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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.
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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).
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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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