together, which can be used for human consumption (while still tender) or for animal feeding.
Althoughitisnot common, in some nopd erasfruit production isallowed to satisfy family needsor demand
fromloca markets. Under these circumstances, amore conservative pruning method ispractised, leaving
afew moreone-year-old cladodeswhere somefruitswill devel op during thefollowing season.

HARVESTINGSYSTEMS

The use of Opuntia as a source of forage to feed cattle, sheep and goatsis an old tradition in northern
Mexico. Cladode harvesting rangesfromdirect animal consumptioninthefield, to varioustypesof harvest
systems practised by ranchers.

Thevariants observed among extensive livestock operationsare:

* Direct feeding. Opuntia plants are consumed whole including spines, by cattle, sheep and
goats. Thispracticeisinefficient, resulting in serious damage to the animals or even death.

* Removal of cladode edge. The upper portion of the cladodes, where the largest number of
thorns is present is removed with a knife, allowing animals to feed on the plant. Its main
disadvantageiswaste of cladodes.

* Singeing-off of spines of whole plants. The plant is flamed completely, with a propane or
kerosene burner, and the animals allowed to consumeit down to the base. Usually leading to
the complete destruction of the plant. It is combined with grazing in the case of sheep and
goats.

* Singeing and choppinginsitu. The cladodesare harvested and spines burned with firewood or
gastorch. Thenthey are chopped and offered to animals.

A specific caseisopuntiaharvesting for suburban dairy operations. The plantsare harvested whole
and transported to stables, where they are burned and chopped. Depending on the size of the operation,
choppingis performed manually or with adapted machinery.

Unfortunately, all of these systemsare destructiveto somedegree, asthey rely only onwild stands,
and should belimited because none of them involve replanting, |eading to depletion of the natural resource.

A sound practice consistsof extensive cladode cutting and superficial burning to €liminate spinesto
alow animalsto either feed directly in thefield, aswhole cladodes, or cut into small piecestofecilitatetheir
consumption. Alternative—and more efficient —harvest practicesinclude cladode harvesting from dense
stands, which are then transported to the farms, spines burned off, and cut into small piecesto feed the
animals.
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CONSUMPTIONBY ANIMALS

It has been estimated that cattle can consume from 15 to 40 kg of fresh cladodes/day/beast, but under
drier conditions they might consume up to 90 kg if cladodes are abundant, while sheep and goats
consume between 3 and 9 kg/day. During the rainy season, daily consumption may decreaseif other
sources of food, such as grasses, are available.

For housed cattle and sheep, opuntiaconsumption rangeswidely (from 15 to 95 kg/day), depend-
ing upon the availability of other sourcesof food. The most common other feed sourcesincludeafalfa
(green or ashay), sorghum stover, and cornmeal or cotton meal. Common hay sourcesare maize or dry
bean stover, wheat and oat straw, used to complement opuntia feeding, due to their relatively low
nutritive value compared with opuntia. However, due to the high costs of hay, opuntia demand is
increasing every year, particularly during periods of drought.

NUTRITIONAL VALUE

The use of Opuntia as a source of food for humans, domestic animals and wildlife has been very
important in the arid and semi-arid regions of northern Mexico for centuries. Although it has been
considered poor in terms of nutrients and fibre, it constitutes the main source of water in traditional
production systems, particularly during the dry winter-spring season. Opuntia isakey ingredient to
supplement the diet of domestic animalsdue

toits:
Table 1. Water content among species and varieties of

* Water content. Opuntiais one of Opuntia used as forage in Saltillo, Coah., Mexico.

themainwater sourcesfor animals _ — _

in the semi-arid north. However Species Minimum | Maximum
the total amount of water stored | o. ficus-indica 88 93
depends upon species and varie- | O fagaabrigiensis | 68 84

. . O. lindheimeri var. tricolor 72 86
ties (Tat_)le 1). Water C?”te”t IS O. lindheimeri var. subarmata 76 87
grongly influenced by environmen- | 0. imbricata 70 84

tal conditions. ] ] _
% Dry matter content. Severd factors Source: J.J. Lépez-Gonzélez, unpublished data
strongly influence DM, both endog-
enous (species, genotype and cultivar) and environmental, such as soil, climate and season
(Table 2).
* Bromatological analysis. There are significant differences among reported data on tissue
analysis, associated with variation in species, physiological factors, soil fertility, climate, etc.
(Table 2).
Minerals There are few reports on studies aimed to quantify mineral content of opuntiain Mexico.
According to Bravo (1978), the main mineral components in opuntia ashes are calcium, potassium,
magnesium and sodium, usually found assaltsand silica. 1ron and aluminium arefound intraces.

Digestibility The rate of feed intake by the animal isinfluenced by species, variety and season (Ta-
ble 3), cladode age (Table 4), and their corresponding interactions (Revuelta, 1963; Floresand Aguirre,
1992).

Morrison (1956) reported digestibility values asfibre, 40%; crude fat, 72%; protein, 44%; and
nitrogen-freeextract (NFE), 78%, whileMurillo et al. (1994) studied theinfluence on opuntiadigestibility
of yeast supplemented with two sources of nitrogen. When yeast isadded to Opuntia, digestibility was
61.6%; if ammonium sul phate was combined with yeast, digestibility increased to 93.9%. Adding yeast
and urea, digestibility reached 76.8%.
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Table 2. Nutritional values of Opuntia species on a DM basis.

Species DM oM CP Fat Fibre Ash NFE Source
Nopalea spp. 10.69| 73.79| 892| 151| 17.21| 2621| 507 G”ff'this‘;’g‘g Hare,
O. chrysacantha 15.52| 73.45 3.54 1.11 4.32| 26.55| 64.33
O. tenuispina 12.45| 70.21 4.42 1.04 5.14| 29.80| 59.52
O. megancantha 10.12| 7451 7.71 1.38 3.75| 25.44| 68.87
O. rastera 14.41| 59.89 2.78 0.76 6.18| 40.11| 43.23
O. azurea 12.55| 68.88 4.54 1.35 3.98( 30.12| 59.84 Palomo,

O. cantabrigiensis 11.86| 68.46 4.79 1.09 3.71| 31.54| 58.87 1963

0. engelmannii 15.07| 68.41 3.32 1.19 3.58| 31.59| 60.32

O. lucens 17.45| 69.59 3.67 0.57 2.58| 30.43| 62.75

O. lindheimeri 11.57| 7451 4.15 1.03 3.02| 25.50| 66.25

O. robusta 10.38| 81.41 4.43 1.73| 17.63| 18.59| 57.61

O. streptacantha 16.01| 79.38 3.17 1.99| 18.88| 20.62| 55.34

O. leucotricha 14.01 74.01 7.56 2.66 14.01 26.00| 49.78 Griffiths and Hare

O. imbricata 17.71| 84.25 7.11 1.75| 11.51| 15.75| 63.86 1906 !

0. cacanapo 16.95| 72.51 5.19 2.06| 11.21| 27.49| 54.04

O. stenopetala 13.24| 77.87 8.84 1.74 9.14| 22.13| 58.16

O. duranguensi 10.34| 82.94 4,51 1.29 8.23| 17.06| 68.91

O. ficus-indica 11.29| 86.93 3.81 1.38 7.62 13.07| 74.13| Bauer and Flores,
cv. Amarillo oro 1969

O. ficus-indica 13.36 81.55 3.66 1.76 9.18 18.45 69.95

O. spp. 10.01|  ----- 5.71 3.01 8.11| 12.01| 55.01

O. ficus-indica 8.01| ---—-- 6.81 1.01| - 8.88| 81.25| Lastra and Pérez,

O. ficus-indica 796 - 4.04 1.43 8.94| 19.92| 65.67 1978

O. imbricata 1041  ----- 5.01 1.81 7.81| 17.30| 68.11

Key: DM = dry matter. OM = organic matter. CP = crude protein. NFE = nitrogen-free extract

Table 3. Variability in nutrient digestibility of spineless Opuntia.

Season Crude protein Fat NFE Cellulose
Winter-Spring 0.2-0.3 0.08-0.12 3.0-55 04-1.0
Summer-Autumn 0.3-04 0.15-0.16 6.5-11.0 0.8-2.0

Source: Revuelta, 1963.

Table 4. Digestible nutrients of Opuntia as influenced by variety and cladode age.

Source Crude protein Crude fat Fibre NFE
Spiny variety
1st yr. cladodes 0.24 0.14 5.22 5.22
2nd yr. cladodes 0.21 0.17 0.51 4.73
Spineless variety
1st yr. cladodes 0.22 0.17 0.49 481
2nd yr. cladodes 0.18 0.19 0.63 4.39
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OPUNTIAANDANIMAL PRODUCTION

Theinformation available on use of Opuntiato feed livestock in extensive aswell asintensive meat and
dairy operations supportstheimportance of Opuntia (Fuentes, 1966).

Meat production

Griffiths (1905) reported the first results, stressing the importance of Opuntia as a source of food for
domestic animals. These preliminary findings, derived from feeding bovinesfor meat production, were
based on a 15-week study, werethat:

* cornmeal + opuntiaisbetter than corn[maize] grain + opuntiamixture,

* daily mean consumption per animal was48.0kg,

* daily animal gainwas0.85 kg, and

* 55 kg of opuntiacombined with 2.5 kg of cornmeal were required to produce 1.0 kg of meat.

Experiencesreported from Brazil concluded that 60% of thetotal energy requirements could be

supplied by opuntia. Increasing the protein provision (from cotton meal and mamona (Melicoccus
bijugatus)) or providing molasses did not improve liveweight gain of animals of Zebu, Indobrasil and
Guzerat breeds (Vianaet al., 1965). Diarrhoeacaused by excessopuntiafodder was successfully controlled
by providing sorghum stover at therate of 0.75to 1.3 kg/animal/day.

In astudy conducted by Fuentes (1991) on seven sitesin Coahuila, 685 animalsgrazing freely and
supplemented with mai ze stover, molasses and ureawere al so fed with 10 to 20 kg/day of burned-chopped
opuntia. Daily animal gainranged from0.1t0 0.6 kg. Opuntiaprovided 7.8% of total maintenance energy,
20.6% of the protein, 50% of phosphorous and 100% of the cal cium requirements recommended by the
NRC (1984).

Theseresults support theimportance of including Opuntiain the diet of domestic animals, based on
experiments combining species, varieties, local conditionsand their corresponding interactions.

Milk production

Sincethe early 1900s, most suburban areasin Northern Mexico provide milk to largecities, and cowsare
fed with opuntiaasasupplement to theregular diet. Thebelief isthat opuntia-based supplement increases
not only milk production, but asoimprovesquality of butter intermsof consistency and storagelife, aswell
asadding an attractive“ golden” colour to thefinished product (Griffiths, 1905; Cottier, 1934; D" Arces,
1941; Aguilar, 1946; Blanco, 1958; Calvino, 1952; Gonzalez et al., 1998).

However, Gonzalez et al. (1998) reported that milk productionin Holstein cows decreased with the
rate of Opuntiainthediet. Therefore, they recommend using only 20 to 30% (on adry matter basis) and
supplementation with afalfahay, oatsand sorghum to obtain agood bal ance between production costsand
returns.

Daily Opuntia consumptionin southern Coahuila (Fuentes, 1991) and Nuevo Leon (Fuentes, 1992),
ranges between 20-30 and 25-40 kg/cow, respectively. It was estimated that in such conditions Opuntia
provided 4.5% of thetotal energy required for suckling, 12.2% of the proteins, 46% of crudefibre, 15% of
phosphorousand 100% of cal cium compared to the recommended requirements (NRC, 1984).

Sheep

Under afree pasture consumption systeminthefield, sheep consumeless opuntiathan goats, but when fed
with burned-chopped Opuntia, their consumption reaches about 3-5 kg/day.
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Other studiesabroad report bovines being fed for 400 days exclusively on an opuntiadiet without
watering, without serious side effects (Rossouw, 1961). Whilein South Africa, reportsindicate up to 525
days(Havard, 1969; Terblancheet al., 1971). Althoughthereisnot areal increaseinweight, animalsare
saved from starvation.

The consumption of opuntiaby sheep isassociated with animprovement inthe quality of thewaooal,
attributed to an increase in the lanolin
content, as reported by Rios (1954) and
Revudta(1963). Theeffect wasobserved

Table 5. Influence of Opuntia cladode dry matter content on
body weight loss of “Merino” sheep

with adaily consumption of 7 kg/anima in Dry matter ntake | Weight loss
Tamaulipasand Nuevo Leon (Rios, 1954) Cladode treatment | = /- nimaliday) | (kg/animaliweek)
and upto 9to 10kginother regions(De Erosh 3457 0.620
Klerk, 1960). ,
Intermediate 396.1 0.510
Using a linear regression model, Dehydrated 5071 0.230

Flores (1977) predicted a 2- to 3-fold
increasein bodyweight for sheepfedwith Source: Terblanche et al., 1971
opuntia supplemented with alfalfa hay,
sugar beet and corn silage, for 32-kg

sheep.
Terblancheet al. (1971) studied theinfluence of adiet based exclusively on opuntiaon theweight

loss of Merino sheep using fresh (10% dry matter), dried (27% dry matter) and dehydrated cladodes
(87.9% dry matter). Thelast treatment represented the best option (Table 5).

Other animals

In northern Mexico, goats browsefreely and feed on Opuntia all year round, but rely more on the cactus
fromlateautumnto late spring. Daily consumption rangesfrom 3to 9 kg/day intheopenfield, andupto 11
kg when they are housed.

Open browsing, singeing in situ, and cladode coll ection arethe methods of opuntiautilization, asfor
cattle.

The most commonly used species to feed goats in northern Mexico include O. leucotricha,
O. streptacantha, O. robusta, O. cantabrigiensis, O. rastrera, O. lindheimeri, O. imbricata,
O. microdasys and O. leptocaulis. All of these species used as forage sources have abundant spines,
which arehard, large and have abundant glochids (ahuates), which can cause serious problemsto eyesand
mouth of domestic animalsfeeding onthem.

Opuntiaisextremely important for wildlife, probably even morethan for domestic animal's, supporting
therich faunaof the Chihuahuadesert.

PROBLEMSAND PERSPECTIVES

The recent droughts in northern Mexico have resulted in the loss of more than 200 000 animal's, and
consequently the demand for opuntiaisrapidly increasing. A few decades ago, opuntiawas collected at
distances up to 20 km away from urban areas, while now it isnecessary to transport plantsfrom distances
exceeding 100 km (Marroquinet al., 1964).

Production systems practised today destroy vegetation and accel erate the desertification process,
representing a serious danger to the native flora and fauna of northern Mexico. Therefore, it isvery
important to implement re-vegetation projectsthat include severa important native species, such asOpuntia,
Agave, Prosopis, Acacia, Mimosa and others.
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OPUNTIA AS FODDER IN
THE SEMI-ARID NORTHEAST OF BRAZIL

Djalma CorpElrRo Dos SanTos and Severino GoNzAGA DE ALBUQUERQUE

INTRODUCTION

Thehistory of theintroduction of fodder opuntiainto Brazil isamuch debated topic, but probably it was
introduced inthe 18" Century, from the Canary Islands, to raisethe cochineal insect (Dactilopiuscacti L.)
for dye production (Pessoa, 1967). After losing competitiveness, dye production died out, and both species
of opuntia(Opuntiaficus-indica (L.) Miller and Nopal ea cochenillifera Salm-Dyck) became ornamental
plants. Theuseof opuntiaasfodder inthe semi-arid areas of northeast Brazil occurred only at the beginning
of the twentieth century. Theintroduction of varieties bred in USA by the American geneticist Luther
Burbank (Hardwood, 1930) isalso controversial (Domingues, 1963). Opuntiawas used asfodder after
1915 (Pessoa, 1967) and dueto thegreat 1932 drought, thefederal government established many propagation
plots (Duque, 1973) that provided the stock for the dissemination of the speciesinthe northeast.

Opuntiaiscultivated in the semi-arid northeast, mainly by the dairy cattleranchers, and thelargest
cropping areas arefound in the States of Alagoas, Pernambuco and Paraiba. Accordingto Corréia(1986)
and Timbau (1987), ca. 400 000 haof opuntiawere being grown in the northeast. To understand opuntia
distribution, it isnecessary to know the physiographic zonesof theregion, which inthe State of Rio Grande
do Norteand in the states cited above are defined interms of rainfall, forming threelarge areas. the Mata,
Agreste and Sertdo zones (Figure 3). Inthe States of Rio Grande do Norte and Paraiba, there are zones
with other names, such as Serid6 and Cariri, that form part of Sertdo. More detailed descriptions are
avallable eg. Silvaetal. (1992). However, tofacilitate understanding, thiszonation—whichisasousedin
popular communication—will be maintained.

In the Mata zone there are two factors important to agriculture, namely high precipitation (over
1 400 mmannually), andfertilesoils. Thisregion hasbeen, since colonization, dedicated to sugar cane. The
Agrestezoneislocated towardstheinterior, in the BorboremaHighlands, with annual precipitation around
700 mm, distributed irregularly but concentrated in the period March to August (whichisthe season of least
evapotranspiration), with mild night temperatures. The Sertéo zone has higher temperatures, and therains
occur during the hottest months. IntheAgreste zone, aswell asin the Sert&o zone, the dry seasonislong,
lasting six to seven months and seven to eight months, respectively, with severedroughtsevery 10 or 11
years. Inthe Agreste zone, the landholdings are smaller, ca. 40 hain size, and moreinvolved in dairy
production. Felker (1995) reported that in the northeast, about every 10 km therewasa2- to 10-haopuntia
plantation, but in Agrestethisoccursevery 1-1.2 km, representing the largest cultivated areaof opuntiain
theworld. Inrecent years, opuntiaplantations haveincreased in most of the northeast states. Theauthors
estimate that the actual total areacoversabout 500 000 ha.

Djalma CORDEIRO DOS SANTOS Severino GONZAGA DE ALBUQUERQUE
Estacdo Experimental de Arcoverde IPA CPATSA—-Empresa Brasileira
Petrolina do Pesquisa Agropecuaria
Brazil Petrolina

Brazil
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Figure 3. The agroclimatic zones of eastern Brazil
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Theregional variation in precipitation, ranging from 300 to 750 mm/yr, with irregular seasonal
distribution, has not limited the establishment of thisfodder plant, with its Crassulacean Acid Metabolism
(CAM) photosynthesis, which allowshighly efficient water use comparedto other C, and C, fodder plants.

CHARACTERIZATION OF LIVESTOCK PRODUCTION SYSTEMS

In the period 1965 to 2000, someimportant factors have affected agriculturein the semi-arid northeast,
induding:
(1) Some cash cropslost economic competitiveness, and wereretired from cultivation, like perennial

cotton (GossypiumhirsutumL. var. marie-galante), annua cotton (G. herbaceumL.), sisal (Agave
sisalana Perr.), and castor bean (Ricinus communisL.).

(2) Somesocial security regulationswere extended to cover rural workers, and labour becamevery
expensive.

(3) Probably asaresult of thelabour expense, there has been an intense exodusfrom rural zonesto
urban areasand other regions. Currently, only about 32% of the popul ation of the semi-arid region
livesinthe countryside. At the sametime, studieshave shown that aternatives crops (represented
by subsistence crops such as maize (Zea mays L .), beans (Phaseolus vulgarisL.) and cowpea
(Mgnaunguiculata (L.) Walp.)), were not attractive options because the probability of profitable
yieldswasonly 20%. Dueto thesefacts, livestock rearing becamethe main activity inthe semi-
arid northeast, although its contribution to GNPisstill very low.

Anima husbandry inthesemi-arid regionsisdua-purpose: milk and beef, dthough near to metropolitan
centres, the proportion of Holsteinin crossingincreases. In somesituationsit becomesexclusively dairy
oriented and the cow ismilked without the calf. Themost important opuntiaproduction zonesare Paraiba
Agreste, Cariri, Pernambuco and AlagoasAgreste. Most of the pasturesin Agreste are native, based on
theannual grass Brachiaria plantaginea at the beginning of therainy season and on the perennial grass
Chlorisorthonoton Doell. in thefollowing months. Thesetwo grasses emerge after woodland clearing.
Pangolagrass (Digitaria decumbens Stent.) had in the 1960s a certain adoption, but in years of below
average precipitation it tended to disappear, and it was replaced by D. pentzi, buffelgrass (Cenchrus
ciliaris L.) and Urochloa mosambicensis (Hack.) Dandy. In the Cariri zone, pastures are based on
caatinga, athorny deciduousdry woodland.

Opuntiaisgenerally planted in January-February, before the onset of therainy season, althoughin
Alagoassomefarmersplant it at theend of therainy season, to haveit established before the next growing
season. Harvestsare determined by need, but they are never performed annually. Transportation to yards
isdonevariously using mules and oxen harnessed with “hooks’ made of tree branches, while othersuse
trucksand tractors. Somefarmerschop it with knives, whereas others use the combined forage chopper
machine. A fodder chopper was designed at the start of the 1960s: it hastwo inlets, onefor grassesand
similar material, and the other for opuntia. Chopped material isspread into thetrough using baskets, ox-
carts, or chopped directly into thetroughs, which are generally roofed.

Aware of opuntia’sdeficiencieswhen fed as solefodder, farmers have adopted sorghum silageasan
integral part of livestock production systems(Melo et al., 1992).

Planting density

Thefirst publicationson opuntia(e.g. Silva, 1931; Cesar, 1932) contained information on cultivation and
nutritive value, although they were not based on experimental results. Research started at Pernambuco
Agricultural Research Institute (1PA) (Souza, 1963).The goal wasto obtaininformation on variousfactors,
such asdensity, evaluation of cultivarspresent intheregion, organic fertilization, etc., based on a3*design
to study cultivar x density x manurerates. Similar studieswere established in thefollowing years (Souza,
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1963; Metral, 1965; Limaet al., 1974a, b). Intercropping with sorghum (Sorghumbicolor (L.) Moench.)
inAgrestewas another factor included (Fariaset al., 1989). Albuquerque and Rao (1997) studied planting
density and intercropping with sorghum and cowpeain Sertdo.

Until the 1990s, research resultsdid not indicate great advantages with opuntia populations above
10 000 plants/ha(Table6), exceptin Fariaset al. (1986). In contrast, the use of wide spacing was more
attractiveto ranchersfor intercropping and to facilitate weed control operations. Resultsof herbicidetrials
have not been satisfactory.

Table 6. Opuntia yield (fresh weight; t/ha) at various planting densities

Density (‘000 plants/ha) i
Cultivar Reference
<10 10 13-15 20 40
26.85 36.23 49.73 Three cvs. Souza, 1963
52.55 75.61 78.50 Three cvs. Souza, 1963
32.03 48.29 47.08 47.23 Redonda Metral, 1965
21.98 32.82 39.60 50.50 Gigante Metral, 1965
8.46 13.00 15.10 14.76 Miuda Metral, 1965
14.88 20.38 22.36 Gigante + Miuda Lima et al., 1974a
14.66 18.51 19.22 Gigante + Miuda Lima et al., 1974a
21.51 22.56 25.00 Redonda + Miuda Lima et al., 1974b
19.00 19.13 21.98 Redonda + Miuda Lima et al., 1974b
28.37 52.13 66.87 Gigante Farias et al., 1986
41.84 53.32 70.21 Miuda Santos et al., 1996
3.78W 3.12" Gigante Albuquerque and Rao, 1997
4.00" 453" Gigante Farias et al. (undated).
100.15 103.50 Mitda + IPA 20 Santos et al., 1998a
103.36 100.59 Milda + IPA 20 Santos et al., 1998a

Notes: (1) Dataindry weight (t/ha).

Inthiscontext, Santoset al. (1998a), working on opuntiawith traditional spacing (5 000 plants’ha),
found aL eaf Arealndex (LAI) during harvest of 0.5, which was considered to bevery low comparedto 3
to 5 for forage plants (Peterson, cited by Zimer et al., 1988). These results and the general trend of
decreasing property size motivated the ranchersto adopt higher densities.

In 1995, there were numerous reports in Pernambuco (Corréia, 1995; Castanha, 1995) of high-
density opuntiaplantings established in the Sertdo zone (CustodiaMunicipality), supervised by C. Flores
(Universidad Auténomade Chapingo, Mexico). Densitiesranged from 40 000 to 80 000 plants/ha, at acost
of ca. US$ 1 000/ha, including mineral fertilization. However, weeds became a serious problem, hand
control wastime consuming and expensive, and during the dry season therewasgreat risk of fire.

Even though mineral fertilization had asignificant effect on yield, other resultswere not consi stent
and it was concluded that aplanting density of ca.10 000 plants’hawasadequate. | PA researchersestablished
dense plantations of up to 40 000 plants/hain Caruaru and Arcoverde municipalities, andinitial yields of
135 t green matter (GM)/halyear werereportedin onebulletin (IPA, 1998) and at afield-day. Santoset al.
(1998b) reported productivity of 15.7 and 12.9 t of dry matter (DM )/halyear for IPA-Clone 20, and 10.7 and
15.0t DM/halyear for cv. Miuda, using 20 000 and 40 000 plants/ha, respectively. Based onresultsin
Agreste zone, 40 000 plants’hawere recommended for biennial harvests. If plantingsare expected to be
harvested after three or more years, the authors recommend 20 000 plants’ha, but both densities can be
combined: the higher density will be harvested biennially, whereasthelower density will be spared asa
“live” (left growinginthefield) strategic reservefor useduring dry years.

For Sertdo zone, Albuquerque and Rao (1997) recommended adensity of 10 000 plants/ha, distributed
in3x1x0.5mspacing, i.e., pairsof rows (1 m apart), separated by 3 malleys. With 20 t/hasystematic
biennial manurefertilization, probably an adequate density liesbetween 15 000 and 20 000 plants/ha; four
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jointed linesresultinadensity of ca. 17 000 plants’ha. Opuntiaproduction costscan bereduced by mechanizing
weed control, manure spreading and opuntiatransportation to thetrough. Therefore, a3to3.2malley
spacing isvery important.

Crop management

Fertilizationisaintensvely studied factor, using cattle manure asthe main source of organicfertilizer. Data
inTable 7 show that productivity isalmost doubled by applying 20 t/haof cattle manure every second year.
It must be noted that thisamount is not readily available in ranch yards, and unfortunately small-scale
ranchersdo not valuethe manure enough for itsfertilizer value, giving it away or sellingit at low pricesto
vegetable growers. Manureisused in other countries, such asNorth Africa(Monjauze and Le Houérou,
1965), USA (Gregory and Felker, 1992), in Chilefor fruit production (Tironi-Compiano and Zufiiga-Oliver,
1983), and in Mexico (Mondragon and Pimienta, 1990). Carneiro and Viana(1992) found that highest
efficiency occurswhenitisspread in furrowsbefore planting.

Studieson opuntiaresponseto N and P started in 1957, and responsesto N and P werereported by
Souza (1963). Metra (1965), working in the northeast, al so found significant responsesto N and P, but not
to potassum (K). Limaet al. (1974c) found N response up to 100 kg/ha, whereas P responsewas observed
upto 50 kg P,O /ha. Santoset al. (1996) recorded 30% increasein opuntiaproductionin S.B. do Una,
using 50-50-50 kg/halyear of N-P,O,-K. 0. Theseresultscontrast with those of Gonzalez (1989), working
with O. lindheimeri Engelmin USA, who found aresponseto N-P,0.-K O at arate of 224-112-0 kg/ha/
year.

Table 7. Effect of manure fertilization on the yield of forage opuntia

Yield (t FW/ha)

at manure rates of Manure source Cultivar Reference
0 t/ha 10 t/ha 20 t/ha
14.75 33.10 41.05 Not specified Three cvs. Souza, 1963
35.49 43.24 57.65 Not specified Three cvs. Souza, 1963
27.35 31.67 41.10 Cattle Gigante Araljo et al., 1974a
27.35 27.85 34.77 Goats Gigante Aradjo et al., 1974a

1.25W 2.86% Cattle Gigante Carneiro and Viana, 1992

50.25 96.99 Cattle Gigante Santos et al., 1996

Notes: (1) Data in dry weight (t DW/ha).

Soil preparation

Inareasalready cultivated in Agreste zone, soil preparationisdone beforetherains, starting with ploughing
and furrowing, followed by manure spreading (20 t/ha) in the furrows. Rigorous selection of planting
material is needed. Large and healthy cladodes ensure a high number of active buds. It is usualy
recommended to plant cladodes facing north-south, assuming ahigher rooting rate. However, Becerra-
Rodriguez et al. (1976) reported ahigher productivity if cladodeswere planted facing east-west. Light
intensity in Mexicoislower thanin northeast Brazil.

Intercroppingisaway toincreaseland useefficiency. For annua crops, it hasbeen studied worldwide,
but few studies have been conducted with opuntia. Intwo placesin Ceara State (SUDENE, 1972), various
cropswereintercropped with perennial cotton (GossypiumhirsutumL. var. Marie-Galante), and opuntia
promoted an additional net income of ca. 31% compared to cotton as sole crop. Albuquerque and Rao
(1997) found that cowpeadecreased opuntia production by 40% inthefirst triennial harvest, but in the
second harvest, therewasan increase of 20%, giving afinal decrease of 20% in the mean of two harvests.
Thelegume grain helped to compensate for the weed control costs. Intercropping with grain sorghum
reduced opuntia production by 40%, but crop residues compensated for theloss of fodder from opuntia.

Therecommended practice of planting four opuntialines, followed by a3-3.2 m lane, besidesthe
additional advantages of alowing amore efficient use of machinery, leaves spacefor intercropping with
annual cropssuch asmaize (ZeamaysL .), sorghum or cowpea.
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Cutting height

The cladode denomination proposed by Santos et al. (1990a) uses “base cladode” (the one that was
planted); 13 order cladode; 2™ order cladode; and so on. Silvaet al. (1974) found that leaving all 2™ order
cladodes on each plant, nopal era recuperation was faster, and productivity more constant through the
harvests. In contrast, much fodder isleft on field when 2™ order cladodes are spared. So the authors
recommend leaving al 1% order cladodes, and for each plant, toleave only one 2™ order cladode. By doing
S0, nopalerarecuperation is reasonably fast, while less fodder is left on field. Leaving only 1% order
cladodesisan option that must a so be considered. Cuttings should bedone onthejoints, athough Carneiro
et al. (1989) found higher sprouting number when cuttingswere done away fromthejoints. However, this
resultsin plantswith awkward architecture that will makefuture cutting moredifficult, and alarger wounded
surfacewhich might facilitate pathogen entry.

Species comparison

Opuntiaisrepresented in Northeastern Brazil by three varieties, which fromnow onwill bereferred to as
cultivars, namely cv. Gigante, cv. Redonda (both O. ficus-indica), and cv. Miuda (N. cochenillifera),
athoughin Gregory and Felker (1992), cv. Mildaisconsidered to be O. cochenillifera. CvsGiganteand
Redondaare cultivated in drier zonesand on poor soils, whereas Miudagrowsin more humid areaswith
better soils.

Excluding resultsobtained inV.S. Ant&o municipality, Gigante and Redondahad higher productivity
than Miuda(Table8). However, datafor GM and DM content of Miudaindicate higher valuesthanfor the
other two cultivars: 16.56% versus 10.39% (Santoset al., 1990b). Another fact caught the attention of
researchers, namely that cowslost lessweight when fed with Midda compared to the other cultivars, as
reported by Santoset al. (1990b), representing aresearch priority for drier areas. Santos(1992) compared
ten cultivars: therewere no differencesin DM production (P>0.05) among Gigante, Redondaand Mitda,
although protein content washigher in Mitda. Theauthor concluded that it isfeasibletoincrease opuntia
productivity and possibly protein content through genetic breeding. Santoset al. (19984, b) conducted
researchinArcoverdeand S.B. do Una, finding similar results (Table 8) among thethree cultivarsaswell
as|PA-Clone20. Inthe S.B. do Unawork, yieldsof Miudaand Gigantewere 8.64 and 7.82 t DM/halyear,

respectively.

Table 8. Productivity of opuntia cultivars

Cultivar and yield (t GM/ha)
Reference
Gigante Redonda Mituda IPA Clone 20
33.35 36.22 37.40 Souza, 1963
35.94 38.62 19.24 Souza, 1963
34.92 38.05 22.40 Aratijo et al., 1974b
21.84 16.58 Lima et al., 1974a
20.20 14.74 Lima et al., 1974a
36.00 a®¥ 27.86 b Lima et al., 1974b
33.48a 21.38b Lima et al., 1974b
25.06 22.44 18.09 Alves, 1976.
7.82a 10.07 a 8.64a 11.95 a Santos et al., 1998a®
12.62 a 14.12 a Santos et al., 1998b®

Notes: (1) Means with same letters in the same line do not differ (P<0.05). (2) Values expressed as DM.

In 1985 an opuntia breeding programme wasiinitiated at |PA, using seeds from open pollinated
cv. Gigante to generate 85 clones, which were integrated with another 17 clones from other placesto
establishavariety trial. 1n 1995, resultsindicated that | PA-Clone 20 was superior, producing 50% more
than Gigante, thecultivar most cultivated inthenortheast. Thegermplasm collection programme continued,
with other genetic material brought from Algeria, Mexico, South Africa, USA, etc. New cloneshave been
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added, and the genebank at 1PA now holds 1 400 clones. New materid isnow under trid in other northeastern
states, such as Piaui, Cearg, Rio Grande do Norte, Paraiba, Alagoas, Sergipe and Bahia. Thus, with
exception of Maranh&o, in which there are no semi-arid lands, research isunder way in al northeastern
states.

Environmental constraints

Theworld'slargest areas of cultivated opuntia arein the semi-arid northeast of Brazil, with O. ficus-
indica predominating. It isaregionwith an annual average rainfall of 600 mm, not so limiting when
compared to other semi-arid regions. However, rainfall isvery variable (with acoefficient of variation
(CV) of over 30%), and potential evaporation can reach ca. 2 600 mm, asin Bebedouro Experimental
Field (Amorim Neto, 1989). Accordingto Nobel (1995), theideal day/night temperaturesfor opuntiaare
25/15°C. Thereisno such night temperaturein the northeast, but the zoneswith the largest concentration
of opuntiaareasare precisely Agreste-Cariri in Paraiba, Agrestein Pernambuco, and Agrestein Alagoas.
Intheseregions, annual rainfal variesfrom 300 to 700 mm, irregularly distributed during theyear, but this
has not been abarrier to opuntiadevel opment. 1nthese zones, the annua mean minimum temperatureis
ca. 18°C and therains occur in the coolest months, when minimum temperatureisaround 14°C. Cooler
temperatures and lower evaporation allows better use of soil moisture. I1n places having a minimum
temperature of 18.1°C, such as S.B. do Una, Caruaru and Arcoverde, with rains occurring during the
coolest months, opuntiaismore productive and healthier than in Petrolina, where the minimum temperature
is20.4°C, and rains occur in the hottest months. These climatic conditions might explain theimmense
opuntiaareain the semi-arid northeast. At the sametime, in some zones, such as Serido, opuntiaisnot
grown because of the high day/night temperature.

A technica cooperation agreement was signed between | PA and Universidad Auténomade Chapingo,
and asaresult alarge number of cloneswereintroduced, and C. Floreshasindicated (pers. comm.) that
among them there are clones adequate for Seridd, and some of them are already on test in that zone.

Shading by mesquite (Prosopisjuliflora)

To hel p solve the opuntia high-temperature problemin the Sert&o zone of the northeast, it washypothesized
that shading by mesquite could createamicro-environment ins dethe nopa era, and help increase production.
Coelho and Godoi (1964) found that shaded opuntia became more turgid, but there was no production
increase. Alves(1976) in Paraiba Cariri —azonewith high day temperature but cool (18°C) nights—found
that shading gave a 56% increase in production from cv. Mitda. With cv. Gigante, the 18% increase
promoted by shading was not significant. Mesquitetreesplanted at 15 x 15 m (44.4 plants/ha) do not
providethe necessary shading effect, but thefence poleand vineyield that might result could justify such
intercropping (Table9).

Table 9. Opuntia productivity (two triennial harvests) under mesquite shade, number of
mesquite trees/ha, and cover

Productivity Percentage cover
Mesquite spacing (Dec. 1982 to-Dec. 1988)

(kg DM/ha/year) July 1988 June 1996
5x5m 848.3 69.0 82.4
7x7m 754.3 49.9 75.1
10x10m 1102.8 415 64.8
12x12m 1136.5 31.3 67.8
No mesquite 1145.9 - -

Source: Albuquerque, 1999.

Pests and diseases

Thearmoured scaleinsect (Diaspisechinocacti Bouché), dsoknown as*mould” or “louse’ (in Portuguese,
mofo or piolho, respectively) isthe most important insect attacking opuntiain the northeast. It coversthe
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padswithitscolonies; juvenileand adult individual ssuck the pads. Juvenilescausechloross, followed by
rotting and death of theplant. Theattack ismoresevereindrier yearsin poorly managed plantations. This
pest wasfirst seenin Pernambuco in the 1960s, and sincethen I PA researchers have devel oped biological
control in Caruaru, S.B. do Una, Arcoverde and Pedra. Integrated control isthe most efficient way to
combat theinsect.

For integrated control, various natural enemieshave beenidentifiedintheregion, parasitoidsaswell
aspredators. The parasitoidsarelittle wasps (Hymenoptera) that parasitize the armoured scal einsect.
Themain parasitoid speciesare Plagiomer us cyaneus (Encyrtidae) and Prospaltella aurantii (Aphelinidage).
L ady-beetles[ladybirds; lady bugs] (Colleoptera, Coccinellidae) are the main predatorsfeeding on the
armoured scaleinsect. Themain predator speciesarelittle black lady-beetle (Coccidophiluscitricola),
yellow-and-black lady-beetle (Chilocarus sp.) and brown lady-beetle (Pentilia sp.). These predatorscan
bereared in cagesand distributed over infested opuntiafields.

Chemical control practicesneed to avoid killing the pest’snatural enemies. Minerd oil at 1to 1.5%
inwater isrecommended (Longo and Rapisarda, 1995), aswell as solid soap plustwisted dried tobacco
(100g each, soaked in 20 litreof water for 12 hours). Observationsof the co-author and information from
techniciansof PernambucoAgricultural Extension Service (EMATER-PE) indicatethat the combination of
common salt (1 kg per 20 litre of water) plusmineral oil (1%) givesoptimal results.

Opuntia diseases have been little studied, and they are described only in terms of occurrence,
symptomatology and pathogenicity. Themain diseasesreported in Pernambuco and Alagoasare: cladode
rot caused by variousfungi (Las odiplodia theobromae, Sclerotiumrolfsii, Scytalidiumlignicola, Fusarium
solani, Rhizoctonia solani, Macrophomina sp. and Pollacia sp.). Pollacia sp. wasreported by Franco
and Ponte (1980). Of bacterial diseases, only soft rot (Erwinia sp.) has been reported. These diseases
currently do not cause severe damageto the crop, probably dueto thetraditional cropping systeminthe
northeast. However, crop expans on and dense plantings might contributeto higher incidencesand severity
of diseases. Thereareno effective control measures, except planting in the dry season before the onset of
therainy seasonto avoid rot inthe cuttings.

Weed control

Weed control isthe main factor influencing opuntiaproduction costs. InUSA, Felker and Russell (1988)
tested herbicideson 30 clonesand found aninefold increasein opuntiaproduction with Hexazinone (8 kg/
ha) compared to the control. In northeast Brazil, very little research has been conducted on herbicides.
Farias et al. (1989), in Caruaru and S.B. do Una, found that post-emergence herbicides did not have
satisfactory effectsand induced burning of opuntiabuds. Three pre-emergent herbicides (Terbuthiuron,
Diuron and Ametryne) were effective and did not damage opuntia. Glyphosate, however, was phytotoxic.

Economic evaluation

Opuntiaisvital to cattleraising in the semi-arid northeast, mainly during prolonged droughts. However, itis
an expensive fodder, being produced at an estimated cost of US$ 0.05/kg DM. In S.B. do Una, witha
strong tradition of dairy cattle production based on opuntiagrowing, 32% of landholdingsare covered with
opuntia(Chagas, 1992), and forage pricescan riseup to US$ 2 200/ha. Indry years, for regular opuntia
trading inthedairy basins of Pernambuco and Alagoas, the priceisaround US$ 600/ha. Priceasovaries
according to season and volumeavailable. Inthesameregions, the priceof milk isabout US$ 0.16/litre.
Theestimated costsof establishing, maintaining and harvesting during asix-year period aregivenin Tables
10to14.
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Table 10. Cost of establishment of 1 ha of opuntia at four spacings

Cost (US$/ha)™

Parameter
2x1m 1x0.50m 1x0.25m 3x1x050m
Soil preparation 26.32 26.32 31.58 31.58
Opuntia cuttings + transportation 36.84 131.58 263.16 63.16
Organic fertilization 131.58 131.58 131.58 131.58
Phosphorus fertilization 52.63 52.63 52.63 52.63
Weed control (herbicides) 84.21 84.21 84.21 84.21
Planting 47.37 89.47 136.84 52.63
Total 378.95 515.79 700.00 415.79

Note: (1) US$ 1 = reais 1.90 on 30 August 1999.

Table 11. Cost of establishing and maintenance of 1 ha of opuntia in the first two years at four spacings

Cost (US$/ha)

Parameter
2x1m 1x05m 1x0.25m 3x1x05m

Soil preparation®®) 26.32 26.32 26.32 26.32
Opuntia cuttings 41.45 165.79 331.58 82.89
Organic fertilization 108.95 108.95 108.95 108.95
Phosphorus fertilization 52.63 52.63 52.63 52.63
Planting 47.37 89.47 136.84 52.63
Weed control 337.37 373.16 568.95 262.11
Total 614.08 816.32 1225.26 585.53
Note: (1) Ploughing + furrowing

Table 12. Production cost of 1 ha of opuntia during the first two years, at four spacings

Estimated cost (US$/ha)
Parameter
2x1m 1x0.5m 1x0.25m 3x1x05m

50% of establishment cost 189.47 257.89 350.00 207.89

Interest 45.26 76.32 104.21 50.00

Subtotal 234.74 334.21 454.21 257.89

Harvest 263.16 394.74 526.32 236.84

Total cost 497.90 728.95 980.53 494.73

Table 13. Estimated cost of maintenance of 1 ha of opuntia in the 3 and 4" years, at four spacings

Estimated Cost (US$/ha)

Parameter
2x1m 1x0.5m 1x0.25m 3x1x05m
Planting (including interest) 117.37 160.00 216.84 128.95
Fertilizer — acquisition 78.95 78.95 78.95 78.95
Fertilizer — spreading 6.32 9.47 12.63 6.32
Weed control 94.74 102.63 126.32 94.74
Harvest 263.16 394.74 526.32 236.84
Total 560.53 745.79 961.05 545.79

Table 14. Estimated dry matter (DM) production cost during the first two years, at four spacings

Estimated cost (US$/ha)

Parameter
2x1m 1x0.5m 1x0.25m 3x1x05m
Total cost (US$/ha) 497.89 728.95 980.53 494.74
Production (t DM/ha) 10.0 15.0 20.0 9.0
Production cost (US$/kg DM) 0.050 0.048 0.049 0.055
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NUTRITIVEVALUE STUDIES

Even though opuntiaadoption wasvery intensein recent decades, until thelate 1970stherewasstill some
prejudice because of its high water content, and increasing use of pangolagrass (Digitaria decumbens
Stent.) encouraged ranchersto abandon growing opuntia. However, thegreat 1979-83 drought proved that
opuntia shighwater content wasvitd tolivestock raising. In ParaibaCariri andin PernambucoAgreste, in
long-term droughts, the authors observed ranchersfeeding opuntiain the trough all year round.

COMPARISONWITH OTHER FORAGES

Thisvital role of opuntia as a source of emergency water and forage for livestock raising compelled
researchersto give higher priority toitsnutritivevaue. |PA and Pernambuco Federal Rural University
(UFRPE) havebeentheingtitutionsmost involved. InArcoverde, Vianaet al. (1966) compared opuntiato
mai ze silagefor steer fattening, mixing both forageswith cassavaroots, commercial concentrate, bone meal
and mineral sats. They found differences (P<0.05) for liveweight (LW) gainonly after 287 daysof thetrial,
favouring silage, but no differenceswere detected (P>0.05) at 84 and 126 days. Daily intakeswere 17, 19
and 19 kgfor slageand 29.4, 27.3and 35.1 kg for opuntiaafter 84, 126 and 287 days, respectively. Considering
that the DM contents of silage and opuntiaare ca.35.0% and 10.0% respectively, and that the steerswere
above 400 kg LW, the steersfed on opuntiaconsumed lessDM than steersfed on silagein thelast period,
and consequently gained lessweight.

Researchwith dairy cattlewasinitialy reported by Santanaet al. (1972), feeding lactating Holstein
cowswith maizesilageversusopuntiacv. Gigante. No differencewasfound (P>0.05) inmilk production
andfat content. However, the cowshad LW gainsof 437, -465 and -230 g/day when fed on silage, opuntia
and opuntia+ 10 kg of silage, respectively. Limaet al. (1985) evauated threelevelsof associations, i.e., 25,
50 and 75% of opuntiacv. Gigante versus sorghum silage, and concluded there was no difference among
treatmentsfor LW gain and milk production.

COMPARISONAMONG CULTIVARS

The next step was the compari son among the three major opuntiacultivars used in the northeast, where
cattleraisersconsidered cv. Mildaasbetter for dairy production. A trial wasundertaken involving Holstein
cowsin S.B. do Una(Santoset al., 1990b), looking at DM, crude protein, crudefibreand minera contents
of threecultivars, sorghum silageand commercial concentrate (Table 15). Cv. Mitdawas superior (P<0.05)
to Redondaor Gigantein DM content, but inferior (P<0.05) in protein, fibreand minerals. The higher DM
content of Miudacould reduce the problems associ ated with diets high in water content, asreported by
Limaetal. (1981) and Fariaset al. (1984). At the sametime, dataon protein and fibre suggest opuntiamust
be givenin combination with other fodder to ensure higher protein and fibreintake.

Table 15. Dry matter (DM), crude protein (CP), crude fibre (CF) and mineral extract (MEX)
contents (%) of three opuntia cultivars, sorghum silage, and commercial concentrate.

Feed DM CP CF MEXx
Opuntia cv. Gigante 9.85b 483 a 9.53a 10.85b
Opuntia cv. Redonda 10.93 b 421 a 8.62 a 12.02 a
Opuntia cv. Mitda 16.56 a 2.55b 5.14b 7.72¢c
Sorghum silage 37.60 5.49 25.78 5.10
Commercial concentrate 80.66 24.57 3.63 8.2

Note: Means with same letters in the same column do not differ (Tukey; P<0.05)
Source: Santos et al., 1990b.

Resultsforinvitro DM digestibility (IVDMD), dairy production, fat content and LW gainfor opuntia,
sorghum silage and concentrate intake and cultivars are presented in Table 16. GM intake was lower
(P<0.05) incv. Miuda, followed by sorghum silage and concentrate, due to its higher DM and soluble
carbohydrate content. Regarding opuntial VDMD, themean of 75.5%for dl cultivarsindicatesitsvalueas



Opuntia as forage 47

afodder plant. Cowsinall treatmentslost weight, whichimpliesdeficitsin protein and energy ingestion
(Gomideet al., 1987). A lower LW lossin cowsfed on cv. Mildaindicatesthat energy deficit wasinferior,
which might be explained by itstwofold soluble carbohydrates content. Regarding dairy production and
rate of DM consumed/milk produced, therewas no difference (P>0.05) among cultivars.

It has been shown that Holstein cowslost weight when fed on opuntiacv. Gigante asthe only fodder
(Santanaet al., 1972) or when it comprises more than 73% of thefodder (Santoset al., 1990b). Rearing
cross-bred cows (Holstein x Zebu), which arelessdemandingin their nutritional requirements, could bean
aternative.

It was hypothesi zed that crossbred cowswould loselessweight, evenif opuntiamakesup 73% of all
fodder, with less concentrate intake. A trial was conducted in Arcoverde, in which Girolando cows (a
cross-bred 3/8 Gir x 5/8 Holstein, resulting from crossing aGir Zebu breed with Holstein) werefed onthree
opuntiacultivars, but therewasno overal difference (P>0.05) among cultivarsfor dairy production (Table
17), dthough cowsfed on cv. Miudaincreased dairy production by 9% compared to cv. Redonda: 7.2 vs.
7.0kg/cow/day. Zebu crosshbreed cowswere asoinvolved, milking with calves|eft with the cow, allotting
ca. 3kg of milk/day tothe calf. Consideringthe milk reserved for the calf, the authors estimate adaily

production of ca. 10 kg/cow/day.

Table 16. Forage intake, milk production, dry matter (DM) consumed/milk produced, and liveweight
gain of Holstein cows fed on three opuntia cultivars, and in vitro DM digestibility (IVDMD)

Parameter culivar Mean CO:V

Redonda Gigante Miada (%)
Opuntia intake (kg FW/cow/day) 62.30 a 66.30 a 46.72 b 58.44 13.55
Sorghum silage intake (kg FW/cow/day) 6.24 a 6.15a 451b 5.63 1622
Concentrate intake (kg/cow/day) 4.18 a 418 a 3.85h 4.07 5.27
Total DM intake (kg/cow/day) 12.14 a 12.14 a 12.35a 12.18 5.70
Opuntia 1VDMD (%) 7411c 75.12b 77.37 a 75.53 1.20
Milk yield (kg/cow/day) 12.44 a 12.36 a 12.27 a 12.35 6.20
Milk fat content (%) 3.15a 31la 3.17a 3.14 6.60
4%-fat-corrected milk yield (kg/cow/day) 10.79 a 10.63 a 10.80 a 10.74 7.66
DM intake/milk yield proportion (kg/kg) 1.02a 1.03a 0.99 a 1.01 9.22
Liveweight gain (g/cow/day) -565 a -640 a -77 a - | 141.08

Note: Means in same line with same letters do not differ (Tukey; P<0.05).

Source: Santos et al., 1990b.

Table 17. Milk production, fat content, density, dry extract, and rate of DM consumed/milk produced
from Girolando cows fed on three opuntia cultivars.

Parameters Redonda Gigante Mitda Mean
Milk yield (kg/cow/day) 70a 7.1a 7.2a 7.1
Milk fat content (%) 39b 4.1ab 42a 4.1
4 %-fat-corrected milk yield (kg/cow/day) 6.8a 7.2a 7.4 a 7.1
Milk density 1.028 a 1.028 a 1.057 a 1.037
Milk total solids (%) 12.23 a 11.88 a 12.54 a 12.21
DM intake/milk yield proportion (kg/kg) 1.39a 1.36a 1.38a 1.37

Note: Means with same letters in the same line do not differ (P<0.05; Tukey Test)

Source: D.C. dos Santos (unpublished data)



48 Fodder nopal use in the semi-arid northeast of Brazil

Table 18. Feed intake and liveweight gain of Girolando cows fed on three opuntia cultivars

Cultivar
Intake Mean
Redonda Gigante Miada

Opuntia (kg GM/cow/day) 53.64 a 53.13a 55.87 a 54.21
Silage (kg GM/cow/day) 8.16 a 7.97 a 7.60 a 7.91
Concentrate (kg/cow/day) 1.00 1.00 1.00 1.00
Opuntia (kg DM/cow/day) 5.90b 5.65b 6.75b 6.10
Silage (kg DM/cow/day) 2.09a 2.07a 195a 2.03
Concentrate (kg DM/cow/day) 0.85a 0.85a 0.85a 0.85
Total DM (kg/cow/day) 8.84 8.57 9.55 8.98
Liveweight gain (g/cow/day) -323 -111 164 -

Note: Means with same letters in the same line do not differ (P<0.05; TukeyTest)
Source: D.C. dos Santos (unpublished data)

Table 19. Cow breed and opuntia cultivar influences on forage intake, milk yield and liveweight gain by
lactating cows

Opuntia cultivar
Parameter Breed
Redonda Gigante Miada
. Holstein® 6.80 6.53 7.74
Opuntia intake (kg DM/cow/day) . @
Girolando 5.90 5.65 6.75
. . Holstein 2.35 2.45 1.69
Silage intake (kg DM/cow/day) .
Girolando 2.09 2.07 1.95
. Holstein 3.37 3.37 3.11
Concentrate intake (kg DM/cow/day) .
Girolando 0.85 0.85 0.85
o Holstein 10.8 10.6 10.8
4%-fat-corrected milk yield (kg/cow/day) .
Girolando 6.8 7.2 7.4
. . ) Holstein -565 -640 =77
Liveweight gain (g/cow/day) .
Girolando -323 -111 164

Notes: (1) Data for Holstein cows from Santos et al., 1990b.
(2) Data for Girolando cows from D.C. dos Santos (unpublished data)

Regarding feedintake, cv. Miudawas superior (P<0.05) to Redondaor Gigante (Table 18). Variations
inliveweight gainindicatethat, after acertain time, cv. Mitudawould be superior to the other cultivarsin
dairy production. A comparative analysis between dataof Santoset al. (1990b) with Holstein cows, and
theauthor”s (not published) with Girolando cows show that they consumeless concentrate, loselessweight,
and apparently perform better in dairy production (Table 19). Therefore, Girolando cows could befed
mainly with opuntiacv. Milda.

STORAGE EFFECT

Thelow DM content isnot abarrier for opuntiato be considered an optimal fodder, but itswater content
makes handling expensive. Harvesting alarge amount of opuntia, storing it near thetrough and furnishing
itinsmall batches could solvethe problem. Table 20 showstheeffect of post-harvest storage on chemical
composition and DM content for three cultivarswhen piled up in 500-kg moundsand stored for 0, 4, 8, 12
and 16 days (Santoset al., 1990c).

Theresults showed no storage effect for cv. Redonda (P>0.05) and only sight differencesinfibre
and carbohydrate contentsin cv. Gigante, andin fibreand DM contentsin cv. Mitda. DM contentswere
15.9, 15.1 and 23.4% for Redonda, Gigante and MiUdarespectively, considered high when compared to
other results. However, it should be noted that opuntiaDM content in the dry season varies according to
theyear.
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A trial was conducted with Holstein cows to study the effect on animal performance of opuntia
stored for 0, 8 and 16 days. Results showed that there was no storage effect (Tables 20 and 21) and thus
littlevariationinopuntiachemica composition during storage. Thisisvery important, asitimpliesthat large
amounts can be harvested at once, decreasing harvest and transport costs.

Inthistrial, opuntiaaswell as maize silage were fed ad libitum, and there was no differencein
opuntiaintake among storage periods. It isimportant to note that cows consumed up to 104 kg GM/day.
Thehigh palatability and DM digestibility and low DM content compel sanimal sto consumealarge amount.
Thesefactors, combined withitslow fibre content and high calcium and phosphorusleves, induce nutritional
disequilibrium: aprobable cause of thediarrhoeacommon in animal sfed with large quantities of opuntia, as
occurred inthisresearch. Santoset al. (1990b) state that to overcomethis problem, opuntiashould not
exceed 40% of total feed DM.

Mean DM consumption equivalent to 2.68% of LW for cowsfed on opuntiastored for three different
periods might be considered low, since recommended feeding levelslie between 3 and 4% for lactating
cows. Protein consumption might also be considered low, according to NRC standards (NRC, 1968). LW
gain during the experimental period was-0.13, 131.03 and -87.21 g/day for cowsfed on opuntiastored for
0, 8 and 16 days, respectively. These dataindicate large variation among treatments, and should be
disregarded due to the short trial period (21 days) and the fact that the cows were not fasted before
weighing. However, the weight losses are in agreement with Santana et al. (1972) and Santos et al.
(1990b). Dairy production and fat content of cowsfed with opuntiafor different storage periodswere
similar (P<0.05). Santanaet al. (1972) and Santoset al. (1990b) obtained similar results.

To demondtrate that opuntiamust be mixed with other fodder, atrial was conducted inArcoverde by
Estolano (unpub. data) to verify which fodder would combine the best with opuntiacv. Gigantefed to
lactating Girolando cows. Hefound sorghum silage, sucrose, in natura sugar cane bagasse, and hydrolyzed
sugar cane bagasse affect neither DM intake nor milk fat content. Cows fed with sorghum silage had
higher dairy yield than those consuming hydrolyzed bagasse. Cowsfed with opuntiaplusin natura bagasse
produced 13.6 kg milk/day, showingitssuitability for dairy enterprises. Sugar cane bagasseisaby-product
of sugar factoriesin Pernambuco and AlagoasMataZone, and it issold by thefactoriesat thelow price of
US$ 4/tonne.

According to overall resultsfrom IPA/UFRPE, opuntiamust be complemented with other forages
having high DM and fibre contents. A study of carbohydratesand minerals present in opuntiashould help
usto better understand the causes of diarrhoea.

Opuntiaismostly growninthenortheast for dairy cattle, but isalso utilized for other ruminants, such
asgoatsand sheep, during thedry season. Cunha(1996), inanutritiona study with sheep, found that when
opuntiawas associ ated with napier grass (Pennisetum pur pureum Schumach.), the addition of fibre affected
neither apparent digestibility nor nutrient digestion, and therewas no differencein rumen pH (P>0.05).

FINAL CONSIDERATIONS

* Opuntiaisthe only forage that can be stored “live” asit keeps growing in the field without
losing nutritive value, eventhoughit haslow DM and protein contents. Droughts have proved
that itisavital fodder to theregion.

* It is an expensive forage because establishment, weed control and transportation to yards
requires high labour inputs, but herbicides and mechanization might decrease production costs.

* Opuntiaisdeficient in protein, but at the sametimeisrich in soluble carbohydrates, andits DM
digestibility isabove 70%. Diarrhoeaisaproblem that might berelated to high levelsof some
minerals, but further researchisneeded inthisarea

* Appropriate cultivarsfor the various ecological zones, including thosein which opuntiaisnot
currently, grown could be obtained through genetic improvement. Cultivarsresistant to armoured
scaleinsect are al so needed.
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The use of opuntia with sugar cane bagasse has been shown to be viable in Alagoas and
PernambucoAgreste Zone.

Table 20. Dry matter (DM), crude protein (CP), crude fibre (CF) and soluble
carbohydrate (SCH) contents (%) of opuntia after various storage periods

Storage (days) DM CP CF SCH
Redonda
0 (no storage) 15.35a 351a 1453 a 27.95a
4 15.18 a 3.65a 12.88a 30.86 a
8 17.63 a 3.86 a 13.45a 29.58 a
12 15.18 a 3.58a 13.15a 28.25a
16 16.12 a 3.71a 14.18 a 29.10 a
Mean 15.89 3.66 13.64 29.15
CV (%) 11.95 13.79 10.70 12.38
Gigante
0 (no storage) 13.79 a 391a 16.58 a 26.16 b
4 1461la 4.08 a 12.90 b 32.96 a
8 17.02a 5.14a 13.29b 29.53 ab
12 14.74 a 401 a 13.19b 29.37 ab
16 15.32a 412 a 13.42b 29.68 ab
Mean 15.10 4.05 13.88 29.54
CV (%) 11.26 10.29 9.75 10.22
Miuda
0 (no storage) 22.49b 225a 12.34 a 56.63 a
4 22.80b 2.23a 9.87 ab 57.38 a
8 23.71 ab 2.23a 11.90 ab 58.85 a
12 2419 a 220a 9.65b 57.66 a
16 23.76 ab 2.14a 10.87 ab 59.20 a
Mean 23.39 221 10.93 57.94
CV(%) 3.05 12.52 11.98 5.01

Note: Values with same letters in the same column do not differ significantly (P<0.05; Tukey Test).
Source: Santos et al., 1990b.

Table 21. Dry matter (DM), crude protein (CP), mineral extract (MEX), fat extract (FE) and
digestible non-nitrogen extract (DNNE) content (%) of opuntia cv. Gigante after
three storage periods, and of maize silage and of concentrate.

Forage DM CP MEXx FE DNNE
Opuntia (no storage) 10.33 5.27 11.10 2.32 70.12
Opuntia (8 days of storage) 8.17 5.12 12.48 2.34 68.26
Opuntia (16 days of storage) 9.76 5.22 12.19 2.22 68.39
Maize silage 34.41 6.99 7.22 0.97 58.53
Commercial concentrate 82.97 26.37 10.99 2.19 52.68

Source: D.C. dos Santos (Unpublished data)
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UTILIZATION OF OPUNTIA FOR FORAGE
IN THE UNITED STATES OF AMERICA

Peter FELKER

INTRODUCTION

Theliterature on usesof opuntiain the USA ismost colourful. During the Civil War (ca 1850), freighters
|oaded with cotton were pulled by oxentotheonly safe port of export at the southerntip of Texas(Brownsville).
Theroute passed through extensive stands of spiny opuntias. Theteamsters scorched the cactus by burning
with brush, and chopped or dashed it with an axe, spade or macheteto feed their oxen (Griffiths, 1905).
Because of the high water content of the cactus, the oxen needed to drink water only onceweekly inwinter,
and two to threetimesweekly in summer.

In the early twentieth century, pressurized, backpack “white gasoline” pear burnerswereusedin
Texasto singethe spinesfrom opuntiaso that the cattle could eat it (Pluenneke, 1990). Kerosenebecame
availableinthe 1930sand replaced white gasoline. Inthe 1950s, butane gasbecameavailablein Texasand
wasthen used in single-backpack pear burnersand in rigswith multiple hoses, supplied by largetanksin
pick-up trucks.

Asearly as1905, Griffiths (1905) reported that opuntiahad been succesfully fed to dairy and beef
cattle, oxen, sheep and pigs (extreme care being takento removeal the spines), but not to horses. However,
Argentinefarmers state that when opuntiaisfed to pregnant sows, they abort. Lukefarh and Ruiz (1998)
recently conducted an opuntiafeeding trial with rabbitsand found that the Brazilian forage variety Palma
Redondahad good palatability and a so supported moderate weight gains.

Public opinion concerning the value of cactusfor livestock varies considerably between theregions
south and northwest of San Antonio, Texas. In southern Texas, opuntiaishighly regarded asan emergency
feedfor livestock and asamainstay for thewildlife population. North of SanAntonio, wheretherainfall is
lower and where Opuntia lindheimeri isless abundant, cactusisless appreciated. Inthisregion, sheep
and goats begin eating first the fruits, then the cladodes without the spinesbeing burned off. Asaresult,
spinesand glochidsbecomelodged intheir gastrointestinal tractsand bacteria infectionsof thelesonsmay
follow (Merrill etal., 1980; Migaki et al ., 1969).

Spinelessopuntiaplantationsin Texasmust be very well protected against herbivores such asrabhits,
rats, deer and peccaries, using a 2.4-m tall netwire fence with a 5-cm mesh band at the bottom. The
adoption of portableelectrica fenceswithin these exclosures could permit stock to grazeonly onerow of a
spinelessopuntiaplantation at onetime.

While spindless opuntiapl antationsrequirefencing, the spiny typesdo not. However, the spinesmust
be singed off with aflamethrower (known asa“ pear burner” in Texas) beforethe cladodesarefed tothe
livestock. Thustheflamethrower isamanagement tool that allowsthe rancher to decide when and how
much of thisresourceto useat onetime.

Peter FELKER

Universidad Nacional de Santiago del Estero
Argentina
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A study in Texasmeasured al thewater inputsto cactusand the corresponding dry matter production
(Hanand Felker, 1997). Of the 662 mm of rainfal input, 143 mm waslost to runoff, 214 mm waslost to soil
evaporation, and 17 mm stored in the plant. Theresulting 285 mm left for growth of Opuntia ellisiana
resultedin 17 670 kg of dry weight/hafor awater use efficiency of 162 kg of water/kg of dry matter. This
water use efficiency isgreater than that measured in thefield for any C, or C, plant and thus emphasizes
the basic physiological advantage of CAM plantsin arid regions. Itisalso significant that the fourth-year
fresh weight growth of 194 200 kg/ha contained 170 000 kg/ha of water, that would greatly reduce the
water needsfor livestock indrought periods. At therate of 45 kg fresh cactusper day (discussed later), this
194 200 kg/hawould be sufficient for 4 315 days (11.8 years) of feed per cow.

NUTRITIONAL PROPERTIESAND SUPPLEMENTATION REQUIREMENTS

Thenutritional quality of forage cacti can be expected to exhibit considerabl e variation dueto the age of the
plant (Gregory and Felker, 1992), the season of theyear (Retamal et al., 1987b) and thefertility of the soil
(Gonzalez, 1989; Gathaaraet al., 1989). Despitethe cons derableimportance of opuntiato domestic stock
andwildlife, thereareonly afew reportsof the nutritional quality of opuntiain animal diets (Griffithsand
Hare, 1906; Shoop et al., 1977; De Kock, 1980; Meyer and Brown, 1985; Retamd et al., 1987a). Typical
vauesfor nutritional componentsin these studieswerefound to be: moi sture content, 85-90%; crudeprotein,
5-12%; phosphorus, 0.08-0.18%; cal cium, 4.2%; potassium, 2.3%; magnesium, 1.4%; energy, 2.6 Mcal/kg;
carotenoids 29 ug/100 g; and ascorbic acid, 13 mg/100 g. Theinvitro digestibility valueswere 72% for
protein, 62% for dry matter, 43% for crude fibre and 67% for organic matter.

Another significant advantage of cactusfor animal feedisthat it is often the only source of green
foragein thedry season capable of providing vitamin A precursors. Rodriguez-Felix and Cantwell (1988)
reported 29 ug of carotenoidsand 13 mg of ascorbic acid per 100 g of immature cladodesto be used as
vegetablesfor humans.

The only metabolizable energy and digestibility datafor cactusarefor wild opuntiasin Texasand
Colorado. Everitt and Gonzalez (1981) found that, of all speciesexamined, although O. lindheimeri had
oneof thelowest protein contents (6%), it had the highest dry matter digestibility (76%). Meyer and Brown
(1985) dsofound that O. lindheimeri had higher digestibility throughout the year than the other plantsin
their south Texas study area.

Data on digestible energy and protein content of the small, low growing O. polyacantha on the
rangesof Colorado may serveasauseful guideto other opuntiaforage species(Shoopetal., 1977). While
thisopuntiawaslower in crude protein (5.3%) than grasdand hay (5.7%) or dfafahay (16.8%), itsdigestible
energy of 2.61 Mcal/kg, compared favourably to grassland hay (2.08 Mcal/kg) or afafa(2.64 Mcal/kg).
O. polyacantha had 85% as much neutral detergent fibre and 70% as much as acid detergent fibre as
afalfa, but it contain 55% more hemicellul ose and 40% more sol uble carbohydrates (Shoop et al., 1977).
Asmight be expected dueto the faster growth and lesslignification, O. ficus-indica wasfound to have
greater digestible energy values, ranging from 3.32t0 3.54 Mcal/kg (Retamal et al., 1987b).

Whiletheamino acid profile of the opuntiastemsisonly useful for non-ruminant nutrition, Teleset al.
(1984) found theamino acid profile of immature opuntiastemsto have abiologica valueof 72, comparedto
hen egg protein of 100.

Texasrancher Bill Maltsberger has spent many years devel oping protein and mineral supplements
for hisherd of 800 Santa Gertrudiscattleon4 000 haof rangel and south of SanAntonio. Although Matsberger
routinely supplemented cactuswith cottonseed meal asaprotein supplement and allowed the cattlefree
range, therewas subtle evidence of nutritional disorders. After considerable post-mortem testing of organs
for trace elements, it wasfound that the cattle werelow in copper, molybdenum and zinc. Onthebasisof
these analyses, Maltsberger began using the supplements shown in Tables 22 and 23. Regular vitamin E
injections have been also hel pful after many monthsonthiscactusdiet. When cattlewerefed cactusthat
had had its spines burned off (asdiscussed later) and were supplemented with protein cubes and mineral
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supplements, excellent weight gain, body
conformation and 90% conception rates were
achieved. This supplementation also seemed to
reduce the percentage of abnormalitiesin newborn
calves.

Maltsberger (1993, pers. comm.) stressed that
the mineral deficiencies in his animals were not
directly caused by the cactus, but were aresult of
the fact that during droughts cattle often have no
other source of mineralsand vitaminsthan cactus.
Thusin drought periods, when no other significant
guantitiesof forage are availablefor many months,
itiscritical to addresstheissue of lack of proteins
and minerals.

Theproteinrationin Table 22 isformulatedin
theform of 2-cm cubes, and only fed during drought
periods when no other forage is available. The
mineral supplement in Table 23 contains phosphorus
and calciumintheform of meat and bone meal that
is not contained in the protein supplement. This
mineral supplementismadeavailableall year round
regardlessof drought status.

Whilethefeed rations have been optimized
for cattle, itisreasonableto expect that theserations
could be easily adapted to other ruminantssuch as
goats, sheep and deer. Therearevery old reportsof
cactusbeing fed to pigs. However, well-replicated
tria sfeeding cactusto non-ruminantslike pigshave
not been conducted. Lukefahr and Ciro-Ruiz (pers.
comm.) have succesfully fed an opuntia strain
(#1270) from Brazil (PalmaRedonda) to rabbits. It
isinteresting that rabbits did not like the nopalito
variety O. cochellinifera #1308, but they liked
Brazilianforagevariety #1270.

Table 22. Protein supplement for cattle during

droughts.
Ingredient Amount (kg)
Cottonseed meal 475
Soybean meal 450
Manganese sulphate 2.75
Zinc oxide 15
Copper sulphate 1.25
Vitamin E-20 3.125
Cobalt sulphate 0.080
Ethylenediamine dihydroxide (EDDI) 0.025
Selenium oxide mixture (0.02%) 0.0625
Vitamin A-30 0.45
Masonex (clay binder) 125
Molasses 53.25
Total 1000

Source: Data courtesy Bill Maltsberger,
Rancher, Cotulla, Texas.

Table 23. Mineral supplement* for cattle for

cactus supplementation

Ingredient Amount (kg) |
Bone meal 450
Meat and bone meal 150
Sodium chloride 300
Manganese sulphate 22
Zinc oxide 115
Copper sulfate 10
Vitamin E-20 25
Cobalt sulphate 0.625
Ethylenediamine dihydroxide (EDDI) 0.20
Selenium oxide mixture (0.02%) 0.50
Vitamin A-30 3.65
Molasses 26.5
Total 1000

Note: *The mineral supplement is fed all year long.

Source: Data courtesy of Bill Maltsberger, Rancher,

Cotulla, Texas.

METHODSTO INCREASE THE PROTEIN CONTENT OF CACTUSFORAGE

Fortunately, there are several techniquesto increase protein content of cactusforageto minimizethe cost
of protein supplementation. Thefirst methodiswith N and Pfertilizers, since Gonzal ez (1989) found that
crude protein in O. lindheimeri increased from 4.5% for the zero fertility treatment to 10.5% for the
treatment containing 224 kg N and 112 kg P/ha. Thisisespecialy important, sincethisfertilization treatment
raised the protein content above the requirements for dry and lactating cattle, namely 6.0 and 9.25%

respectively.

Sincemost commercial cactusfruit orchardsreceive N fertilization, it isreasonableto believethat
the N content of the pads from these orchards would approach the 9% protein content level. Potgieter
(1997 pers. comm.) in South Africaobtained 40 ton of padsfrom annual pruning of cactusfruit orchards,
which could beasignificant source of high protein foragefor livestock.
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Based on the 40 kg/ha consumption of pads per

animal reco_mmended by M_al tSberger _(Table 24)’ j[hese Table 24. Daily ration for adult cow
annual pruningswould provide approximately 3 animal- with calf
years of forage per hectare. Ingredient Amount (kg)
The second route to increased protein content of Fresh cactus 40
cactus forage is through the use of genetic selections Protein supplement 14
Mineral supplement 0.1

containing higher protein. Inacomparison of eight opuntia :
forage clones, Gregory and Felker (1992) found one Source: D;;igﬁg:’tf%&flf'm;i_s"erge“
Brazilian clone (#1270, i.e. cv. Palma Redonda) from

CPATSA Petrolina, Brazil, that had over 11% protein

contentinall four age classes. In contrast, the Texas native opuntiahad high protein in the youngest age
class (11%), but only 5% proteinin thethree older age classes. Additionally, the Brazilian clone had four
timesthe P content (i.e. 0.41%) of the native Texasclone.

Lastly, itisalso possiblethat inoculation of cactusrootswith thefreeliving, nitrogen-fixing bacteria
Azospirillumsp. couldincrease the protein content of the cladodes, since Rao and Venkateswarlu (1982),
Caballero-Mellado (1990) and Mascarua-Esparzaet al . (1988) found thisbacterium could associate with
opuntiaroots. Whilethese authorsdid not demonstrate N fixation from the Azospirillumin association with
cactus roots, Mascarua-Esparza et al. (1988) did report a34% increase in cactus root dry weight and a
63% increasein root N content with Azospirilluminoculation. Azospirilluminoculation may also help
control therotting of cladodes caused by Erwinia sp. that is often associated with new plantings, since
laboratory culture studies have shown that Azospirilluminhibited the growth of both Xanthomonasand
Erwinia.

PLANTING, CULTIVATION, FERTILIZATIONAND CARE

Themost common problem with new cactus plantingsisrot of the plant materia at the surfacewhereit was
cut or broken off. Cactus cladodes should either be dried in the shade for several daysto allow the cut
surfaceto“heal over,” or the new cladodestreated with lime/copper sul phate sol ution to control bacterial
rots. The soil should be ploughed and cultivated asfor any other crop. Cladodes should be planted with
about 1/3 of their height bel ow the soil surface, with theflat cladode surface facing east-west.

During theinitial growth stages, the growth of cactus can be severely retarded by grassand other
herbaceous vegetation. Thusit isvery important to provide good weed control until the cactusiswell
established. Pre-emergent herbicides, such askarmex, smazineand treflan all provide good weed control
at rates of 2-4 kg/ha, without harming cactus. If no pre-emergence herbicideisavailable, itisessentia to
plant the cactusin an arrangement that permits easy and frequent mechanical weed control, such asdisking.
If a2.5-mwidedisk unitisavailablefor weed control, it isrecommended to plant thecactusonal mx4m
row spacing to allow easy access of the disk and tractor down therows.

In Argentina, horses are admitted to the spinel ess cactus plantations asthey will eat most forage but
not the cactus. Asdiscussed |ater, after the cacti reach aheight of morethan 1 m, livestock can be admitted
at ratesof 1 cow per hectare. At thistimethe cattlewill consume both the grass (weeding the cactus) and
the cactus, thus eliminating the need for weed control in the cactus.

Even unselected stock of thecommon O. lindheimeri can have high productivity with fertilization.
For example, Gonzdl ez (1989) examined eight fertilization treatmentson the native O. lindheimeri over a
four-year periodinazonewith 430 mm/yr rainfall. Thedry biomassproductivity inthistria increased from
7 t/halyear to 62 t/halyear for themaximum N and Prate, i.e. 224 kg N and 112 kg P/ha. Thisproductivity
comparesvery favourably with other forage species. Inadditiontotheincreasedyield, thecrudeproteinin
the cladodesincreased from 4.5%to 10.5%. Gonza ez (1989) recommended fertilizing cactuswith 224 kg/
haN every 2 yearsto maintain crude protein levelsat about 10%, with productivity in the 50 ton/halyear
range.
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THORNLESSVERSUSTHORNY CACTUSFORAGE VARIETIES

Thereare significant advantagesto both thorny and thornless cactusvarieties. Thornlessvarietiesmust be
fenced to prevent cattle and wildlifefrom totally consuming plantingslessthan 2 yearsold. InTexas, deer,
javelina (wild pigs) and rabbitswill completely consumenew plantings. I1nareaswheredeer are abundant,
it is necessary to establish 2.2-m tall fences around the thornless cactus plantings. In contrast, thorny
varieties do not have to be fenced, but the spines have to be burned off with propane torches before
utilization. InTexas, by purchasing propanein largetruck loads (40 000 litre/truck), it hasbeen possibleto
purchase propanefor US$ 0.11/litre. Inagood stand of native O. lindheimeri, oneman, using an 8-litre
propanetank and apropanetorch, can burn enough cactusto feed 100-200 head of cattle per day, using 1.0
to 1.3 litre of propane/animal (Maltsberger, 1989). To avoid overcooking the cactus, only enough flame
should be used to burn the spinesfrom both sides of the plant. Maltsberger al so recommended burning
more cactusthan isactually needed to last until the next feeding and to not overutilize the resource, by
leaving at |east onejoint above the ground uncooked.

To reduce the cost of burning cactus bushes at random in the wild, Pluenneke (1990) described
systems in which cactus were planted in rows. In some special applications, such as the need to take
cactusto the penned mother cows and calves, cactus has been harvested and transported short distances
toanimals. Specialized hand tools have been developed tofirst cut the cactus at the base and thento pitch
it 1 m above head height onto awagon or truck. In Texas, this cactus was then windrowed, the spines
burned off and fed into atractor-powered ensilage chopper. 1n Mexico, the spineswere not burned off, but
merely passed through the chopper before being fed to dairy cattle (Felker, unpub. obs.).

It would seem highly advantageousto take the principles of hand harvesting and feeding hand-cut
cactusto atractor-powered ensilage chopper and adapt them to larger-scal e, mechanized operations. For
example, it would beuseful if asdlf-propelled tractor or tractor-powered ensilage harvester could bemodified
to harvest cactusplanted in rows, chop and blow itinto awagon inthefield. Thischopped cactuscould be
most useful inether dairy or beef cattlefeedlot operationsin arid regions. Alternatively, it might be possible
to useaheavy-duty rotary disk mower conditioned to sever and windrow cactus. After drying the cactus
for several weeks, it would be useful if amodified forage harvester could move downtherows, pick up the
dried cactus, chopit and blow it into awagon.

Whileit takeslabour to burn spinesfrom cactus, there are some useful management options that
result from burning spinesfrom cactus. Sincethe cattle do not eat cactusthat isnot burned, burning allows
control over theamount of cactusthat isused per day. Additionaly, cattle quickly become acquainted with
the sound of the propane burner and can be drawn for up to 700 min the brush to the sound of apropane
burner. Thisconditioning to the sound of the propane burner allows cattleto bedrawn into corrasand pens.

Thornless cactus varieties offer the advantage of not having to burn off the spines, but intensive
management of domestic stock and wildlifeisnecessary to keep the cactusresourcefrom being overutilized.
Asthethornlessopuntiavarietiesare not as cold hardy as spiny forms, such asO. lindheimeri, care must
betaken in selecting suitable planting stock of spinelesscactusforagevarieties.

If freezing water isnot aconcern (minimum temperaturesno lower than -5°C for afew hours), the
Brazilianforagevariety #1270 isspecially promising asit wasfound to haverapid growth and nearly 10%
crude protein versus 6 to 9% protein for other varieties (Gregory and Felker, 1992). A spinelessvariety
(accession #1233), that ispossibly ahybrid between the Texas native O. lindheimeri and someO. ficus-
indicatype, suffersonly minor damagefromtemperaturesaslow as-12°C, whereas-12°C causes compl ete
mortality to accesson#1270. Thisaccession#1233isamost asfast growing asBrazilian clone#1270. In
areaswhere extended temperatures of -18°C routinely occur, the only spinelesstype availablethat iscold
hardy istheslow growing O. ellisiana. Onal.2x 1.2 m spacing, with good care, thisselection will only
produce 1 600 kg DM/hathefirst year and 4 400 kg DM/hathe second year. However, after it reachesa
leaf areaindex of about 1, some 11 000 kg DM/hawas produced in thethird year, and 17 670 kg DM/hain
thefourth year.
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Givenyearly fresh weight production ratesin excess of 100 000 kg/haafter aleaf areaindex of 2
have been achieved, and cattle consumption rates of 40 kg/day, it would appear that at astocking rate of
1 cow/ha, livestock could never consume cactusfaster thanit grows. Thusit would seem possibleto plant,
cultivateand carefor cactusuntil itisabout 1 minheight.

COMPARISON OF CACTUSWITH HAY

Spiny or spineless cactus has been compared by farmersto * hay inthebarn,” with up to 200 tor/haof fresh
weight. Several hectares of cactus can provide a considerable reserve of animal feed during drought
periods. Unlike hay stored inthebarn, the cactusin thefieldsdoes not deteriorate in quality with storage
and there are no problemswith rats eating the hay in storage. Even during drought periodsin the summer
or winter, cactusisgreen, with vitamin A and only needsto have the spines burned off or cattle admitted to
thefenced area. Indrought periods, cattle haveto wak long distancesto get water. If they are supplemented
at onelocation by therancher they must walk to thislocation every day. By consuming 40 kg of cactusper
day — containing about 85% water — cattle are also consuming 35 litres of water per day, which can be
beneficia indrought periods.

CONCLUSIONS

Either spiny or spineless opuntiaclones, when planted in rows, fertilized and weeded, can achieve annual
dry matter and fresh weight yields of 17 000 kg/haand 170 000 kg/harespectively, with crude protein
concentrationsof about 10%. \When properly supplemented with protein, traceeementsand critical vitamins,
excellent growth and conception ratesare possible. Opuntiahasgreeat potential for increasing productionin
averagerainfall years, andto provideacritical reserve of foragefor animalsin severedrought years. In
droughts, cactus can also provide asource of green forage and a much appreciated source of water for
livestock.
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OPUNTIA AS
FEED FOR RUMINANTS IN CHILE

Patricio Azocar

INTRODUCTION

Inarid and semi-arid zones, rangelands utilized by sheep and goats are characterized by large seasonal
changesinforage production, and marked seasona and annual fluctuationsinforage quality. 1n Coquimbo,
northeast Chile, annual records show dry matter yieldsof 3 t/hainarainy year and lessthan 0.2 t/haina
dry year. Shrub speciesranged from 36% to 95% of thetota dry matter for adry and wet year respectively
(Azbcar and Lailhacar, 1990).

In Chile, goat raising isbased exclusively on rangeland, allowing only their maintenanceor survival.
Consequently, to reachincomelevelsof production it isnecessary to supplement animal feeding with low-
cost feedstuffsthat supply energy and protein in the critical periods, to extend the suckling period and
maintain milk and meet production (Azocar and Rojo, 1991; Azécar et al. 1996). Inregard tothe management
of stock feeding, it wasfound that the use of opuntiacladodesto feed growing sheep increased by 30%the
efficiency of utilization of drinking water. Itistherefore proposed that supplementing sheep, goatsand
cattlefeed indry periods could be done using low-cost supplements.

Productivity varies consi derably among species according to environmental conditions (Garciade
Cortazar and Nobel, 1991). Crassulacean Acid Metabolism (CAM) plants, such as opuntia (Opuntia
ficus-indica (L.) Miller), are often considered to have lower productivity than C, or C, plants. However,
opuntiasare highly efficient in the use of water and withstand dry periodsand high temperatures. These
traitsmake them highly promising for poor soilswith limited water supply (Silvaand Acevedo, 1985). The
productivity of cultivated opuntiaisgenerally below 10 t/halyear worldwide, althoughit can reach 20 t/hal/
year. Itisanimportant feeding resourcein rangel ands of zoneswith Mediterranean arid climate, andis
used indairy and meat production (Azocar and Rojo, 1991; Azécar, 1992; Azocar et al., 1996; Ben Salem
etal., 1996; Santana, 1992).

Utilization of opuntiafor livestock feedingisanold practicein Brazil, Chile, Mexico, Sicily (Italy);
South Africa, Tunisia, the southern USA, and other countries (Santana, 1992). Most Mexican forage
speciesarethorny, whichisthemain constraint to their usein livestock feeding. The problemisovercome
by means of simpletechniques, such aspropane burners (Felker, 1995). SomeO. ficus-indicavarietiesdo
not havethorns, and cladode piecesare easily consumed by livestock. Another limitation of the Mexican
speciesistheir low digestibility, which could be overcome by cutting the material into small portionsto
facilitateitsingestion, by including other ingredientsintheration (like straw), and by utilizing two- to three-
year-old plants, sinceyounger plantsare morelaxative, asareolder (>4 year) plants(INIF, 1983).

Advantagesof opuntiaincludehigh biomassyield, high palatability and good nutritiveva ue, evergreen
habit, drought res stance and soil adaptability (Monjauze and Le Houérou, 1965; LeHouérou, 1992; Nefzaoui
et al., 1993; Ben Salem et al., 1996). Opuntia has high contents of ash (260 g/kg DM) and water
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(926 g/kg freshweight), and low contents of crude protein (58 g/kg DM) and neutral detergent fibre (185 g
NDF per kg DM) (Ben Sdlemet al., 1996). Thesame authorsreported that drinking water consumption by
sheepissubstantially reduced asthelevel of opuntiaconsumption increases.

CULTIVATION OF FORAGE OPUNTIA

Climate

Opuntiadoes not adapt to zones with extreme temperatures. Intheir place of origin —the highlands of
Mexico—temperatures seldom reach +40°C or -10°C (Felker, 1995). The best temperaturesfor opuntia
production range between 18 and 26°C, although some speci es can tolerate temperatures as high as40°C
andaslow as-8°C. It growsin zoneswith annual precipitation of 200to 250 mm, but thelimitsto commercia
production are around 450 mm/yr (Pimienta, 1995).

Water requirement
Table 25. Opuntia water use efficiency (WUE) under

Opuntia uses water more efficiently than rainfed and irrigated conditions

conventional fodder crops, asillustratedin

Water use efficiency (WUE)

Table 25 (Le Houérou, 1994, cited by De Crop kgH:OkgDM  mg DM/g HzO
Koch, 1998; Silvaand Acevedo, 1985). Opuntia® 15-43 23-65
. Agave 93 10.7
Plantlng Opuntia 267 3.7
Opuntiacultivation reliesmainly onvegetative Atriplex nummularia 304 3.3

propagation, whichispreferred by growers Pear millet 400 2.5

for itssimplicity (Mondragén and Pimienta, Barley 500 20
1995). Plantingisdoneinfurrows(DeKoch, Sorghum 666 1.6
1998). Rowsare usually laid out 2to 6 m Wheat 750 1.3
apart and cladodesareplanted 1to 2 m apart. Alfalfa 1000 10

Rangeland 2000 0.5

Depending on the purpose, planting density

may vary from850to 5 000 plantsha. Results Sources: (1) De Koch, 1998. Other data Le Houérou, 1994.

of modelling research predict that opuntia
could achieve higher biomass productivity at closer plant spacings (Garciade Cortazar and Nobel, 1990).

Productivity

InBrazil, Santana(1992) reported arange of freshweight yieldsfrom 106.9 to 205.0 t/halyr (approximately
16to 31t DM/halyr), withyield varying according to geographical zone, typeof soil, fertilizer rate used,
planting density and associ ation with other crops.

In Chile, yieldsof cladodeshaveranged from 13 t DM/halyear in cropsthat only covered 30% of the
land, to 40 t DM/halyear in simulated conditions of high planting density, optimum watering and good
fertilization. Averageyieldsof 8 t/hain non-irrigated lands of the central zone of Chile have been reported
by Garciade Cortazar and Nobel (1990) and Riveroset al. (1990).

Garcia de Cortéazar and Nobel (1991) studied biomass productivity of opuntia at La Rinconada
Agricultural Experiment Station of the University of Chile (about 20 km southwest of Santiago, Chile,
[33°19' S, 70°55' W] 500 m elevation). Mature cladodeswere planted in January 1988 (summer) at 24
plants'm? (0.25 m x 0.17 m) facing east-west. Productivity per unit row length of theinner fiverowswas
assumed to resemblethe productivity of auniformfield. Annual predicted dry matter productivity was40 t/
ha. Further analysisindicated that dry matter productivity of opuntiacould reach 50 t/halyear.
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NUTRITIONAL QUALITY OF FORAGE OPUNTIA
Nutritional quality of forage

opu_ntiadependson plant SpeCIGS, Table 26. Chemical composition of opuntia cladodes and alfalfa hay
variety, cladode age, growing used to supplement goats in the suckling period (Las
season and crop management. In Cardas Experimental Station, University of Chile)
general, opuntia is high in Alfalfa hay Cactus pear cladodes
moisture content (about 85t0 90% Dry matter (%) 93.06 15.04
water), it has hi gh in vitro Organic matter (%) 88.75 90.00

di geﬁtl blllty (about 75%)1 hlgh Crude protein (%) 18.86 3.51
content of sol ublecarbohydrates Metabolizable energy (Mcal/kg) 2.52 2.25
vitamin A and ash (20% of dry Ea;%) ;'22 Z'gi
matter), and low content of crude () : :

protei n. crude fibre and Source: Azécar and Rojo, 1991

phosphorus (Tables26 and 27).

Table 27. Chemical composition and organic matter digestibility of Acacia cyanophylla, Atriplex halimus,
O. ficus-indica and barley hay (Ousseltia Central Experimental Station, INRAT, Tunisia.)

Composition cy:ncoap?riilllla Atriplex halimus fic?JFs)l-Jirr:tc;?ca Barley hay
Dry matter (DM) (g/kg) 555 464 100 808
Organic matter (OM) (g/kg DM) 900 799 779 916
Crude protein (CP) (g/kg DM) 129 161 38 64
Crude fibre (CF) (g/kg DM) 254 164 154 350
Neutral detergent fibre (NDF) (g/kg DM) | 469 328 197 605
Organic matter digestibility (%) 51.2 79.3 82.3

Source: Ben Salem, Nefzaoui and Abdouli (1994)

Figure 4. Cactus versus straw intake (Source: Ben Salem et al., 1996, cited
by Nefzaoui and Ben Salem, 1998).
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Crude protein content decreases (5 to 3% dry matter) and crude fibre increases (9 to 20% dry
matter) with cladode age (1 to 5 years). Crude protein content decreases significantly (R?=0.6) when
cladodedry matter increaseswith age. Thistrendissimilar to other fodder sources, whereva uable nutrients
decrease with plant age because of the relativeincreasein fibre content (Nefzaoui and Ben Salem, 1998).
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Opuntiacladodesare highly digestible. Averagevaluesof invivo digestibility coefficients obtained
with sheep varied from 60 to 65 %, 60 to 70 %, 35 to 70% and 40 to 50 for DM, OM, CP and CF,
respectively. These coefficientsare quite similar to those observed with common forage crops (Nefzaoui
and Ben Salem, 1996, cited by Nefzaoui and Ben Salem, 1998). Nefzaoui and Ben Salem, (1998) showed
in Tunisiathat combining straw with opuntialed to increased straw intake and consequently better animal
performance (Figure 4).

EFFICIENCY OFWATERUTILIZATIONIN DRYLAND ZONES

Weatering animalsduring summer and drought periodsisaserious probleminarid zones. Animasusealot
of energy to reach water holes, and rangeland degradation in the area surrounding watering pointsis
common. Feeding with cactus cladodes reduce watering needsin dry areas.

In Tunisia, Nefzaoui and Ben Salem (1998) showed that water intake is nil when daily cactus
consumption by sheep isabout 300 g of dry matter. The volume of water consumed by animalsdecreased
from 2.4 litrefor the control diet, to 0.1 litre when the level of spineless cactuswas above 300 g DM.
Animalseven stopped drinking water at the highest level of cactusintake (Figure5).

Figure 5. Opuntia intake (g DM/day) versus water intake (litre/day)
(Source: Ben Salem et al., 1996, cited by Nefzaoui and
Ben Salem, 1998)
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Riveroset al. (1990), inthe semi-arid zone of Santiago (Chile), studied the effect of replacing afafa
hay by opuntia cladodes on the liveweight and water intake of sheep. During two summer months, 20
lambs, 6 to 7 month old, wererandomly allotted to two treatments. Onegroup wasfed on alfalfahay at a
maintenancelevel. The other group wasfed on alfalfahay plusopuntiacladodesthat replaced about 25%
of the dry matter maintenance requirements. The groupswere penned, collectivefeed and water intake
was recorded daily. A third drinking dish was located outside the dry lotsto record daily evaporation.
Results showed that liveweight showed only dight variation among weeks (P < 0.05). Dry matter intake
wasvery similar between treatments (P < 0.05), the group fed on alfalfahay fluctuated from 0.87to 1.35
kg/anima/day, and the onefed on afalfaplusopuntiafrom 0.65to 1.32 kg/animal/day. Thelatter consumed
between 28.1 and 31.8% of the dry matter as opuntia, starting from the second week.

Water intakediffered Sgnificantly between treetments (P< 0.01): thegroup fed on dfafahay fluctuated
from 2.48to 3.26 litre/animal/day, and between 0.71 and 1.51 litre/animal/day for theanimalsfed on dfafa
plus opuntia. Considering both direct and indirect water intake, derived from the alfalfa and opuntia
requirementsto produce 1 kg dry matter, the animal sthat consumed afafahay plusopuntiacladodeswere
about 30% more efficient with respect to water utilization than the group that consumed only alfafahay.
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The authors concluded that utilization of a

crop like opuntia could be an interesting Table 28. Goat milk production st Les Cardas Agricutural
possibility to increase forage and animal Experiment Station, Cogquimbeo, Chile. hMeans of the last
- . two monthz of goat's ladtation
productivity and particularly as an P
. . . . }‘
alternative to improve the efficiency of Treatment CiGoatidanp
water utilizationin dryl and zones(Fl gure 6)' Control on rangeland without supplementation 193 ¢
In the arid zone of Coqui mbO, Rangeland + alfalfa bay o Mt 300k
Azécar and Rojo (1991) demonstrated that E:Qrge'a”d FERE GBI R SR BatlS 374 b
Suppl _ementl ng go_atswnh alfal_fahay and Rangeland + 73% alfalfa hay + 21 % cadus 303 =
opuntia cladodes in the suckling period pear
significantly increased (55.4%) milk Rangeland + 65% al falfa hay + 34% cactus 4364
production. When only hay was provided, e
hay rep| acement with 16, 21 and 34% Hote: * Means folloved by same letter are not sionificanty
|adodesf ed | idlds 93.8 different (Duncan’ = multiple range test)
Clagodestavoured evenlarger yields: 9s.0, Source Azocar and Rojo, 1991

103.6 and 125% respectively. Under local

conditions, up to 34% hay could be

replaced by opuntiacladodesto supplement goats fed on rangeland and stimulate milk production. This
effect can beattributed to the high water content of cactustissues. Utilization of opuntia cladodesasa
summer supplement isrelevant toincrease milk production of local herdsinzoneswith aMediterranean
arid climate (Table 28 and Figure 7).

Figure 6. Weekly water intake of suffolk ewes at La Rinconada de Maipu
Experimental Station, University of Chile, Santiago
(Source: Riveros et al., 1990)
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35 . O Alfalfa hay
@ Alfalfa hay + cactus
3 _

Litre/ewe/day
N

INTEGRATION OF CACTUSWITH OTHER NATURAL FEED RESOURCES OF ARID
ZONES

Opuntiacannot be fed alone dueto its poor nitrogen content, which needsto be supplemented with an
appropriate and cheap source of nitrogen, such as saltbush (Atriplex sp.) or non-protein nitrogen from
treated straw. Nefzaoui et al. (1995, cited by Nefzaoui and Ben Salem, 1998) showed that opuntiadiets
could be supplemented efficiently with Atriplex nummularia. Intake of Acacia cyanophylla was|ow
because of its high content of condensed tannins (7% of dry matter). Tanninsare also responsiblefor the
low digestibility of acaciacrude proteins (Nefzaoui and Ben Salem, 1998).
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Azbcar et al. (1996) eva uated the consumption, liveweight and milk production of goatsfeeding on
green forage of either Atriplex nummulariaor O. ficus-indica, asa30% inclusion in an alfalfa-based
diet. Treatmentswere: (1) 100% alfalfahay; (2) 70% alfafahay and 30% of A. nummularia; and (3)
70% afafahay and 30% opuntia. Goatswere permanently confined. Replacement of afafahay by the
experimental forage was dry-matter based. Hay was fed unchopped, opuntia cladodes chopped, and
A. nummularia as twigs. Intake was measured daily, and the amount offered was adjusted weekly.
Liveweight and milk production were measured at the start of the pre-experimental and the experimental
periodsand from then on every twenty days.

Resultsshowed no significant differencesfor dry matter intake between trestments 1 and 2 (P < 0.05),
and significantly higher meanintakesfor trestment 3 (Figure 7). Total liveweight gainsand daily gains
weresignificantly higher in treatment 3 compared to the others (P < 0.05). Daily and total milk production
weresignificantly reduced by theinclusion of A. nummularia. Opuntiaproduced apositiveeffect onmilk
production. According totheresults (Azocar et al., 1996):

() itisfeasibletoreplace upto 30% of thealfalfahay ration by opuntiawithout significantly
affecting consumption, liveweight and milk production;

(i)  thepresence of opuntiacladodesin theration of goatsin the suckling period inducesa
higher intakeand anincreasein milk production, whichisprobably dueto the*lactose
effect,” asyet not explained; and

(i) replacement of afalfahay by A nummulariaat alevel of 30% did not significantly affect
thedry matter intake, but had anegative effect on liveweight and significantly reduced milk
production.

Figure 7. Goat milk production at the start of the experiment and at 20-day
intervals thereafter (Source: Azécar et al., 1996)
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OPUNTIA SPP. FOR FODDER AND FORAGE PRODUCTION
INARGENTINA:
EXPERIENCESAND PROSPECTS

Juan C. Guevara and Oscar R. EsTEVEZ

INTRODUCTION

Cactusisextensively used asan emergency livestock feed during times of extremedroughts, i.e. akind of
“drought insurance’ (LeHouérou, 1994), in arid and semi-arid areas of theworld (northeast Brazil, Mexico,
southern Africa, USA, and the Mediterranean Basin).

Cactusplantationsin Argentinahaveincreased fromaround 90 hain 1993to 840 hain 1997. Most of
the plantations are located in the Provinces of Tucuman (39%), Catamarca (22%), Santiago del Estero
(14%), LaRioja(12%) and Sdta(10%) (Ochoade Corndlli, 1997). Amongthemaintraditional, current and
potential usesof cactus (Barbera, 1995), the consumption of fruits, fresh or processed in syrup, isthe most
important in Argentina (Ochoade Cornelli, 1997). Most of the cactus producers use cactusasan activity
complementary to their agricultural systems. Cactusproductionisvery popular in smallholder operations,
wherethe cladodes are used asforagefor cattleand goats (Ricarte et al., 1998), although mainly inwinter,
when thewater supply for livestock islimited (Ochoade Cornelli et al., 1992).

A few studies and experiences have been reported on cactus asfodder and foragein Argentina. The
ecological productivity and the nutrient content of the cladodes (Braun et al., 1979), the current status of
plantations (Ricarteet al., 1998) and their productivity under different management practices (Reynoso et
al., 1998) have been studied for Opuntiaficus-indicaL. f. inermis (Web.) LeHouérou in Los Llanos of
LaRiojaProvince.

Our studies with Opuntia spp. began in the Mendoza plain at the end of 1995 in response to the
suggestionsof LeHouérou (1995a). The experiments comprised effect of fertilizers, irrigation and planting
distances on the above-ground biomass production (experimental work still in progressat time of writing);
evaluation of plant survival and productionin margina lands (Guevaraet al., 1997); micropropagation of
O. dlisiana, materia withlow availability of planting stock (Juarez and Passera, 1998); and cold hardiness
of Opuntia speciesand clones(in progress). At thesametime, the economicfeasibilitiesof cactusplantations
for cattle (Guevaraet al ., in press) and goat production (Guevaraet al., 1999) have been assessed.

Thischapter summarizesthe studiesand experiencesin Argentinaon opuntiafor forage production
and its prospects.

BIOCLIMATIC CLASSIFICATION OF THEARIDAND SEMI-ARID ZONES

Datafrom around 40 weather stationswere classified (Le Houérou, 1999) based on two main indices: the
rainfall (R) to potential evapotranspiration (PET) ratio (R/PET), representing the water stress; and the
mean daily minimum temperature of the coldest month (m), representing the winter thermal stress. These
two criteriaalowed the congtruction of theorthogona matrix showninFigure8. Thediscriminating threshold
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vauesin theclassification were;

Sub-desertic zone:
Arid zone:
Semi-arid zone:

Water stress
0.06 < R/PET <0.15
0.15 < R/PET <0.33
0.33<R/PET <0.50

100 <R <200 mm
200 < R <400 mm
400 < R <600 mm

RIPRT (%)

-5<m<-3
-3<m<-1
-1<m<1
1<m<3
3<m<5

Winter thermal stress

Extremely cold-winter
Very cold winter
Cold winter
Cool winter

Temperate winter

Theweather stationswere aso classified according to therainfall regimes: tropical (over 70% of
annual preci pitation falling during the summer season); Mediterranean (over 70% of annual precipitation as

winter rains); and well balanced (between 40 and 60% of annual rainfall inwinter).

The absolute minimum temperaturesfor most of the weather stationsranged from -5°C (LaRioja) to
-13.9°C (ChosMalal, Neuquén). Thelowest temperaturesrecorded were-18°C (E!l Divisadero, Mendoza)

and-23.6°C (Maargiie, Mendoza).
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Figure 9. Location of weather stations in arid and semi-arid zones of Argentina
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MAIN CONSTRAINTSFOR CACTUSPLANTATIONS

Temperature

Under different climatic conditions, the thermal limit for frost-sensitive species such as Opuntia ficus-
indicaisindicated by anmof 1.5t0 2.0°C inthearid steppes of North Africa(LeHouérou, 1995b).

Theauthors observationsfrom severa speciesand clonesestablished inthe Mendozaplainssuggest
that winter cold temperatures are the major limitation to cultivation of cactusinthisarea. When night
temperaturesin El Divisadero dropped to-17°CinAugust 1999, the young cladodes from 9-month-old
plants of O. ficus-indica were almost destroyed, while the 3-year-old plants of O. ficus-indica,
O. spinulifera Salm-Dyck f. nacuniana Le Houérou, f. nov. and O. robusta Wend. had mean frost
damage of 25, 5and 2%, respectively.

Experiments to evaluate forage production of the cold-hardy forage species O. ellisiana Griff.
and the cold-hardy clone #1233 (hybrid between O. lindheimeri Engelm. and some unknown parent)
have recently begun in the Mendozaplains. Thismaterial isbeing tested because O. ellisiana was not
damaged when temperatures at Kingsville, Texas, dropped to -12°C in 1989 (Gregory et al., 1993).
Furthermore, O. ellisiana experienced no damage and clone #1233 had only slight damage from this
freeze when temperatures of -20°C were recorded on a site located about 500 km north of Kingsville
(Wangetal., 1997).

According to Han and Felker (1997), the average water use efficiency (WUE) of O. elisianawas
162 kg H,0O per kg DM. Thisisamong the highest WUE of any plant speciesmeasured under long-term
field conditions.

However, O ellisiana is a slower growing species compared to O. ficus-indica. In fact, the
productivity O. ellisiana/O. ficus-indica ratio ranged from around 0.35 (Han and Felker, 1997) to 0.5
(H.N. LeHouérou, pers. com.). Considering that the WUE measured for O. ficus-indica was 250-300
kg H,O per kg DM (Le Houérou, 1996a), the WUE of O. ficus-indica is about 55 to 85% lower than
O. dlisiana. Thus, we can assumethat thelower productivity of O. ellisiana could be explained by its
higher transpiration ratio. Clone #1233, introduced by P. Felker at Santiago del Estero, has exhibited
high above-ground biomass productivity there (P. Felker, pers. com.).

Rainfall

Cactusand other drought-tolerant and water-efficient fodder shrubs (DTFS) can surviveunder rainfall as
low as 50 mm in a particular year, but with neither growth nor production (Le Houérou, 1994). Mean
annud rainfdl of 100-150 mm correspondsto the minimum required to successfully establish rainfed plantations
of DTFS(LeHouérou, 1994), provided soilsare sandy and deep (Le Houérou, 1996a). Theselimitscanbe
applied in the Mediterranean Basin, and North and South America (Le Houérou, 1994). Thus, cactus
plantationsare eliminated fromthearid (R/PET < 0.03; R <50 mm) and hyper-arid (0.03< R/PET < 0.06;
50 < R <100 mm) regions of Argentina.

Land tenure

Land tenure often constitutes a paramount constraint. The establishment of shrub plantationsrequires
long-term planning, relatively heavy investmentsand thereforeland tenure security that provides possible
returnsfor such heavy investments. Land tenure and the control of livestock movements aretherefore
prerequisitesfor shrub development (Le Houérou, 1996b).

ABOVE-GROUND BIOMASSPRODUCTIVITY

Soil texture and rainfall are the main factorsrelated to productivity of O. ficus-indica (Table 29). On
sandy soils, productivity ranges from 2.1 to 2.4t DM/halyear in areas with 300 mm of rainfall. This
trand atesinto mean rainfall-use efficiency (RUE) of 7.4 kg DM/halyear/mm. Theseyield and RUE values
arelower thanthosein arid lands under mean annual rainfall of 200 to 400 mm on deep, sandy soils(3t09
t DM/halyear and 15 to 22.5 kg DM/halyear/mm, respectively) when competition from native vegetation
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and weeds was kept under control (Le Houérou, 1996a). The low yield from El Divisadero cactus
plantation is probably dueto its unweeded condition, asthey produced 300% | ess biomass production
than weeded plots (Felker and Russell, 1988). On silty sand soils, productivity reached only 0.75t DM/
halyear at asitewithrainfall dightly higher than 200 mm, i.e. aRUE factor of only 3.5.

Table 29. Above-ground biomass production from Opuntia ficus-indica in Argentina

Mean annual Soil Spacin Plantation age Aboveground
Site rainfall texture p(m) 9 (years) 9 biomass production
(mm) Y (t DM/halyear)
Los Llanos (La Rioja) _
(30° 22°S. 66° 15W) 317 Sandy 333 5-7 2.4
Los Llanos (La Rioja) ®
(30° 30'S, 66° 15'W) 317 n.a. 434 10 17
El Divisadero (Santa Rosa,
Mendoza) @ (33° 45'S, 67° 41'W) 294 Sandy 821 3 21
Mendoza @ .
(320 53'S, 68° 50'W) 215 Silty sand 531 3 0.75

Sources: (1) Braun et al., 1979. (2) Reynoso et al., 1998. (3) Present authors’ data. (4) n.a. = not available.

MICROPROPAGATION OF OPUNTIAELLISIANA

O. dlisanawasmultiplied from explants containing areolas using in vitro culture techniques (Juérez and
Passera, 1998). The sterilization procedure that showed the best results (only 12% areolas infected)
consisted of the immersion of the entire cladodes in sodium hypochlorite plus Tween 80, and then in
benzakonium chloridesolution.

Explantswere cultivated in Murashige and Skoog culture medium, supplemented with sucroseand
different Indole-3-butyric acid (IBA) and 6-benzylaminopurine (BAP) concentrations, at 27+2°C, 100%
relative humidity and a 16-hour photoperiod. Explantsin the medium containing 2.25 mg/litreBAPand
2.0 mg/litre| BA showed 100% shoot devel opment in 35 daysof culture. The mean shoot lengthwas 10.2
mm after 49 days.

A 100% root induction in shootswas obtained in amedium with 5 mg/litre IBA after 12 daysin
culture. Thehighest numbersof rootswere obtained when the entire shootswere cultivated in amedium
supplemented with 5 mg/litreand 10 mg/litre IBA after 48 daysof culture.

Theacclimatization of invitro regenerated plantswas accomplished in agreenhouse and the plants
showed good performance when transferred to soil.

ECONOMICFEASIBILITY OF FORAGE OPUNTIAPLANTATIONS

Cattleproduction

Theeconomicfeasibility of 50, 100 and 200 hacactus plantationsin the Mendoza plainswas examined by
simulation models (Guevaraet al., in press). Modelswererunwith 200, 300 and 400 mm annual rainfall
and two management systems: cut-and-carry (CAC) for pen feeding, and direct browsing (DB). Thestudy
was based on several assumptionsrelated to spacing and density strategies, planting material availability,
yield and utilization schedule, nutrient content of the pads, composition of cattledaily ration, and opportunity
cost of prohibited grazing.

Two approaches were used to assign monetary values to the cactus feed and the range forage
forgoneby livestock. Inthefirst approach, the shadow priceswere cal culated using the regional pricesof
metabolizable energy (ME) and crude protein (CP) in concentrates (EP shadow price). Inthe second
approach, the authors assumed the shadow priceto bethe price of steer meat on the hoof at the producer
level (SM shadow price). Thislatter approach also assumed aconversion rate of 115.4 MJ of ME per
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kilogram of liveweight gain (Le Houérou, 1989). Thus, the monetary values (US$ per tonne DM) were
95.4 (EP) and 66.3 (SM) for cactusand 102.2 (EP) and 59.4 (SM) for range forage production.

I nformati on obtai ned through the establishment and monitoring of experimenta cactus plantationsin
the Mendoza plainswas used to estimate the establishment cost (Figure 10). Thevaluescorrespondtothe
mean of thetwo shadow prices. Thiscost ranged from around US$ 1 490 (50-ha plantation; EP shadow
price) to US$ 850 (200-haplantation; SM shadow price) inthe CAC system, and from US$ 1 080 (50-ha
plantation; EP shadow price) to US$ 970 (200-haplantation; SM shadow price) inthe DB system.

Figure 10. Average establishment cost of cactus plantations in the Mendoza
plains according to plantation size and management system
(Source: Guevara et al. in press)
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Using 12% asthe capital opportunity cost and the shadow price of meat, cactus production was
found to befeasiblein DB systemswith 300 mm rainfall on a100 haplantation and with 400 mmrainfall on
a50 haplantation; and inthe CAC systemswith 100-200 haplantationsand 400 mmrainfall (Figure 11).

Figure 11. Internal rates of return (IRRs) from cactus plantations in the Mendoza plains according to
plantation size, rainfall and management system (Source: Guevara et al., in press)
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The economic analysisdid not take into account the secondary benefits mentioned by Le Houérou
(1994, 19964), such asrunoff and erosion control, climate buffering, increased land fertility, landscaping and
amenities, stabilization of animal production and reductioninthe cattlewater requirement. Thisresultedin
avery large underestimation of the economicimpact of cactusplantations.

Without theincorporation of cactus plantations, the cow-calf operation size necessary toyield positive
returnsin the Mendoza plains was estimated to be 37 500 ha (Guevaraet al., 1996). If a3-year cactus
production accumulation and adaily consumption of 36 kg of fresh cactusmaterial per animal unit (AU)
wereassumed, the cactusplantation required to feed all the cattle (1580 and 2270 AU in areaswith 300 and
400 mmrainfall, respectively), for theentireyear in this cow-calf model would be about 0.3% of theranch
size. This cactus plantation would increase the current ranch investment by 7 to 10% (Guevaraet al.,
1996).

Goatsfor meat production

The study addressed small-scal e stockmen (50-200 does), located in areas with mean annual rainfall below
200 mm (Guevaraet al., 1999). Their goat production systemshavethefollowing characteristics: (i) goats
are basically fed on rangelands, (ii) most of the goats kid in the dry season (autumn-winter), when the
forage on offer isinsufficient to meet the nutrient requirementsfor goat | actation; and (iii) thereishigh kid
and doe mortality asaconsequence of thefeed deficit inthis period.

A smulation model examined costsand benefitsderived from theintroduction of cactusplantations
into these goat production systems. Severa scenaRioswere generated by varying the goat herd size (50,
100, 150 or 200 does) and theannual rainfall probability (f) from0.1t0 0.9,

The assumptionswere, in general, the same asthose described earlier. However, some particular
aspectswereincluded inthe study. Cactus plantations could be established in bare areas near settlements
of the herderswhere no grazing currently occurred dueto overgrazing and wood extraction. Herbaceous
vegetation, which could grow in the inter-row alleys, was scarce and therefore the opportunity cost of
prohibiting grazing in the cactus plantation was not considered. Only 10% of thewageswereincluded as
goat herder opportunity cost. The method of management proposed was cut-and-carry.

Thistype of management isrecommended for areasin which thereisinsufficient grazing discipline
and therefore ahighrisk of cactus plantation destruction (L e Houérou, 1989).

A decreasein doeannual mortality from 10 to 2% and an additional annual amount of kidsper goat
were considered asthe direct benefits derived from the reduction of forage deficit in the autumn-winter
period. An external benefit was the reduction of water consumption by goatsin terms of the monetary
value of the labour not used for obtaining water.

Figure 12 showsthe establishment cost of cactusplantationsfor three selected rainfall probabilities.
Costsranged from US$ 525/ha (50-head goat herd; f 0.1) to US$ 242/ha (200 head goat herd; f 0.9). The
cost of establishment could be considered high and not al the stockmen could afford suchinvestment. The
cost of ingtalling thefence, the main item of the establishment cost in most of the scenaRiosanalysed, could
bereduced if thorn hedgeswere considered. Thorn bush fences could be established for only 40% of the
cost of metal fence (LeHouérou, 1989). A fence made of adoublerow of spiny cactusat adistanceof 1
m and aspace of 1 m between plants should be established at |east two years before cactus planting (Le
Houérou, 1989).

Theannual additional amount of kidsrequired to reach aninternal rate of return (IRR) equal tothe
opportunity cost of capital (12%) isshownin Figure 13. Thisamount increased asannual rainfal probability
increased, i.e. as cactus production decreased. An annual additional amount of 0.2 kid per goat seems
possiblein practice because of supplementing goats with spineless cactus. 1n a50-head goat herd, the
threshold of 0.2 kidsisreached at f 0.5. The samenumber of kidsisattained at f 0.7 tof 0.8in 150- and
200-head goat herds.
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If dependablerain (f 0.8) isconsidered, the additional kids per goat required to reach 12% IRR
would rangefrom 0.21 to 0.29 for 200- and 50-goat herd size, respectively. Further researchisneededto
establish, under field conditions, the actual additional amount of kidsthat might be obtained asaconsequence
of supplementing goatswith spineless cactusin thedry season.

Figure 12. Total costs of cactus plantation establishment and fence installation cost in the

Mendoza plains, for three annual rainfall probabilities (f) and four goat herd sizes
(Source: Guevara et al., 1999)
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Figure 13. Annual additional amount of kids per goat required to reach 12% IRR in the
Mendoza plains according to annual rainfall probability and goat herd size
(Source: Guevara et al., 1999)
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PROSPECTSAND RECOMMENDATIONS

Cactusplantations could be successfully devel oped in most of the arid and semi-arid zones of Argentina,
provided frost-tolerant species or cloneswere used. Thetrialsthat have been carried out indicate that
O. spinulifera SaAm-Dyck and O. robusta arethe most frost-tol erant species and hencethe most promising
for cactusforage production programmes.

The establishment cost of cactus plantations appearsto be high and out of reach of most ranchers
and graziers. Intensiveresearch and extens on efforts are needed to make cactus plantations more attractive
tothemintermsof feed value, their role as* drought insurance” and economic benefits, and in particular
reducing the cost of establishment. At the sametime, government should consider appropriateincentives
and legal toolsfavouring security of land tenure.

The system applied in Tunisiafor Acacia salignaand in Syriafor Atriplex halimus (L e Houérou,
1996b) could be adopted inArgentina. Itisbased onthe planting of state-controlled land. Such plantations,
usually fenced and excluded from stock, are opened to grazierson atemporary basis, subject to payment of
agrazing fee, under the control of the Forest Service, who decides on the time of plantation use, onthe
number of animalsadmitted and on the fee per animal/day to be paid.

Furthermore, in Tunisia, therearelegd incentivesfor fodder production development. Theseincentives
include state ass stance through loans, when economicaly justified, for establishing fodder shrub plantations,
in particular using spineless cacti, saltbushesand acacias (Le Houérou, 1996b).
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OPUNTIA - A STRATEGIC FODDER AND
EFFICIENT TOOL TO COMBAT DESERTIFICATION
IN THE WANA REGION

Ali Nerzaoul and Hichem BeN SaLewm

INTRODUCTION

TheWest Asia/North Africa(WANA) region containslarge areaswith rainy wintersand hot, dry summers.
WANA ischaracterized by itshigh popul ation growth, low and erratic rainfall, limited areas of arableland,
harsh desertsand limited water resourcesfor irrigation development (Nordblom and Shomo, 1995).

Asmuch as50% of thearid rangeland may havelost its vegetation since the Second World War, as
the human population hasincreased fourfold (Le Houérou, 19914). The sheep population hasincreased by
75% and the stocking rate jumped from 0.25 sheep/ha to 1.0 sheep/ha between 1950 and 1989. The
rangeland degradation issimply the outcome of these changes, besidesincreased cropping activitiesand
increased use of feed grains.

Thus, contribution of rangel andsto theannua feed requirementsof livestock isdiminishing continuoudy;
from 80% three to four decades ago, to less than 25% currently. Overgrazing and the associated range
deterioration arethemgjor factorsthat haveforced pastoraliststo changetheir migration and feeding patterns.
In some countries, animalsare heavily supplemented with barley grain and other concentratefeeds. Table
30 summarizesatypical feed calendar common for agropastoral systemsof the arid and semi-arid zones of
the WANA region.

Table 30. Typical feeding calendar for small ruminants in the WANA region

Period Physiological Area Type of feed Supplement
stage
May to July Mating to early Agricultural land Cereal stubble Bran, barley, cactus
pregnancy
August to . Bran, barley, cactus,
September Pregnancy Agricultural land Cereal stubble, straw shrubs (Atriplex)
October to Late pregnancy to | Rangeland, Fallow, hay, natural c?l?vr:ae%/r’eveyle?t bran,
January early lactation agricultural land grazing Y
products

February to . . Rangeland, Natural grazing, fallow, Olive tree leaves and
April Weaning, fattening agricultural land standing barley, straw twigs, barley, bran

Therefore, most of the WANA countriesare seeking appropriate tool sto prevent rangel and degradation and
restore productivity. Some of theimproved rangeland techniquesinclude (i) reduction of stocking rates,
(i) controlled and deferred grazing; (iii) periodic resting; (iv) extended water supplies; (v) reseeding; and

(vi) shrub planting.

Ali NEFzaoul and Hichem BEN SALEM

Institut National de la Recherche Agronomique de Tunisie

Tunisia
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Moreover, productivity can beimproved by increasing feed suppliesfrom dternative sources, including
(i) legumesor other forage cropsgrown in place of fallow; (ii) fodder banksof naturally grownlegumes
fertilized with phosphate; (iii) treatment and suitabl e supplementation of straw; and (iv) other crop residues
and agro-industrial by-products. Inaddition, aplanned government strategy for drought relief should reduce
therisk to small ruminant producersand increase production.

The search for appropriate plant species to grow in arid areas is a permanent concern of most
peopleliving in harsh environments. Cactus speciesfit most of the requirements of adrought-resistant
fodder crop. According to De Kock (1980), they must:

* be relatively drought resistant, survive long droughts, and produce large quantities of fodder

during therainy season, which can be utilized during dry season;

have ahigh carrying capacity;

supply succulent fodder to animals during droughts,

not have an adverse effect on the health of theanimalsutilizingit;

tolerate severe utilization and have high recovery ability after severe utilization,

havealow initial cost (establishment and maintenance); and

tolerate a wide range of soil and climatic conditions, so that they can be planted where the

production of ordinary fodder cropsisuncertain.
Thefuture of thearid and semi-arid zones of theworld depends on the devel opment of sustainable
agricultura systemsand on the cultivation of appropriatecrops. Suitable cropsfor theseareasmust withstand
drought, high temperature and poor soil fertility. Theopuntiasfit most of theserequirementsand they are
important to the economy of arid zones, for both subsistence and market-oriented activities (Barbera, 1995).

* % ¥ %k X X

IMPORTANCE OF CACTI INARID ZONES

Theincreased importance of cacti in arid zonesisbecause of their ability to:

»  be more efficient than grasses or legumes in converting water to dry matter, based on their
specidlized photosynthetic mechanism (CAM) (Russall and Felker, 1987a; Nobel, 19894)
remai n succulent during drought;
produceforage, fruit, and other useful products; and
prevent long-term degradation of ecol ogically weak environments.
Itissuggested that cacti, and Opuntia spp. in particular, wereintroduced into the WANA region by
Spanish Moors. Nevertheless, large plantations were not established until the 1900s. These plantations
wereimplemented to createliving fodder banksto feed animal sduring drought and to combat desertification.

YV V V

CACTIASAFODDER BANK

Opuntias used for animal feeding are abundant, easy and cheap to grow, palatable and drought tolerant
(Shoopetal., 1977). Such characteristicsmakethem apotentialy important feed supplement for livestock,
particularly during periods of drought and low feed availability. A large portion of opuntiaplant biomassis
vegetative material rather than fruits, and it can befed to livestock asfresh forage or stored assilagefor
later feeding (Castro et al., 1977). Theideaof using cactusto feed livestock isnot recent. Griffiths (1905)
was certain that feeding cactusto livestock started in the USA before the Civil War, and before and after
thewar, there was extensive freight transportation of cactus pads between Brownsville, Indianola, San
Antonio and Eagle Passin Texas. The plant hasbecomeimportant fodder in many partsof theworld, based
on natural and cultivated populations. Itiscultivated inAfrica, Argentina, Bolivia, Brazil, Chile, Colombia,
Isradl, Italy, Mexico, Spain, USA and Peru (Barberaet al., 1992; Le Houérou, 1979; Brutsch, 1984; Clovis
deAndrade, 1990; Curtis, 1979; Pimienta, 1990; Russdll and Felker, 1987a; Saenz, 1985).
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LargeareasarefoundinAlgeria, northeast Brazil, Mexico and South Africa. The opuntiaisused
al year round, or as emergency feedstock during drought. In many arid areas (Mexico, south Texas,
South Africa, Tunisia, etc.), farmers use cactus extensively asemergency foragethat isharvested from
both wild and cultivated populations to prevent the disastrous consequences of frequent and severe
droughts (LeHouérou, 1992).

Fromtheearly 1900sinNorth
Africa, several strategies were
introduced to reducewater and wind Figure 14. Yield of Opuntia ficus-indica f. inermis in relation

; - to rainfall in Tunisia (adapted from Monjauze and
erosion and rangel gnd degradation, Le Houérou, 1965)
using shrubs (Acacia cyanophylla,

Atriplex nummularia and 120 -

A. halimus) and cacti (Opuntia

ficus-indica f. inermis). Large 100 - y = 12.182e%%% .
areashave been plantedinAlgeria, R? = 0.7094

Morocco and Tunisia since the
1950s. It isestimated that in low
rainfall areas, some 0.7 to 1 million
haof plantingsare hel ping to combat
erosion and desertification and to

(0]
o
I

Yield (t/yr)
D
o

provide feed for livestock during %
drought. 20 .

The importance of opuntia
became evident when research 0 ; ; ; ‘ :
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to their high water use efficiency
(Nobel, 19894), their aboveground
productivity ismuch higher than any other arid plant species. InTunisia, under rainfed conditionsand with
no fertilizer application, spineless cactusyield from 20 t/yr of fresh cladodesin areas with 150 mm/yr
rainfal, to 100 t/yr in areaswith an averagerainfall of 400 mm/yr (Figure 14).

USE OF CACTI AGAINST DESERTIFICATIONIN NORTHAFRICA

Margind landsarefragileecosystems, and whenthey are subjected to cultivation andindiscriminate vegetation
removal, large-scale degradation and destruction of vegetative cover occurs. The disappearance and
scarcity of several plant speciesindicate the magnitude of genetic and edaphic |osses.

To reverse desertification and restore the vegetative cover in those areas, appropriate integrated
packagesare used for rangeland monitoring, livestock and natural resources conservation. Spinelessopuntia
(Opuntiaficus-indica) isused inAlgeriaand Tunisiato dow and direct sand movement, enhancerestoration
of the vegetative cover and avoid erosion of theterraces built to reduce runoff.

In central and south Tunisia, opuntiaplantations provide alarge amount of fodder for livestock and
play akey rolein soil conservation. Terracesare easily damaged by runoff, but opuntiarootshelp to hold
themin place, ensuring stability of theterraces. Two rows of cactus padsare planted on theinner side of
theterraces. The moisture stored at the base of the terrace enhances plant growth. Inaddition, padsare
harvested and used as an animal feed during drought spells. Cactus can be used in combination with
cement barriersor cut palm leavesto reduce wind erosion and sand movement, maintaining the soil and
improving vegetative cover.
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USE OF CACTI ASFODDER

Opuntiais not a balanced feed and should rather be considered as a cheap source of energy. Cladodes
have low crude protein content and consequently should be supplemented with protein sources. They
are also low in phosphorus and sodium.

Chemical composition

Hoffman and Walker (Table 31) analysed Opuntia nutrient content in 1912. These early investigations
indicate that spiny and spineless cactus have practically the same chemical composition and are of equa
valuefor feeding purposes (Woodward, 1915). Cladodeshave highwater content (90%), ash (20% DM),
Ca(1.4% DM), soluble carbohydrate and vitaminA. They have low contents of crude protein (CP) (ca
4% DM), crudefibre (CF ca. 10% DM ), and phosphorus (P ca. 0.2% DM) (Nefzaoui et al., 1995).

Table 31. Average chemical composition (as % of DM) of Opuntia engelmannii and O. lindheimeri

Fraction Content Fraction Content
Water 85 Phosphoric acid 0.33
Crude protein 1.4-4.4 Potassium 3.04
Nitrogen-free extract 7.85 Magnesium 1.6
Fat 1.55 Calcium 2.84-13.85
Crude fibre 8.65

Source: Hoffman and Walker, 1912

Table 32. Average chemical composition of Opuntia ficus-indica cladodes produced in Tunisia

DM Chemical content (as % of DM)

(%) Ash CP CF NFE P Ca K Na
Average 13.48| 27.41 3.84 8.55 58.16 0.04 8.66 1.09 0.05
Minimum 8.95| 23.11 1.90 7.39 52.60 0.02 7.56 0.43 0.001
Maximum 21.48 | 33.70 751 10.60 63.79 0.07 10.62 1.92 0.17
Standard deviation 4.50 3.77 1.48 1.03 4.02 0.02 1.09 0.45 0.05

Key: DM = dry matter. CP = crude protein. CF = crude fibre. NFE = nitrogen-free extract. P =
phosphorus. Ca = calcium. K = potassium. Na = sodium.

Table 32 summarizesnutrient content of cactuspadsdeterminedin Tunisia. Water content ishigh (80-95%)
and ash content can reach 33% of DM. The crude protein content islow, often below 5% of DM. Fibre
contentisalsorelatively low: itsaverage va ueisabout 9% of DM. Thesedataare similar tothosereported
inother countries (Table 33).

Table 33. Average chemical composition of cactus cladodes

DM Chemical content (as % of DM)

(%) Ash cP CF NFE
Average 11.01 17.19 4.76 10.91 65.30
Minimum 4.74 8.18 2.50 7.82 56.70
Maximum 17.00 23.53 7.87 14.50 72.67
Standard deviation 3.87 4.61 1.90 2.24 5.25

Key: as for Table 32.
Sources: De Kock, 1965; Lozano, 1958; Morrison, 1956; Teles, 1978; and Theriez, 1965.

Contentsof major macro-elements show again very low levels of Pand Naand high levelsof Ca.
Recent investigations (Ben Salem and Nefzaoui, unpublished data) show that cactus cladodes have high
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oxaate content. Total oxalateisabout 13% of the DM, of which 40% isinasolubleform. These oxaates
are probably bound to Ca, making thisanion lessavailableto animals. Thishigh amount of oxalates may
also explainthelaxative effect of cactuscladodeswhen fed to animals.

Crudefibre percentageisapoor indicator of feed fibre status, and improved methods, such asthe
Van Soest fractionating procedure, are more appropriate. It appearsthat, compared to alfafa, cacti havea
relatively low fibre content, especially thelignocel lulosefraction (Table 34). Itiswell knownthat highlevels
of lignocellulose or ligninareresponsiblefor low digestibility of foodstuffs. According tothese data, the
digestibility cactus pads could be expected to be high.

Table 34. Average neutral detergent fibre, acid detergent fibre, hemicellulose, cellulose and lignin contents
(as % of DM) of some Opuntia species compared to alfalfa

Species NDF ADF Hemicellulose Cellulose Lignin
Alfalfa (reference species) 45.15 29.91 15.24 21.49 7.93
O. engelmannii 31.18 11.29 19.88 7.95 2.89
O. filipendula 33.30 15.31 17.99 10.49 3.97
O. versicolor 39.85 18.98 20.87 13.73 3.86
O. polyacantha 31.16 18.42 12.74 12.69 4.79
O. fragilis 35.08 15.47 19.61 10.97 3.91

Key: NDF = neutral detergent fibre. ADF = acid detergent fibre.
Source: Ben Thlija, 1987

Ash content of cactus padsishigh, ranging from 10 to 25%, mainly because of the high calcium
content. Most of the opuntia speci es have phosphoruslevel sbhelow animal requirement (Tables31 and 32).

Water deficiency and high levels of Ca compounds in arid and semi-arid soils lead to cactus
accumulating high quantities of Casolutesinitspads. Thisprocessallowsthe plant to extract, through
osmosis, asmuch water aspossiblefromthe soil. Inany case, the Cacontent of cactus padswell exceeds
animal requirements. An excess of calcium is not problematic in itself, but an unbalanced Ca/Pratio
requirescorrection. Most authorsreport aCa/Pratio of about 35.

Shoop et al. (1977) working with O. polyacantha, indicated that phosphorus content was bel ow
livestock dietary requirements. Calcium levels seemed to be adequate, but the Ca/Pratio, at about 36/1, is
too high for optimal livestock performance. According to the same source, the other minerals (manganese,
copper, zinc, magnesium and iron) had concentrationswithin the acceptabl erangefor ruminant diets, except
for sodium, whichwasrelatively low (0.02%).

Protein content of cactuscladodesislow, but tendsto increase after fertilizer application. Speciesor
varietiesa so haveinfluence on thisparameter. Thus, Gregory and Felker (1992) found that some clones
from Brazil had over 11% crudeprotein.

Gonzélez (1989) found that N and Pfertilizersincreased crude protein contents of opuntiacladodes
from 4.5% to 10.5% of dry matter. Thisisrather spectacular. However, in the WANA region, large
plantationsof opuntiaarelocated in dry areaswhere poor soil, low rainfal and limited financial resourcesdo
not allow fertilizer application. Therefore other methods of increasing nitrogen content of cladodes—
through selection, hybridization andinoculation—arevery atractive. Protein deficiency can aso besolved
through appropriate supplementation and/or feed source combination.

Little attention has been paid to the quality of cladode proteins. Investigations conducted inthe
authors' laboratory showed that the amino acid composition of cladodesis satisfactory and comparableto
that of barley grain (Table 35).

Thenutritive quality of opuntiadependson plant type (speciesand variety), cladode age, season, and
agronomic conditions(soil type, climate, growing conditions, etc.). Nutrient content variationissimilar for
cladodesintheir first and second years. Thegeneral trend isthat dry matter content ishigh during summer
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months, while crude protein contentisat itslowest level. Thetrend for ash content islessclear, but seems
to behighfor spring months. Crudefibreislessvariableand seemsto be higher during winter (Figure 15).

Table 35. Amino acid composition of Opuntia ficus-indica var. inermis cladodes (g N/16 g N).

. Opuntia CP Opuntia CP .
Amino acid Opuntia CP (7.51% of DM) (4.24% of DM) Barley grain CP
(4.24% of DM) . . ; : (11% of DM)
’ (Site: Ousseltia) (Site: Bourebia)
Aspartic acid 9.29 11.66 10.98 5.70
Threonine 3.83 4.96 4.22 3.40
Serine 4.19 4.25 4.37 4.20
Glutamic acid 12.88 12.72 13.25 24.80
Proline 6.38 5.73 7.25 12.80
Glycine 4.66 4.69 4.86 3.80
Alanine 8.19 6.33 8.38 3.80
Cysteine 0.94 0.31 0.94 2.40
Valine 7.14 6.52 7.14 4.80
Methionine 1.82 2.33 1.99 1.40
Isoleucine 494 5.20 5.25 3.50
Leucine 7.99 8.58 8.43 6.90
Tyrosine 4.01 4.14 4.01 3.13
Phenylalanine 4.76 5.66 4.81 5.40
Lysine 4.86 6.32 6.56 3.60
Histidine 1.89 2.42 2.40 1.10
Arginine 5.60 5.31 5.60 4.90
Key: CP = crude protein
(a) One-year-old cladodes (b) Two-year-old cladodes
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Figure 15. Variation of chemical composition of opuntia cladodes (Opuntia ficus-indica var. inermis) in the
first (a) and second (b) years. Key: MS = dry matter. MM = ash. MAT = crude protein. CB = crude fibre.

The effect of cladode age on nutrient
content isquite interesting. It isobviousthat
dry matter increases as cladodes get older.

Figure 16. Changes in crude protein content
associated with DM (Nefzaoui, unpubl. data)
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with plant age, aresult of therelative increase in fibre content. Thus, opuntia behaveslike any other
conventional fodder where crude protein content decreases and crude fibre increases with age
(Figurel?).

Digestibility

Opuntiacladodesare highly digestible. Invivo average values obtained with sheep varied from 60 to 65%,
60 to 70%, 35 to 70% and 40 to 50%, for DM, OM, CPand CF, respectively. Anexampleof digestibility
data obtained with sheep is given in Table 36. These coefficients are similar to those observed with

commonforagecrops. Since opuntiashould not be used a onetofeed animals, digestibility iscalculated by
difference, assuming no interaction between diet components.

The main difference between cactus and other forage cropsis nutrient degradability in the
rumen. Whileforage crops potential degradability intherumen isoften reached after 48 hours, cactus
nutrientsarerapidly degraded (in between 6 and 12 hours), soit can be assumed that no significant nutrient
extractionisoperating after 24 hours(Ben Thlija, 1987).

Accordingto Shoop et al. (1977), 80% of thetotal digestion of Great Plainsopuntia(O. polyacantha)
occurred during thefirst 16 hours of a48-hour incubation period, whereas only 73% and 71% of total
digestion for hay pellets and alfalfa
hay, respectively, occurred during the

initial 16 hours. Comparativedry matter Figure 17. Dry matter (DM), crude fibre (CF) and crude
digestibility of these foragesisshown protein (CP) content associated with cladode age
inTable37. (Nefzaoui, unpublished data).

A rapidrate of digestion meansa o5 _ _ 55
faster passage of thematerial throughthe
digestive tract. This also means that 237 45
cactus dry matter remains in the = 21 -
gastrointesting tract only for ashort time, Q19 - T 45
leaving more volume available for S 17 - 14 %
further intake. Inother words, thegut fill 3 15 - <
of cactus is low, explaining why an 2 13 135
increase of cactus volumein the diet % O
does not reduce the intake of other a 111 T3
componentsof theration. Thesefindings 9 los
are similar to those obtained by Ben 7 '
Salemetal. (1996) inTunisia 5 ‘ ‘ ‘ ‘ ‘ 2

These results are very important 1 2 3 4 5 6
for arid zones where livestock is fed Years
mainly with straw or cereal stubble: both
coarsefeedsareof poor quality and have ‘_’_% DM —O— CF % DM —&— CP % DM ‘
low intakes, which lead to poor animal
performance.

A USDA report indicated that feeding trialsusing heifers showed that cactus cladodes arereadily
and more completely digestiblethan grass-hay (Agropyron cristatumand Bromus spp.). A study conducted
by Rossouw (1961) comparing yield and digestible portion of opuntiaand other foddersissummarizedin
Table 38.
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Table 36. Effect of spineless cactus (Opuntia ficus-indica var. inermis) supply on intake, total diet
digestibility and water consumption by sheep fed straw-based diets

Rate of spineless cactus (g DM/day) in ration
0 150 300 450 600
DM intake (g/day)
Straw 550C 574bC 523C 64320 7162
Cactus + straw 550€ 724d 823¢ 1093P 12782
DM intake (g/kg M®">day)
Straw 43.6° 42.20¢ 37.7¢ 44,80 54.72
Cactus + straw 43.6° 53.30 59.6C 76.30 97.62
Total diet digestibility
Organic matter (OM) 0.453P 0.504aP 0.5432 0.5772 0.5872
Crude protein (CP) 0.495¢ 0.5500¢ 0.5370¢ 0.585aP 0.6432
Crude fibre (CF) 0.525 0.508 0.534 0.523 0.468
Neutral detergent fibre (NDF) 0.504 0.495 0.483 0.523 0.506
Acid detergent fibre (ADF) 0.524 0.473 0.473 0.522 0.484
Digestible OM and CP intakes (% maintenance requirements)

DOMi 93 123 158 193 212
DCPi 52 52 64 93 111
Daily drinking water consumption (litre) 2422 1.49b 1.49P 0.11€ o¢

Note: Means in the same row followed by different letters differ significantly at the 5% level.

Source: Ben Salem et al., 1996

Table 37. Dry matter digestibility (%) in vivo (NBDMD) and in vitro (IVDMD) of singed
opuntia, grass-hay pellets and alfalfa

NBDMD IVDMD
Feed 16-hour Incubation 48-hour Incubation 96-hour Incubation
Opuntia 529a 66.4 a 63.8a
Grass-hay pellets 39.3¢c 541c 53.0b
Alfalfa hay 445b 62.9b 63.7 a

Note: Means in the same column followed by different letters differ significantly at the 5% level.
Source: Shoop et al., 1977

Table 38. Total yield and amount (as fed) of digestible nutrients of some fodders

Crop Yield (tha) Digestible nutrients (t/ha) Digestible nutrients (%)
Opuntia 80 5.0 6.25
Maize (silage) 25 4.2 16.80
Mangelwurzel 25 3.7 14.80
Lucerne hay 5 2.5 50.00

Source: Rossouw, 1961

EFFECT OF FEEDING CACTUSON RUMEN FERMENTATION PATTERN

Theeffect of spinelesscactussupply on digestion of wheat straw was studied in rumen-cannul ated sheep.
Animalsreceived wheat straw ad libitum, with graded levels of cactus (0, 150, 300, 450 or 600 g DM/
day). Whenthelevel of cactusin sheep diet increased, fibrous feed intake, rumen volatile fatty acids
concentration, rumen protozoanumber and rumen ammoniaconcentration increased, whilewater intake,
rumen cellulolytic activity and rumen acetic acid/propionic acid ratio decreased (Ben Salemet al., 1996).
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Rumen pH

Rumen pH remained in therange of 6.80to 7.13, even when animalsreceived the highest level of spineless
cactus (Table 39), so pH of rumen fluid was not affected by the presence of spineless cactusinthediet.
Even though spineless cactusisrichin highly fermentabl e carbohydrates, no differenceswere observed.
Consumption of large volumes of spinel esscactus probably enhanced salivation asaresult of thehigh level
of mineral saltsand the abundance of mucilagein cactus, which might explainthediscrepancy. Effortsto
quantify effects of mucilage on salivaproduction and rumen buffer would beworthwhile.

Table 39. Effect of spineless cactus supply on ruminal pH ammonia nitrogen (NHz-N), volatile fatty
acids (VFA) concentration and protozoa count in sheep fed on straw-based diets

Rate of spineless cactus supply (g DM/day) in ration
0 150 300 450 600
pH 7.1630 7.030C 7.192 7.1380 6.96C
NH3z-N (mg/100 ml) 4.70 7.1P 11.32 12.02 10.82
Total VFA (mmol/l) 43.4C 60.4b 77.62 60.20 55.1b
Acetate 63.72 57.80 61.280 59,280 61.420
Propionate 21.00 25 48 2428 25 72 23 gab
Butyrate 6.7P 6.8P g.3a 7.92 7.92
Acetate/Propionate 3.292 2.34b 2.79b 2550 2.57b
Protozoa (x10%/ml) 3.50 9.3C 13.00 17.78 13.10

Note: Means in the same row with different superscripts differ (P<0.05).
Source: Ben Salem et al., 1996

Ammoniaconcentration

Animal s supplied with spinel ess cactus showed anincreasein anmonianitrogen (NH_-N) concentrationin
therumen. Rumen NH_-N increased (P<0.001) from 4.7 mg/100 ml in the control diet to 11.3, 12 and
10.8 mg/100 ml for dietsincluding 300, 450 and 600 g DM of cactus, respectively (Table 39 and Figure 18).

Rumina ammoniaconcentrationswerereatively highinanimal ssupplemented with spinel esscactus.
Evenwhen sheep werefed with straw alone, NH,-N concentrationsin the rumen fluid were quite similar
tothosereported by Satter and Slyter (1974) asthe optimal level for microbia growth and fibredigestionin
the rumen.

Figure 18. Cactus intake effect on ammonia, volatile fatty acid (VFA) and protozoa contents in
the rumen (Source: Ben Salem et al., 1996)
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Volatilefatty acids

Spineless cactus supply significantly increased (P<0.001) total volatilefatty acid (VFA) concentrations.
Highest total VFA concentrations were obtained with 300 g DM of cactusin thediet. Propionate and
butyrate proportionsincreased significantly in animalsreceiving spinelesscactus. Cactussupply resultedin
a dight decrease in the acetate proportion in rumen fluid and an increase in propionate and butyrate
concentrations. Spineless cactus seems to have the same effect on ruminant digestion as soluble
carbohydrates (Table 39 and Figure 18).

Protozoa counts

The positive effect of spineless cactus supply on NH,-N concentration was coupled with asignificant
increase in the total protozoa number in the rumen fluid (P<0.001). The average number of protozoa
shifted from 3.5 x 10%/ml to 13, 17.7 and 13.1 x 10%/ml with diets supplemented with 0, 300, 450 and 600 g
DM of spinelesscactus, respectively (Table 39 and Figure 18).

The higher protozoa count observed in animal s supplemented with spinel ess cactus was associ ated
with highlevelsof ruminal NH,-N concentration. Itisclaimed that protozoacontributeto dietary protein
digestion and thusammoniaproduction (Ushidaand Jouany, 1985).

Cédlulolyticactivity

Increasing the cactuslevel inthedietincreased DM intake of fibrousfeeds but decreased fibredigestibility,
probably because of the depressing effect on rumen cellulolytic bacteria of large amounts of soluble
carbohydratesin cactus pads.

Effective degradability of DM and NDF were significantly decreased by spineless cactus supply
(P<0.001), indicating animpairment of cellulolytic activity intherumen. However, therate of degradation
(c) wasnot affected by spineless cactus supply (P>0.05) (Figure 19).

Figure 19. Effect of spineless cactus intake on rumen cellulolytic activity.
(Source: Ben Salem et al., 1996)
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Cdllulolytic activity measured by thein sacco technique clearly shows some depressioninfibre
degradation (Figure 19). Such atrend iscons stent with resultsreported by Chappel and Fontenot (1968).
Itisnow well documented that ciliate protozoa have anegative effect on the number of bacteriain the
rumen and thusonruminal cellulolytic activity (Demeyer andVan Nevel, 1979). Moreover, thehighleve of
mineralsin spineless cactus can be alimiting factor for microbial growth in the rumen, as suggested by
Komisarczuk-Bony and Durand (1991).
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It may be concluded that a combination of spineless cactus (Opuntia ficus-indica var. inermis)
with cered straw isanutritionally satisfactory solutionfor maintaining small ruminantsinarid zones. Spineless
cactusprovidesafodder richin energy and awater sourcein drought conditions. Animalsreceiving cactus
reduce water intake substantially and may even stop drinking water. Moreover, thistrial indicatesthat
spineless cactus may improvethe nutritivevalueand intake of poor quality roughages. It may beofferedto
sheep without any risk of digestivedisturbances, provided that itismixed with afibrousfeed. Findly, itis
expected that supply of aprotein nitrogen sourcein conjunction with spineless cactus could resultina
further improvement of the nutritive value of straw-based diets. Additional work isrequired to test this

hypothess.

Intake

Generdly, cacti arehighly palatable. Jersey cowsfed on opuntiaand supplemented with 1 kg of concentrate
feed/day, ate 50.6 kg/day of fresh cactus. Metral (1965) obtained similar results, with cowsconsuming a
voluntary intake of 60 kg when cactuswasfed aone. Viana(1965) obtained higher values, with an average
voluntary intake of 77.3 kg and 117 kg/day maximum.

Valdesand Flores (1967) observed higher intakeswith sheep fed with Opuntia ficus-indica (11 kg/
day) than with Opuntia robusta (6.5 kg/day). Monjauze and Le Houérou (1965) reported intake values
ranging from 2.5to 9 kg/day. Itisalsoreported that higher intakes are observed when water content of
padsishigher. Similar resultswere observed inthe authors work (Nefzaoui and Ben Salem, unpublished
data). Thegut fill valueislow, and, unusually, feeding cactus enhancesintake of fibrousfeedslike straw
(Figure 20 and Table 36). Thisresultisvery interesting because straw isthe main feed sourceinthearid
environments of the WANA region. Itiswell established that besidesitslow feed value, straw intakeis
low. Combining straw with cactus increases straw intake and consequently animal performance
(Figure 20).

Figure 20. Relationship between cactus and fibre intake (Source: Ben Salem et al., 1996).
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Sheep fed with straw were ableto consumeup to 560 g DM of spinelesscactus. Thislevel represents
nearly half of thetota diet. Thisbeneficial effect of spinel esscactuscould beexplaned by theimprovement
in rumen fermentation conditions. Spineless cactusincreased by almost 2.5 timesthe supply of easily
fermentable organic matter (Table 36). Animalsreceiving dietscontaining up to 500 g of spinelesscactus
did not show any digestive disturbance, supporting earlier findings (Cordier, 1947). Theresponsepatternto
spineless cactus supply with respect to straw intakeisin agreement with those generally observed with
soluble-carbohydrate-rich diets. Earlier reports (Preston and Leng, 1987; Rangnekar, 1988) indicated that
supplementation of poor quality roughageswith molassesincreased their paatability. Thus, spinelesscactus
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may have a similar effect. Absence of a negative effect of spineless cactus supply on straw intake
presumably liesinthe high digestibility of spinelesscactusintherumen andintherapid outflow rate of this
feed from therumen, asit isrichinwater.

CACTUSFEEDINGHELPSTO SOLVE THE PROBLEM OFWATERINGANIMALSIN
ARID ENVIRONMENTS

Water isscarcein arid zones of the WANA region, and animal watering isareal problem during summer
and drought periods. Animalsexpend alot of energy to reach watering points, and rangeland degradation is
aseriousrisk in theareasurrounding watering points. Therefore, the high water content of cactus pads
could help mitigate the problem of watering animalsindry areas. Research clearly showsthat water intake
is nil when cactus intake by sheep is about 300 g of dry matter (Figure 20). The volume of water
consumed by animalsdecreased from 2.4 litrefor the control diet to 0.1 litrewhen thelevel of spineless
cactus consumption exceeded 300 g DM. Terblancheet al. (1971) reported similar findings.

Feeding cactus helpsto solve the problem of animal watering. Sheep fed for along period (400to
500 successive days) with large amounts of cactus stopped drinking (Rossouw, 1961; Harvard-Duclos,
1969). Woodward et al. (1915) with Jersey cows reported similar results. However, Cottier (1934)
suggested that it isnot possibleto suppresswater in cattlefed on cactus.

Energy content

Grossenergy content of most cacti species ranges from 3500 to 4000 Kcal/kg DM. Digestible energy
isabout 2000 K cal, whichiscomparableto amedium quality grass(Ben Thlija, 1987). Thusenergy levels
of cacti makethem avaluable component toincludein livestock diets. Thisenergy comesmainly fromthe
high carbohydrate concentration of cladodes.

According to De Kock (1985), thefeeding val ue of spinelesscactusisequivaent to 65% TDN, while
theauthors' measurements (Nefzaoui, unpublished data) are about 0.7 Milk Forage Unit (MFU).

SOME PRACTICAL CONSIDERATIONS

Themethod of utilization of spinelesscactuswill differ from farmto farm according to circumstances, such
asavailablelabour, facilities, volume of spinelesscactus, etc. It isoften recommended to use opuntiafor
feeding livestock by:
* Grazing of cladodesin situ. Although thisisthe simplest method, it isnot the most efficient,
and care should be taken so that the animals do not overgraze and destroy the plants.
* Cutting harvested cladodes into small pieces or strips and feeding them in a confined areato
limit unnecessary wastage.
* Making silage. Thecladodesare cut into small piecesand mixed with hay or low quality alfalfa.
If nofruitsareincluded it isnecessary to add molasses. The silage container must be airtight.
* Supplementation in case of emergency. Cactus, fedinany form, will keep theanimalsalivefor
long periods. DeKock (1980) emphasized thedesirability of supplementing opuntiawith aprotein-
rich supplement of alfalfa or hay (200 g in winter and 100 g in summer) with cactus fed ad
libitum. A lick of equal partsby massof bonemeal, salt and fodder limeisrecommended by De
Kock (1980) to supplement the phosphateand sodium.

STORAGE

Sincecacti areevergreen, itisbetter to storetheproductinsituto avoid expensive processeslikesilage
or drying, even if they are technically feasible. Chaffed spineless cactus pads can be dried on any
suitable surface and then ground in ahammermill through a6-mmsieve. Intheform of meal, the spineless
cactusmateria isnot only ingested better, but isalso easier to store. A supply of spinelesscactusmeal can
thusbe stored for use during droughts.
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Good quality silage can be made from spineless cactus by chaffing the pads together with oat
straw, low grade lucerne hay or any other roughage on the basis of 84 parts by mass of spineless cactus
and 16 parts by mass of roughage, with the addition of 2% molasses meal.

GRAZINGVERSUSCUT-AND-CARRY

Theeasiest way to utilize spinelesscactusisby grazing, asit requiresvery little labour and is therefore
also thecheapest method. However, overgrazing must beavoided, particularly onyoung plantsthat can
be destroyed by sheep. Even older plants can be badly damaged by overgrazing, and subsequent
production will be considerably lower. The best method of grazing isto divide the plantation into small
paddocksand graze each of themintensively for ashort period. Largelosses occur during grazing dueto
wastage.

Direct browsing needsvery tight grazing control, otherwise wastage may reach 50% of thefodder
produced (cladodes partially eaten and abandoned) and the plantation itself may be destroyed by
overbrowsing within afew months of overstocking (Monjauze and Le Houérou, 1965; De Kock, 1980).
The advantage of this type of management isitsvery low cost and the fact that the grasslayer between
theshrubsisavailableto thestock. Thesetwo advantagesresultin an economically moreefficient system.
It isbest to utilize spineless cactusin rotation so that aplantationisutilized every threetofiveyears. Inthis
way aplantation can be chopped or grazed each time to the height of one pad higher than the original
planting. When spineless cactusare utilized in thismanner, the plantsrecover well, the materia available
for useisof good quality and the plants are kept within asuitable height range.

Zerograzing or the cut-and-carry techniqueismoreefficient. Lossof feedisvirtually nil and risk of
over-utilizationisconsiderably reduced. Over-exploitation may occur, however, especialy in caseof early
harvest in young plantations; whichisdetrimental to future production. But thezero grazing techniqueis
costly, athough the method isamenableto thestock. Inmost casesin North Africa, zero grazing management
would berecommended because of insufficient grazing discipline and thereforeahigh risk of destruction.

SPINES

Cactus padsare valuablefeed provided the spinesare singed off first, usually through the use of apropane
weed burner (Shoop et al., 1977). Other practices were discussed by Griffiths (1905). Steaming to
moi sten the spines and chopping of thelarge padswere, and are, very efficient practicesto facilitatethe
use and maximize the amount of cactus eaten by livestock. According to the same author, tools and
machines have been built for these purposes.

Whilein some countries (Mexico and USA) thewhol e standing plant isburned before grazing, in
North Africaindividual pads are burned and chopped into small pieces with hand tools or appropriate
cutting machines.

LAXATIVE EFFECTS-EASY TO SOLVE

A problem experienced when spinelesscactuspadsare fedto sheepinany formisthesevere laxative
action they have. Thislaxative effectisnot adisease symptom, it just happens that the food passes past
through the animal’ s digestive system faster, and asaresult digestion ispoorer. It appearsthat hay asa
supplement retardsthisrapid transit to acertain extent.

A laxative effect appearswhenthevolumeof cactus in thedietishigh (morethan 50to 60% of
the DM intake). This problem is easy to solve, and feeding small amounts of straw or hay prior to
cactusdistribution issufficient to have normal transit.
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INTEGRATION OF CACTIWITH OTHERARID ZONESFEED RESOURCES

Asstated intheintroduction, rangeland areas and productivity in WANA countries are decreasing dra-
matically and currently provide only asmall portion of livestock needs.

Moreover, the seasonality of range production dueto climatic conditionsresultsin two feed gaps.
onein winter (2-4 months) and alonger onein the summer period (5-6 months). These gapsare very
difficult to manage by livestock owners, and require large volumes of imported concentrate feeds to
supplement animal requirements. Sinceitisalmostimpossiblefor socia reasonsto reduce animal numbers,
most national strategiesaim to increase rangeland productivity, using several techniques, including re-
seeding, fertilizer application, resting, and establishing shrub plantation. Thelast option, evenifitisnot the
cheapest one, isthe most attractive. Most of these plantations are based on the introduction of highly
productive species such as Acacia cyanophylla, Atriplex nummularia (or A. halimus) and spineless
opuntia. According to theland tenure systemin operation, several techniquesare used for planting shrubs
and cacti.

* On communal rangeland, introduced species are planted in rows without removal of natural
herbaceous or woody species.

* On private land, the alley cropping technique is preferred, where farmers can crop the area
between rowswhen therainfall conditionsarefavourable.

* On both categories of land, water and soil conservation techniques are applied. Inthiscase,
shrubsand cactusare planted according to the contour linesin order to consolidate the so-called
tabias.

* Another approach isrelated to cactus, and the oldest oneisthe bosguet type, whichisadense
plantation surrounding the house, used for fruit cropping aswell asfodder to supplement animals
indoors.

Because of these actions, shrubs (i.e. Acacia and Atriplex) and opuntiabecame anintegral part of
thelivestock production systemin NorthAfrica. Itisalso evident that abetter integration of thesefeed
resourceswith conventional onesisnecessary. Inthefollowing section, selected examples of resource
Integration are discussed.

Example 1. Poor quality roughages supplemented with opuntia

Poor quaity roughage can be supplemented with cactus. Indeed, theintake of straw increasessignificantly
with the increase of the amount of cactusin the diet (Nefzaoui et al., 1993; Ben Salem et al., 1996).
Cactusis also agood supplement to ammonia- or urea-treated straw, since it provides the necessary
soluble carbohydratesfor the efficient use of the non-protein nitrogen in the rumen (Nefzaoui et al., 1993).

To study the effect of using large amounts of cactus (Opuntia ficus-indicavar. inermis) inorder to
quantify non-protein nitrogen fromammonia or urea-treated straw, Six groups of six Barbarine sheepwere
submitted to dietsthat included cactusad libitumand two level s (300 and 600 g) of untreated, urea- or
ammonia-trested straws (Table40). Resultsshowedthat cactusvoluntary intake canbehigh (450 g DM)
and remain important when straw daily ingestion increased from 300 to 600 g. Diets containing 64% of
cactus caused no digestive disturbance. Dataindicated that it is possible to cover sheep maintenance
requirementsfor energy by using diets based on cactus given ad libitumtogether with 300 g of straw per
day. With high levelsof straw (600 g/day) it is possible to cover 170 to 190% of maintenance energy
requirement. To cover nitrogen maintenance requirements, straw should betreated. Therefore, cacti may
be used asamajor component of diets containing cereal straws; it isonly necessary to add appropriate
supplements in order to overcome the nitrogen deficiency and to supply the fibre needed for normal
rumen function.
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Table 40. Straw supplementation with spineless cactus

Straw ration 300 g/day 600 g/day
Straw treatment us ATS UTS us ATS UTS
DM Intake ()
Opuntia 445 447 425 432 462 439
Straw 254 242 249 494 466 486
Diet in vivo digestibility (%)
oM 67.9 64.0 63.3 66.5 69.8 72.6
CP 41.1 48.0 43.3 45.9 61.0 77.1
CF 375 30.5 29.2 46.5 49.2 52.7
N retained -0.2 -0.2 -0.6 0.8 2.8 3.9

Key: US = untreated straw. ATS = ammonia-treated straw. UTS = urea-treated straw.
DM = dry matter. OM = organic matter. CP = crude protein. CF = crude fibre. N = nitrogen.
Source: Nefzaoui et al., 1993

Example 2. Atriplex asa nitrogen supplement to cactus

Inafirst experiment (Nefzaoui and Ben Salem, 1996), Barbarine sheep wererandomly allotted into three
equal groups, and fed diets (80% of the diet) based on opuntia (Opuntia ficus-indica var. inermis) and
atriplex (Atriplex nummularia). Limited amountsof wheat straw (180 g/day) and commercia mineral and
vitamin supplement (30 g/day) weredistributed. Diet dry matter (DM) intakesweresimilar for al groups.
Digestibility coefficientsof organic matter (OMD) and crude protein (CPD) of thethreedietswererdatively
high, averaging 68, 74, and 75%, respectively (Table41). Incontrast, fibredigestibility waslow, asthe
soluble carbohydrates of cactus might have depressed rumen cellulolytic activity. Thedietsprovided about
1.7 times sheep energy and digestible crude protein (DCP) requirements. Diet 1 covered 1.65 and 2.3
timesenergy and DCPrequirements of sheep, respectively. Thus, it provided excess nitrogen and should
be supplemented with an energy source such asbarley grain. Diet 2wasrelatively well balanced in both
energy and nitrogen, whilediet 3 had excess energy and needed to be supplemented with anitrogen source
(non-protein nitrogen, like urea).

Table 41. Nutritive value of three diets

Diet 1 Diet 2 Diet 3

Total intake (g DM/day) 941 (70)® 930 (72) ¥ 983 (73)@
Cactus intake 197 353 550
Atriplex intake 554 391 236
Straw intake 160 159 167
Diet OMD (%)® 67.7 69.3 74.4
Diet CPD (%)% 745 76.6 75.5
Retained N (g/day) 4.1 3.9 4.1
Feeding value®

Energy 167 174 184

Nitrogen 230 190 184

Notes: (1) The values (in parentheses) correspond to intakes stated in g DM/kg of LW®7.
(2) OMD = organic matter digestibility.
(3) CPD = crude protein digestibility.
(4) Feeding value is expressed in % of sheep maintenance requirements in terms of
energy (as digestible organic matter intake (DOMi)) and nitrogen (as digestible crude

Sheep energy and N requirements may be matched using dietsbased on thesetwo feeds. Thelevel
of cactusin the diet can reach 55% on aDM basiswithout any digestive side effect. It isadvisablethat
small amountsof fibrousfeed (straw, hay) befed to animalsbefore cactus. Better dietetic efficiency can
be obtained if the mineral balanceisimproved.

In another experiment, the effect of nitrogen supplement (urea, soybean meal, Atriplex halimus,
Atriplex nummularia) on cactus-pear-based diets, voluntary intake and growth of Barbarineyearlings, was
investigated (Nefzaoui et al., 1996). Four iso-nitrogenous and iso-energetic diets (D1 to D4) were offered
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to four groupswith six Barbarine yearlingsin each, during 60 daysin summer (Table42). For all diets,
freshly cut cactus was fed ad libitumin addition to a limited amount of hay (170 g/day). Diets were
supplemented respectively with 8 g/day urea(D1), 770 g/day Atriplex halimus(D2), 740 g/day A. nummularia
(D3), and 65 g/day soybean meal (D4). Results showed that cactus based-diets could be supplemented
efficiently by Atriplexnummularia. Useof ureaand A. halimusled to low growth ratesin comparison
with diets supplemented with soybean meal or A. nummularia.

Thevoluntary intakeswere 694, 844, 858 and 674 g DM/day, for dietsD1, D2, D3 and D4, respectively.
Theaveragedaily liveweight gainswere 55, 58, 74 and 70 g for D1, D2, D3 and D4 respectively. Such
diets, using low quantities of cereals (28%) and forage (17%) intheration, are recommended to copewith
feed deficiency inthearid and semi-arid areasprevailingin West Asia/North Africa.

Table 42. Feed intake and liveweight gains

D1 D2 D3 D4
Intake (g DM/day)
Cactus 241 252 241 228
Atriplex halimus 0 224.2 0 0
Atriplex nummularia 0 0 225.8 0
Soybean meal 0 0 0 57.6
Barley 308.8 243.6 243.6 243.6
Hay 149.0 142.9 147.5 150.6
Urea 8 0 0 0
Total intake 706.8 862.7 857.9 679.8
Average daily gains (g/day) 55 58 74 70

Source: Nefzaoui et al., 1996

Example 3. Can acacia supplement cactus?

Acacia cyanophylla — a widespread, introduced shrub — was used to supplement cactus-based diets.
Acaciaisrichin crude protein (about 13% of DM). To assessthe effect, four Barbarine sheep groups
werefed with variousdiets (R0O, R21, R22 and R23) (Table43). Becauseof cost, hay wasgiveninlimited
amounts. Theintake of acaciawaslow (250 g DM/day) because of itshigh content of condensed tannins
(7% DM). Thesetanninsalso caused low digestibility of the acaciacrude proteins. Such dietsneed to be
supplemented with an appropriate source of nitrogen.

Table 43. Nutritional value of opuntia-based diets supplemented with Acacia cyanophylla

R 00 R21 R 22 R 23

Feed intake (g DM/day)

cactus 0 167 246 267

acacia 241 373 211 177
Diet digestibility (%)

OM 67.7 76.5 73.9 74.6

CP 45.8 49.4 34.8 16.9

CF 62.8 80.5 77.4 79.9
Retained N (g/day) 2.77 2.73 0.46 -1.07
Feeding value®

energy 147 151 131 116

nitrogen 75 67 35 10

Note: DM = dry matter. OM = organic matter. CP = crude protein. CF = crude fibre.
(1) Feeding value is expressed as % of sheep maintenance requirements in energy (DOMi =
digestible organic matter intake) and nitrogen (DCPi = Digestible crude protein intake).

Source: Nefzaoui et al., 1996
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CONCLUSIONS

Opuntiacladodes behavelike common forage crops.

0]
(i)

(i)
(iv)

Ascladode ageincreases, so dry matter and fibre contentsincrease and crude protein
content decreases.

They have high contents of water (=90%), ash (=20%) and calcium (=1.4%), soluble
carbohydratesand vitaminA.

They are poor in crude protein (=<4% DM)), fibre (=10 % DM) and P (=0.2% DM).

Their digestibility can be compared to agood forage crop, with average digestibility
coefficientsranging from 60 to 70% for organic matter, 35to 70% for crude protein and 40
to 50% for crudefibre.

When fed to animal sthey show some differenceswith forage crops and behave morelike asugar-
rich foodstuff (similar to cereal grain or molasses). Indeed, whenthelevel of cactus cladodesin the diet

increases:

v)
(Vi)

thereisanincreaseintheintake of fibrefeeds, and therumen volatilefatty acids, the
rumen protozoa count and the rumen ammoniaconcentration al increase.

Thereisadecreasein water intake, rumen cellulolytic activity and the acetic acid/propionic
acidratio.

Cactuscladodesare highly palatable, with average daily consumptionsof 6 to 9 kg for sheep and 50
to 80 kg for cattle observed. They have avery low gut fill value, because their intake does not reduce
fibrousfeed intake and theimproved rumen conditions enhance thefibrousfeed intake.

The high moisture content of cladodes should be considered apositivefactor, becauseit helpsmitigate
the problem of animal wateringindry areas. Feed valuesof spiny or spinelesscactusaresimilar. Spines
arenot alimiting factor because they can be removed.

When feeding cactus, two simplerulesshould be observed:

(vii)

(viii)

Cactusisan unbalanced diet and should befed in association with fibrousfoodstuffs (straw,
hay, shrubs, etc.). It also needsto be supplemented with an appropriate and cheap nitrogen
source.

Cactusisrichin soluble carbohydratesand Ca, but poor in P. Thereforeitisrecommended
to (a) add molassesto theration to avoid decreasing rumen cellulolytic activity; (b) limit the
amount of graininthediet for the samereason; (c) feed animalswith fibrousfeeds (straw,
hay, etc.) before giving the cactus. Moreover, aspecia mineral supplementisrequiredto
provide sufficient sulphur (S) to maintain an equilibrium Ca/Pratio.
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NUTRITIONAL VALUE OF OPUNTIA FICUSINDICA ASA RUMINANT
FEED IN ETHIOPIA

Firew TEGEGNE

INTRODUCTION

Most tropical livestock production systemshavelow productivity dueto low feed availability and quality,
especialy in drought-prone areaswherethelivestock sector regularly sufferslargelosses.

Theproblemisnot limited to arid and semi-arid regionsof Ethiopia. Declining crop yiel dsaccompanied
by increasing requirementsfor food are forcing farmers of the central and northern highland regionsto
cultivate moreland at the expense of grazing pasture and browses. These problems are exacerbated by
poor management and financid limitations.

Research effortsto match seasond fluctuationsin feed suppliesto needsinclude: treating crop residues,
modifying agronomic practices, varietal selection; pastureimprovement; supplementing with non-protein
nitrogen (NPN); planting multi-purposeforages, conservation; and rumen manipul ation.

However, therearefinancia limitationsand inadequately qualified staff to carry out analytical work.
If treated feeds were to be used, animal products would be at unaffordable prices (Nkhonjera, 1989).
Availability of crop residuesislimited to areas suitable for crop production. Insomearid and semi-arid
areas, improvement of pastureisrestricted to sowing improved grasseson morefertile soils (Evans, 1982).
Thenitrogen (N) from NPN or legumesdegradesvery rapidly and thereisamismatch between the degradation
of organic matter and N. Manipulation of the rumen ecosystem does not seem economically effectivein
extensiveformsof farming (Leng, 1982). Silage making from low-nuitritive-valuetropical foragesinvolves
therisk of bad fermentation and needs morefacilities (Jarrigeet al., 1982). Consequently, thereisaneed
to get N-source feeds that can immediately supply rumen degradable organic matter to serve asalink
between NPN, forage legumesand crop residues.

Most experts recommend planting of trees and shrubsto provide standing feed resources so that
herdsand flocks can survivecritical periods of shortage and prolonged drought. In screening plantsfor
anima nutrition for drought-proneregions, thetwo most important criteriaare drought tolerance and pd atability
for animals. However, adaptability of forageto marginal land, ease of propagation, persistency, dry matter
(DM)yield, highdigedtibility (D), and N contentsarea soimportant. Opuntiameetsall of theserequirements.
Most important, opuntiais suitable asahuman food and has other miscellaneous uses. However, more
informationisneeded concerning itsnutritivevalue, itsutilization for animal feed, management, establishment
and itsintegration into pastoral and agropastoral systems.

The study of the potential and nutritive value of opuntiacould contribute to the development of the
livestock sector indry regions of Ethiopia. Thischapter reviewsthefeasibility and nutritional value of
O. ficus-indica as afeed resource for farm animalsin such areas.

Firew TEGEGNE

Mekelle University
Mekelle
Ethiopia
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ECOLOGICAL DISTRIBUTIONAND UTILIZATION OF OPUNTIAIN ETHIOPIA

Opuntiaficus-indica (L.) Miller wastaken to North Africafrom Mexicoin the sixteenth century (Pimienta,
1993) and introduced into Ethiopiaat the end of the 19" century (CFDP, 1994). Itiswiddly distributedinthe
northern arid and semi-arid regionsof Ethiopia. A survey indicated that about 30 520 ha(1.88% of thetotal
areaof theTigray region) were covered with O. ficus-indica, 48.62% growing wild and 51.34% cultivated.
It wasalso found in the hills of the Wel o region, where the vegetation is severely degraded.

Sincethe 1960s, thefruit has been consumed by almost all domestic animals, and livestock totally
depends on opuntia during the dry season. Planting of O. ficus-indica is common and extensive. Two
Ethiopian organi zationsthat play animportant rolein the expans on of cactusacreage arethe Relief Society
of Tigray (REST) and the Regional Natural Resource Conservation and Devel opment Bureau. The Cactus
Fruit Devel opment Project (CFDP) has promoted the sel ection, production and distribution of cactusvarieties,
identification of diseasesand design of erosion control measuresaspart of itsstrategies (CFDP, 1994).

NUTRITIONAL VALUE OF OPUNTIAFICUSINDICA

Thefruitsof O. ficus-indica contain water (92%), carbohydrates (4-6%), protein (1-2%), minerals (1%)
and amoderate amount of vitamins, mainly A and C (Cantwell, 1991, and Neri, 1991, cited by Pimienta,
1993). According tothesefigures, itsfruitsare high in carbohydrates (50-75% of DM) and moderatein
protein content (12.5-25% of DM), mineralsand vitamins.

South African measurements of nutritional quality of Opuntia of 4% CP, 64% TDN, 1.4% Ca, 0.2%
Pand 0.1% Nawere similar to Texas data (De Kock, 1980). Heindicated that in contrast to fertilized
opuntia plantations, the protein content of the ‘wild prickly pear’ was so low that mineral and protein
supplementswere necessary.

Theeffect of cultivar isillustrated by acomparative study conducted in Brazil of fodder cultivarsfor
milk production: the CP contents of O. ficus-indica cvs Gigante and Redonda, and Nopalea cochenillifera
cv. Miudawere: 4.83, 4.21 and 2.55%, and their CF contents 9.53, 8.63 and 5.14%, respectively. Invitro
dry matter digestibility (IVDMD) was 77.37% for Mitdacompared with 74.11 and 75.12 for Redondaand
Gigante, respectively; mean milk production and milk fat werenot significantly different among treatments
(Ferreira-dos-Santoset al ., 1990).

Cladode ageisanimportant factor for nutritional value. Young cladodesof O. ficus-indica grown
for commercid fruit production in Spain had 10.6-15.0% protein, while mature cladodesvaried from 4.4 to
11.3% protein (Retamd et al., 1987b). Similarly, Gregory (1988, cited by CFDP, 1994) reported that asthe
age of O. ficus-indica increased from oneto four years, the CP content decreased: 11.53, 5.74, 5.5 and
5.65%, respectively inthefour years, with an average of 7.10%. Compared to mature 12-year-old cladodes,
2-year-old cladodes had substantially higher N, K and Mn, but lower Na, Caand Fe. Thiswasattributed to
age and to higher metabolic activity of young cladodes (Nobel, 1983). Concentrationsof 15.3% proteinand
0.3% P were reported in commercial O. ficus-indica fruit plantationsin California (Nobel, 1983). In
contrast, the chlorenchymacontained 9.6% protein and 0.12% Pfor 5-year-old plantationsand 7.8% protein
and 0.09% Pfor 12-year-old Chilean opuntiaplantations. Young cladodeshad significantly higher N, K and
Mn, but lower Na, Caand Fe. Epstein (1972) suggested that Caand Fe are not very mobile so that both
would be expected to accumulatein older tissues (Retamal et al., 1987b).

In contrast, Gregory and Felker (1992) reported that O. ficus-indica had similar protein contentsin
all ageclasses. Their resultsareunusual, asyoung cladodes are generally of better nutritional quality than
older cladodes, which isattributed to the thickening of the cuticle of older cladodes and theincreasein
thickness dueto the expansion of the water-storage parenchyma (whichisvery slowly degradable) at the
expense of cell contents (Rodriguez-Felix and Cantwell, 1988). Thelatter authorsreported thefollowing
composition valuesper 100g for cladodes harvested when about 20 cmlong: 91.7 g water, 1.1 g protein,
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0.2glipids, 1.3gashand 1.1g CF (13.3, 2.4, 15.7 and 13.3% onaDM basis, respectively). It wasobserved
that total carbohydrates increased considerably during cladode growth, while protein and CF contents
decreased.

Season hasaprofound impact on the chemical composition of O. ficus-indica. Accordingto Retamal
et al. (1987h), the highest values of moisture content, freereducing sugars, starch and CPweredetected in
spring (92.5%; 103 mg/g DW; 226 mg/g DW; 14.8% respectively) in young cladodes, while at theend of the
season, ash content, ether extractive, crudefibre and cal orific content presented the highest val ues (29.8%;
36 mg/g DW, 144 888 K Jkg, respectively). Highest concentrationsof N, Pand K occurred inwinter, with
Cashowing the opposite pattern (Esteban-Velasco and Gallardo-L are, 1994).

Compared to most agronomic plants, chlorenchymalevelsof Caand Mg (5.3% and 2.5% of DM,
respectively) in cacti tended to be higher and Nalevel (0.11% of DM) lower (Retamal et al., 1987b). They
found that among the 11 elementstested, N was strongly correlated with the nutrient level and metabolic
activity, wherenocturna acid accumulation (NAA) tended to be greater whentheN leve inthe chlorenchyma
washigher (r> = 0.39). Incontrast, NAA wasnegatively correlated with chlorenchymaNacontent (r2 = 0.32).

Thedistinctivefeaturesof cacti: shallow root systems, leaves modified into spines, and shading of
photosynthetic organs; could affect minerd relations. The shallow root enablesthem to accumul ate e ements
from the upper part of the soil and shading resultsin accumulation of certain elements (Nobel, 1977). An
important feature common to most cacti istherdatively highlevelsof Cawhich may represent accumulation
of calcium oxalate (Nobel, 1983).

Flachowsky and Yami (1985) studied composition, D and feed intake of O. ficus-indica by Ogaden
sheep, where 70-75% (DM basis) wastota carbohydrate and about 20% was crude ash. They indicated an
apparent D of OM of 70.9%, corresponding to 35 and 467 energy feed units(cattle)/kg (72MJIME) infresh
material and DM, respectively. CPwas4.5-5.5% of DM, |ess than mai ntenance requirement.

Given free choice, rams preferred chopped fresh cactus to chopped dried cactus or whole fresh
cactus(Flachowsky and Yami, 1985). In conditionswherewater isnot alimiting factor for animal production,
it could bedifficult for animal sto take enough fresh cactusto meet their requirements, asalevel of water
exceeding 780 g/kg fresh forageis claimed to have adetrimental effect on voluntary intake (John and
Ulyatt, 1987, cited by Minson, 1990a). Fortunately, thiseffect may be small and of no disadvantageinarid
and semi-arid areaswherewater islimiting for animal production.

In an experiment replacing alfalfa hay with O. ficus-indica cladodes as supplementary summer
foragefor milk goats, 50 goatswere grazed onindigenous pasture a one (control); with lucernehay (LH) ad
libitum; and with three LH + cladodes (C) combinations (85% LH+15% C; 79% LH+21% C; 66% LH+34%
C). Milk productionincreased by 55.4, 93.8, 103.6 and 12%, respectively, compared to the control (p<0.05)
(Azbcar and Rojo, 1991).

Gregory and Felker (1992) reported Opuntia to be high in moisture content (94.26%) and highinin
vitro D (about 75%). Most workers have suggested that Opuntia islow in its CP (4%) content and P
(0.2%) contents, and have recommended that supplements should be given to meet the requirements of
animals (De Kock, 1980; Hanselka and Paschal, 1990). It is moderate in energy content measured as
digestible nutrients, and highinwater, vitaminA, fibreand ash (Hanselkaand Paschal, 1990). Fortunately,
therearewaysof improvingit. Thegpplication of low ratesof N increasesthe percentage of CPsignificantly.
It was proposed that high N treatment (224 kg/haevery two years) isneeded to meet the requirementsfor
lactating cows. Application of P (112 kg/ha) also doubles P content, whichisnormally low in O. ficus-
indica (Gonzalez and Everitt, 1990 cited by Pimienta, 1993).

Anti-nutritional characteristics, such asspines, may affect nutritional value by limiting palatability and
digestibility and so utilization efficiency. The common method for removing the spinesisburning. A device
has been designed to mechanically removethe spines (Carmorlinga-Saleset al., 1993). Another method is
use of achaff cutter (De Kock, 1980).
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Giventhat O. ficus-indicaisaCrassulacean Acid Metabolism (CAM) plant, the organic acid content
variesduring theday. Teleset al. (1984) found that levelsof malonic, malic and citric acidsin materials
collected at 18:00 were: traces, 0.95 and 0.31 mg/g, respectively. Insimilar material collected at 06:00,
concentrationswere0.36, 9.85 and 1.78 mg/g, respectively. The pH ranged from 5.2 intheeveningto 4.4
inearly morning, and the percentage of malic acid varied from >0.5% at 08:00t0<0.1% at 16:00 (Cantwell,
1991, and Neri, 1991, cited by Pimienta, 1993). However, theeffect of organic acid variation during the day
has not been studied with opuntia.

Nutritional changesafter harvest have been noted, though not explained. Neri (1991, cited by Pimienta,
1993) observed reductionin the content of both total and reducing sugars, and anincreasein pH and protein
content. In production systemswherewater isnot limiting, storing opuntiaincreases DM so that animals
can consumemoreof it to meet their requirements. Theincreasein itsprotein content ismoreimportant
and needsinvestigation.

ANALYS SOFETHIOPIAN OPUNTIA

Samplesweretaken from opuntiaplantsgrowninagreenhouse on sandy soil, with no fertilization, representative
of tropical poor soilsinwhich Opuntia ficus-indica usually grows.

Four branches (A, B, Cand D), asgroups, each with three cladodes, asage groups, and their fruits (f)
were separated. The cladodes on each branch were labelled as young (y), middle-aged (m) or old (o).
They were six months, oneyear and two yearsold, respectively.

Dry matter, ash and mineral content deter minations

Dry matter content was determined by drying chopped samplesfor four daysin an oven set at 80°C. Ash
content was determined by incinerating dried samplesat 500°C until agreyish-white colour was attai ned.
The solution for mineral determination was prepared as stated by Retamal et al. (1987b) except that the
solutionfor Ca, Mg and K analysiswasfurther diluted with distilled water (1:100) making thefina dilution
factor 1:1000. Theconcentration of Ca, Mg, K and Nain the solution was determined by atomic absorption
spectrometry and the concentration of Pwas determined spectrophotometrically. Theresult for each el ement
was cal culated from the respective standard graphs (MAFF, 1986). Crude protein (CP), crudefibre (CF)
and ether extract (EE) were determined by the proximate analysis method (MAFF, 1986). Nitrogen-free
extract (NFE) was cal culated asthe DM not accounted for by the sum of CP, CF, EE and ash (NFE =
DM -CP-CF-EE -ash) (Van Soest, 1982). A bioassay was performed using the faeces|iquor technique (El
Shaer et al., 1987) and used for invitro dry matter digestibility (IVDMD) assay. |VDMD was calcul ated
as. IVDMD = (A - (B - C))/A, where: A = dry weight of sample; B = dry weight of residue after digestion;
and C = dry weight of reagent blank.

The mean proportional weight loss of thetriplicates or duplicatesfor each samplewasrecorded as
thelVDMD (Omed et al., 1989). Datawere analysed by ANOVA (General Linear Model, GLM) test and
thesignificance of difference between meansdetected using Fisher’sleast significance difference (L SD)
test.

Therdationship of chemica compositiondatawith IV DM D wasperformed by smplelinear regressons,
and significance of correlation by ANOVA. For comparison, appropriate multiple regression equations
using combinations of CP, CF, NFE, EE and ash asan independent variableand VDM D asadependent
variablewere used.

Mineral composition

Theminera composition of samplesissummarizedin Table 44. Therewassignificant age effect on Ca, Mg
and Na contents and a highly significant effect on P content. Age did not affect K content. It iswell
established that tropical legumes, tropical grassesand other roughagesarelow in minerals, particularly P
(Fleming, 1973; Minson, 1988). The Pcontent (Table 44) of the present sampleswas|ow in comparison to
temperate pasture grasses (McDonald et al ., 1995). Older cladodeshad lower P contents than younger
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cladodes and fruits, which wasin accordance with most previousresults (De Kock, 1980; Nobel, 1983;
Hanselkaand Paschal, 1990; Gregory and Felker, 1992). All the resultswerewithintherangeof 0.02to
0.58% reported for 586 tropical grasses, whose mean was 0.22% (Minson, 1990b). Inaddition, all the P
values were above the recommended level (0.17%) for cattle weighing 450 kg and gaining 0.5 kg/day
(NRC, 1968).

O. ficus-indica hasbeen reported to be high in Cacontent (Nobel, 1977; De Kock, 1980; Retamal et
al., 1987b). Thevaluesobtained disagreewith this(Table44). Thismay be dueto theyoung age of the
sampleshaving allowed lessaccumul ation of calcium oxalate (Nobel, 1977). Fruitshad significantly lower
Cacontent than other partsand Cacontent of young cladodeswas higher (but not significant; p>0.05) than
either middle-aged or old cladodes. The significantly higher Ca content found in young cladodes also
disagreed with other reports (Epstein, 1972; Nobel, 1983; Retamal et al., 1987b), but the differencewas
small. Fruitshad lower Cacontent than cladodes, explained in part by thelow mobility of Ca(Epstein,
1972).

Cacontent of 390 tropical grassesvaried from 0.14 to 1.46% (Minson, 1990b), arange containing
most of theva uesobtained. All samplescontained sufficient Cato meet therequired 0.17% recommended
by NRC (1968). M ost sampleswerewithin the high range of temperate pasture grasses (>0.6%) (McDona d
etal., 1995).

O. ficus-indica has been reported as high in Mg content (Retamal et al., 1987b). Mg content of
these sampleswashigh and significantly (p<0.05) increased with age. All thevalueswerewithintherange
reported by Minson (1990b). Inaddition, theresultswere abovethe0.11% Mg level recommended by the
ARC (1965). Thoughthereislesslikelihood for Mg to be deficient, asmost tropical grassesand legumes
have enough of it (Norton, 1982), these results showed that Opuntia had asufficiency of Mg.

Table 44. Mean mineral composition (% of DM) of fruits and cladodes of Opuntia ficus-indica

Element
Ca Mg K Na P
Fruits 0.45¢ 0.14¢ 0.40 0.07 0.372
Young cladodes 1.032 0.202 0.37 0.06 0.332
Middle-aged cladodes 0.94b 0.192 0.38 0.05 0.25P
Old cladodes 0.73P 0.22ab 0.17 0.05 0.23P
Probability p<0.05 p<0.05 ns ns p<0.001
Grand mean 0.79 0.19 0.33 0.06 0.30
Standard deviation 1.177 0.147 0.927 0.004 0.014

Notes: (1) Different superscripts indicate significantly (p<0.05) different means. (2) ns = Non-significant.

Thelow K content of the older cladodes (Table 44) may reflect the high metabolic rate of fruitsand
younger cladodes (Nobel, 1983). Retamd et al. (1987b) observed that younger cladodeshad substantially
higher K content, which was not found in thisstudy.

TheNacontent of both fruitsand cladodeswasvery low (Table 44) asreported by De Kock (1980)
and Retamal et al. (1987b). Retamal et al. (1987b) reported that younger cladodes had lower Nacontents,
whichwasnot observed in theresultsreported here (Table 44). Thevauesindicatethat thelow Nacontent
of cacti wasprobably dueto thelow genetic capacity for accumulation, low requirementsfor growth or low
availability inthesoil (Norton, 1982; Retamal et al., 1987b). Thelatter authorsreported that Na content
was negatively correlated with nocturnal acid accumulation (NAA), confirming the aboveclaim.

Itisfirmly established that tropical plantshavelow Nacontents (Fleming, 1973), thoughitsdeficiency
isrelated to particular species(Minson, 1990a). Theresultswerewithintherange of Nacontentstypically
found in tropical grasses, i.e. 0.01 to 1.8%. All the samples contained less than 0.08%, which is the
recommended level (ARC, 1965). However, inthe arid and semi-arid areas, salinity of drinking water may
behigh (McDowsdll, 1985), which could compensatefor any deficiency.
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Chemical composition

Both fruitsand cladodeshad low DM contents (9.17%), with the lowest val ues observed in young cladodes
(Table 45). Average ash percentage of the DM was 8.67%. CP declined with age (r = -0.79) in the
cladodes, though the pattern wasinconsistent. Fruitsand young cladodes had significantly (p<0.05) higher
CPcontent than middle-aged and old cladodes (Table 45) whilethere wasno significant differencesbetween
fruitsand young, middle-aged and old cladodes. Young cladodes had thelowest mean CF content (Table 45).
CF content was negatively correlated with CPcontents (r =-0.33), and NFE contents (r =-0.53). However,
the differences between CF contentswere not significant at the 0.05 level. NFE was positively correlated
with age (r =0.64), and negatively correlated with EE (r =-0.42) and ash (r =-0.77).

Invitrodry matter digestibility

Average| VDMD (Table45) washighest for fruits (p<0.01), followed by young cladodes, and significantly
declined with ageintheolder cladodes. IVDMD wasnegatively correlated with age (r = -0.95), and NFE
(r=-0.80), and positively correlated with CP(r = 0.76) and ash contents (r = 0.73). A relationship between

IVDMD

and

chemical

composition,
IVDMD =74.1- (4.12xAge) - (0.009 x CP) + (0.482 x CF) - (0.91 x EE) + (0.989 x ash)
(r>=0.93; p<0.001).

including

age

was

calculated:

Table 45. Mean in vitro dry matter digestibility (IVDMD), estimated digestible energy (DE) and total digestible
nutrient (TDN) contents and chemical composition of fruits and cladodes of Opuntia ficus-indica

DM IVDMD DE TDN CP CF NFE

% % DM MJ/kg DM % DM % DM % DM % DM
Fruits 82.922 15.572 77.782 13.102 10.39 65.78
Young cladodes 77.88b 13.980 73.48b 13.422 7.96 66.78
Middle-aged cladodes 71.14C 13.14C 67.63C 10.760 8.03 72.15
Old cladodes 69.64C 12.99C 66.32C 9.15b 10.72 70.85
Probability p<0.01 p<0.001 p<0.001 p<0.01 ns ns
Grand mean 9.17 75.40 13.92 71.33 11.61 9.28 68.89
Standard deviation 1.651 0.226 0.312 0.366 1.238 1.281

Key: DM =dry matter. IVDMD = in vitro DM digestibility. DE = digestible energy. TDN = total digestible nutrient. CP =
crude protein. CF = crude fibre. NFE = nitrogen-free extract

Notes: (1) Different superscripts indicate significantly (p<0.05) different means. (2) ns = Non-significant.

Table 46. Mean DM and chemical composition of Opuntia ficus-indica fruits and cladodes from 16

locations in Ethiopia (% on DM basis)

Sample DM CP CF EE Ash NFE

Af 7.5 12.07 9.05 1.94 9.10 67.84
Ay 6.8 12.42 8.68 1.53 10.40 66.97
Am 8.7 9.18 8.40 1.49 7.25 73.68
Ao 10.6 7.95 13.32 2.18 6.90 69.65
Bf 7.7 11.63 7.73 1.12 10.25 69.18
By 6.8 9.78 21.54 2.18 10.95 55.63
Bm 8.7 8.62 8.12 1.77 6.90 74.59
Bo 8.6 10.46 9.37 1.40 9.45 74.59
Cf 7.9 13.11 14.12 1.78 9.35 61.64
Cy 6.9 13.83 7.62 191 9.50 67.14
Cm 10.3 12.35 8.16 1.47 8.75 69.27
Co 11.3 9.83 12.30 1.03 9.05 67.79
Df 8.6 14.13 8.00 1.20 8.80 67.87
Dy 6.9 14.00 7.58 1.34 10.85 66.23
Dm 11.6 10.75 7.53 0.92 7.30 73.50
Do 12.9 10.47 6.54 1.09 6.80 75.10

Key: DM = dry matter. CP = crude protein. CF = crude fibre. EE = ether extract. NFE = nitrogen-free extract
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CHEMICAL COMPOSITION

CP content

Opuntia ficus-indica wasreported to below in CP content (De K ock, 1980; Glanze and Wernger, 1981,
Flacowsky and Yami, 1985; Ferreira-dos-Santoset al., 1990). In contrast, some authorsreported Opuntia
ficus-indica asamoderate CP source (Nobel, 1983; Retamdl et al., 1987b; Rodriguez-Felix and Cantwell,
1988; Cantwell, 1991, and Neri, 1991, cited in Pimienta, 1993). Theresultsobtained (Table45) agreed with
thelast-named authors. However, most of their sampleswerefrom cultivated plantations, whilethe opuntia
used for thisstudy wastreated asawild plant. Ageand conditionsof cultivation may explainthedifference
(DeKock, 1980; Retamal et al., 1987a; Hanselkaand Paschal, 1990).

Asisthecasein most plants, age significantly affected CP content. Themean CP contentsof all the
fruitsand cladodes of all ages (grand mean = 11.61%) were greater than the average CP content of all
fibrous crop residues (6.1%) (K ossila, 1984) and tropical grass samples(7.7%) reported by Butterworth
(1967) or the 10.6% of Minson (1990b). However, it waslessthan the average CP content of 340 tropical
legumes: 17.2% reported by Minson (1988) or 16.7% reported by Minson (1990b), whilemost werecomparable
to the average CP content (13.3%) of 470 temperate grasses (Minson, 1990b). All valueswere abovethe
level (6-7%) reported asthelimit to microbia activity, and thusproductivity and feed utili sation efficiency
(Minson, 1990b).

Crudefibrecontent

CF content isusually taken asanegativeindex of feed quality (Van Soest, 1982). Inthisstudy, Opuntia
ficus-indicawas extremely low in CF. Similar resultswere previously reported by Rodriguez-Felix and
Cantwell (1988) and Ferreira-dos-Santoset al. (1990).

Asplantsmaturethereisasignificant increasein CF content (Van Soest, 1982). In cacti, however,
therewere no significant differencesin CF among age groups (p>0.05). Rodriguez-Felix and Cantwell
(1988) evenreported adecreasein CFin older cladodes, suggesting that the significant decreasein [VDMD
values of older cladodes (Table 45) was not dueto theincrease CF content.

All the samplesreported here were below the range of CF contents determined for either tropical
legumes (12.4 to 43.4%, with amean of 30.6%) and tropical grasses, with amean of 33.4% (Butterworth,
1967). They werelower than the mean CF content of temperate grasses (20.0%) and temperate |legumes
(25.3%) reported by Norton (1982).

Nitrogen-free extract content

The NFE content, which representsthe highly digestible carbohydrates (Van Soest, 1982), of dl the samples
wasrelatively high (Table 45). The high NFE values of the older cladodes indicated that they had the
highest solublecell contents. Theincreasein NFE with age (r = 0.64) agreeswith the observation that total
carbohydratesincreased during cladode devel opment (Rodriguez-Felix and Cantwell, 1988), which could,
to some extent, buffer thedeclinein IVDMD ascladodesget older (Radojevicset al., 1994). Thenegative
correlation between NFE content and I'VDMD (r =-0.80) might be dueto changesrelated to other factors.

Invitrodry matter digestibility

Low digestible energy and protein contents are the two most important features of adiet that imposes
physical restriction onfeed intake (Van Soest, 1982). Consequently, energy and protein areusually given
first consideration in any feeding system, and thusthereisarea needfor adigestiblefeed resource(Yilaa,
1989).

The datain Table 45 showed that Opuntia ficus-indica was highly digestible, agreeing with the
valuesreported by Ferreria-dos-Santoset al. (1990). Although therewerereatively small differencesin
CP and CF contents between fruits and young cladodes, the |V DMD was significantly higher for fruits.
Their high digestibility wasattributed, in part, to thetrand ocation of soluble carbohydrates(Norton, 1982).
Younger cladodeswere more digestible than middle-aged and old cladodes. Thisseemed to berelatedto
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thelower CPcontents of older cladodes(r = 0.76). However, none of the CP contentswas below 6-7% —
thelimiting level for microbia growth (Minson, 1990b) —or below the DM D/CPratio (>10:1) that wasnoted
aslimiting for microbial synthesisand fermentation conditions (Hogan, 1982).

It waslesslikely that CF content of old cladodes had significantly affected their digestibilities. This
suggestion was confirmed by the extremely low CF contents (Table 45), which had no correlation with age
(r=-0.04). When compared with other grassesand legumeforages, it might be argued that Opuntia ficus-
indicawith such low CF content had alower 1V DMD than might be expected. Thedegreeof lignification
was a so unlikely to cause significant reduction in D because non-legume dicotyledenous plants, to which
Opuntia belongs, are chiefly unlignified and have ahigh cell wall recovery (Van Soest, 1982). Theextremely
low CF content might, however, have caused ahigh rate of digestion and affected digestibility dueto acid
accumulation in the bottles, whichisdifficult to buffer (Van Soest, 1982).

A proportion of thedeclinein digestibility valuesfor the old cladodes coul d be associated with the
indigestible cutin, which preventsmicrobial attack (Monsonet al., 1972) Cutinispresentinthecuticle of
cacti (Hannaet al., 1973; Uden, 1984). Differencesexist in the ability of cuticleto crack under stress
(Hannaand Akin, 1978), which has not been investigated in Opuntia ficus-indica.

C, plantsare photosynthetically moreefficient than C, plants, but they exhibit low nutritivevalue (Van
Soest, 1982). Themorphological characteristics (Norton, 1982); temperature of growth (Minson, 1990a);
the well-devel oped, more slowly degradable, parenchymasheaths of C, plants (Akin, 1982); and thefew
mesophyll cells (Van Soest, 1982) might limit the digestibilities of fruitsand cladodes. However, any impact
of these must be small, asthe sampleswere highly digestible (Table 45). ThesehighVDMD vaueswere
related to the high cell contents, which areroughly represented by nitrogen-free extract (NFE) contentsand
low CF contents (Table45) (Van Soest, 1982).

Regression analysesof IVDMD against separate chemical composition data(CP, CF, NFE, EE and
ash) confirmed that CF and EE contentsare not related to digestibility (r2 = 0.0%), although combination had
ahighly significant (p<0.001) effect. IVDMD wasbest predicted by regressionincluding age (r> = 93.6%).

The IVDMD of almost all the fruits and the cladodes were above the mean values reported for
tropical grasses (30-75%, with amean of 54%) (Minson and McL eod (1970) in Minson, 1988), temperate
grasses (45-85%, with amean of 67%), tropical legumes (36.0t0 69.3%, with amean of 54%) and temperate
legumes (mean of 60.7%) (Minson, 1988). None of the VDMD vaueswasbelow thedigestibility level
recommended for different ruminants kept for different production purposes. For example, for higher
performancelevelsof larger animals, forage digestibility over 66%isrequired (Burns, 1982); alactating
beef cow producing 10 kg milk/day requiresforage of 67% D, and acow producing 5 kg milk/day, high
yieldersof Ethiopianindigenousbreeds, requires53% D (Burns, 1982). Thus, Opuntia ficus-indica can be
afeasibleforagein thetropicswhere even applying N to grasses does not appear toimprove D (Minson,
1973).

Higher IVDMD is obtained by drying samples at 100°C for one hour followed by a moderate
temperature of 70°C (Burns, 1981). However temperaturesabove 80°C causesthermo-chemica degradation
of non-structural parts. Content of water-soluble carbohydrates (WSC), in vitro digestibility (IVD) and
percentage of nitrogeninsolublein neutral detergent areaffected most by drying temperature. Thus, prolonged
heating at high temperature promotesloss of sugar through the Mailliard reaction. Thereactionisfavoured
by high temperature, moi sture content and sol uble carbohydratesin the plant materid: al theserequirements
weremet for opuntia. Oven-drying at high temperature can also increase structura constituents. Therefore,
Mailliard productswere produced and structura constituentsincreased, limiting digestion asthey aretotaly
unavailableor very dowly degradable (Van Soest, 1982).
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CONCLUSIONS

O. ficus-indicawas moderatein CP, highin Ca, normal inMgand low in Na, K and Pcontentsinrelation
to ruminant requirementsfrom adiet, and ssmilar to common temperate or tropical grassesand legumes. It
was highly digestible. Opuntia ficus-indica may serve asalink between crop residues, legume forages
and NPN sources by supplying readily available organic matter.

Extremely high water content may affect total DM intake by animals, especially during wet seasons
and wherewater isnot alimiting factor for animal production. Therefore, research must gear to silage
production in combination with coarse crop residues.

Thisstudy haseval uated somefeed quality parametersat onepoint intime. For any true evaluation
and in order to incorporate Opuntia ficus-indica into feeding systems, its effect on animal performance
must beinvestigated. Likewise, further work on its combination with other feedsis needed.
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THE USE OF OPUNTIA AS A FODDER SOURCE
IN ARID AREAS OF SOUTHERN AFRICA

Gerhard C. be Kock

INTRODUCTION

Drought isanatural and normal attribute of the arid lands of arid and semiarid climates. Agricultural
drought may be defined asadeficiency of rainfall with respect to the median or to the mean, that seriously
impairs agricultural production for aperiod of several monthsto severa years, extending over alarge
geographical area. Drought should not be confused with aridity, which rather refersto the averagelong-
term relationship between rainfall and potentia evapotranspiration, athough it may occur in non-arid zones
aswell.

SouthernAfrica, withitsvariableandlimited rainfal, isarid, and seasond and severedroughtsnormally
occur. During droughts, considerable stock and stock-product losses occur dueto the lack of fodder.

CLIMATE

Southern Africaissubject to the most complex bio-climatic conditionson the African continent (Le Houérou
etal., 1993). Thiscomplexity resultsfrom acombination of various geographic conditions, among which
arethefollowing:

* Largevariationin latitude between Messinain Northern Transvaal (22°30' S) and CapeAgulhas
(34°50' S), adistance of approximately 1350 km north-south.

* Largevariationin elevation, from sealevel to about 3 500 m, with adirect effect on rainfall and
temperature.

* The presence of the oceans to the east and west. These are associated with the influences of
warm currents (Mozambique and Agulhas) in the east, and a cold current (Benguela) to the
southwest.

* Mean annual precipitation variesfrom 40 mm at the mouth of the Orange River, to over 2500 mm
onthe eastern dopes of the Drakensberg and the upper and western dopes of the Cape mountains.

Therainfall regimemay betropica summer mono-moda ; M editerranean winter mono-moda ; spring
and autumn bimodal; or completely amodal (without aregular dry season). Themean potentia evaporation
may vary from alittlelessthan 1000 mm along the Cape and Natal, to over 2 500 mm in the Upington-
Pofader-Pellaarea on the southwest border with Namibia.

OPUNTIA CULTIVATION

Cacti performwell on deep, light textured soils, including coarse sands, but clay should beavoided. Shalow
soilstendtogivelow yields. Cacti aretolerant of pH up to 8.5, and maximum electrical conductivity at soil
saturation should not exceed 5-6 mS/cm (Le Houérou, 1992).

Gerhard C. be Kock

Consultant and Agronomy Specialist in Arid Zones
P.O. Box 415

Middleburg
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Cacti respond to application of nitrogen and phosphorusfertilizer. A productionincrease of 200to
300% has often been observed foll owing moderate nitrogen and phosphorus application. Manuring also
increasesyield even with very low precipitation of 150-200 mm (Monjauze and Le Houérou, 1965; Le
Houérou, 1992; DeKock, 1980). Cacti cannot withstand waterlogging.

WATER REQUIREMENT AND USE

Cacti and other drought tolerant fodder crops use water more efficiently than conventional fodder crops.
According to De Kock (1980), opuntia uses 267 kg H,O/kg DM, or 3.7 mg DM/g; Atriplex sp. uses
304 kg H,O/kg DM, or 3.3 mg DM/g; and Agave sp. uses 93 kg H,O/kgDM, or 10.7 mg DM/g.

The productivity of opuntiaisalso very high if compared to most native vegetation under similar
conditions. Opuntiaproducesupto 10 t of aboveground DM/halyrin arid zones, 10-20 tin semi-arid zones
and 20-30 t in sub-humid areas under appropriate or close to optimum management (Monjauzeand Le
Houérou, 1965; De Kock and Aucamp 1970; Steynberg and De Kock 1987; Nobel 1988; Le Houérou
1991b, 1992).

Such high yields, however, demand careful crop management and good deep soils. Under such
conditions, productivity isabout tentimesthat of standard rangel ands under common management conditions.
With neither cultivation nor fertilization, yield isstill threeto fivetimesthat of rangeland (De Kock, 1980; Le
Houérou, et al., 1988). Therain useefficiency (RUE) and water use efficiency (WUE) under rainfed and
irrigated conditionsare summarized in Table 47.

Table 47. Rain use efficiency (RUE) and water use efficiency (WUE) under rainfed
and irrigated conditions for several crops

RUE WUE — Transpiration

Crop (kg DM/mmyr) coefficient (mg I;IK/IL/JEH 0)

(kg H,O/kg DM) 2
Agave 45.0 93 10.7
Opuntia 40.0 267 3.7
Atriplex nummularia 28.0 304 3.3
Pearl millet 25.0 400 25
Barley 20.0 500 2.0
Sorghum 15.0 666 1.6
Wheat 13.3 750 1.3
Alfalfa 10.0 1000 1.0
Rangeland 5.0 2000 0.5

Using the WUE characteristic of an opuntiain an areawith 200 mm mean annual precipitation, the
yieldsof cactus material presented in Table 48 were produced under various systems of limited irrigation
(De Kock and Aucamp, 1970). In arid and semi-arid areas with limited supply of irrigation, irrigating
spinelessopuntiaismore efficient than irrigating asmall areaof afafa.

Table 49 summarizesthefodder yield and the amount of digestible nutrients produced by spineless cactus
(Opuntia robusta), oldman saltbush (Atriplex nummularia) and afalfa per unit of water received (25
mm).
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Table 48. Yield of spineless opuntia (2920 plants/ha) under limited irrigation at the Carnarvon Station
(average rainfall: 200 mm/yr) (Two seasons: 1965-66; 1967-68)

Irrigation Number of L Fresh weight yield Dry weight yield

+ rainfall (mm/yr) times irrigated Irrigation schedule (t/ha) (t/ha)
No irrigation +
178 mm rainfall 0 - 24.89 3.27
75 mm irrigation
+178 mm rainfall 1 September 38.61 4.21
152 mm irrigation
+ 178 mm rainfall 2 September and November 66.49 6.11
229 mm wngapon 3 September, November and 97.60 9.09
+ 178 mm rainfall January
305 mm irrigation September, November and
+ 178 mm rainfall 4 January and March 106.68 10.57

Table 49. Comparison between fodder yield and digestible nutrients (kg/ha) produced by three fodder
crops per unit of water received

Spineless cactus Oldman saltbush Alfalfa

Season . Digestible - Digestible . Digestible

Fodder yield nutrients Fodder yield nutrients Fodder yield nutrients

1 161.6 100.4 578.3 235.6 2475 137.0

2 3001.0 1746.3 944.8 397.2 367.4 208.4

3 3551.8 2081.0 1229.4 555.8 394.9 210.5

4 2169.1 1279.5 752.6 303.2 316.4 180.5

5 2220.9 1301.8 876.3 373.0 331.5 182.0

PRODUCTION

In South Africa, there are three species of spinelesscacti utilized for fodder production:

(ixX) O.robusta. Thiscactushaslarge, circular, bluish cladodes, almost spineless. 1t wasfirst
introduced into South Africain 1911 from the sel ection programmeof Luther Burbank in
Cdlifornia. Thistetraploid istolerant to Dactilopiusopuntia. It doesnot produce
marketablefruit and soismainly used asfodder.

(x)  O. fusicaulishasnarrow, lanceol ate, green cladodes with an upright growth habit.
(xi) O.ficus-indicaf. inermisisagreen, oblong type, with dense growth habit.

O. fusicaulisand O. ficus-indica cannot produce both fodder and fruit in the same stand in fruit
orchards (unless pruning wasteisconsidered). Fodder plantationsare harvested every twoto threeyears,
beforethey producefruits.

In South Africa, opuntiacactusis propagated vegetatively by placing padsflat ontheground witha
shovelfull of soil or astone on top, toimprove contact with the soil. Alternatively, doublejoints can be
planted in afurrow, burying thelower end with soil drawn from an adjacent furrow. Rootswill develop
fromthe areolaswithin afew weeks.

Rowsarelaid out following contour lines. Deep furrows or trenches are made with aheavy ripper
and partidly filled with manure, which in turn will be covered by soil, planting cladodeson top. Themethod
ismore expensivethan ssimple planting, but it yields better growth in thefirst two to four years, implying
earlier production and higher productivity. Rows are usually established 2 to 6 m apart with 1to 2 m
between plants. Planting density may vary from 850 to 5000 plants/ha. Thebest timefor plantingin South
Africais September and October, when the pads are fully-grown and ready to sprout. Theresulting plants
will bewell established beforethefirst frost of thefollowing winter. It ispreferableto use one-year-old
cuttingsasplanting material.
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The selection of a planting layout depends on the type of use envisaged. For direct browsing,
dense stands (3 000 to 5 000 plants/ha) with short plantsareused. In contrast, the cut-and-carry system
requiresawider spaceto allow atractor and atrailer to collect the harvest. Inthiscase,al mx 6 mlayout
ispreferred, giving amean planting density of about 1 666 plants/ha.

CROPMANAGEMENT

Under rainfed condition, yield may vary from 2to 10 t DM/halyr, if harvested every 2to 3years. Yield
ratesfromirrigated opuntiaare presented in Table 48. Yield isincreased if weed competitionisreduced.
Contour planting to reducerainfall runoff can alsoimproveyield. The protein content of fodder opuntia
can beraised from 3.5t0 4.5% crude protein to 8 to 10% through application of nitrogenousfertilizer.

UTILIZATION

Fresh spinel ess cladodes contain approximately 90% moisture. Theenergy requirement for the survival
of a35-kg sheepisapproximately 350 g of TDN per day; therefore, theingestion of 538 g of dry cactusis
enough to obtain sufficient energy. This meansthat 5 to 6 kg of fresh cactus must be ingested daily.
However, asheep eats an average of 4 kg aday.

For cattle, to providethedaily energy requirementsfor the survival of a400 kg beast, 2 850 g of TDN
arerequired per day. Therefore, such ananima will require approximately 4 385 g of dry cactusto meetits
requirements. That meansadaily ingestion of 44 to 45 kg of fresh cladodes. However, ananimal only eats
an average of 40 kg of cactus per day.

One of the reasons why animals (especially sheep) do not eat sufficient amount of fresh cactus
cladodesisthe high moisture content. Although the high water content limits consumption by animals, this
moisture can be valuabl e during droughts, to reduce the need for drinking water. Penned sheep could be
kept alivefor 500 dayswithout drinking water, provided they had free accessto fresh cactuscladodes. The
intake of TDN can beincreased if the fresh cladodesarewilted or dried beforefeeding.

Cactuscladodesarevery low in crude protein in general, but any ration for non-reproductive sheep
and cattle should contain at |east 8% of crude protein. Rationsor feedswith low protein content are poorly
ingested by animals. A sheep with aliveweight of 35 kg requires approximately 50 g of crude protein per
day. Theaverage500 g of dry material from thedaily ration of cactus cladodes containsonly 20 g of crude
protein, so cactus cladodes must be supplemented with some form of crude protein. Cactuscladodesare
low in phosphorus and sodium, requiring supplementation of these elementsaswell. Ingeneral, cactus
cladodes are not abalanced feed but rather agood, inexpensive source of energy.

Grazing

Theeasiest way to utilize cactusisby direct grazing, which requireslittle labour and thereforeis cheaper.
Thereisarisk of overbrowsing and destruction of the plantation if strict control of stock and grazing is
absent. Grazing or harvesting should take place every twoto threeyears. The padsreduceinfeeding value
after thethird year (Walters, 1951). For efficient grazing, the plantation can bedivided into small paddocks,
which are then used intensively for a short period each. Large loses can occur during grazing due to
wastage.

Chaffing

Increased intake by animalsand better utilization can be obtained by chopping the cladodes. Tolimit waste,
itispreferableto feed the chaffed materia directly inthetrough.

Meal

Chaffed cactus cladodes can be dried on any suitable surface, and then milled. A supply of cactusmeal can
thus be stored for use during droughts and/or for supplementing fresh cactus padsto increase dry matter
intake.
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Silage

Good silage can be made from cactus cladodes by chaffing them with oat straw, low grade afalfaor any
other dry roughage on the basis of 84 parts mass of cactus cladodes and 16 parts of roughage, with the
addition of molassesmeal. When cladodesbearing fruit are used for silage, the addition of molassesisnot
necessary. Thesilageisthen made and used in aconventional manner.

Opuntiafruit and cladodes— even the spiny types— can be madeinto silage with low quality hay,
cereal straw or veldt hay, and supplemented with protein feed (cotton or sunflower seed meal, and urea)
and amineral supplement of phosphorus and sodium (bone meal, salt and lime) and this can sustain dairy
productioninarid and semi-arid rural areasduring dry seasonsand drought periods.

Supplementary feeding

In an emergency, where nothing elseisavailable, cactus cladodes can befed alonein any form, and sheep
and cattle can surviveonit for many months. Wool sheep were kept for 500 days on cactuscladodesaone
and survived.

For optimal utilization, however, cactus cladodes should be supplemented. Asproteinisthe most
important deficiency of cactus, aprotein-rich supplement should be supplied. A supplement comprising one-
third bone meal, one-third common salt and one-third urea can be used. Another possibility isaration
consisting of cactusmeal and 6.5% of fishmeal, which will supply the needs of sheep.

The most suitable supplement for cactus meal isalfalfa, either meal or hay. Itisrecommended to
provide 100 g of afalfain summer and 200 g inwinter, with cactusad libitum. Any other hay legumewith
areasonably high protein content could be used instead of alfalfa. Cactuscladodesare an excellent succulent
supplement on dry Karoo range (shrub typeveldt, highin protein), or indry grassrange during winter, with
aprotein-rich supplement.

LAXATIVEACTION

A problem experienced when cactus cladodes arefed in any form to sheep and cattleisthe severelaxative
action. Thislaxative actionisnot adisease symptom and has no detrimental effect ontheanimal’shealth.
Itistheresult of afast passage through the digestive system. Thelaxative effect can be curtailed by:

* Feeding fodder lime (approximately 3% of thetotal intake), to counteract acidosis. The high
acid content of cactus cladodesisrelated to the Crassulacean A cid Metabolism of the plant.

* Limit access of theanimalsto drinking water.

* Feed hay with cactus cladodes. Hay asasupplement retardsthe laxative effect. Alfalfahayis
regarded asan exceptional supplement to spineless cactuscladodesin any form.
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CULTIVATION OF OPUNTIA FOR FODDER PRODUCTION:
FROM RE-VEGETATION TO HYDROPONICS

Candelario M onbrAGON-JAcoBO, Santiago de J. MENDEZ-GALLEGOS
and Genaro OLmos-OROPEZA

INTRODUCTION

Opuntiaor nopal iscultivated for fresh fruit productionin Chile, Italy, Mexicoand the USA, and interest is
also growing in many other countries. Themain physiological advantage of opuntiaisitshighwater use
efficiency, with production of 1 kg DM per 162 kg water intake in Opuntia ellisiana (Han and Felker,
1997). However, adoption of fruit production in countrieswithout atradition of consumption or with no
immedi ate accessto export marketsisslow and difficult. The experience of Brazil has demonstrated that
utilization of opuntiaasaforageiseaser tointegrateinto thefarming systemsof semi-arid regions, where
the cultivation of cactus for forage dates back to the early 1900s, and at present there are more than
300 000 haplanted (Russell, 1990). No appreciable use of fruitsisreported.

Plantations of opuntiafor specialized forage production are not widespread in Mexico, aswild
populations providereservoirsof foragefor livestock. However, thesewild stands are endangered dueto
intensive exploitation and severefrosts. Plantations of opuntiafor forage production could reducethe
pressure on the natural standswhileimproving the profitability of dairy and meat operations.

Opuntiatoleratesavariety of growing conditions, but productivity initsnatural habitat islimited by
drought and poor soils. When O. ficus-indicawasirrigated in Chile, yieldswerereported of 1.3 kg DM/
ny/yr, including 0.3 kg/m?/yr asfruit (Acevedo et al., 1983). Assuming 10% moisture content, theyield of
fresh padsfor animal consumption reaches 100 t/halyr.

Computer model sindicatethat productivity could beincreased by 40% by modifying planting layouts
(Garciade Cortazar and Nobel, 1986).

Inthischapter, some of the physiol ogical basesfor forage production arereviewed. Threeproduction
systemsdiffering in cultivationintendty are discussed:

(xii) extensive, low-cost plantationsaimed at reducing desertification and producing forage;

(xii)) smal, intensively managed orchards, demanding high labour and inputs; and finally

(xiv) hydroponic production.

These systemshave been studied in Mexico for growing opuntiaunder rainfed or limited irrigation
conditionsfor forage, fruit or vegetable production. For vegetabl e production, crop management practices
have been adapted to produce mature cladodesfor fodder. Thisinformation could be applicablewith minor
adaptation to other semi-arid regionsof theworld inwhich opuntiahas shown promise.

Candelario MONDRAGON-JACOBO Santiago de J. MENDEZ-GALLEGOS
and Genaro OLMOS-OROPEZA
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FACTORSASSOCIATEDWITH OPUNTIA FODDER PRODUCTION

The cladode as a water reservoir

Anatomically, theopuntiaplant hasajointed succulent pseudostem, with cladodes differingin water content
according to age. Younger cladodes have the highest moisture content, with mean values of 90.8, 89.1 and
83.4% for young, mature and older cladodes, respectively (Floreset al., 1995). Mineralsshow asimilar
trend, withN, P, K, Mn, Zn and Nadecreasing, and Mg increasing, in older cladodesof O. amyclaea Tenore
(Lopezetal., 1988). Young cladodes are more palatable dueto their low fibre content.

Cladode shape has evolved to storethe maximum amount of water with minimum loss(Nobel, 1994).
A cross section of thisorgan showsthat the innermost tissue is spongy, with large cells adapted to store
water. During drought, water ispreferentially lost from the water-storage parenchymarather than fromthe
photosynthetic chlorenchyma (Nerd and Nobel, 1991). The chlorenchymaisalso protected by awaxy
epidermal layer that restrictswater loss. OpuntiaisaCrassulacean Acid Metabolism (CAM) plant (Gibson
and Nobel, 1986), associated with built-in featuresto savewater during the photosynthetic process, including,
inter alia, nocturnal stomataopening for CO, intake.

Length of growing season

Disregarding the planting season —early spring or late autumn —opuntiaproduces at |east one flush of new
cladodesarrangedinlayers. Rainfed conditionscommoninsemi-arid central Mexico, with 300 to 450 mm
of rainfal annualy, inducetheformation of asinglelayer of new shootsduring early spring, which continues
until the end of summer. Adequate water and nutrient supply combined with suitable temperatures may
inducetheformation of three new layersof cladodes per season, asobserved by Mendéz et al. (1999) inthe
hydroponic cultivation of spinelessvarieties.

If the plant is not managed or disturbed, these cladodes will be mature at the end of the growing
season. Lower temperaturesin autumn and winter induce dormancy. Throughout thewinter season the
cactusloses somewater asaresult of drought and transpiration losses, and can be used advantageoudy as
aforage. Cladodescan remain onthe plant and beether browsed by theanimals, or “harvested” according
to needs (using theplant asin situ live storage), or collected and stored for latter use. Fibreand dry matter
content increase with age, but, if properly cleaned and chopped, cladodes up to three years old can be
utilizedtofeed livestock.

Propagation

Thebasic meristematic unit in opuntia(and the cacti in general) isthe areole (Gibson and Nobel, 1986).
They are helically positioned on the cladodes (Sudzuki Hills, 1995) and can devel op either branches or
flowers(Boke, 1980) or roots. The cladodescaninitiatethe rooting process soon after they comein contact
with soil. Soil moistureisimportant —but not limiting—for rooting, becausetheroot initialsare supported by
thewater stored in the cladode.

If the cladodes are detached from the mother plant they undergo ahealing and suberization process,
which sealsthe potentia sitesof additiona water loss. Theimmediate rel ease of mucilage by wounded cells
enhances and accelerates healing. Once suberized, each piece can act asan independent propagule. The
water stored will support transpiration, and the formation of new shootsand root initialsif placedinthe
ground. Thecladode cansustainwater lossfor alongtime: upto six monthswithout losing viability if stored
inashaded location.

According to Nobel and Castafieda (1998), the unrooted cladodesof O. ficus-indicaremain alivefor
a least 12 months. Thisfeatureisparticularly useful for animal feeding, as cactus cladodes can supply and
partially substitute the water needs of livestock for along period. Any other traditional source of fodder
available during thedry seasonin semi-arid zones (cereal straw, maize, sorghum or millet stubble) isstored
dry, requiring additional water to beingested. Consumption of 40 kg of opuntiaper day by cattle provides
35 litre (85%) of water (Felker etal., 1977)
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Initiation of new organs on cladodes of Opuntia ficus-indica maintained unrooted in aglasshouse
was greatest when the cladodes were detached in winter (Nobel and Castafieda, 1998). Theresponseto
cladodeexcisionisvery rapid, and enablesthe cutting to establish rapidly arelationshipwith thesoil. The
stimulusto cell differentiation and multiplication may occur withinthefirst 48 hours, and root primordia
emergence may take aslittle astwo weeks (Fabbri et al., 1996).

Thesizeof the cladode does not affect the ability to form shoots or roots (Mondragdn and Pimienta,
1995), but the size of the cladodeis correl ated positively to the number and size of the new shoots. Luoand
Nobel (1993) found that, under greenhouse conditions, growth of new cladodesis markedly influenced by
thedry weight of basal cladodes, which act asacarbon sourcefor the new shoots. Whole cladodesareable
to produce at |east one layer of new shootsayear, depending on cultivar and the soil moisture available
during the growing season. A new plant can beformed aslong asthereisan areole at the top and at the
bottom of the cutting, and thefirst layer can have anywherefrom 2to 6 pads.

Better establishment and shorter time between planting and thefirst harvest are achieved with large
cuttings composed of morethan onecladode. However, theinvestment in handling and transportation of this
typeof materia increasesaccordingly. Thisisareasonableaternativeonly inthose areasin which opuntia
cultivationistraditional, and thereisacontinuous supply of planting material. Healthy, vigorous branches
with two to three pads are the best choice.

New plantations can be undertaken evenif thereisno soil moisture available, using entire cladodes or
fractionsaccording to availability of planting stock. Inextensive, low maintenance plantationsthisisa
unique feature that confers advantage to opuntia over some trees and shrubs commonly used against
desertification (e.g. Eucalyptus spp., Casuarina spp. and Atriplex spp.), which rely on soil moisture at
planting for successful establishment.

The succulence of the propagul e is adisadvantage when establishing large plantations, duetoits
weight compared to ordinary budwood or stem cuttingsin other species (Fabbri et al., 1996).

Response to pruning

Opuntias can endure heavy and continuous pruning. Infrost-freelocations, pruning can be performed at
any season. Orchards devoted to fruit production are pruned after harvest, at the end of the growing
season. Bud emergenceisheavier if plantsare pruned during the growing season. In most cultivars, the
vegetative growth overwhelmsthereproductive growth. The plant can be maintained inthejuvenile stage
indefinitely by continuous pruning, whichisthe basi c crop management tool for vegetabl e opuntiaproduction.
If not pruned, the cladodeswill continue growing until autumn, giving riseto flowersat the beginning of
spring. Development of floral budsismostly observed in mature cladodesthat are at |east six monthsold
(Pimienta, 1990).

Disregarding the planting system, plantscan be pruned downtotheinitia cladodeif needed. However,
pruning intensity should be adjusted inthelight of rate of recovery, future plant productivity and fodder
quality. Efficiency of animal utilization of pruning waste of different agesand quality should aso be balanced
against fodder needs.

The number of buds available to form new cladodes depends on the number of pads. Planting
systemsusing bushy plantsat low planting densities are more productive (on aper-plant basis) than high-
dengity (using short plants) systems. High density planting systemstherefore can withstand heavier pruning.

Inlocationswith mild winter temperatures, the plants can be induced to continuously bud if winter
protection of somesortisprovided, aongwithirrigation and fertilization. Thisinterestingfeatureisthebasis
of out-of-season production of vegetable opuntiaacross central Mexico and southern Texas. Application of
high manureratesto soil and pruning areresponsiblefor the high yieldsobserved in vegetable productionin
MilpaAlta, Mexico, which can reach 400 ton/halyear (Nobel, 1994). In general for cladode production,
either tender or mature, the productivity of the crop should betightly regulated by pruning practices.
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Growing opuntiafor forage production needs careful timing of pruning practices. Cladodesstored
“ontheplant” maintain ahigher water content than the detached ones, whilelabour and storage needs are
reduced. However, it isadvisableto removethem just beforethe start of the next growing season, to avoid
sprouting of new buds.

Responseto fertilization

Cacti in genera present low productivity due in part to the limitations imposed by the natural
environment in which they grow. Wild opuntiastandsare usually found in poor soilswith low contents of
dry matter, in regionswith ashort growing season that does not allow thefull expression of their growth
potential.

Fertilization trials conducted in Mexico and other countries (Mondragon, 1994; Karim et al.,
1996) showed that fertilizersinduce higher yields of fruitsand cladodes. Combining manureswith synthetic
fertilizersgavethebest resultsin fruit orchards. Thereactivation of budsand theincreasein size of the
cladodes are immediate effects of fertilization, which can be advantageously manipulated for forage
production. Higher N application (from O to 160 kg/ha) increased the number of new cladodes of
O. engelmannii in Texas. The individual cladodes were dlightly thicker, leading to 12% dry weight
enhancement per cladode at the high-N level (Nobel et al., 1987).

Fertilizationincreasesyield aswe | asnutrient content, according to Gonzdez (1989). O. lindheimeri
(Engelm) fertilized in the spring for three consecutive years showed increased protein levelsof 3.1, 4.2 and
4.4 percentage unitsin responseto applicationsof 67, 135 and 224 kg N/ha, respectively.

Theefficiency of fertilizersand manuresin semi-arid environments, however isstrongly influenced
by soil moisture. Therefore, fertilization should be spared for those years and seasonsin which theamount
of rain can guaranteeitsefficacy.

Response to high planting densities

High inter-plant competition reducesthe reproductive ability of opuntiaplants, leading to extended juvenility
and generation of new cladodes, which isthe objectivein forage production. Thiseffectisenhancedinthe
broad-bed system, which alows minimum spacefor individua plants. Thebasisof productivity fromhigh
planting densitiesisthetotal biomassproduction, eventhoughindividua plantsmay haveasmal yield. In
contrast, arow layout allows higher individual yieldswith afairly low planting density and facilitates
mechanization.

Opuntiaisaffected by shading at any stage of growth. Thethicknessof the cladodesaswell asthe
plant architecture tendsto reduce photosynthetic efficiency. The most important limiting factor in high
density plantingsis photosynthetic active radiation (PAR), asfound by Garcia de Cortazar and Nobel
(1986) using computer s mulation modelsvalidated with field studies conducted under irrigated conditionsin
Chile. Water and temperature werefound to be of secondary importancefor plant productivity. Increasing
Stem Area Index (SAI) or cladode area per unit ground up to 4.0 for plants that are 5 cladodes tall,
productivity could beincreased by upto 40%. Orientation of initial cladodeshad no significant effect.

Typica plantationsfor vegetable productionin MilpaAltaMexico aredonein furrows, training the
plant to obtain acompact low height (<1.5 m) bush, with around 40 000 plants per hectare (80 x 40 cm).
Similar planting methodsin rowsare used in Brazil to grow opuntiafor fodder. EmpresaPernambucanade
PesquisaAgropecuaria(undated) recommendstwo planting layouts: 100 x 25 cm (40 000 plants’ha), which
aremoreintensivethan thetraditional planting method using 2 m between rowsand 1 m between plants.
Two yearsafter planting, thereported yieldswere 246 ton/hafor the high density planting versus 100 ton/
hafor thelow density plantation. Both systemswere supplemented with fertilizersor manures. These
observations support thetrend of using higher planting density in Brazil.
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EXTENSVE CULTIVATION OF OPUNTIAFOR FORAGE INECOLOGICALLY-
ORIENTED PROGRAMMES

Opuntiahas been the plant of choicefor socio-ecol ogical-oriented plantationsin northern Mexico. It has
been used asagovernment employment strategy in semi-arid areas, justified by the potential ecological
impact in areas depleted of their natural opuntiavegetation. Theextent of over-exploitation of opuntiafor
fodder in northern Mexico washighlighted by L opez et al. (1997), indicating that in the 1970s, opuntiawas
collected from siteslocated within aradius of 20 km around the main cities, whilein the 1990sthe distance
had increased to more than 120 km.

Floresand Aranda(1997) reported that therewere 3 million haof scattered wild opuntiasin northern
Mexico, with another 150 000 haplanted by rancherswith government support, with theaim of increasing
theavailability of forage, providing refugefor thelocal fauna, and countering desertification. Plantation
sitesoccupy areas where wild opuntiasformerly grew. Attemptsto introduce selected genotypes have
been unsuccessful, so native speciesare preferred. Cultivation of cuttingsfrom frost-tol erant selections
has been a so reported (Borrego et al., 1990). Extensive plantations of wild O. engelmannii Salm-Dick
and O. rastrera Weber werereported by Medinaet al. (1987).

Soil and crop management are kept to aminimum; flat terrain ispreferred, without removal of initial
vegetation. Theopuntiaisplanted in furrowsfollowing contour lines, laid out with adisk. Once cactusis
established —after 2-3 years—undesirabl e vegetation isremoved and pasture grasses are seeded.

MINIMUM REQUIREMENTSFOR EXTENSIVE PLANTATIONS

Opuntiaplantation on an extensive scale (>1000 ha) should be undertaken applying the same technical
criteriaas for smaller, commercial orchards. However, due to the limitations of the criteria used for
conservation and land reclamation projects, such projectsusually suffer from carel ess planning, deficient
operation and lack of basic horticultural principles. A few pointsto consider arelisted in the sectionsbel ow.

Site selection

Even though it isimperative to reclaim all areas affected by desertification, new projects should to be
directed to theleast affected spots, and then gradually move onto more problematic areas. Thisstrategy
allowsusersto obtain faster results, whilethe costs of reclamation are reduced.

Select sites with the least restrictions for implementation of simple water harvesting and soil
conservationtechniques, soil preparation of light-dopeterrain (<4%) can be donewith standard agricultura
machinery. Contour planting isthe simplest and cheapest technique, which can be enhanced by drawing
furrowscloseto the plantsto collect rainwater to the benefit of the opuntia.

Opuntiaisaperennial plant, and so it deserves care to obtain fast and sustainable yield of either
cladodesor fruits. Projectsthat include opuntiashould regard at |east threeyears asthe minimum period to
assess genotype adaptation and forage productivity. Thefinal length of this period should be adjusted
accordingtolocal climatic criteria, such asthe precipitation recurrence period.

Site protection

During the establishment period (1 to 2 years), opuntia needs protection from predators, and controlled
livestock consumption should not start until after thisperiod. Protection of thesiteisrequiredto avoid
overgrazing and destruction of the newly planted cladodes.

Planting material

Native species are to bepreferred. Species that have been extensively used represent aresource
that is vanishing and needs the opportunity to recover. Its suitability as animal feed is aready
proven by depletion! Select plants that are indigenous to the region. Mature and old plants that have
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survived unusual frost and drought events should be multiplied and reintroduced. Spiny speciesaremore
resistant to herbivore predation.

Collection of planting material from wild stands

Even under limiting conditionsthere are spotswherewater and soil collect; abandoned anthillsand rodent
burrowsa so provide better growing conditionsfor cactus plants, promoting vigour and cladode production.
These spots are the best for selection of planting material. Pre-conditioning of planting material
(partial dehydration) can be eiminated when plantingin dry soil.

Planting techniques

Using two cladodes per planting spot increased the success of plantation to 95% in areforestation trial
conducted at Coahuila, Mexico, using O. rastrera and O. lindheimeri (Tores et al., 1990). Manually
building anindividua micro-catchment around the plant improved utilization of the scarcerainwater available
intheregion (mean annual preci pitation of 327 mm).

Fertilization

Savethe application of synthetic fertilizersfor those yearswith above-averagerainfall. Utilization of
manurefrom local sourcesisthe best choice, duetoitslong-term effect. Therate of manuringislimited
only by local availability; responsesto extremely high doses of manure have been reported in MilpaAlta,
Mexico, whererates exceeding 200 ton/haevery other year are common.

Utilization

Userotationd, controlled harvesting according to Site productivity. Avoid methodsthat lead tototal destruction
of theplant, such asnon-sdlective burning and uprooting. Leavingahigh number of branchesallowsfaster
plant recovery.

INTENSIVE CULTIVATION OF OPUNTIAFOR FORAGE PRODUCTION

Someof thedevel opmentsintended toimprove nopalitos (tender cactus pads used asavegetable) production
can be adapted towards similar systemsfor forage production.

Opuntiaisaplant that tol erates competition and heavy pruning. Theentireaerial part can beutilized
asaforageif needed. It also showsanotableresponseto manure and chemical fertilizers. Manipulation
of planting densities and plant nutrition allow large yields of fresh pads. The broad-bed planting
system takes advantageof all thesefeatures. It wasproposed for use in small plots (<0.5 ha) in the
backyard or near the household. Thesespots are usualy more productive than the openfields (dueto
the accumulation of domestic waste), and in someplacesthey haveaccessto limited irrigation. Both
these factors benefit plant productivity. The labour needed to maintain the plotis provided by the
family.

The system can produce fresh tender pads (an advantage where there is a tradition of
consumption) and/or mature pads for forage. Productionishigher during the summer season (the
rainy seasoninMexico). Longer production periodsarefeasibleinfrost-freeplaces or by providing some
sort of frost protection.

Site selection

Planting sites are more convenient if located near to the household or in abackyard, which allowsfor
continuous care and protection. If plantationsareto belocated inthe openfield, then select the plot with
easiest access. Fresh opuntiapadsare heavy feedstuff, thereforeit isnecessary to ensure quick accessto
roadsin good condition at any season of theyear.

Thesiteshould be preferably flat, but slopes up to 3% can be handled with simple soil and water
conservation practices, such ascontour planting, without increasing cost of Site preparation.
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Land preparation

Eliminate perennial weedsor shrubs. Till the soil tofacilitate broad-bed formation. Depending on the soil
type, itisadvisableto ploughittwice. Sight terrainimperfectionscan bereduced by grading. Levellingthe
planting siteimproveswater distribution, ensuring more uniform growth.

Rainfall management isakey issuefor effective plant growth. Simple techniquesthat improve
rainfall management have been tried successfully, the aim being to reduce runoff and impound thewater in
situto alow better infiltration and extended availability for the crop. Rainwater can be collected onthesite
prior to planting if thefield isploughed in advance. After planting, thefurrowsthat separate the bedscan
be“tiedup” every 2to 3 mto distributerainwater evenly.

Cultivars

Spineless cultivars are most preferred for forage production in this system because they are easier to
handle and process. They a so present fewer problemsduring feeding. In Mexico, the cultivars Pabellon
and CPF1 arethemost suitable. Both are highly productive and posseslarge spinelesspads. Pabellon has
ovoid, thick, dark green pads, and the adult plantsproducered, tasty fruits. CPF1 produceslong, thin, green
pads, suitablefor consumption asavegetable when tender. Thefruitsof thiscultivar arewhite, withthin
pericarp and slight blush. Under rainfed conditions, at least one flush of pads per growing season is
produced.

Irrigation and fertilization can induce more than onelayer of pads per season and increaseyield.
Recorded yieldsof fresh mature padswithout irrigationin central Mexico are 75 and 118 ton/hafor Pabellon
and CPFL, respectively.

Propagation material

Planting material should be collected from robust, productive and healthy plants. The pads can be
collected at the end of the growing season and subjected to sight dehydration to induce suberization
of thejoints. Collect padsof mediumto largesize, devoid of suspiciousdark spotsor discolorations. After
collection, they are stored in ashaded dry placefor 2 weeks. Pad portions can a so be used when planting
materia isscarce, but the smaller the portion, thelonger thetime new shootswill requireto reach full size.
The smallest portion that can be planted should have at |east two to three areolesin each face.

Toreduceraotting, the padsaretreated with Bordeaux mixture prepared on the sameday astreatment.
Mix 1 kg of copper sulphatein 5 litres of warm water until completely dissolved, then add 1 kg of lime,
stirring until the mixtureishomogeneous, and then dilute to 100 litres (enough to treat up to 2000 pads).

Plantation layout

The broad-bed system provides high planting density and productivity per unit area. Several optionsare
possible, according to the machinery available. Intheauthors experience, the best dimensions of the
broad-bed are 150 cm widewith a120 cmtop, and the length is adjusted as needed. Broad-bedsarebuilt
usingasmall (120 HP) tractor or animal-drawn device. Threeor four rowsof padsare aligned ontop of
the broad-bed with aseparation of 30 cm between rows and 40 cm between padsintherow. Eliminateany
budsor rootsthat have sprouted during storage, which most likely will be misplaced asthey caninterfere
withthe planting operation. The padsareburied halfway into theground. Using thesedimensions, 20 pads
areneeded for each 2-m broad-bed length.

Planting date

Tender shootsare highly susceptibleto frost damage, and they start emerging 2-3 weeks after planting.
Therefore planting should bedone after risk of frostsisover. A safelower limit temperature would be
5°Cfor most cultivars.
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Fertilization

Toensurehighyields, itisconvenient to apply manure prior to planting. Manure can be broadcast and
ploughed in prior to planting. Thebest resultsare obtained when manureis supplemented with synthetic
fertilizers. Chemical fertilizersareaquick source of nutrients, while manure represents alonger-term,
steady supply. A minimum of 20 ton/haof cow manure every other year, supplemented with 90-40 (kg of
N-P,0,) supplied annually aresuggested. Theserateshaveto beadjusted according to thesource. Chemical
fertilizerscan beapplied during therainy season, providing half of the nitrogenfertilizer early inthe season
andtherest 45 dayslater. Theproduct isspread along therowsand lightly covered with soil (Mondragon,
1990).

Weed control

Once planted, opuntiacan serve asanurse plant for many weed species, so periodic weeding becomesan
integral element in crop management. Maintain the plot free of perennia weedsand shrubsto eliminate
competitionwith opuntia. Weed control between the beds can be accomplished either manually or by using
herbicides. Felker (1988) reported the use of glyphosate at 20 g/litre of the commercia formulation
(“Roundup”) used as abroadcast post-emergence spray to control Johnson grass (Sorghum hal epense)
and Bermuda grass (Cynodon dactylon).

Management of pests and diseases

Peststhat thriveinsidethe pads arethe most destructive and difficult to control. However selective pruning
can helpto maintain ahealthy plantation. Somerotting problemscan also be solved by pruning. Somepests
that live onthesurface of the pads, such asmealy bugsand thrips, can be controlled with contact insecticides.
Effective control hasbeen achieved by spraying with dithiocarbamateat 1 kg/200 litre of water.

Harvesting

Mature pads can be collected at the end of the growing season. They are detached from the plant using a
sharp knife, with aclean strokeright inthejoint. Avoid unnecessary chopping of the harvested pad or the
plant, to reducerisk of rotting. Thenumber of padsto be harvested varieswith cultivar and age of theplant.
During thefirst year, 2-4 pads per plant can be collected. Inorder to get steady yield, theplantsareleft with
only two branches (“rabbit ears”) oriented along the broadbed. Cactus pads can be consumed directly on
the plants, but uncontrolled browsing can cause damage. Itismoreefficient to collect and storethem close
tothelivestock yard until needed.

Storage

Fresh pads should bestored inashady dry spot. They can beeither stacked or arranged inrowssitting on
their sides. Avoid spotsthat collect runoff in order to minimizerotting or sprouting. Those padsin close
contact to the ground need to beflipped over every 4 to 6 weeksto avoid rooting. Somerelief from direct
sunshine can be obtained with athin layer of dry straw spread on top of the stored pads. Direct sunshine
induces pad deformationsand chlorophyl| degradation on the exposed area, thusreducing nutritional quaity.
Under the semi-arid cool conditionsof central Mexico, the authors have stored padsfor up to six months
without appreciablelosses.

HYDROPONIC CULTIVATION

Although water has been considered to be arenewabl e resource in some areas, population growth and
urbanization are changing the scenario. Initiatives to improve water management in urban as well as
agricultural landsareincreasingly required. Hydroponicsisperhapsthelast frontier for opuntiafodder
production: it can be adapted to arid areaswherethe availability of water for irrigationisrestricted and
thereisstrong pressure on grasslands. Hydroponicsalso improves nutrient use efficiency.
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Hydroponic modulescould alow the efficient utilization of limited volumes of water to producefood
or forage crops, improving rural income. Somesystemsarerelatively easy to handleand could be quickly
adopted. Thesizeof the hydroponic operation can be adjusted to other farm operations, and farmers could
consider it asapart-time occupation and self-employment strategy.

InMexico, someof themost traditiona growersare hesitant to use hydroponics, although commercia
modul esto produce export-quality vegetabl es are becoming fashionablein central and northwest Mexico.

Small-sca e hydroponicspossesses specid sgnificancefor arid and semi-arid zones, whereagriculturd
productionislimited by low water availability. Inmany of theseareas, there are shallow artesan wellsand
intermittent water sources that can provide enough water to irrigate plant species such as opuntia,
characterized by its high water use efficiency and productivity. Opuntiacan produce upto 47 t/halyr as
irrigated high-density plantationsin openfields, whichishigher than C, and some C, plants(Nobe!, 1998).

Exploratory trialsconducted in central Mexico showed that hydroponics may play animportant role
infodder production in extremeclimates. Theresultsof three of thesetrialsare discussed below.

HYDROPONICS: ADVANTAGESAND DISADVANTAGES

Hydroponicsliteraly means*“waterworks,” and includesall methods and systemsto grow plantswithout
soil (Steiner, 1977; Douglas, 1985; Gomez 1995). Accordingto Durany (1982), themaost common hydroponic
systemsare:

Cultivationinliquid media. Inthissystem, the plantshavetheir rootsimmersedinthe nutrient
solution and the type of support dependson the crop.

(i)  Cultivation onsolid, inert and porous substrates. Inthiscase, the plant anchorsto the
substrate and acquiresthe nutrient sol ution by percolation.
Sub-irrigation belongsto thelatter type: the nutrient solution is provided and drained through the same
inlet (Steiner, 1977). Thesystemis*closed” and recyclesthe nutrient solution every two to six weeks
(Resh, 1987). Numerousvariantsof thistype have been devel oped using thelatest technol ogical advances.

Hydroponics promotes efficient water and nutrient use. Compared to traditional agriculture,
hydroponicsusesonly aninsignificant fraction of thewater. Hydroponicsallowsthe use of poor quality
water, either moderately saline or alkaline. Some disadvantagesare: high energy input (gas, gasoline, ol
and electricity) andinitial investment. Basic water-quality analysisand sometraining are needed to prepare
and maintain the nutrient solutions. Theavailability of smpleinstrumentsto determine pH and el ectro-
conductivity should al so be considered.

Hydroponicsensuresbetter stand establishment, leading to higher densities, saveswater and nutrients,
and provides some protection against limiting climatic factors such asdrought and light frosts. Well-fed
plantstol erate cold temperatures better and recover faster from frost damage.

THESYSTEM

The system utilized to grow opuntiawas sub-irrigation, using lavaas growing media. The system
includes:

(xvii) Storagetank for the nutrient solution.

(xviii) Planting benches. Rectangular shaped and arranged in five pairs, they covered 18 m?each
(15 % 1.2 m) and were 30 cm deep.

(xix) Growing medium. Red volcanic gravel, with agranulometry between 5 and 20 mm.
Gravd, crushed lava, basalt gravel, porous or non-porousor any other rocky inorganic
material can aso beused.



116 Opuntia cultivation for fodder production: From re-vegetation to hydroponics

(vi) Distributiontanks. Built of mortar and bricks, they distribute and drain the nutrient solution.
(vii) Hydraulic network. A gasoline pump (4 HP) providesthe power, and isconnectedto a
network of 50 mm PV C pipes.
The nutrient solution is prepared from
commercia sources (Table50). Two methods

of preparation can be used: stock solutions or a Table 50. Composition of nutrient solution

dry mix of commercia fertilizers. In both Source Concentration (g/m’) | Nutrient
methods, the fertilizers of low solubility are Potassium nitrate 150 - 250 N
dissolved in advance, then added first to the Phosphoric acid 40 P
solution. The products with acid reaction are Potassium sulphate 289.4 - 350 K
added next, followed by the micronutrients in Calcium nitrate 210 ca
solution. Magnesium sulphate 40 Mg
Ferrous sulphate 12 Fe
The pH is maintained at around 6.5 by Copper sulphate 0.1 Cu
adding either phosphoric or nitric acid, Zinc sulphate 0.2 Zn
according to the pH readings, with mean values Boric acid 0.6 B
of 3.5 dS/m electro-conductivity. The nutrient Source: Calderon, 1995

solution isreplaced every 15 days, after plants
have consumed about two-thirds of the initial
volume,

The nutrient solution moves out to the storagetank dueto the suction exerted by the pump, thenitis
deposited in the check tanksto feed the distribution network and fed to the growing benches. The same
negative pressureforcesthe sol ution up to the surface of the planting medium. Oncethe solution floodsthe
medium, the pump stalls and drainage begins by gravity. The growing benches arefed in pairs. The
nutrient solutionisbriefly in contact with theroots, reducing evaporation and potential rotting problems.
Thekey mechanismsof the system aretherecircul ation and efficient drainage of the solution.

Planting material. Spinelessaccessionsfrom central Mexico with previousrecordsof high productivity
under open field conditionswere selected for thetrias. They wereprovided by INIFAP (National Institute
of Agricultural, Forestry and Husbandry Research). The plantswereallowed to grow freely and asingle
yield evaluation was performed after six months. The variablesincluded cladodelength and width, plant
diameter and number of shoots, and fresh and dry weights. Thetissuewas sampled and sent for nutrient
anayss.

Effect of irrigation scheduleand planting method. Two cladode orientations—NSand EW —aswell as
two planting positions—vertical buried vs. horizontal ontop of the soil —were studied. Oncethe plants
were established they were subjected to four irrigation schedules: twiceaday every day; twice aday
every other day; once a day every day; and once a day every other day. Recorded variables were
establishment percentage; daysto budding; number of shoots; and yield on afresh (FW) and dry weight
(DW) basis.

Thetissues collected from the 15 most productive accessions were analysed for bromatol ogical
parameters, neutral and acid detergent fibre (according to Goering and Van Soest 1970), aswell asinvitro

digestibility.

GENOTYPE PERFORMANCE

All accessionsresponded well to cultivation in hydroponics and apositive correl ation between number of
shootsand wei ght was detected. No reduction was observed in dry weight associated with higher number
of shoots. After six months, the average number of mature padswas 10.2 (ranging from 1 to 18 pads per
plant), 97% of the accessions presented two or more layers of padsand cv. Vatierrillayield waslarger
(Table51). Themorphologica and phenotypic featuresdid not changesignificantly in hydroponic cultivation.
Aninteresting observation wasthat O. robustaiinitiated budding at the sametimeasinthewild. Average
fresh weight per pad was 475 g, reaching ayield of 5 kg of fresh pads per plant in six months.
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Considering the maximum values of number of cladodes per plant (18) and cladodeweight (845 g),
theexperimental yieldscould reach 15 kg freshweight per plant with cv. Sdlection 34 and cv. MilpaAlta. If
ahydroponics module hasaplanting density of 30 000 plants/ha, the potential yield could reach 450 ton/ha
on afreshweight basisin six months: sufficient volumeto bethe solefeed sourcefor aherd of 30 cowsfor
180days, or 523 pregnant sheep for 3months. Theauthors observationsconfirmed thefindingsof Calderdn
(1995).

TheN content in cladode tissue ranged from 1.73t0 4.02% on dry basis (Table 52), supporting the
report that N content in opuntiais higher than the best grass, Nobel (1998). According to theanalysis,
cv. Valtierrillaand cv. Tapon Hembrashowed an N content above4%. If thisvaueisconvertedto protein
content, then opuntiacan be compared to other valuableforage crops, such asafafa(Table52).

Considering plant productivity, absence of spinesand early budding, 17 genotypeswere outstanding.
Some of the accessions qualify asdual use: vegetable and fodder; or fruit and fodder. They canand do
represent an important fodder sourcefor thedriest part of theyear (April-May).

Reports from Lopez et al. (1988) indicated a phosphorus range of 0.1 to 0.5 % on dry basis as
influenced by cultivar, cladode age and planting site. Under hydroponics, the average content was 0.55 %,
with amaximum of 0.84%for cv. Tapon Hembra. K wasthe nutrient that showed the highest accumulation
(mean 3.89%). Six cultivars— Pabellon, #75, Redondo, RSR, RDR and #70 — showed above average K
concentrations, with 5.96, 5.75, 5.72, 5.50, 5.37 and 5.24%, respectively.

Caciumisfound mostly inthe cell wall of cacti, providing mechanical support tothecell. Itaso
participatesin ATPand phospholipid hydrolysis. Incacti, Caismostly found asoxalate crystalsand druses
(Gibsonand Nobel, 1986). Theaverage content of calciumin opuntiatissuevariesfrom 20 9.5%, depending
on plant age and soil type. Cladodes produced in hydroponics had an average cal cium content of 2.66%
(Table52), withamaximum of 6.4 in cv. #V-3. A study of the chemical forminwhich calciumispresent
inopuntiaisneeded in order to understand itssignificancefor animal or human nutrition.

Ash content ranged from 18.68 to 30.31%, higher than any other regional forage. Reported values
(NRC, 1984) areonly 7.6, 7.2 and 6.4 for oat hay, maize stover and sorghum stover, respectively. Fodder
production with hydroponics could be animportant source to cover maintenance and production levelsof
Ca P KandZn.

Protein content isone of the most limiting factorsfor cattleraising in semi-arid rangel ands (Fuentes,
1992). Wild opuntiahasarange of 2.72 to 5.8% of crude protein, insufficient to providefor the needs of
cattleand sheep (Table53), leadingtoweight loss. Protein content in cactusfodder obtained with hydroponics
ranged from 11.72to 18.07% for cv. LCNF and cv. Pabellon Amarillo, respectively (Table 54).

Thesevalues cover the minimum requirementsfor grazing cattle, sheep and goats(McDonald et al .,
1981). Thenutrientscontent found in some of the accessionstested are similar to those reported for good
quality fodder such asalfalfa, maize silage and orchard grass (12-20, 8.4 and 15% CP, respectively (NRC,
1984)) and higher than mai ze stover and wild opuntia(Table53).
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Table 51. Growth features of opuntia accessions from central Mexico, cultivated in hydroponics

. Number of cladodes/plant
Accession Cladode DW (g) DW (g/plant)
1% layer 2" layer Total Average
Redondo 16.6 8 10 18 6.0 99.6
ACNF 27.5 8 9 17 5.6 154.0
70 21.8 13 37 40 13.3 289.0
Milpa Alta 37.1 6 13 19 6.3 233.7
Tehuacén 224 11 9 20 6.6 147.8
44 29.7 9 18 28 9.3 276.1
Rosalito 22.3 9 21 30 10.0 223.0
RSA 26.8 13 33 46 15.3 410.0
40 14.9 16 34 50 16.6 247.3
Villanueva 20.9 15 17 32 10.6 221.5
RSR 33.2 7 26 35 11.6 385.1
RDR 12.6 7 17 24 8.0 100.8
34 17.5 15 40 55 18.3 320.2
LCNF 28.7 7 18 25 8.3 238.2
75 13.5 9 22 31 10.3 139.0
Italiano 12.9 10 23 33 11.0 141.9
V-3 13.2 7 6 13 4.3 56.7
T-L 10.6 10 35 45 15.0 159.0
Valtierrilla* 7.6 17 4 21 13.3 101.0
V-1 13.2 11 29 40 13.3 175.5
RSB 8.9 12 32 44 14.6 129.9
R-7 194 11 22 33 11.0 2134
F-1 29.5 3 19 22 7.3 215.3
AGO 29.1 8 23 31 10.3 299.0
R-72 15.2 9 25 34 11.3 171.7
Pabellon 15.2 13 24 37 12.3 187.0
COPENA 13.0 9 21 30 10 130.0
Pabellén Amarillo 23.7 8 15 22 7.3 173.0
Tapon Hembra 10.4 7 9 16 53 55.1
Tapon macho 4.5 3 0 3 1.0 4.5
S-34 215 12 29 41 13.6 292.0
S-35 7.0 5 10 15 5.0 35.0
Tezontepec 5.4 10 7 17 5.6 30.20
Irapuato 8.0 11 5 16 5.3 42.0
Control 5 0 5 1.6 8.0

Note: * = Produced more than three layers of cladodes.
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Table 52. Nutrient content of 30 accessions of opuntia from Central Mexico

Accession N P K Ca Mg Fe Mn Cu Zn B
% % % % % ppm ppm ppm ppm ppm
Redondo 2.68 0.38 5.72 1.65 1.28 135 39 3 38 42
ACNR 3.39 0.32 4.79 1.16 0.93 54 26 0 23 32
70 2.60 0.53 5.24 2.07 1.84 177 206 3 45 44
Milpa Alta 331 0.36 4.18 2.06 1.24 305 14 0 32 57
Tehuacan 3.15 0.67 4.58 2.00 1.71 178 24 2 50 49
44 3.70 0.24 2.20 2.70 0.87 102 153 0 20 36
Rosalito 3.23 0.56 4.59 2.32 2.15 160 56 3 53 60
RSA 3.62 0.56 4.42 1.89 1.95 159 115 0.61 41 55
40 3.62 0.71 4.81 291 1.83 144 331 4 63 53
Villanueva 1.73 0.43 3.12 4.95 1.65 293 92 1 34 87
RSR 2.99 0.62 5.50 1.97 2.01 233 102 3 101 58
RDR 3.15 0.48 5.37 2.99 2.27 152 363 1.27 51 67
34 2.60 0.50 3.76 2.65 1.70 149 163 1.34 49 56
LCNF 3.23 0.54 4.30 2.36 1.55 168 366 2 48 56
75 3.15 0.74 5.75 212 1.78 126 304 3 48 61
Italiano 3.54 0.73 4.80 2.59 1.82 105 23 0 45 92
V-3 2.99 0.60 4.11 6.40 1.84 116 300 0 42 77
T-L 3.07 0.75 4.09 2.74 1.87 152 46 3 50 62
Valtierrilla 4.02 0.59 3.42 3.68 1.72 231 307 0.74 a7 98
V-1 3.39 0.53 4.77 2.31 1.59 144 32 1.40 37 63
RSB 291 0.66 3.92 2.77 1.84 103 136 1.19 49 74
R-7 3.62 0.60 2.75 3.09 2.00 138 65 1.78 49 64
F-1 3.54 0.58 3.33 2.35 151 104 95 0 42 53
AGO 3.86 0.55 2.18 3.29 141 108 71 0 50 50
R-72 3.39 0.50 2.47 243 1.63 116 370 0.91 36 69
Pabellon 3.15 0.56 5.96 2.25 1.85 114 442 1.90 46 74
COPENA 2.76 0.37 3.01 2.59 2.03 91 29 0 47 69
Pabellon amarillo 3.15 0.62 4.87 2.31 1.70 133 37 0 42 72
Tapon hembra 4.02 0.84 2.78 3.08 2.05 103 60 0.06 53 83
Tap6n macho 3.62 0.46 2.98 2.23 1.54 89 64 0 48 82

DM digestibility in vitro varied from 84.9 to 95.5% (Table 54), above values reported el sewhere (e.g.
Floresand Aguillar, 1992; L astraand Pérez, 1978; DeKock, 1998). NDF or cell wall valueswere below
those reported for most of theforages used in theregion to feed cattle (NRC, 1984). It meansahigher
potentialy digestiblerate of cell contents, which might explain the highin vitro digestibility observedin
cv. PabellonAmarilloand cv. Villanueva

Table 53. Analysis of opuntia (Opuntia spp.) and some common feedstuffs used in semi-arid zones
compared to nutritional requirements of cattle and sheep(l)

ME Protein Ca P Na pmc®
(Kcal/kg DM) (%) (%) (%) (%) kg
Alfalfa 2.10 17 1.41 0.24 0.12
Corn stover 1.81 6.6 0.57 0.10 0.07
Opuntia 4 1.4 0.2 0.1
Nutritional requirements®
Cow® 2.21 10.32 0.29 0.21 0.1 9.66
Sheep® 1.92 9.55 0.37 0.23 0.1 1.3

Notes: (1) Nutritional requirements based on NRC, 1984. (2) Cow of 450 kg liveweight producing 3 kg milk/day.
(3) Sheep of 45 kg liveweight in the last third of pregnancy. (4) DMC = Dry matter consumption.



120

Opuntia cultivation for fodder production: From re-vegetation to hydroponics

Table 54. Nutrient content and in vitro digestibility of opuntia grown in hydroponics

Accession (I?%M) '?OZ? p(igigii A((SO;: '\(IJ/DO'): Sc?lnltjelﬁi cgllﬁjrlnc:se éjigl\;/lelsnti\lglitlir?y
(%) (%) (%) (%)
Italiano 94.61 24.01 17.78 18.67 29.42 70.58 10.75 88.4
40 92.90 25.44 16.25 23.01 35.71 64.29 12.70 87.2
34 92.79 26.37 15.28 19.66 27.63 72.37 7.97 89.9
RDR 93.17 26.28 15.21 23.6 26.71 73.29 3.11 86.7
LCNF 92.59 28.59 18.07 24.78 30.35 69.65 5.57 87.8
Villanueva 92.96 30.31 15.55 21.17 39.27 60.73 18.10 84.9
Tehuacan 93.75 22.35 15.77 14.45 32.26 67.74 17.81 91.3
75 92.65 27.37 15.25 16.20 32.23 67.77 16.03 87.2
70 92.94 2251 13.67 20.08 37.42 62.58 17.34 84.8
RSR 93.19 23.52 15.91 20.21 37.23 62.77 17.02 91.5
Rosalito 92.75 28.40 15.58 20.78 34.98 65.02 14.20 92.4
AGD 92.32 26.01 16.41 21.97 33.97 66.03 12.00 90.6
44 93.17 28.07 15.86 21.00 33.36 66.64 12.36 22.6
COPENA 92.39 24.59 16.55 18.53 33.08 66.92 14.55 91.9
P. Amarillo 92.77 18.68 11.72 18.37 37.10 62.90 18.73 95.5

Key: ADF = acid detergent insoluble fibre. NDF = neutral detergent insoluble fibre.

Wild opuntiais an important source of water during the dry season; there are reports of cattle
feeding on opuntiafor 400 to 525 days using opuntia as the only source of water. However, moisture
content of forage obtained in hydroponics ranged from 90-92%, which could limit usefulness. DM
requirementswould be difficult to meet because of the associated high volumes of consumption, ascattle
would have to consume 90-100 kg/day of fresh opuntiafodder. Aninteresting possibility isthe use of
dehydrated opuntia, or itscombination with other sourceswithlow moisture content, like maizeand sorghum
stover, dry bean straw, etc. Considering agronomic aswell asnutritional criteria, the best selectionswere
“347,%707,“40" and“LCNF”

Nutrient accumulation va ueisobtained by multiplying DW by the nutrient concentration and dividing
into 100, whichisthe nutrient content in grams accumul ated in the cladode during aspecific period. Inthis
study, it correspondsto six months (Table55). Theextraction order for themain elementswasK, N, Ca
and P, with meanvaluesof 0.77,0.60, 0.48 and 0.09 g, respectively. High extraction resultsfrom high DM
production and high concentration. Regarding N accumulationincvsMilpaAlta(1.229),AGO (1.12g)
and Selection 44 (1.09 g) had the highest values, whilefor PcvsRSR (0.20 g) and F-1 (0.17 g) had the
highest values. Inthe caseof K, the genotypeswith the highest accumul ation were MilpaAlta(1.55g),
LCNF(1.23 g) and Pabd lonAmarillo (1.15g). Significant Caaccumulationwasrecorded for cvsVillanueva
(2.03g) andAGO (0.95g).

Effect of irrigation scheduleand planting method

Plant survival varied from 70.2 to 88%; the failureswere attributed to rotting, probably dueto origin of
propagules, as planting material was collected from aprevious hydroponi c unit and was more succulent
than regular materia collected from commercia orchards.

Bud emergence started in February, s multaneously with latefrosts, but asecond flush was observed
inMarch, except for cv. Rio Verde and cv. Tapon Hembra, which generated vegetative buds until April.
Therewerelargedifferencesin FW and DW among irrigation schedules (p<0.05), irrigating twice aday
every other day wassignificantly superior to therest of theirrigation treatments: theyield differenceswere
attributed only to cladode size (Table 56). Cladodes planted in the vertical position and N-S oriented
presented a higher number of shootsand higher yield (Table58).
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It isfeasibleto produce high quality fodder under hydroponics during the dry season when other
sourcesof fodder are scarce. The best resultsare obtained by irrigating twice aday every other day. We
detected four outstanding genotypes, namely “34,” “70,” “40” and“ LCNF,” which producetender cladodes
of good quality for consumption asvegetables, and mature cladodesfor fodder. The system alowed an

efficient use of water and nutrients, making it competitive with other, traditional systems.

Table 55. NPK and Ca accumulation in 30 accessions of opuntia grown in hydroponics

. DW Accumulation (g )
Accession
@ N P K Ca
1. Redondo 16.6 0.44 0.06 0.94 0.27
2. ACNF 27.5 0.93 0.08 1.31 0.31
3. 70 21.8 0.56 0.11 1.14 0.45
4. Milpa Alta 37.1 1.22 0.13 1.55 0.76
5. Tehuacan 22.4 0.70 0.15 1.02 0.44
6. 44 29.7 1.09 0.07 0.65 0.80
7. Rosalito 22.3 0.72 0.12 1.02 0.51
8. RSA 26.8 0.80 0.15 1.18 0.50
9. 40 14.9 0.53 0.10 0.71 0.43
10. Villanueva 20.9 0.36 0.08 0.65 1.03
11. RSR 33.2 0.99 0.20 1.82 0.65
12. RDR 12.6 0.39 0.06 0.67 0.37
13. 34 175 0.45 0.08 0.65 0.46
14. LCNF 28.7 0.92 0.15 1.23 0.67
15. 75 13.5 0.42 0.09 0.77 0.28
16. ltaliano 12.9 0.45 0.09 0.61 0.33
17. V-3 13.2 0.39 0.07 0.54 0.84
18. T-L 10.6 0.32 0.07 0.43 0.29
19. Valtierrilla 7.6* 0.30 0.04 0.25 0.27
20. v-1 13.2 0.44 0.06 0.62 0.30
21. RSB 8.9 0.25 0.05 0.34 0.24
22. R-7 19.4 0.70 0.11 0.53 0.59
23. F-1 29.5 1.04 0.17 0.97 0.69
24. AGO 29.1 1.12 0.16 0.63 0.95
25. R-72 15.2 0.51 0.07 0.37 0.36
26. Pabellén 15.2 0.47 0.08 0.90 0.34
27. COPENA 13.0 0.35 0.04 0.39 0.33
28.Pabellén Amarillo 23.7 0.74 0.14 1.15 0.54
29. Tap6n Hembra 10.4 0.08 0.06 0.35 0.38
30. Tap6n Macho 4.5 0.16 0.02 0.13 0.10

Table 56. Effect of irrigation schedule on number of shoots, dry weight and yield

of forage opuntia

Irrigation frequency Shoots/plant FW (g) DW (g)
Once a day 4.65 875.85b 65.73 b
Twice every other day 5.07 1401.4 a 84.20 a
Twice a day 4.1 1080.8 b 75.11b
Once every other day 5.1 574.7 c 52.07c

Note: Different letters in the same column indicate significantly (p<0.05) different means
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Water use efficiency

All genotypestested presented higher WUE compared to the control (Table59). RSA, Villanuevaand 43
appeared superior. The WUE values observed are lower than the data reported by de Kock (1998) for
irrigated opuntia.

Table 57. Biomass yield of opuntia grown in hydroponics

Accession FW (g/plant) Accession FW (g/plant)
34 1559.02 75 803.36
70 1398.47 Copena 772.77
40 976.34 Acnf 710.08
Villa Nueva 956.50 Pabellon 692.14
Milpa Alta 883.79 Tehuacan 685.84
Pabellon Amarillo 873.84 Irapuato 679.10
RDR 870.27 TL 588.05
44 858.18 LCNF 528.26
F5 823.40 Mayero 520.51
S36 V8 822.04 Italiano 476.96
RSR 821.54 RSB 325.41
Rosalito 809.36 Redondo 300.90

Table 58. Effect of cladode position and orientation on the number
of shoots/plant and DW yield

Position and orientation DW (g) Shoots/plant
Vertical (N-S) 757.0 49
Horizontal 596.2 2.7
Vertical (E-W) 355.9 4.6

Table 59. Water use efficiency of fodder opuntia cultivated in hydroponics

Genotype © DT\I/IZI/?/mZ) (g;%)unfn) Genotype @ DYI\I/I?)I/?/mZ) (g;l/vDUI\/IIE/I)

70 1531.70 1.77 V1 930.15 1.07
Milpa Alta 1238.61 1.43 RSB 688.47 0.79
Tehuacan 783.34 0.90 R7 1131.02 131
44 1463.33 1.69 F1 1141.09 1.32
Rosalito 1181.90 1.36 AGO 1584.70 1.83
RSA 2173.00 2.51 R72 910.01 1.05
40 1310.69 151 Seleccién Pabell6n 991.10 1.14
Villanueva 1173.95 1.35 COPENA 689.00 0.80
RSR 2041.03 2.36 Pabellon amarillo 916.90 1.06
RDR 534.24 0.62 Tapon hembra 292.03 0.34
34 1697.06 1.96 Tapon macho 23.85 0.03
LCNF 1262.46 1.46 S34 1547.6 1.79
75 736.70 0.85 S35 185.50 0.21
Italiano 752.07 0.87 Tezontepec 160.06 0.18
V-3 300.51 0.35 Irapuato 222.60 0.26
Tl 842.70 0.97

Valtierrilla 535.30 0.62 Control 42.40 0.05
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ANNEX 1 -SOME OPUNTIA WEBSITES

FAO — Cactus Pear as Forage (Technical Bulletins)

http://www.fao.org/WAICENT/FAOINFO/AGRICULT/AGP/AGPC/doc/pasture/CACTUS.HTM

Cactusnet Newdetter 2000

http://www.data.fao.org/WAICENT/FAOINFO/AGRICULT/AGP/AGPC/doc/publicat/Cactusnt/cactus0.htm

Development of Sustainable Agriculturein Arid Regionsof Chile—Paper on “ Prickly pear
(Opuntiaficus-indica) utilization asafeed for ruminants’

http://ag.arizona.edu/OALS/oals/proj/linkages/cactus/feed.html

IPGRI - An ethnobotanical inventory

http://www.ciat.cgiar.org/ipgri/fruits_from_americas/frutales/Ficha%200puntia%?20ficus-indica.htm

Paper on “ Controle de plantas daninhas na cultura da palma forrageira (Opuntia ficus-indica,
Mill.)”

http://www.sbz.org.br/eventos/PortoAlegre/homepagesbz/For%5CFOR146.htm

FAO Electronic Conference — Paper on “ The Prickly Pears (Opuntia spp., Cactaceae)” .

http://www.fao.org/ag/aga/agap/FRG/ECONF95/HTML/OPUNTIA.HTM

Paper on Biological Control of Opuntia strictain the Kruger National Park

http://lwww.parks-sa.co.za/knp/scientificservices/hoffmann%20opuntia.html

Environmental Affair s Office, Washington State USA - Opuntiafragilis

http://lwww.wsdot.wa.gov/eesc/environmental/programs/culres/ethbot/m-p/Opuntia.htm

Arizona—Index of Prickly Pears

http://arizona.cacti.home.att.net/cacti02.htm

Paper on “ Evaluation of leucaena and cactus pear asforageresourcesfor rabbits’

http://www.asas.org/jas/papers/1997/mtgabs/rabbitsym.pdf
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Value and Use of Opuntia polyacantha

http://www.fs.fed.us/database/feis/plants/cactus/opupol/value_and_use.html

FAO €electronic conference — Paper on “ Opuntia-based ruminant feeding systemsin Mexico”

http://ces.iisc.ernet.in/hpg/envis/doc97html/envfoo24.html

Paper on “PlainsPrickly pear: relation tograzingintensity and bluegramayield on central
great plains’

http://jrm.library.arizona.edu/data/1968/212/6beme.pdf

Native cultivars of cactus pear in Mexico

http://lwww.hort.purdue.edu/newcrop/proceedings1996/v3-446.html

FAO —apaper on “Opuntiae: a strategic fodder and efficient tool to combat desertification in
the WANA region

http://www.fao.org/ag/AGP/AGPC/doc/PUBLICAT/Cactusnt/cactus2.htm

Cactus homepage of TexasA & M University, including use as forage

http://www.tamuk.edu/webuser/cactus/

Paper on “Efeito da adubacéo e de nematicida no crescimento da palmaforrageiracv. Gigante

http://www.sbz.org.br/eventos/PortoAlegre/homepagesbz/For%e5CFOR172.htm

Prickly Pear CactusControl

http://www.aginfonet.com/agricarta/content/grazing_pasture_technology/prickly _pear.html

Famine Food Field Guide— Opuntiaficus-indica

http://www.telecom.net.et/~undp-eue/faminefoodweb/categoryl/catl_Opuntia_sp_ok.htm

Programa deinvestigacion y servicio en nopal

http://www.chapingo.mx/ciestaam/directorio/nopal.htm
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ANNEX 2 — COLOUR PLATES

A) J.J.Lopez B) A. Nefzaoui

C) C. Flores D) C. Flores

Plate 1. Opuntia is the plant of choice for reclamation of eroded and degraded lands in Mexico and several countries
of North Africa. It is also planted to improve productivity of overgrazed areas.

A) Opuntia plantation in a semiarid area of Northern Mexico intended for vegetative cover recovery.

B) Soil conservation in Tunisia takes advantage of Opuntia tolerance to drought and its high productivity.

C) Opuntia planted in a subtropical area of south central Mexico to reinforce simple soil conservation works.

D) A grassland recovery project in Central Mexico includes rainwater collection and spiny Opuntia for fruit and fodder

production.
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A) D. Cordeiro B) J.J. Lopez

C) D. Cordeiro D) A. Nefzaoui

Plate 2. Opuntia pads are chopped before feeding to cattle.
A) Small electrical chopper from Brazil.
B) A machine from Northern Mexico designed for a medium size dairy operation.

C) Delivering of whole pads in Brazil.

D) Manual chopping of spineless Opuntia pads in Tunisia. The mechanical devices are of local design and are
usually built to order in small metal shops.
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A) C. Mondragon

C) A. Nefzaoui D) C. Guevara

Plate 3. Cultivation of Opuntia can be adjusted to the needs and possibilities of the area.

A) High density plantation in broadbeds in central Mexico for intensive production and fodder Opuntia. Plants can be
harvested annually or every other year, limited irrigation is sometimes provided.

B) Rainfed plantation in Northeastern Brazil. Plants are harvested in the third year.

C) Barley inter-cropped in rows of Opuntia, increasing land use ratio and the number of products obtained from a
single piece of land: cereal grain and stover, as well as fresh Opuntia pads suitable for animal feeding.

D) Spineless Opuntia planted in rows for fodder production in Mendoza, Argentina.
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A) C. Mondragon B) C. Mondragon

C) C. Mondragon D) C. Mondragon

Plate 4. Spineless Opuntia selected for fodder production.
A) CPF1, obtained by the late F. Barrientos at Chapingo, Mexico.

B), C) and D) Many of the spineless O. ficus-indica can have more than one use, fruit and fodder production is an

interesting combination. “Amarilla Grande” selected for its big juicy fruits and spineles cladodes “Seleccion Pabellon”
which produces red fruit are some examples.
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