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Abstract

The cactus (Opuntia ficus indica) is expanding throughout Southern Tigray, Northern
Ethiopia. Its current status, use, potentials and threats were investigated at Tabia Kara
Adi-shabo of Raya Azebo Wereda, using socio-economic survey and environmental
analysis. Knowledge and perception of farmers on the cactus pear was gathered
through use of questionnaires and discussions with elders. Vegetation was sampled
using quadrants from area of differing cactus infestation. Soils sampled from different
sites (dense cactus area, cactus cleared area, vegetated area, arable land and decayed
cactus piles) were analyzed for percent organic matter, total nitrogen, available
phosphorus, pH, electrical conductivity (EC), and bulk density at 0-15 and 15-30 cm
soil depth. Despite heavy infestation, of potential crop fields, about three quarters of
the households who participated in the interview appreciated the economic value and
presence of cactus in the area. Farmers indicated that the plant is utilized primarily as
food for human consumption and as feed for livestock, especially during period of
drought. The main constraint associated with cactus pear was indicated to be
harboring of crop pests and invasion of cropland. The vegetation study indicated that
average vegetation cover (other than cactus) declined. Average cover for ten dominant
woody species declined as infestation of cactus increased. On the other hand, the
number of woody juvenile individuals per hectare at three sites showed significant
difference among cactus free, intermidiate, and complete invasion sites. Regeneration
and recruitment of juvenile woody species was found to be higher in the high cactus
cover than cactus free area. High organic matter content was recorded from dense
cactus area, which was significantly different from the other sites at 0-15 cm soil depth.
There was no significant variation for total nitrogen in both soil depth sat different
sites. Significant variation among sites was also observed for available phosphorus at
both soil depths. Soil samples from decayed cactus pile and dense cactus areas showed
the highest mean available phosphorus values at 0-15 cm soil depth, which was
significantly different from the other sites. Significant variation was also obtained for
EC and soil pH in soil samples of decayed cactus pile at both soil depths, where as bulk
density was found to be was found to be higher in the cactus free area. The study
showed that, although the fertile Raya plain get more and more infestation with cactus,
no coordinated controlling attempt has so far been made. It is concluded that the
expansion of the cactus pear needs to be checked. Nevertheless, it should be noted that
in the absence of reliable irrigation schemes to use the area, and under prevailing
condition of in sufficient and unreliable rain and recurrent drought, the benefit of
cactus pear as food for human and for livestock are tied to survival.
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ABSTRACT

The cactus pear (Opuntia ficus indica) is expanding throughout Southern Tigray, Northern
Ethiopia. Its current status, use, potentials and threats were investigated at Tabia Kara Adi-
shabo of Raya Azebo Wereda, using socio-economic survey and environmental analysis.
Knowledge and perception of farmers on the cactus pear was gathered through use of
questionnaires and discussions with elders. Vegetation was sampled using quadrants from
areas of differing cactus infestation. Soils sampled from different sites (dense cactus area,
cactus cleared area, vegetated area, arable land and decayed cactus piles) were analyzed for
percent organic matter, total nitrogen, available phosphorus, pH, electrical conductivity (EC),
and bulk density at 0-15 and 15-30 cm soil depth. Despite heavy infestation of potential crop
fields, about three quarters of the households who participated in the interview appreciated the
economic value and presence of cactus in the area. Farmers indicated that the plant is utilized
primarily as food for human consumption and as feed for livestock, especially during period of
drought. The main constraint associated with cactus pear was indicated to be harboring of
crop pests and invasion of cropland. The vegetation study indicated that average vegetation
cover (other than cactus) declined. Average cover for ten dominant woody species declined as
infestation of cactus increased. On the other hand, the number of woody juvenile individuals
per hectare at three sites showed significant difference among cactus free, intermediate, and
complete invasion sites. Regeneration and recruitment of juvenile woody species was found to
be higher in the high cactus cover than cactus free area. High organic matter content was
recorded from dense cactus areas, which was significantly different from the other sites at 0-15
cm soil depth. There was no significant variation for total nitrogen in both soil depths at
different sites. Significant variation among sites was observed for available phosphorus at both
soil depths. Soil samples from decayed cactus pile and dense cactus areas showed the highest
mean available phosphorus values at 0-15 cm soil depth, which was significantly different from
the other sites. Significant variation was also obtained for EC and soil pH in soil samples of
decayed cactus pile at both soil depths, where as bulk density was found to be higher in the
cactus free area. The study showed that, although the fertile Raya plain get more and more
infested with cactus, no coordinated controlling attempt has so far been made. It is concluded
that the expansion of the cactus pear needs to be checked. Nevertheless, it should be noted, that
in the absence of reliable irrigation schemes to use the area, and under prevailing condition of
insufficient and unreliable rain and recurrent drought, the benefit of cactus pear as food for
humans and feed for livestock are tied to survival.
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human food as fruit and vegetable, fresh and processed, animal fodder including even water

supply, medicine and cosmetic, erosion control, fencing as well as wind break, energy as

biogas and fuelwood.

On the other hand, cactus pear according to Vallentine (1977), are noxious weeds causing

disaster and loss of agricultural and pasturelands in many part of the world, the incredibility

of which by far outweighs any benefits that the plant had to offer. The experience from

Australia, South Africa, India and Yemen (Vallentine, 1977, Middleton, 2002) where the

introduced Opuntias thrived and established themselves vigorously in pasture and agricultural

lands, indicates the environmental consequences of introducing them.

At present these two ideas are disconnected. Those advocating the utilization of cactus pear in

arid and sub-arid regions make scant reference to the cases where they have become invasive.

Conversely, environmentalists, who oppose the introduction of exotic plants on account of the

threat they may pose to indigenous biodiversity, tend to down play the contribution cactus

pear can make to vulnerable rural communities. While cactus can play an important role in

local agro- production systems, it also appears to have become invasive and difficult for

people with low input technologies and limited resource to control. Thus there is a need to

evaluate the current use and potential utilization possibilities of the plant vis-à-vis the

environmental consequences and threats it brings.

In this work we attempted to address the issue by investigating the benefits and consequences,

which an introduced cactus pear has for social and environmental well being in southern

Tigray, through a socio-economic and technical evaluation of its impact on land potential, soil

properties and vegetation dynamics
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1.1 Objectives of the Study

1.1.1 General Objective

The general objective of this research was to assess the perception and knowledge of

farmers about cactus pear and investigate its effect on soil characteristics as well as

vegetation diversity and composition on the lowland plains of Raya Azebo, Southern

Tigray.

1.1.2 Specific Objectives

1. To analyze the knowledge and perception of farmers about the plant.

2. To investigate the ecological influence of cactus on soil properties as well as

vegetation composition /dynamics.

3. To evaluate current and potential use of cactus vis-à-vis land use controversies.
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LITERATURE REVIEW

2. Prickly Pear Cactus (Opuntia Ficus Indica(L.)Miller

2.1 Botanical Description

Prickly pear cactus (Opuntia ficus indica) belongs to the genus Opuntia in the Cactaceae

family whose distribution includes North, Central, and South America, Africa, Australia and

the Mediterranean regions. It is one of the most popular, easily recognizable and

morphologically distinct families. The Cactaceae family consists of approximately 1,600

species (Noble, 2001). According to Gibson and Wallace. (2001) the genus Opuntia has

dispersed naturally, by birds to tropical Africa, Madagascar and across to Sri -Lanka and

Southern India.

Cactus pear is distinguished by flattened stem that are called cladodes, or pads that perform

the function of leaves, and for the spines of various colors, shapes and arrangements. Cactus

flower are delicate in appearance. They are sessile, bisexual, and solitary. Color wise, they are

commonly yellow, white or shades of red and purple. The plant varies from small, round to

epiphytes, and large tree like forms. It is a succulent plant with tissue specialized for water

storage. Small well-defined regions on the plant surface called areoles are considered

specialized lateral branches.

Spines covering the plant surface are modified leaves that reduce water loss, conduct water,

and protect the succulent tissue from herbivores and other predators (Noble, 2001). The spines

arise from the areoles and are often surrounded by short, barbed hairs called glochids.

Because the leaves are reduced to spines, photosynthesis is undertaken by young green shoots

before they mature and become corky and by the flattened modified stems called cladodes or

pads.

The fruit is an edible berry that can be eaten fresh made in to jams, syrups, or marmalade. In

its country origin (Mexico) the pads are also edible and sold, with their spine removed in

market place. The reduced leaf surface, the enlarged fleshy stem, which is well fitted to store

water and to retain it, and the extensive root system make the plant particularly adapted to
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regions of high temperature and long dry periods. Thus cactus thrives in arid and semi arid

environments, where they are often important resources for both livestock and humans.

Figure 1 Spineless cactus Figure 2 Spiny cactus

2.1.1 Taxonomy
The family Cactaceae contains about 87 genera and 1600 species (Noble, 2001). The prickly

pear cactus (Opuntia ficus indica) belongs to the genus Opuntia. According to Scheinvar

(1995) there are almost 300 species of the genus Opuntia. The taxonomy of Opuntias is very

difficult for a variety of reason. Their phenotype, which vary greatly according to the

ecological condition; the polyploidy, which exist in a great number of populations that

reproduce vegetatively and sexually; the existence of numerous hybrids, as almost all the

species blossom during the same period of the year and there are no biological barriers

separating them. Only intense fieldwork allow one to recognize and identify the species, their

varieties and adaptations, reflected in their phenotype.
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2.2 History and Economic Significance

2.2.1 History

Throughout history, human migrations, displacement of human settlements, commerce,

cultural exchange, as well as conquest and colonization of new areas have been accompanied

by the movement of plant and animal population (individuals or their propagules) from one

region to another. This is especially true to cactus because Prickly pear cactus are the most

widely spread out of their original ranges.

Cactus and other plants in the Cactaceae family are of new world origin (Uecker, 2000).

Their greater development both in diversity and number is Within the Tropic of Cancer in

Mexico and the Tropic of Capricorn in South America. These plants have been introduced in

to many other parts of the world and are now cosmopolitan. Humans have initiated their

dissemination after the conquest of the new world by Europeans. Prickly pears are thought to

have been first introduced to Europe in Western Andalusia (Barbera and Casa, 2001).

According to Le Houerou (2002) Cactus was introduced to Spain at the end of the 15th century

and from there it spread all over the whole Mediterranean basin. The distribution was

enhanced by the Spanish expansion of the 16th and 19th centuries, and also by the return of the

Moors to their homeland in North Africa, when they were finally expelled from Spain in 1610

(Le Houerui, 2002). According to Barbera (1995), the plant spread along the Mediterranean

coast as birds ate its fruits and due to it's being shipped as an anti-scorbutic (as cladodes easily

tolerate long journeys without losing their ability to take root).

Missionaries introduced cactus pear to Northern Ethiopia in the year 1847 (Kibra, 1992). It is

most likely of Mediterranean origin. But, according to some elderly people who participated

in the focus group discussion in the present study, cactus was introduced to southern Tigray,

particularly Mohoni, by Muslim religious people from Middle East countries before the

Italian invasion around 1920.
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2.2.2 Economic Significance of Cactus

As reported by Barbara (1995), cactus plays an ecological role in soil and water conservation

for arid and semi arid regions as well as producing fruits, vegetables (Nopalitos) for human

consumption, forage or fodder for livestock, biomass for energy purpose (fuel or biogas),

cochineal for carmine production, and numerous by products (beverages, vegetarian cheese,

drugs, cosmetics).

The importance of prickly pear cactus in arid and semi-arid region is increasingly

acknowledged not only because of its abundance but also its ability to grow on marginal lands

(Le Houerou and Corra, 1980); its ability to serve for human consumption; its ability to

produce more as CO2 concentration increases; its uses in cosmetics, medical, dye, and honey

industry. They also provide shelter and food for various wildlife species living in arid

environment. Thus cactus pear is important to the economy of arid and semi arid regions for

both subsistent and market oriented agriculture. Its importance is likely to increase with the

expected climatic changes.

In many different countries cactus pear and its products serve various purposes and it is

indeed difficult to find more widespread and better-exploited plants, particularly in the

subsistence economy of the arid and semi-arid zones where farmers, due to the lack of natural

and productive resources, must look to those few species that can profitably survive and

produce. Thus cactus pear have become an endless source of product and functions, initially

as a wild plant and, later, as a crop for both a subsistence and market oriented agriculture

(Barbara and Ingles, 1993)

2.2.3 The Present Status

Humans have consumed cactus for more than 9,000 years (Noble, 2001). Now it is part of the

natural landscape and the agricultural system of many regions of the world. Currently, it is

cultivated in over 20 countries for its fruits, and an even greater land area is devoted to its

cultivation for forage and fodder (Le Houerou, 2002). Some were even naturalized weeds in

countries such as South Africa, Yemen and Australia where the environmental condition are

particularly favorable. Moreover, hundreds of species of cactus pear are presently part of plant

collections in botanical gardens and some have become popular as ornamental plants
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worldwide. According to Candelario and Salvador (2001), worldwide coverage of cactus pear

is not known, but commercially cactus is grown as fruit crop over 100,000 hectares

distributed mainly in Mexico, the native country, Chile, Italy, South Africa, North Africa and

the United States. However, attending the size of wild and cultivated areas, it is more

important as forage and fodder plant.

Cactus pear is grown in many Latin American countries. Peru in particular is the leading

world producer of carmine dye (418t in 1992). This is approximately 90% of the total world

production (Barbera, 1995). In Brazil cactus pear is very important as fodder, and more than

400,000 hectares are utilized for this purpose (Dos Santos and Albuquerque, 2001).

In South Africa and neighboring countries, cactus pear finds highly favorable environmental

conditions. The European settlers first introduced it to the cape region in the seventeenth

century. By about 50 years ago they had infested approximately 900,000 ha in Eastern Cape

and Karoo (Brutsch andZimmermann, 1995). Infestations have now been almost completely

eliminated with biological control. According to Le Houerou (1984), cactus covers about

200,000 ha in North Africa as a whole with 60 -80,000 ha in Tunisia alone. Cactus pear is

utilized in many countries in the Middle East. There are plantations in Jordan and Egypt that

cover about 400 hectares. In Israel they have been the objects of research project recently and

there are plantations in the Negev that covers approximately 200 hectares (Le Houerou, 2002).

In Ethiopia the magnitude of areas covered by cactus pear is not known, but the plant exists in

Bale Mountains, Harar, and the highlands of Wollo (Firew, 1997). In Tigray cactus pear

covers about 35,000 hectares of land (SAERT, 1994). This is 1.88% of the total area of the

region. Of this 51.34% is planted and the remaining 48.62% is naturally grown. In Southern

Tigray about 19,652.5 hectares of land is covered by cactus (SAERT, 1994) of which 11,830

hectares are naturally grown while 7,821 hectares are man planted (Melaku, 1997).

In the last few years, the economic interest for cactus pear has remarkably increased,

especially in arid and semi arid zones. The number of growing area have equally increased

and as have the supply of various products.
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2.3. Morphological Characteristics of Cactus

According to Noble (2001) and Benson (1982), Cactus is characterized by the following

morphological characteristics:

a) Possession of modified axillaries buds called areole that can give rise to large

spines, small spines (glochids), flowers, new stems, or roots;

b) Absence or reduction of leaves in most genera;

c) Succulent stems;

d) Thick waxy cuticle;

e) Presence of Nitrogen containing, betacyanin pigments, which give the reddish-

purple color to many of the fruits;

f) Shallow wide spreading roots;

g) Presence of mucilage-producing cells; which secrete a polysaccharide that hardens

following mechanical injury to the cuticle; and

h) Possession of epigenous flowers

Most of the morphological characteristics of prickly pear cactus give it ecological advantage

to survive in harsh, arid environment. It is extremely well equipped to thrive in areas with

limited rainfall or soil moisture. As a result the plant grows in a marginal land with poor soils.

2.3.1 The Root System

From the first moments of plant's life cycle, including germination, roots are essential for

water uptake, mineral acquisition and plant anchorage. These functions are especially

significant for cactus, because cactus as desert plant is faced with limited soil resources,

strong winds and frequently rocky or sandy habitats.

Cactus is characterized by a shallow, fleshy root system with horizontal root spreading. The

root distribution may depend on the type of soil and cultural management. Under favorable

soil conditions a taproot develops, penetrating nearly 30 cm into the soil. Under drought

conditions, like those experienced in arid and semi-arid regions, fleshy side roots develop

from the taproots to take up soil moisture at lower levels. Nevertheless in all kinds of soils,

bulk masses of absorbent roots are found in the first centimeters, with a maximum depth of 30

cm, and spreading 4 to 8 m (Noble, 2001). Hills (1995) reported that plants periodically
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fertilized with manure develop succulent and unbranched roots; in other cases they have more

lateral roots and very soon develop a surface layer of loose exfoliating cork. The roots of

Cactaceae certainly differs from other plants as they develop xeromorphic characteristics,

enabling the plants to survive prolonged period of drought, either the fine roots are covered

with a layer, which is relatively impermeable to water; or the roots abscise by a cicatrisation

layer, in order to avoid water loss in dry soil.

Roots can contribute to drought tolerance in three ways. First by restricting the root surface

and decreasing their permeability to water; second by rapidly absorbing the small quantity of

water supplied by rains vis "rain roots", which develop within a few hours after a shower and

disappears as soon as the soil dries up, or via a reduction in the root surface from which water

flows off. Third, by decreasing shoot transpiration due to root high negative potential. On the

basis of the above, this drought resistant water saver may have high hydraulic resistance

(Passioura, 1972), which would in turn decrease water flow to the shoot.

Figure 3 Horizontal spreading cactus roots

2.3.2 The Cladode (Modified Stem)

Prickly pear is characterized by stems like organs, known as cladodes, which are succulent

and their shape is typically oblong to spatulate-oblong, usually 30 to 40 cm long, sometime

even larger (70 - 80 cm) and 18 to 25 cm wide (Noble, 2001). Cladodes are modified stems

with chlorophyll, having a function of leaves. Cladodes may or may not contain spines
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depending on the varieties (Spiny or Spineless), but both variety posses' small spines, which

are called glochides. Glochides are modified leaves having barbed bristles, which can be

easily detached from the plant when they are either touched or blown by wind. They penetrate

in to the skin when touched, and are difficult to see and remove.

2.3.3 Areoles

Botanically, areoles are meristematic tissues capable of producing new shoots, flowers or

roots, depending up on their position, as in other perennial fruit trees (Buxbaum, 1950) cited

in(Hills, 1995). The axillary's buds in cactus are represented by oval areoles, 2 mm below the

skin surface. Under appropriate environmental conditions, new cladodes, flowers, or roots,

will arise from the meristematical tissue of the areoles. In Opuntia ficus indica the areoles

develop spines rather than leaves, as most plant do.

2.3.4 Cactus Fruits

Cactus fruits represent a very important food source in satisfying the nutritional needs of

population of various regions, especially those in arid and semi-arid regions. The fruit is

commonly consumed as a fresh commodity, however as its nutritive value becomes known,

there is increased interest in expanding its possibilities. Its transformation into an attractive

product with longer shelf life increases its value. Several authors have studied the chemical

composition of cactus pear. The chemical and mineral composition, as described by different

researchers, is shown in table one below.
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Table 1:Chemical composition of cactus pear pulp (g 100g-1)

Parameters Authors

1 2 3 4 5

Moisture 85.5 84.0 85-90 85.6 83.8

Protein 0.8 0.8 1.4-1.6 0.21 0.82

Fat 0.7 0.6 0.5 0.12 0.09

Fiber 0.1 3.1 2.4 0.02 0.23

Ash 0.4 1.0 - 0.44 0.44

Total sugar - 10.5 10-17 12.8 14.06

Vitamin C (mg

%)

25.0 20.0 4.6-41 22.00 20.33

B-carotene (mg

%)

- - trace trace 0.53

(1) Askar and El-Samahy (1981). (2) Paredes and Rojo (1973). (3) Pimienta (1990, (4)
Sawaya et al. (1983). (5) Sepulveda and Saenz (1990). [Source: Hernandez, 1995]

Table 2: Mineral composition of cactus pear pulp (Mg 100g-1)

Minerals

Authors

1 2 3 4

Ca 24.4 18.0 27.6 12.8

Mg 98.4 - 27.7 16.1

Fe - 0.42 1.5 0.4

Na 1.1 - 0.8 0.6

K 90.0 - 161 217.0

P 28.2a 20.55 15.4 32.8

(1) Askar and El-Samahy (1981). (2) Paredes and Rojo (1973). (3) Sawaya et al. (1983).
(4) Sepulveda and Saenz (1990). [Source: Hernandez, 1995]

The fact that this fruit may be grown in areas unsuitable for other vegetable is also a prime

importance. It is advantageous in terms of the products that can be obtained and of the

employment opportunities, which arise as a result. This is especially relevant when one

considers that, the growing of cactus pear takes place in marginal areas with low-income

inhabitants.
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Saenz (1997) reported that cactus fruit has a similar nutritive value to that of other fruits;

although it should be noted its soluble solids content is greater than that of other fruits

(Apricot, Peach, Apple, Melon). According to Russel and Felker (1987), the majority of the

sugars in cactus fruit are of reducing types. About 53% is glucose and the remainder fructose.

Glucose is the sole energetic metabolite for the brain and nerve cells and in cactus pear; it is

present as a free sugar directly absorbable by the body. Fructose contributes to an improved

flavor, on account of its greatest sweetness (compared to that of glucose or sucrose) and its

easy absorption (Cheftel et al., 1983) cited in (Hills, 1995). According to Saenz (1997), the

proteins, fats, fiber and ash contents of cactus pear are similar to those of other fruits. The

total content of free amino acids (257.211 Mg 100g-1) is greater than the average of other

fruits; indeed, this value is found only in citrus and grape.

Cactus pear fruit show high level of ascorbic acid. The concentration of vitamin C is higher

than that found in Apple, Pear, Grape, and Banana (Saenz, 1997). Rich in calcium and

phosphorus, cactus is among the fruits, contributing a large amount of calcium to the body

and its contribution of phosphorus is similar to that of cherry, apricot and melon.

Figure 4: Fruit marketing

2.3.5 Spines

 



14

The presence of spines is the special characteristics of the areoles and as stated by Robinson

(1974), their morphology has potential taxonomic significance. Two types are distinguished

spines and spine-hairs (glochids). According to Noble (2001) glochids and thorns are best-

regarded as morphological equivalents of leaves, and the differences between them are

quantitative. Both types are derived from tunica and corpus as are leaf primordial. The torn

have a rough surface and are white. One of two is long (1-1.5cm) each of them is

accompanied by two smaller ones. Spines are formed in series. Glochids are tiny, short and

multicellular; they are brown, and give this color to the areoles.

According to Buxbaum (1950) cited in Hills (1995), the surface of the spine hair is covered by

calcium carbonate and pectic substance. Spines and trichomes have many functions. The most

popular idea is that the spine defends the plant from being eaten by animals and help to retain

water loss. However their most important function remains their ability to condense water

from the air (Buxbaum, 1950) cited in Hills (1995). Moreover, according to Noble, (1989)

spines help to reduce daytime stem temperature, and their presence also diminishes light

interception by the cladode.

2.4.1 Edaphic Requirements.

Cactus pear occurs over a wide range of soils, from Vertisoles, and Luvisoles in Mexico to

Lithosoles, Regosols, Cambisols and Fluvisols in Italy (Inglese, 2000). Soil pH fluctuates

from sub-acidic to sub-alkaline showing the great adaptability of the species. A soil depth of

60-70 cm fits with the development of the cactus pear shallow root system. But soils with

poor drainage and hardpan are not conducive for cactus pear plants. The clay content of the

soil should not exceed 20% to avoid root rotting and reduce root and canopy development.

Generally cactus pear performs well on deep, light texture soils, including course sands (De

Kock, 1998). It is less tolerant to the presence of dissolved salt in their root zone. The

generally admitted lower limit of salinity corresponds to an electrical conductivity of 5ms cm-

1 (M mhos cm-1) in the saturation extract of the soil (Le Houerou, 2002). Soil salinity is one of

the factors that limit cactus growth. Indeed cactus pears generally do not thrive in soils that

are high in sodium chloride or calcium carbonate, which affects native population where

cactus pear can be cultivated. As reported by Noble (1989), inhibition of growth for cactus

pear is approximately linear with soil sodium content, with 150 PPM by mass of sodium

leading to approximately 50% inhibition of shoot growth. A similar 50% inhibition of shoot
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growth can be caused by watering with 60 mM sodium chloride for six months, which leads

to 84% inhibition of root growth (Noble, 2001).

According to Noble (2001) salinity has a negative effect on net co2 up take. Net Co2 up take

for cactus pear decrease by about 50% after exposure to 150 mM sodium chloride solution

and 83% after exposure to a 200 mM solution for 10 weeks. Longer-term exposure to high

concentration of sodium chloride has an even more profound effect. Laboratory test

conducted on the effect of salinity stress on individual roots of cactus pear by Nerd et al.

(1991) showed that a concentration of 30 mole m-3 reduce growth by 40% as compared to the

non saline control. While a concentration 100-mol m-3 reduce growth by 93%.

2.4.2 Climatic Requirement.

2.4.2.1. Precipitation

The minimum absolute requisite rains fall for rain fed cultivation is long terms mean of 200

mm yr-1 provided soils are sandy and deep. However, cactus can grow in areas with rainfall

even as low as 120 mm (CFDP, 1994). On silt and loamy soils the minimum requirement is

300 to 400 mm mean annual precipitation (Le Houerou, 2002). Drainage is the most

important ecological requirement. Cactus pear (Opuntia ficus indica) like all other cactus

species is very sensitive to the lack of oxygen in the root zone and therefore cannot withstand

any prolonged water logging.

2.4.2.2. Temperature

Temperature influences all biochemical reactions and hence influences daily net CO2 up take.

The maximum limit is not known but there are plantation of cactus pear thriving in areas

where the maximum recorded temperature reaches or exceeds 50 0C and even 55 0C, as at

Aziza, Libya, (the highest temperature ever recorded on earth under standard meteorological

station) (Le Houerou 2002).

The temperature of cactus pear chlorenchyma cells, where the initial fixation of CO2 and the

eventual synthesis of photosynthetic product occur, is generally within 10 0C of the cladode

surface temperature.
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2.4.2.3 Atmospheric humidity

Prickly pear cactus is sensitive to low relative humidity. It is eliminated from areas where the

average relative humidity remains below 40% for more than one month consecutively (Le

Houerou, 1996). Prickly pears normally grow in arid and semi-arid zones where mean annual

relative humidity is usually above 60%.

2.5 Drought Tolerance Mechanism

The drought tolerance of cactus pear is the result of the combination of various morphological

and physiological adaptations. Goldstein et al. (1991), reported that cactus cladode can lose

water but without irreversible tissue damage. This was confirmed in an experiment of drought

tolerance mechanism for 4 months. Large elastic cells in the water storage parenchyma and

mucilage contributed about 14% of the cladode dry weight during the four-month drought

experiment.

Mucilage is a hydrophilic mucus-like compound that has a high water holding capacity letting

water evaporate very slowly. As a result, it maintains a positive turgor pressure in the

photosynthetic tissue chlerenchyma even after some months of drought. Luo and Noble (1993)

cited in Frew (1997) suggested that the large storage capacity of carbohydrates and water in

the basal cladodes buffered environmental stress, thereby reducing its effect on the growth of

daughter cladodes.

Leaves modified to spines, pads covered by a layer of wax and thick epidermis, sunken

stomata, carbon assimilation at night, nocturnal stomatal opining and the formation of soil

sheath around the roots are also drought tolerance mechanism. A shower of rain measuring a

few mm, which could be of no value to the ordinary crop plant, can be effectively utilized by

Opuntia because of its shallow spreading root system (De Kock, 1980). In general this

adaptation enables cactus pear to convert water 4 to 5 times more efficiently to dry matter

than the most efficient grasses (Russel and Felker, 1987).

3. Current use and Future Utilization Potential of Cactus.
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3.1 Current Use of Cactus

3.1.1 Fruit for Human Consumption

In the arid and semi-arid regions of northern Ethiopia where the annual rainfall is inadequate

for agricultural production, food and fodder scarcity are prevalent. With the beginning of the

main rain season in June almost all the food reserves of the farmers are exhausted or what

ever is left is reserved for seeding. The first cereal crops to be harvested (early maturing teff,

and barley) are expected in late September or early October. It is at this time that cactus fruits

are widely utilized and served as important food source for many people. This time is the

most grain deficit season.

In Southern Tigray, where cactus is abundant, it is mainly used as an emergency food and

hence is freely accessible to everyone who has the interest to harvest. People from the nearby

highlands migrate to the cactus growing area at time of food shortage (Fitsum, 1997).

Moreover, it has no commercial value except for schoolboys from the nearby towns of

Mohoni and Maichew. Furthermore those people who migrate from the nearby highland also

engage in fruit selling as a means of bypassing the food deficit months.

Cactus fruits are traditionally collected from different sources. In Southern Tigray fruits are

collected from the wild and semi-wild plants, which are nearly unprotected and without any

identified ownership. Some fruits are also collected from plants mainly planted for fencing

and soil conservation purposes. According Zenebe (1997), harvest maturity is determined

traditionally by correlating changes in the external part of the fruits with internal quality

attributes although their relative importance varies among different types. Such commonly

used external maturity indices by rural community in order of importance are: change in peel

of skin color; fruit size and fullness; fruit firmness, abscission of glochids, thickness of the

peel and its ease of removal.

Fruit harvesting is done by traditional harvesting tools that go by the names "Hoko" and

quankulu. These are hand held tools with a cutting edge that sometimes fail to harvest the

intended fruits. It is common to note high levels of mechanical damage inflicted on the fruits

primarily due to the backward and rough harvesting tool practice used by farmers. According

to Zenebe (1997), a loss of about 30% is incurred at the harvesting stage of which about 15%
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is attributed to damage from this crude harvesting equipment. The rest, 10%, is due to fruits

left unharvested owing to the absence of passageways especially when the plants are spiny.

But in Southern Tigray, where there is an overabundance of wild cactus, the leftover fruits are

more than 50% and about 5% of the fruits are discarded in the process of brushing or rubbing

to eliminate the glochids.

Figure 5: Harvested fruit Figure 6: Traditional fruit harvesting

3. 1.2. Cactus as Animal Feed

The main feeds for livestock in Ethiopia are crop residues and poor quality grasses from

rangelands either grazed or manually collected at over mature stages, during the dry season.

Crop residues are even usually available only for selected group of animals. The problem of

feed is more aggravated in arid and semi-arid areas of the country, with erratic and unreliable

rainfall, where moderate and severe droughts are common. In these areas, the erratic nature

of rainfall hampers crop production, which in turn affects the amount of crop residue, the

major livestock feed produced. It also severely affects the growth of grasses and other forages.

Cactus have played an ever increasing role in animal nutrition especially since the 1960's

when it served as the main standing feed resource to enable animals survive critical periods of

prolonged drought and dry season (Birhane, 1997; Mitiku, et al., 2002).

Almost all kind of livestock can feed on cactus including cattle, camel, sheep etc but differ in

the stage of growth preferred, further treatment required to increase the palatability and the

type of cactus plantation. In Southern Tigray cattle are allowed to freely graze on a dense

natural cactus where they could selectively eat the young and spineless cladodes without any

  



19

further treatment (Figure 7). Moreover cactus plants under heavy shade of Acacia tortolis and

Acacia seyal have reduced spines.

The most commonly practiced method used when feeding spiny cactus to animals was cutting

off the pads, and then burning the spines off by holding them on a sharpened stick over an

open fire. Singed pads were then chopped with knife or sickle and allow cooling for sometime

and let allow the animal feed on the site. Alternatively farmers burn standing cactus plant

using trashes and crop residues and after cooling they allow their cattle to feed on the standing

cactus. Processing of cactus as animal feed was made by adults and young boys. Mechanical

injury from the spines and glochids, discomfort from the smoke during burning were the

hardship people experienced while cactus feed processing. According to Mengistu (2001), the

average time requirement for processing spiny cactus to feed one cattle ranges from two to

five minutes for cutting, burning and chopping respectively.

Figure 7: Cattle feeding on fruits and pads of cactus. Figure 8: In situ cacti feed processing
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3. 1.3. Soil and Water Conservation

The state of environment in Tigray is of growing concern. Its present deterioration has come

about mainly as a result of human activities especially those concerned with land degradation

that arise from unsustainable exploitation of natural resources. This is related probably to the

historic pattern of land settlement, which has resulted in the high density of human population.

The landform is generally rugged and broken; the soils are shallow, stony and rocky (SAERT,

1994). They are characterized as marginal land. Steep slopes are frequent which favors run-

off.

Cactus because of easy establishment by vegetative propagation is suitable to the

rehabilitation of lands that could not be reclaimed through conventional agricultural methods

because of their steep slope stoniness or rockiness. Few plant species indeed are able to

provoke an increase in land productivity particularly when marginal lands are concernd (Le,

Houerou, 2000). The plant is therefore incorporated in re-afforestation program for run-off

and erosion control as well as watershed management. Regional institution such as Relief

Society of Tigray (REST) and the Regional Natural Resource Conservation and Development

Bureau plays important role in the expansion of cactus for both conservation and production

purpose. According to Mitik, et al., (2002), this is an efficient land use approach that converts

marginal land into productive land so long as the plantation is made on unused steep slopes

and semi-arid stony lands that does not interfere with other uses of the land. According Le

Houerou (1996), the conservation role of cactus is enhanced by the fact that cactus also help

in maintaining soil fertility via their geobiogene and trace element cycling activities, enriching

the topsoil in organic matter and improving the structure and stability of its aggregates, hence

permeability and water intake budget and balance. This is in a large part due to the thick mat

of shallow roots which they develop that later decompose in the soil with an apparently rapid

annual turnover. Moreover, Le Houerou (1992) reported that as much as 80% of the arid and

semi-arid lands are degraded to some degree and probably 50% is severely degraded.

Planting shrubs particularly cactus is one of the easiest, quickest, safest and cheapest way to

rehabilitate them.

Large steep and mountainous areas in southern Tigray have been covered with natural cactus

thus preventing the area from severe run-off as well as erosion. Some portions of those areas

are now utilized for commercial forest plantation after the cactus has been cleared. The fact
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that cactus converts marginal lands in to more productive land have been evident by the

successful establishment of eucalyptus seedlings in the then cactus plantations. Further more

as pointed out by Mitiku, et al., (2002) cactus grown in stony area produce more sugar and are

socially acceptable fruits than those grown in deep fertile and productive soils.

3. 1.4 Live fences

Many species of cactus are found growing either as wild plant or cultivated around homestead

or agricultural fields. The plants are used as live fences to protect agricultural fields from

human and animal encroachments. Spinney cactus is used as defensive hedges for these

purposes. Those hedges besides their efficient defensive role-play an important role as animal

feed. But cactus used as fences in crop fields, when combined with poor harvesting methods

of fruits leads to expansion of cactus plant in to crop fields. This is commonly observed in the

lowland plain of Mohoni. In such cases farmers are forced to spend extra energy and labor in

the control process. The influence of cactus pear besides, live fences or hedges play a major

role in erosion control and land slope partitioning when established along contours.

3. 1 .5. Fuelwood

Fuel wood is one of the constraints that the rural communities have faced. This is so because

of the severe deforestation that has taken place since time immemorial. At present, severe fuel

wood scarcity prevails in almost all areas of the region. The extent of scarcity of fuel wood is

more in the highlands than the lowlands. It is also clearly stated by rural households that the

time spent for fuel wood gathering is increasing in all areas. According TFAP (1996), the

time required for fuel wood collecting in the highlands is about 7-10 hours while in the

lowlands it took 3-4 hours. Farmers are using an old cactus pear pad for fuel wood where no

other vegetation is available. Further more, they also used as a fuel source for the fire while

burning the thorns off, in the process of cactus feed processing.
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3.2. Potential Use of Cactus

3.2.1. Vegetable (Nopalitos) for Human Consumption

The tender cactus pear pads consumed as vegetable are known as cactus pads, "Nopalitos" or

vegetable cactus and make excellent food which form, for instance, a good part of the diet of

the Mexican people since pre-Hispanic times (Garcia, 1998). The use of Nopalitos is currently

limited to Mexico but as a product with a fair nutritional value and with a capability to grow

under normally unfavorable and even adverse conditions, certainly makes it relevant to many

other regions.

Fostering the consumption of Nopalitos in countries where there is no such tradition is

something worthwhile. In Tigray, for instance, where there is abundance of wildly growing

cactus plant, the tradition of utilizing cactus for Nopalitos could be one potential option for

utilization of the plant. Therefore, farmers in Tigray could make better use of the local cactus

pear plantation by consuming it as "Nopalitos". Of course the use of the existing Opuntia

plants for Nopalitos will compete with the production of fruits from the same plants as there

will be no fruit in the following years on those cladodes that had the vegetative shoot removed.

However, the potential of the plant for Nopalitos production was evident in providing

vegetable through out the year. Good quality cactus pads are thin, turgid and have a fresh

appearance and a brilliant green color. Tender cactus pad are harvested when they are 15 to 20

cm long and weight about 90-100 g. Harvest is usually by hand cutting the pad at the base of

the insertion with a knife. If the farmers in Tigray adopt utilization of cactus pad for human

consumption and integrate it in their diet, the potential utility of cactus pear for small-scale

agriculture in Tigray and Ethiopia as a whole would be extended considerably.
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Table 3: Nutritional compositions of fresh "Nopalitos"

Water 91.8%

Protein 1.5%

Lipids 0.2%

Carbohydrates 4.5%

Crude fiber 1.1%

Ash 1.3%

Calcium (Mg 100g-1) 90.0%

Source: Neumann F.I. 1997

3.2.2. Cochineal Production

In Tigray, 85% of the population drives their livelihood from agriculture and cactus fruit has

become the major income and food source for about three months of the year. Cactus at

present is the culture and livelihood of the people. A large proportion of the inhabitance in

southern Tigray particularly of the fertile plain has cactus plantation. This means that a large

proportion of the people in Tigray in general and southern Tigray in particular can engage in

cochineal production.

Cochineal is the name for the insect Dactylopius coccus and its pigment that produces, several

colors, mainly red, orange, purple and pink for food, drugs, cosmetics, fabrics and many other

products (Portillo and Vigueras, 2002). This pigment has advantage over synthetic dyes due

to its natural origin, beside its remarkable light and heat stability. In addition, the ecological

trend and consumption of natural or less processed products as a global permanent fashion,

allow that cochineal to become a basic product to the industry.

A major reason for the success of cactus in Tigray is the total absence of any significant insect

pest or disease (Mitku, et al., 2004). This allows the plants to flourish extensively and

explains its aggressive invasive behavior. This is not the case in its country of origin where

the plant is attacked by a multitude of natural enemies that have coevolved with the Cactaceae.

The total absence of pests and diseases can be of considerable advantage to cochineal

production in Tigray. This favorable condition should be fully exploited. A further incentive

to establishing a cochineal industry in Tigray is that the input cost will be low compared to
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large commercial cultivations, because the plants used for production will be the existing

plantations and costs of management are low.

Figure 9: Cochineal insect on cactus pads

3.2.3. Cactus by- products

There is a wide scope for obtaining by-products from cactus pear, its use as a row material in

agro industry is there fore even more interesting. According to Hernandez (1995), edible oil

can be obtained from cactus seeds, with yields of between 5.8 and 13.6 %. Beside its seeds, a

number of products can be made from cactus pads such as sauce, marmalade, jam, candy, and

juice. These products are prepared using Nopalitos with various concentrations of sugar,

pectin and preservatives. Prickly pear cactus can be incorporated in to processed food product

such as drinks, jams marmalades. These products are already being made and sold by

community level operations. For example the 'Mums' for 'Mums' initiative in Tigray a

women's group helping single mothers is engaged in promotion and demonstration, of cactus

by-products.
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4. Material and Methods

4.1 Description of the Study Area

The study was undertaken in the lowland plain of Raya Azebo wereda in southern Tigray,

Northern Ethiopia. According to the traditional classification methods in Ethiopia the area is

classified as weyna dega. The area lies between 1500 m to 1800 ml. Southern Tigray is one of

the six zones within the administrative set up of the region. The zone is further divided into 11

woredas of which 3 are urban and 8 are rural. Raya Azebo wereda is one of the eight rural

weredas within southern zone administration structure. The area is characterized by variable

landforms with different altitudes. Altitude ranges from 1500 m to 1800 m in the top hills.

Flatlands conducive for agricultural production dominate the area bounded by escarpments on

both sides. Kara Adishabo (the specific study site) is 15 km from the wereda capital, Mohoni,

in the southeast direction. The Tabia, or the peasant association in the study area, consists of

four kushets (a subdivision of Tabia) of which two of them are with extensive naturalized

cactus.

4.1.1 Location

Raya Azebo woreda is located in southern Tigray bordered by the Alamata wereda to the

south Wofla and Endamohoni wereda to the west, the Afar region to the east and Hintalo

wajirat wereda to the north (Figure 10).

Mohoni the wereda capital is located at latitude 120 48´ N and longitude 390 39´ E on a low

laying fertile plain. It is situated at about 120km south of Mekelle and 20km east of Maichew.
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Fig.9: Map of the study area (Region)[Source: BOPED, 1996]

Fig.10; Map of study site Raya Azebo Woreda.[Source;BOPED,1996]
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Fig.11:Map of Tabia Kara Adishabo.[Source:BOPED,1996]



28

4.1.2. Climate

The annual mean rainfall of Mohoni (the study area) is 488 mm and that of Cherecher is 620

mm. The area has a bimodal type of rainfall with poor and erratic distribution pattern. The

"Belg" rain season occur during the months of February to April and the main rain season

occurs from July to early September.

Monthly Mean Rainfall of Mohoni 
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Fig.13: Mean rainfall (mm) of Mohoni (1998-2005).
4.1.3. Soils

The topography of the study area is characterized by flat plain with a slope of approximately

1.8 to 2% surrounded by steep escarpments on both sides. According to hunting (1976), the

valley floors are occupied by deep clay textured vertisols. The soils extend up the lower

slopes and at higher elevations are replaced by medium textured and stony slope soils

(regosols) derived from the weathering of basalt.

Excavated profile indicates that the top 80 cm soils are alluvial deposit followed by black

vertisol soils up to one meter and sixty centimeter. At a depth of about two meters the parent

material was observed. Similarly previous studies by RVDP (1996) reported that the soil type

of the area is Eutric Vertisol. The topography is flat to almost flat and the slope is 1.8% with

alluvium parent material. Further more, soils of the gentle slopes, alluvial plain and basin
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have favorable profile characteristics for agricultural development. They are very deep

imperfectly to well drain, loam to clay texture and lies on undulating to flat topography.

4.1.4. Land Use

The major landuse types of the study area are cultivated land, grazing land, and open

scrubland. Within the cultivated land use type one can find at least three components. These

are intensive cultivated land where all the land is open for arable farming and no vegetation is

visible (TFAP, 1994). Moderately cultivated land where trees in single stands or in patches of

bushes are common and commercial farms where large areas of land are privately owned by

individual investors. In the open scrubland landuse type less woody species are dominating

the area with extensive grazing stocks. This area is dominating the lowland plain of Mohoni

where extensive wild cactus is prevalent. Patches of dense shrubs interspersing with scattered

threes characterize the grazing landuse type. Trees such as Acacia tortilis, Acacia seyal,

Zizpus spinachrist and Balanites aegypitica dominate this landuse type. Extensive livestock

graze in this landuse type where farmers cut branches of trees to feed their cattle with podsand
twinges.

Land use in Raya Azebo
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10.5%

14.9%

49.7%

Miscellaneous

Residences area

Shrub land

Forest /Bush land

Grazing land

Arable land

Fig 12: Land use pie chart of Raya Azebo Wereda . Source: Bureau of agriculture,Mohoni.
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4.1.5. Farming System

The predominant farming system in the area is mixed farming system in which cereal

production plays the dominant role and livestock husbandry playes a supplementary role.

Farmers grow cereals mainly Sorghum, Teff and Maize. They also grow chat by harvesting

run-off whenever there is rainfall. Around their homestead and farm boundary they plant

prickly pear cactus mainly for live fence, to protect their farm field and homestead from

animal encroachment. Cattle are the most favored livestock as oxen are used for plowing and

cows for milk as well as for the accumulation of wealth. Pack animals such as camels, horses

and donkeys are used for transportation.

4.2. Sample Collection and Sampling Technique

To generate data pertaining to the knowledge and perception of farmers about the spreading,

establishment, and phenology of the plant sample survey was conducted from February 2 to

February 20. The survey was supported by Participatory Rural Appraisal (PRA) in which

focus group and key informant discussion with elderly people and PA administration were

held. Since the total population of the study area was beyond the capacity of the researcher in

terms of logistic and financial matter, the sample survey was restricted in two kushet (sub PA),

which had abundant cactus plantations. After selection of the specific study site, registrations

of households were made and a total of 1800 households were registered in two kushets. This

was followed by wealth ranking of the households in well off, medium, poor and very poor.

Wealth ranking criteria are based on possession of properties. For example, a person is

categorized as well off if he owns: more than ten camels, more than two pair of oxen, and ten

cows and medium if he had more than four camels, one pair of ox and more than five cows.

Similarly a person is considered as poor if he had one ox and two cows. One who is

categorized as very poor is one who had nothing at all. This was done because the interview

must accommodate all categories of people to avoid socio economic influence of the

respondents. The chairperson of the kushet with two other people in each kushet set criteria

for wealth ranking and ranked the whole households. Thereafter, random selection was made

to select individuals for interview. A total of 110 households were interviewed in both kushets.

The respondents were from all wealth categories and from both sexes.
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In addition to the sample survey, to generate data about the impact of cactus on soil properties

thirty soil samples were collected from Raya Azebo Woreda a Tabia called Kara Adishabo on

the 2 February 2005. Soils samples were taken from plots of five sites namely dense cactus

area, cactus clear area, vegetated area, arable land and decayed cactus piles. Within each site,

samples were replicated at three sampling points that were approximately 50 m apart.

Samples were collected from a depth of 0-15 cm to represent the general characteristics of

topsoil and 15-30 cm to represent the general characteristics of sub-soils. Samples were

collected by excavating a 20x20 cm square pit using spades and shovels to a total depth of 30

cm. Samples were collected in plastic bags, labeled, and then taken to Mekelle University for

soil analysis

4.2.1.Vegetation Sampling

To investigate the ecological impact of cactus pear, vegetation was sampled from three

transects. A total of 100 quadrants (20 m x 20 m) at interval of 20-meter distance were

considered for vegetation sampling. The total sampled area was about four hectares and the

altitude extends from 1500 to 1600 masl. The sampled area includes three locations, Adi Golo

(cactus free area), Genda Chafe (intermediate cactus cover), and Gera Tesfay (complete

cactus invasion). Percent cover of all woody species in each quadrant was recorded. In each

quadrant the DBH/SBH of all species of tree/shrub >2.6 cm were recorded. The juvenile

individual for each tree/shrub species were counted to assess the regeneration status of the

woody species.

4.3. Soil Analysis

The soil samples collected from the study area were air-dried, ground, allowed to pass

through a 2mm sieve and made ready for physical and chemical soil analysis. The analysis

was done according to standard procedures with respect to each parameter. From each soil

samples seven variables namely EC, pH, organic carbon, total Nitrogen, bulk density and

available Phosphorus were determined. Particle size determination was made using

hydrometer methods. Organic matter was removed by hydrogen peroxide and Sodium

hexametaphosphate was used as dispersing agent. Based on the percentage composition of

sand, silt and clay, textural classes of the soils were determined.
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Bulk density was determined by using a core sampler. Soil samples were collected for each

site using core samples. The samples were dried in an oven for 24 hours after fresh weigh has

been taken. Then dry weigh of soil samples were determined followed by calculating the bulk

density of each sample taking the ratio of dry sample to volume of the core sampler.

Organic matter was determined following the Walkley-Black (1934) procedure. This method

involves a wet oxidation of the organic carbon with a mixture of potassium dichromate,

sulfuric acid, and titrated by ferrous sulphateheptahydrate. pH and electrical conductivity

were determined from a soil suspension of solution prepared with 1:5 soil water ratios.

Total Nitrogen was determined following the Kjeldahl (1883) procedure for converting

organic nitrogen to ammonium-nitrogen that can be readily estimated. Available phosphorus

was also determined following the Olsen et al., (1954) method (for a soil pH > 7) by titrating

using sodium bicarbonate and coloring it using mixture solutions and measured using

spectrophotometers.

4.3.1. Data Analysis

The collected data was analyzed using SPSS ver 10(2002) software. Farmer's perception and

knowledge about cactus were interpreted while soil samples were analyzed using one-way

ANOVA and comparison of treatments with soil parameters at different soil depth was carried

out.

For the vegetation analysis SPSS ver 10(2002) and Sigma plot ver 9 were used to measure the

association between the degree of cactus cover and the juvenile count of the woody species at

each locality. Chi-square test was carried out for analysis of the juvenile counts in each

transect. DBH classes versus stem number per hectare were plotted following Lamprecht

(1989) to analyze the population structure of the tree/shrub species.
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5. RESULTS AND DISCUSSION

5.1. Survey Result Pertaining to Knowledge and Perception of Local
Community About Cactus Pear

5.1.1.Composion of respondents

A total of 110 households, with an average family size of 4.92, were subjected to a sample

survey of which 80.9% were male and 19.1% were female. The respondents had different

wealth status: 12.7% were well off, 27.3% were medium, 24.5% were poor and the remaining

35.5% were categorized as very poor. Wealth ranking criteria was based on possessions of

properties such as camels, cows and oxen. This was done to see whether socio-economic

status influences perception and knowledge of households regarding cactus pear's use and

utilization.

The average landholding of the respondents ranged from 0.5 to 2.25 hectare in which the

majority, 34.5 %, possessed 0.5 to 1.00 hectare and 24.5 % owned 1 to 1.5 hectare and 21.8 %

of them had less than half a hectare and the remaining were landless. Almost all the

households are farmers without additional occupation such as petty trade. Only 6 out of the

110 households exercised petty trade on top of their main occupation, farming. With regard to

literacy, 18 household heads are literate the remaining 92 are illiterate.

5.1.2. Invasion Threat

Cactus' status as a weed or a valuable plant varies depending upon the use and management

objective of the plant. Cactus in Southern Tigray is viewed as both a blessing and a curse.

People increasingly rely on cactus to minimize risk and ensure crop and food security that

arise from recurrent drought and famine. Cactus is playing a crucial economic role as food,

feed, fuel wood, and a means of additional income, thereby increasing the efficiency and

economic viability of small and low-income farmers. In all these cases cactus pear is viewed

as a blessing and, therefore, a valuable plant.
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On the other hand the economic and feed value of cactus is insignificant in times of good year.

If there is adequate rain as it happens in some years, the people in southern Tigray especially

the fertile plain are self-sufficient both in food and feed production. In such cases the

contribution of cactus to household food and feed security is almost negligible. But since the

climatic situation of the area is mainly erratic and unpredictable people are excessively

dependent on cactus particularly for animal feed. This situation has forced rural households

not only to cultivate cactus pear around their homestead and farm boundary but also

encourage its spread and dissemination. This was proved in the interview made to understand

the knowledge and perception of farmers about the expansion of cactus in their area. As

depicted in table 4 rural communities have different opinions regarding the expansion of

cactus in their area. About 74 % of the respondents perceive that expansion of cactus is useful

and advantageous. They believe that cactus serves as a sole animal feed during severe drought

seasons. This is in addition to the food value that the plant has.
Table 4: Respondents response to the expansion of cactus in the area.

Preference Number of respondents % of respondents

Highly advantageous 22 20

Advantageous 59 53.6

Disadvantageous 26 23.6

Very disadvantageous 2 1.8

Total 109 99.09

On the other hand, 26 % of the respondents perceive that expansion of cactus is disadvantage.

Their reason is based on the loss they encountered from wild animals that destroy crops and

pray on domestic animals. Extensive naturalized cactus is home to a variety of wildlife such

as baboons, wild pigs, and porcupines feeding on field crops and hyenas and leopards praying

on domestic animals. Furthermore, the invasion of grazing land is of great concern and its

magnitude of coverage is increasing. Similar opinions were also forwarded from the focus

group discussions. Elderly people indicate that cactus reached its current coverage in70 years

of time. If the plant is allowed to be free for additional 70 years; they fear it will invade

almost all the land. Therefore, it is up to the society as well as the government to seek a

solution. People were asked whether they are willing or not to control cactus by mechanical

clearing. The majorities (44.5%) were not willing to control cactus mechanically while 27.3%

indicate they would be willing. The remaining 28.2% were indifferent. Similarly, people were
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asked what constraints they have in controlling cactus invasion. Majority of the respondents

responded that land security is the major problem followed by labor shortage and material

scarcity.
Table 5: Response of respondents on the main constraints to control cactus invasion in the area

Constraints Number of respondents % of respondents

Land security 47 42.7

Labor shortage 22 20

Material scarcity 5 4.5

Others 36 32.7

Total 110 100

The problem of cactus invasion is complicated not only because the people lack awareness

but also they do not think they have much choice. The problem is further complicated due to

land security issues. One elderly key informant explained that as cactus invades nomans land,

they do not see the need to bother for its expansion. In ranking the problems associated with

cactus, invasion threat was ranked second following harboring of pest and wild animals

(Table 6).
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Table 6: Respondents response to the problem associated with cactus pear.

Problems Rank Number of respondents % of respondents

Harbor crop pest and wild animals 1st 75 68.18

2nd 21 19.09

3rd 6 5.45

Total 102 92.72

Invade crop land 1st 24 21.8

2nd 53 48.18

3rd 8 7.27

Total 85 77.27

Induce diarrhea in animals 1st 1 0.9

2nd 7 6.36

3rd 17 15.45

4th 5 4.54

5th 6 5.45

7th 1 0.9

Total 37 33.36

Hinder activities by restricting

mobility

2nd 4 3.63

3rd 11 10

4th 9 8.18

5th 1 0.9

6th 1 0.9

Total 26 23.63

Physical injury 2nd 3 2.72

3rd 6 5.45

4th 5 4.54

5th 1 0.9

6th 1 0.9

Total 16 14.54



37

This indicates that the threat of exponential invasion is increasing and this is likely to escalate

in the future. At present there is not any means of control to arrest the spread of the plant. The

problem is further enhanced by the fact that part of the inhabitants still propagate and

encourage planting in as yet uninvaded areas. This may lead to a complete invasion that

necessitate a huge resource to control. Perception of rural households about the mechanism of

spread is similar. Most of the respondents believe that cactus spread by poor harvesting

methods. Further more, browsing domestic and wild animals and birds also have a

contribution in cactus spreading.

5.1.3. Perception of Farmers on Current Utilization of Cactus

Currently cactus is utilized for different purposes, as: animal feed, fruit for human

consumption; live fence to protect farm plots and for soil and water conservation purposes. In

their ranking of cactus use by priority, respondents put utilization for human consumption and

for animal feed first and second followed by use of cactus for fuel wood, for live fence and as

a source of additional income. Cactus fruits, despite their high nutritional value, have some

negative effects such as problem of glochids and constipation. People also think the fruit may

enhance malaria, This could happen as the pads could collect water for long time that create

favorable condition for malaria breeding and it also causes malaria. Also the fruits when

dropped and rotten may feed on the fruits.
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Table 7: Respondents response for utilization ion of cactus in order of priorities.

Purpose of utilization Rank Number of respondents % of respondents

Fruits for human consumption 1st 39 35.45

2nd 49 44.54

3rd 17 15.45

Total 105 95.45

Animal feed 1st 60 54.5

2nd 37 33.63

3rd 7 6.36

Total 104 94.54

Live fence 1st 6 5.4

2nd 10 9.09

3rd 44 40

4th 25 22.72

5th 9 8.18

6th 3 2.72

7th 2 1.81

8th 3 2.72

Total 102 92.72

The extensive utilization of cactus for animal feed, has also some negative health effects.

These may range from physical injury such as blindness from the thorns to death that arises

when feeding roasted pads with high temperature. Such negative health effects are also

manifested by delays in reproduction; death through worms associated with tender pads.

When negative health effects to livestock were ranked according their severity, bloating,

throat infection and mechanical injury were ranked first, second and third (table 8).

Bloating is a form of indigestions marked by an excessive accumulation of gas in the rumen.

Immediately after cattle consume a feed, the digestive processes create gases in the rumen.

Most of the gases are eliminated by eructation or belching.

With regard to cactus ownership, majority of the respondents who participated in the survey

indicated that they have their own cactus plots. The purpose of planting is mainly for back

yard live fence and for hedge around field boundary to protect from animal encroachment.
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Table 8: Respondents ranking on negative health effect of cactus according their severity

Negative health effect Rank Number of respondents % of respondents

Causes bloating 1st 37 33.63

2nd 6 5.45

Total 43 39.09

Physical injury 1st 6 5.45

2nd 7 6.36

Total 13 11.81

Throat infection 1st 2 1.81

2nd 18 16.36

3rd 5 4.54

Others 13 11.81

Total 25 22.72

Table 9: Respondents response on purpose of cactus planting.

Purpose of plantation Number of respondents % of respondents

Back yard live fence 89 80.9

Live fence for crop field 84 76.36

For animal feed 62 56.36

For food security motive 41 37.27

For wind break 38 34.54

As indicated in the table 9 cactus is not planted for the purpose of fruit production. This is

because the plant is abundantly available in the area. Fruit consumption does not have

seasonal variation. Rural community consumes 26-50 % of the fruit produced in both good as

well as bad year. Proportion of unharvested fruits that are leftover on the plant varies

depending on the season. From 51-75 % of the fruit are left unharvested on the plant in time

of good year while the left- over decreases to 26-50 % during bad year. Cactus fruit in the

study area do not have commercial value except to schoolboys from the near by towns of

Mohoni and Maichew. Furthermore some immigrants from the near by highland areas are also

engaged in fruit selling. The income one earns from fruit selling during the rain season ranges

from birr 100 to birr 1000 in good year and from 10 to 2000 birr in bad year with an average

of 618 and 752 birr, respectively.
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5.1.4. Perception of Farmers on the Effect of Cactus on other plants.

Respondents who participated in the interview were cognizant of the impact of cactus on

other vegetations (table10). Cactus suppresses growth of some herbaceous plants such as chat

and field crops, While it inhibits growth of grasses at all. In other cases cactus displaces other

vegetation by taking the space. Respondents indicate that different types of vegetation used to

cover the area now under cactus. Apart from invasion by cactus the vegetation was destroyed

for various reasons including land clearing for arable land and for fuel wood.

Table 10: Respondents response on the effect of cactus on natural vegetation.

Effect of cactus on vegetation Number of respondents % of respondents

Suppress growth 50 45.45

Inhibit growth 27 24.54

Occupies space 12 10.09

Suffocate the plant 18 16.36

Total 107 97.2

On the impact of cactus on other vegetation somewhat different opinion was forwarded by the

focus group discussion. Despite the impact of cactus on herbaceous plants, they indicated that

it also had a positive impact in protecting woodland clearing by restricting accessibility.

Moreover some tree species like Acacia tortilis; Balanites aegyptiaca and Acacia seyal are

strong competitors of cactus. These tree species grow in dense cactus area vertically to a

maximum height and then expand horizontally to cover the cactus under it. The shading

effects of these tree species suppress and finally destroys the cactus beanth it.

The impact of cactus is not limited to tree species but also to grass species and crop plants.

The area now under cactus has been covered by different grass species such as Highperenia

hirta, Digitaria velutina, and Penstum. These grasses are not available now. Cactus affects

crops planted at an average distance of two meters. In the focus group discussion people

expressed that cactus may affect crop plants up to a distance of seven meters, which may be

acceptable as cactus roots can extend up to ten meters horizontally.
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5.1.5. Perception of Farmers on the Impact of Cactus on Soil Fertility

Farmer's response to the impact of cactus on soil property was similar. They indicated that

cactus pear has a positive impact on soil fertility. This may be because the pads, roots, and

fruits of cactus decompose and mineralize easily and enrich the fertility of the soil by

releasing plant nutrients and improve the soil structure by increasing the organic matter

contents of the soil. Farmers' also indicated that cactus enriches soil fertility by controlling

erosion thereby conserving moisture.
Table 11: Respondents response how cactus improves soil fertility

Effects of cactus on soil fertility Number of respondents % of respondents

Cactus plant material decompose faster 62 56.36

Cactus conserves soil moisture 18 16.36

The field is not plowed for long time 5 4.54

Total 85 77.27

As shown in the table 11, 56.36 % of the respondents responds that cactus enriches soil

fertility through decomposition of the plant material. It is a common practice to clear cactus

and utilize the land for crop production in the area. People were asked to compare the

performance of crop growth on previously cactus covered and newly cleared area and arable

land. Most of the respondents indicate that cactus cleared area would support vigorous crop

growth. This is because cactus enriches soil fertility by decaying its roots and pads and

mineralizing faster. Furthermore since land under cactus is not plowed for long time, it may

accumulate plant nutrients and develop better soil structure.

5.2. Results of Soil Analysis

5.2.1. Soil Organic Matter

The influence of cactus on soil nutrients was evaluated by comparing dense cactus area,

cactus cleared area, arable land, vegetated area, and decayed cactus pile. Analysis of variance

for percent organic matter content at soil depth of 0-15 cm for the different sites showed

significant variation. The mean percent organic matter content for the sites is shown in Table

13. The mean percent organic matter ranged from 3.19 to 9.00. The highest organic matter
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content was obtained for dense cactus area and was significantly (p<0.05) different from the

other sites. All other sites did not show significant variation in organic matter content among

them. The mean percent organic matter for the sites dense cactus area and decayed cactus pile

were higher to most A horizon soils.

A number of reasons can be suggested for the high organic matter content of the top soil: (1)

most plant root occurs in the upper part; this is especially true to cactus which has shallow

and horizontally spreading root system. Troeh and Thompson (1993) reported that the upper

soil zone contains most of the soil organic matter. (2) More decomposition occurs in the upper

layer because of its high organic matter content and is more aerated than the soil layer below.

Table 12: Mean percent organic matter for different sites at 0-15 cm and 15-30 cm-soil depths

Treatment (%)Organic matter content *

at 0-15 cm soil depth

(%)Organic matter content *

at 15-30 cm soil depth

Cactus cleared area 3.19±0.62a 5.10±1.77a

Arable land 3.48±0.36a 4.59±1.67a

Decayed cactus pile 6.06±1.34a 6.65±1.68a

Vegetated area 6.37±1.59a 3.49±0.29a

Dense cactus area 8.99±0.96b 4.29±0.62a

* Means in the same column followed by the same letter are not significantly different at α+0.05

On the other hand low organic matter content was recorded for cactus cleared area and arable

land. The history of cleared area indicated that it was covered by dense cactus before 1998. In

1999, however, the area was given to an investor and the investor cleared the entire cactus

together with other vegetation by using machinery and human labor. The cleared area was

used for cereal cultivation for two consecutive years (1999-2001). Then the area was

abandoned without cultivation for four years. Now, there is no any vegetation and it is totally

bare. This must have contributed to its low organic matter content. Similarly the arable land

had low organic matter content because it has been subjected to repeated cultivation for long

time. Small grain production leads to a reduction of about 1% of their organic matter per year

for the first 20 to 30 years of cultivation (Troeh and Thompson, 1993).

Similarly, one-way analysis of variance tests for percent organic matter content for the

different sites at 15-30 cm soil depth did not show significant variation. The mean values are
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depicted in Table 12 and the highest organic matter content was observed for decayed cactus

pile and dense cactus areas though not significantly different from the other sites. This could

be due to the accumulation of decayed plant parts for a long time without soil manipulation.

5.2.2 Total Nitrogen

As indicated in Table 13 mean values for total nitrogen do not show any significant variation

among the site at both soil depths.

Table 13: Mean values of total nitrogen for different sites at 0-15cm and 15-30 cm soil depth

Treatment (%)Total nitrogen*
at 0-15 cm soil depth

(%)Total nitrogen *
at 15-30 cm soil depth

Vegetated area 0.05±0.02a 0.08±0.06a
Cactus cleared area 0.10±0.02a 0.06±0.01a
Cactus pile 0.12±0.05a 0.12±0.10a
Arable land 0.21±0.02a 0.08±0.03 a
Dense cactus 0.25±0.11a 0.35±0.11a

*NS, Not significant

Soil samples from dense cactus area indicate relatively high mean value when compared with

the others but still it does not show any significance difference. Similarly in the sub-soil 15 to

30 cm soil depth there was not significant different among different site means.

Soil samples from dense cactus area showed the highest mean value compared to the other

sites mean but there was not significant variations. Unlike in the topsoil, soil samples form

cactus pile show relatively higher mean value next to the dense cactus.

5.2.3. Available Phosphorus

Mean value for available phosphorus differed significantly among some of the sites at both

soil depths. Cactus pile had the highest value while vegetated area had the smallest value.

(Table14). Mean values for cactus pile and dense cactus area were significantly different from

the others. There was also a difference among the remaining sites but it is not significant.

Relatively high mean value was recorded at cactus cleared area followed by arable land and

vegetated area.
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Table 14: Mean values of available phosphorus for different sites at 0-15 and 15-30 cm soil depth

Treatment Available phosphorus (ppm) *

at 0-15 cm soil depth

Available phosphorus (ppm)*

at 15-30 cm soil depth

Vegetated area 39.03±15.59a 30.47±1.47a

Arable land 72.60±12.91a 43.59±8.78a

Cactus cleared area 88.06±11.84a 67.30±15.27a

Dense cactus 596.35±65.67b 97.47±17.61a

Cactus pile 660.05±44.43b 210.32±83.47b

Means in the same column followed by the same letter are not significantly different at α=0.05

Mean value for available phosphorus in the sub-soil of the cactus pile was significantly higher

than in the other sites (Table 14). These are significantly different from the other treatment.

There was also a variation among the different sites, which was, not significant. Relatively

high mean value was observed at cactus cleared area followed by arable land and vegetated

area.

Figure 14: Correlation of pH with Available phosphorus.
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5.2.4. Electrical Conductivity (Ec).

As shown in Table 15 the mean value of EC for all sites fell between 0.36 ds/m and 0.73 ds/m.

This reveals that the soils under the study area were not in the category of saline soils (>4ds/m).

From the table it can be seen that there was variation in EC level among the sites. The least EC

value was recorded for vegetated area and arable land and the highest for decayed cactus pile in

the 15-30 cm-soil depth.

Table 15: Mean value of EC for different sites at 0-15 cm and 15-30 cm soil depth.

Treatment EC ds/m Values*

at 0-15 cm soil depth

EC ds/m Values*

at 15-30 cm soil depth

Dense cactus 0.36±0.01a 0.22±0.04a

Cactus cleared area 0.29±0.09a 0.42 ±0.03a

Vegetated area 0.15±0.03a 0.20±0.04a

Arable land 0.15±0.02a 0.19±0.01a

Decayed cactus piles 0.73±0.18b 0.94±0.23b

*, Mean in the same column followed by the same letter are not significantly different at α=0.05.

5.2.5. Soil pH

Soil pH varied significantly between the sites for both soil depths (Table16). The highest value

was recorded from soil samples of cactus pile followed by samples from dense cactus. These

values were significantly different from samples of other sites. Although there was slight

difference among the sites these were not significant. The over all result indicate that soil samples

from decayed cactus pile exhibits the highest pH value of 9.09 while soil samples from natural

vegetated area showed lowest mean values of 8.29.
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Table 16: Mean values of pH for different sites at 0-15 cm and15-30 cm soil depth

Treatments pH values*

at 0-15 cm soil depth

pH values*

at 15-30 cm soil depth

Vegetated area 8.29±0.10 a 8.53±0.03b

Cactus cleared area 8.32±0.21a 8.00±0.13a

Arable land 8.51±0.10a 8.71±0.08b

Dense cactus 8.91±0.03b 8.48±0.04b

Decayed cactus pile 9.05±0.11b 8.56±0.09b

* Means in the same column followed by the same letter are not significantly different at α=0.05.

Unlike in the topsoil, for the subsoil the highest pH value was recorded in soil samples of arable

land followed by soil samples of decayed cactus pile, vegetated area, and dense cactus. Variations

among them were not significant but they were significantly different from soil samples of cactus-

cleared area. The pH of soils at the study area as a whole was under the alkaline range. High

alkalinity could be from the weathering process that occurred on the minerals found in the soils,

which release exchangeable cations such as sodium.

According to Brady (1984) conditions that permit the exchangeable bases to remain in the soil

results in high pH values. Such conditions account for the relative high pH of soils of semi arid

regions, which is also observed in the study site.

5.2.6. Soil Texture

Textural analysis of soil samples from different sites revealed different textural classes. About

66% of soil samples from dense cactus and natural vegetation without cactus were classified as

loam, while 66% of the samples from cactus cleared area as silt loam. Similarly 66% of soil

samples from cactus pile and arable land were loam and silt loam. The result indicates that most

of the soil samples were loam and silt loam.

A soil containing between 7 and 27% clay and equal amount of silt and sand has a loam texture.

Soil texture has much to do with the passage of air, water, and roots through soils. Loam and silt

loam soils are highly desirable for most uses. They have enough clay to store adequate amount of

water and plant nutrient for optimum plant growth but not so much clay as to cause poor aeration

(Throeh . and Tompson , 1993). Thus the soils of the area could be said to have good texture for

plant growth.
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5.2.7. Bulk Density

The mean values for bulk density indicated that there was a significant variation among the sites

with depth. The variation ranged from 0.95 g/cm3 to 1.23 g/cm3 in the topsoil and 0.99 g/cm3 to

1.29 g/cm3 in the sub-soil. The highest record was observed in cactus-cleared area and the lowest

record was observed on dense cactus plantation.

Table17: Mean values of bulk density for different sites at 0-15 and 15-30 cm soil depth

Treatment Bulk density (g/cm3)*

at 0-15 cm soil depth

Bulk density (g/cm3)*

at 15-30 cm soil depth

Dense cactus 0.95±0.05a 0.99± 0.08a

Arable land 1.15±0.01b 1.18± 0.04b

Vegetated area 1.17±0.03b 1.22± 0.02 b

Cactus cleared area 1.23±0.05b 1.29±0.05 b

* Means in the same column followed by the same letter are not significantly different at α=0.05.

In addition to the topsoil, significant variations occur among different soil sample in the sub soil

(15-30 cm depth).

Samples from cactus-cleared area showed the highest mean values of 1.29 g cm3, while soil

samples from dense cactus areas had low mean value of 0.99 g/cm3 (Table 17). This could be due

to the variation in organic matter content. According to Troeh . and Thompson (1993), organic

matter decrease bulk density in two ways. First organic matter is much higher in weight than

corresponding value of mineral matter. Second organic matter gives increased aggregate stability

to a soil. Thus this can be the prime reason for the higher bulk density reported in Table 17.

Further more, most of the sites are utilized for grazing purposes as a result excessive trampling of

livestock might contribute for compaction of the soil that results in high bulk density.
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5.3 The interaction of cactus with other vegetation.

The vegetation cover of three sites with different cactus cover was compared to see the effect

of cactus on natural woody vegetation. The first site Adi Golo (AG) is free of cactus. This is

because the spread of cactus has not yet reached the area. The area had cumulative vegetation

cover (the average sum of the cover of woody species in one quadrant) of 40 %. The area was

utilized for grazing purposes. The second site Genda Chafe (GC) had an intermediate degree

of cactus cover (40-50 %). The third site Gera Tesfay (GT) was characterized by complete

invasion and has cactus cover of 70-100 %. As can be seen from Figure 15 the average

cumulative woody vegetation cover declines as one moves from the cactus free area of Adi

Golo (AG) to the complete invaded area of Gera Tesfay (GT).

Figure 15: The relationship between cactus cover and average cumulative percent vegetation
cover in three sites. Adi Golo (free of cactus invasion), Genda Chafe (intermediate cactus
invasion) Gera Tesfay (complete cactus invasion).

The average cumulative woody vegetation cover in cactus free area of Adi Golo was 40 %.

This has declined to 23 % in the intermediate cactus covered area of Genda Chafe and further

declined to 13 % in the completely invaded area of GeraTesfay.

Generally it can be said that average cumulative cover of woody vegetation declined with

increasing cactus cover. Cumulative cover of ten dominant woody species was compared at
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three sites. Cumulative percent cover of ten dominant woody species declined with increasing

cactus cover. As can be seen in Figure 16, the cumulative cover of ten dominant woody

species was relatively high in Adi Golo (AG), where there was no cactus cover. While it was

very low in Gera Tesfay (GT) ( Figure 16 c).

Figure 16:The effect of cactus cover on the average percent cover of ten dominant woody species
(1 =Acacia seyal 2 =Acacia tortils 3 =Balanites aegyptiaca 4 =Carisa edulis 5=Cordia ovalis
6=Dchrostachis cinera 7="Kamjale" 8=Lonchocarpus laxiflorus 9=Pterolobium stellatum
10=Prosopis juliflora
The Box indicates the average covers and the whiskers indicate the ranges while the black dots shows
extreme values.

There was individual variation in cover among the ten dominant tree species. For instance

Balanites aegyptiaca had the highest percentage cover followed by Prosopis juliflora (Figure

16 b).
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5.4 The effect of cactus on regeneration and recruitment of woody species.

There was a clear contrast between the effect of cactus on total cover and regeneration and

recruitment of woody species. As can be seen in Figure 17 the highest number of juvenile

woody species was recorded in the highly invaded area of Gera Tesfay (GT) while the lowest

was found in the cactus free area of Adi Golo (AG).

Figure 17:Distribution of juveniles at three localities 1= Adi Golo (AG) (free of cactus invasion) 2=
Genda Chafe (GC) (intermediate cactus invasion), 3= Gera Tesfay (GT) (complete cactus invasion)

A number of reasons can be enumerated for the high number of juveniles in the highly

invaded area.

1. Juveniles under heavy cactus cover were protected from utilization by people. This is due

to the fact that dense cactus restricts mobility of people.

2. Dense cactus cover area is secured from heavy grazing pressure and trampling of animals.

As a result cactus creates a "safe site "for regeneration and recruitment of woody species.
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To see the effect of cactus on regeneration and recruitment of different species further

statistical analysis was carried out using chi-square test (see appendix 9). The result showed

that there was a significant difference among the 19 species in number of juvenile individuals

in the three sites [  2=2473 (df=36) p < 0.01] this clearly indicates the degree of cactus

invasion plays a crucial role in germination and establishment.

To sum up cactus had a strong effect on woody vegetation. Generally it can be said that as

cactus cover increases the average cover of woody vegetation declines. This could be due to

the fact that cactus displaces woody vegetation by competition for space. It can also be said

that people have utilized the vegetation before reaching adult stage. On the other hand cactus

has a positive impact on regeneration and recruitment. This might be attributed to

inaccessibility that heavy dense cactus create by restricting mobility of people and protecting

heavy grazing pressure and trampling of animals. This indicates the importance of cactus in

the vegetation dynamics of the area. However, this requires further investigation with

permanent plots.

5.5 Population Structure.

Diameter class distribution for the three dominant tree species Acacia seyal, Acacia tortils and

Balanites aegyptiaca follows an inverse J shaped function. As can be seen in Figure18 Acacia

tortilis has higher population compared than Acacia seyal and Balanites aegyptica. A

diameter size class distribution that drops exponentially with increasing DBH as seen in the

Acacia tortilis is a characteristics of species with good rejuvenation (Swain, 1998) cited in

(Kindeya, 2003). Such a distribution is often referred to as an inverse J-shaped function.
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Figure 18:Population structure of a) Acacia tortilis b) Acacia seyal c) Balanites aegyptica The
numbers in the x-axis stand for the following DBH/SBH classes: 1=<2.6, 2=2.6-7.5, 3=7.6-12.5,
4=12.6-17.5, 5=17.6-22.5, 6=22.6-27.5, 7=27.6-32.5, 8=32.6-37.5, 9=37.6-42.5, and 10=>42.5. The
bars represent the numbers of stems/ha.

Flat distribution curves indicate a lack of recruitment and perhaps change in species

composition (Hall and bawa, 1993; Kindeya 2003). In general it can be said that dense cactus

cover has brought about a positive impact on vegetation replenishment by restricting the

accessibility of utilizing this species. As indicated in the figure Acacia tortilis Acacia seyal,

and Balanites aegyptiaca had 107, 85 and 76-stem hectare, respectively in the lower diameter

class. Moreover, there was a continuous representation of Acacia tortilis and Balanites

aegyptica in all diameter classes, which show the continuity of natural regeneration, and

recruitment into higher size classes. On the other hand Acacia seyal was totally absent in the

5th, 6th, and 8th diameter classes. These indicate that there was selective harvesting for

household utilization such as poles for fencing and construction of bird scare controlling

points.

In the arid and semi-arid environments cactus pear plays an important role both economically

as well as ecologically (Le Houerou, 2002). However positive interaction of cactus with other

vegetation is of particularly significant. Cactus pear excludes herbaceous plants, primarily due

to competitions for space and sunlight. According Ueckert (2004) dense stand of cactus

commonly eliminates herbaceous plant production on 25% or more of the surface area of

some pastures. From the analysis of stem diameter distribution it can be seen that the juvenile

population of Acacia tortilis, Acacia seyal and Balanite aegyptiaca under dense cactus area in

Facha Gama area of Raya Azebo wereda of Southern Tigray are increasing. Other studies in

Tigray Region (e.g. TFAP, 1996;MUC, 1996) describe opposite trends of population decline.

These increase in juvenile population in the present work is attributed to the fact that cactus

protects those species from heavy grazing pressure and trampling by grazing animals.

5.6. Current status and Expansion

Cactus pear grows in all woredas of Southern Tigray. The leading cactus pear fruit producers are

Chercher, Mohoni, Endamohoni, Wajirat and Adigudom. Mohoni, the capital of Raya Azebo was

the site where cactus pear first established in southern Tigray. According to the discussion with
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key informants and focus group discussions, the first propagule or pad that was introduced to the

area was planted in a village called "Rarhe". This village has been changed to dense tickets of

cactus. The inhabitants of the area moved to the near-by villages. The reason for the shift is not

exactly known. But according to the discussion made with the inhabitants of this area, some say it

was because of cactus invasion while others says it was due to the 1984 famine. Whatever the

reason for the shift, the area is now covered by extremely dense cactus that restricts mobility.

Since the 1984 famine cactus pear became important for animal feed. People became aware of the

importance of cactus pear both as food for humans and feed source for animals. Then people

helped spread the plant primarily when using it as live fence to maintain security and protect their

farm plot and homestead from animal encroachments.

Although the current figure of area of coverage of cactus in southern Tigray is not known, some

previous studies reveal that 19,652-hectare of land was covered by cactus (SAERT, 1994). But

according to the information from the Office of Agriculture, cactus pear covers some 7-8,000

hectares in Mohoni, Raya Azebo woreda alone. On the other hand, in the study area of Fachagama

the inhabitants agree that 4,000 hectares of land is invaded by cactus. The area also contains

different species of trees; which are protected as the cactus restricts access and mobility of the

people. Another problem associated with the invasion is that the plant is home for multitude of

wildlife that pray on domestic animals. Expansion of cactus pear is mainly through poor harvest

of the fruits. Whenever any part of the pad is dislodged and gets contact with the soil, it

automatically sets adventitious roots and grows to an independent cactus plant. The propagule

could be dislodged either by poor harvest of the fruit or by browsing of wild as well as domestic

animals or by any other means. Besides birds, wild animals such as apes also contribute to the

dissemination of cactus pear by seed. When these animals feed on the fruit, the seeds of the plant

are defecated with the animals dung and thus the seed germinates to independent cactus plant.

Moreover, cactus in the area is used for erosion control, as people use cactus pad for terrace

enforcement or bund stabilization, a practice that enhance its spreads.

Currently, cactus is expanding in several villages of Mohoni including the villages of Facha

gamma, Chekon, Koban, Adi- Golo, Gogolo, Kille, Wachile, Ajobalha, Adikoyaru, Ajaju,

Gandachafe and Adi Abrha Guben. As reported by Zimmermann (1997), thousands of hectares

are invaded in the fertile plain. Cactus infestation in the fertile plain of Mohoni continues to

expand partly due to the inhabitants who still propagate the plant in as yet uninvaded areas. This

will further intensify the problem unless a control mechanism is devised to arrest the spread.
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So far no coordinated controlling attempt has been made. People knowingly or unknowingly

encourage propagation of the plant. The area is a fertile plain that is conducive for crop

production. However, effective utilization of the area is limited by absence of irrigation schemes.

There are some projects implemented by Raya Valley Project that drill boreholes for irrigation

purposes. Furthermore some investors are working in the area with limited scale. But to fully

utilize the area extensive exploration of ground water is required, without which full utilization of

the area is unlikely. Considering the current pace of exploration, availability of groundwater for

irrigation water may not be feasible in short time.

On the other hand, according to the local informants the community is getting benefits out of the

existing cactus stand primarily as animal feed and fruit for human consumption. This is

appreciated by most of the inhabitants of the area. Thus controlling step need to take in to account

the fact that large sector of the population depends on the plant especially during drought seasons.
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6. Summary and Recommendations

We investigated the current status, use, potentials and threat of the cactus pear in Raya Azebo

Woreda, Southern Tigray using socio economic studies and environmental analysis. The

majority of the farmers interviewed believed expansion of cactus to be advantageous, as it is

the only plant that survives severe drought and the only animal feed that is easily available

during drought seasons. Farmers who considered the expansion of cactus disadvantageous

indicate that it harbors wild animals that destroy crops and pray on domestic animals, while

also invading grazing lands. While most people were not willing to control cactus by

mechanical clearing, with regard to constraints for control land insecurity was ranked as the

prime problem followed by shortage of labor and material scarcity.

With respect to utilization of cactus, respondents put utilization for human consumption and

for animal feed first and second followed by use of cactus for fuel wood, and for live fence.

People realize that cactus fruits, despite their high nutritional value, have some negative

aspects such as problem of constipation and glochids. Similarly the extensive utilization of

cactus as animal feed has also some negative health effects such as physical injury (blindness)

and death that arise when livestock are feed on roasted pads with high temperature. The

perception of farmers on effect of cactus on other vegetation is similar. Most of the farmers

believed that cactus eliminated grass cover and reduced the natural vegetation. However, they

also note that it has positive impact by protecting wood clearing by restricting accessibility.

Farmers also believe that cactus improves soil through decomposition of plant materials and

by conserving moisture.

Cactus had an effect on vegetation, where by as the cactus cover increased, the average cover

of woody vegetation declined. On the other hand cactus had a positive effect on regeneration

and recruitment of juveniles. Regeneration and recruitment of juvenile wood species was

found to be higher under high cactus cover than in cactus free areas. The soil analysis study

indicated that cactus had a positive effect on soil fertility by increasing soil organic matter,and

adding phosphorus to the soil.
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While cactus plays an important role in the livelihood of the population, it has become

invasive and difficult to control for people with limited resources. The expansion of cactus to

the arable lands has to be arrested. It was observed in this study that, although the fertile Raya

plain get more and more infested with cactus, no coordinated controlling attempt has so far

been made. The best use of the Raya plains appear to be tied with use of ground water for

irrigation through government investment and investor attraction programs. In the absence of

irrigation schemes, total eradication of cactus may not be feasible or desirable as it is related

to survival in the drought prone area of southern Tigray.

Based on the findings of the study the following are recommended:

1. The expansion of cactus pear to arable lands needs to be arrested:

 By utilizing the plant for animal feed using efficient technologies such as

mechanical choppers-through cooperative programs and projects.

 By distributing invaded land to the energetic but landless youngsters without

land and ensuring land security.

 By creating awareness creation programs on propagation way of cactus and

by setting rules and regulations that help in minimizing propagation.

2. Value should be added to the existing stand by increasing the potential use

of cactus through:

 Expanding the utilization of the plant as green vegetable for human

consumption.

 Processing the fruit to jams and marmalades.

3 The insect that thrives on cactus and produce the carmine dye (cochineal) should

be introduced for commercial purposes.

4 The positive effect of cactus on soil fertility particularly the high content of

available phosphorus, the most limiting plant nutrient, needs further investigation

to explore the possibility of the plant to be integrated in the existing production

systems.
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8. Appendices

Appendix1a: Result sheet for soil PH, EC, %Organic matter, %Total nitrogen

and Available Phosphorus.
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1 1-a 0-15 H012 8.89 0.34 10.14 0.14 723.98
1-b 15-30 H014 8.50 0.29 5.07 0.58 128.07

2 2-1 0-15 H022 8.86 0.36 7.08 0.47 559.44
2-2 15-30 H026 8.54 0.18 4.76 0.24 67.06

3 3-c 0-15 H002 8.99 0.38 9.76 0.14 505.63
3-d 15-30 H027 8.40 0.18 3.05 0.24 97.28

C
ac

tu
sC

le
ar

ed
A

re
a

4 4-a 0-15 H013 8.50 0.17 4.09 0.15 66.40
4-b 15-30 H010 8.27 0.37 4.09 0.06 57.30

5 5-1 0-15 H015 7.90 0.24 3.48 0.08 107.21
5-2 15-30 H020 7.89 0.41 2.68 0.05 97.28

6 6-c 0-15 H003 8.58 0.46 2.01 0.08 90.57
6-d 15-30 H019 7.86 0.47 8.55 0.09 47.31

V
eg

et
at

ed
A

re
a

7 7-a 0-15 H018 8.16 0.18 4.46 0.01 13.16
7-b 15-30 H009 8.56 0.20 3.05 0.02 27.65

8 8-1 0-15 H006 8.49 0.09 5.13 0.05 36.88
8-2 15-30 H001 8.56 0.13 4.60 0.04 31.13

9 9-c 0-15 H017 8.23 0.19 9.53 0.08 67.06
9-d 15-30 H011 8.46 0.27 3.36 0.20 32.62

A
ra

bl
e

La
nd

10 10-a 0-15 H005 8.60 0.14 3.36 0.16 59.32
10-b 15-30 H004 8.56 0.21 4.15 0.11 33.65

11 11.1 0-15 H030 8.62 0.18 4.15 0.23 98.43
11.2 15-30 H025 8.84 0.19 7.69 0.12 61.10

12 12-c 0-15 H016 8.31 0.13 2.93 0.23 60.06
12-d 15-30 H008 8.72 0.17 1.95 0.02 36.01

C
ac

tu
s
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le
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re

a 19 19.a 0-15 H021 8.83 1.07 3.41 0.07 666.36
19.b 15-30 H007 8.44 1.24 10.01 0.31 362.28

20 20.1 0-15 H023 9.21 0.66 7.08 0.17 580.13
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20.2 15-30 H024 8.74 1.09 4.76 0.03 194.22
21 21.c 0-15 H029 9.11 0.46 7.69 0.12 733.67

21.d 15-30 H028 8.50 0.49 5.18 0.02 74.47

Appendix 1b: Result sheet for soil texture & bulk density
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4 4-a 0-15 7 1.24 34 22 44 Loam
4-b 15-30 8 1.28 29 21 50 Silt loam

5 5-1 0-15 9 1.24 19 33 48 Silt loam
5-2 15-30 10 1.38 10 42 48 Silt clay

6 6-c 0-15 11 1.22 20 21 59 Silt loam
6-d 15-30 12 1.20 19 28 53 Silt loam

V
eg

et
at

ed
A

re
a 7 7-a 0-15 13 1.13 30 26 44 Loam

7-b 15-30 14 1.11 34 28 38 Loam
8 8-1 0-15 15 1.23 33 24 43 Loam

8-2 15-30 16 1.16 50 14 36 Loam
9 9-c 0-15 17 1.15 39 32 29 Clay loam

9-d 15-30 18 1.26 32 32 36 Clay loam

A
ra

bl
e

La
nd

10 10-a 0-15 19 1.17 30 32 38 Clay loam
10-b 15-30 20 1.25 16 40 44 Silt clay

11 11-1 0-15 21 1.15 37 20 43 Loam
11-2 15-30 22 1.22 20 28 52 Silt loam

12 12-c 0-15 23 1.13 28 30 42 Clay loam
12-d 15-30 24 1.19 18 26 56 Silt loam

C
ac

tu
sP

ile
A

re
a

19 19-a 0-15 25 - 20 22 58 Silt loam
19-b 15-30 26 - 59 20 21 Sand loam

20 20-1 0-15 27 - 20 26 54 Silt loam
20-2 15-30 28 - 40 20 40 Loam

21 21-c 0-15 29 - 20 30 50 Silt clay loam
21-d 15-30 30 - 39 20 41 Loam

D
en

se
C

ac
tu

s 1 1-a 0-15 1 0.94 46 14 40 Loam
1-b 15-30 2 0.84 40 21 39 Loam

2 2-1 0-15 3 0.87 42 20 38 Loam
2-2 15-30 4 1.09 29 31 40 Clay loam

3 3-c 0-15 5 1.03 36 22 42 Loam
3-d 15-30 6 1.04 20 38 42 Silt clay loam
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Appendix 2: Monthly Mean Annual Rainfall of Mohoni from 1998 - 2005

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

1998 57.6 96.96 20.9 66.9 0 0 29.2 26.3 35.3 200.0 146 9.2 688

1999 45.0 1.3 55.8 13.5 0 0 184.5 212.1 59.0 10.3 0 0 537

2000 14.0 26.0 40.0 81.0 17.5 0 91.5 132.0 21.0 23.5 0 0 446.5

2001 0 12.0 34.3 49.0 116.0 0 81.0 121.0 45.0 0 0 0 458.3

2002 0 5.0 135.1 137.0 14.8 50.4 166.0 256.0 33.7 0 0 0 798

2003 53.6 35.0 62.5 29.6 6.1 2.6 87.3 44.4 35.5 0 0 0 356.6

2004 2.6 29.8 14.5 79.0 0 14.9 60.6 146.9 14.2 0 45.0 0 407.8

2005 51.8 0 129.2 65.0 0 29.5 158.9 35.3 47.7 0 9.8 0 527.2

Total 224.6 205.7 4483 521.0 154.4 97.4 859 974 291.4 233.8 200.8 9.2



68

Appendix 3: Average Yield and Types of Crops Grown in the Area
No. Types of Crops Yield Quintal per hectare

1 Teff 13.2

2 Sorghum 32.6

3 Maize 14.5

4 Barley 17.2

5 Wheat 16.8

6 Chickpea 14.07

7 Pea 8

8 Sesame 8

Source: Office of Agriculture, Mohoni
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Appendix 4: Plant species grown in the study area.
Local Name Scientific Name Tree Shrub Bush

1 Sebansa Acacia asak x

2 Seraw Acacia etbaica x

3 Wachuwo Acacia seyal x

4 Karwora Acacia tortotis x

5 Simeja Justicia schimperana x

6 Tetemagazen Astragalus abyssinicus x

7 Bedeno Balanite aegyptica x

8 Rewoy Celtis africana x

9 Ere Aloe bernana x

10 Agam Carissa edulis x

11 Mytaro Cordia ovalis x

12 Tahsas Dedonia angustitolia x

13 Harshamarsha Dichrostachys cinera x

14 Ulaga Ehretia cymosa x

15 Kulkual Ephorbia candlabrum x

16 Tutuwo Ephorbia trucalli x

17 Kenteftefe Entada abyssinica x

18 Kelkasha Lonchocarpus laxiflorus x

19 Sokokie Pennisetum setaceum x

20 Ajo Prosopis juliflora. x

21 Harengama Pterolobium stellatum x

22 Shewha Clerodendron myricoides x

23 Kamjale Unknown x

24 Agobdie Grewia villosa x

25 Kunkura Zizphus spinachristi x

26 Atami Rhus natalensis x

27 Tataelo Rhus glutinosa x

28 Kilieo Euclea schimperi x

29 Belese /Qulqal bahri Opuntia ficus indica x
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Appendix 5: One-Way ANOVA for soil parameters at 0-15 cm soil depth.
Sum of Squares df Mean Square F

Sig.
PH Between Groups 1.42 4 .357 7.376

.005
Within Groups .48 10 0.048

Total 1.91 14

EC Between Groups .67 4 .169 6.846
.006

Within Groups .247 10 0.024

Total .925 14

OM Between Groups 67.82 4 16.95 4.914
.019

Within Groups 34.50 10 3.45

Total 102.33 14

TN Between Groups 0.08 4 0.020 2.326
.127

Within Groups 0.086 10 0.086

Total .167 14

AP Between Groups 1145423.07 4 286355.76 69.790
.000

Within Groups 41031.34 10 4103.13

Total 1186454.42 14
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Appendix 6: Pearson Correlations matrix of soil parameters at 0-15 cm soil

depth.

PH EC OM TN AP
PH - .558* .453 .325 .809**

EC - - .032 -.0-63 .700**

OM - - - .123 .563*

TN - - - - .253

AP - - - - -

* Correlation is significant at 0.05 level (2-tailed).
** Correlation is significant at the 0.01 level (2-tailed).
pH; EC, Electrical Conductivity; OM, Organic Matter; TN, Total Nitrogen; AP, Available

Phosphorus

Appendix 7: Land use of Mohoni
Land Use Types Area in Hectares

Arable land 34,903 hectares

Grazing land 10,465 "

Forest /Bush land 7,361 "

Shrub land 9,703 "

Residences area 4,764 "

Mislanious land 3,036 "

Total

Source: Bureau of Agriculture, Mohoni
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Appendix 8:Number of dominant tree species /hectare.
Number of dominant tree species /hectare.
S.name Seedling/ 4hectare Seedling/hectare

Acacia asak 3 -

Acacia etbaica 1 -

Acacia seyal 341 85

Acacia tortolis 426 106

Justicia schimperana 76 19

Grewia villosa 40 i0

Astragalus abyssinicus 6 1.5

Balanites aegyptica 303 75.75

Carissa edulis 302 75.5

Cordia ovalis 51 12.75

Dedonia angustifolia 1 -

Rhus glutinosa. 97 24.25

Ehretia cymosa 524 131

Clerodendron myricoides 17 4.25

Entada abyssinica 25 6.25

Ephorbia candlabrum 9 2.25

kamjale 80 20

Lonchocarpus laxiflorus 456 61.5

Pennisetum setaceum 30 7.5

Pterolobium stellatum 176 44

Prosopis juliflora 154 43.5
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Appendix 9:chi-square table for 19 species.
Test Statistic

AG GC GT
Chi-Square 44.579 29.947 3.368
df 7 9 16
Asymp. Sig .000 .000 1.000

Chi - square test

Expected counts are printed below observed counts

No OB/Expt. AG GC GT

Acacia seyal OB 137 17 106

Expt 63.77 53.20 143.03

Acacia tortolis OB 5 47 347

Expt 97.86 81.65 219.50

Justicia

schimperana

OB 43 59 75

Expt 43.41 36.22 97.37

Grewia villosa OB 400 125 0

Expt 128.76 107.43 288.81

Astragalus

abyssinicus

OB 23 34 0

Expt 13.98 11.66 31.36

Balanites

aegyptiaca

OB 31 77 0

Expt 26.49 22.10 59.41

Carissa edulis OB 7 25 157

Expt 46.35 38.68 103.97

Lonchocarpus

laxiflorus

OB 0 153 52

Expt 50.28 41.95 112.77

Cordia ovalis

OB 0 0 71

Expt 17.41 14.53 39.06

Rhus

glutinosa.

OB 0 1 47

Expt 11.77 9.82 26.41

Ehretia

cymosa

OB 0 0 327

Expt 80.20 66.91 179.89

Acacia asak OB 0 0 6

Expt 1.47 1.23 3.30
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S.Name OB/Expt. AG GC GT

Entada abyssinica OB 0 0 50

Expt 12.26 10.23 27.51

Ephorbia

candlabrum

OB 0 1 120

Expt 29.68 24.76 66.56

kamjale OB 0 0 17

Expt 4.17 3.48 9.35

Dedonia

angustifolia

OB 0 0 25

Expt 6.13 5.12 13.75

Pennisetum

setaceum

OB 0 0 9

Expt 2.21 1.84 4.95

Pterolobium

stellatum

OB 0 0 35

Expt 8.58 7.16 19.25

Prosopis juliflora

OB 0 0 5

Expt 1.23 1.02 2.75
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Plate 1 dense cactus in the hill Sides

Plate 2 cactus-cleared areas.

Plate 3 discussions with key informants.
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Plate 4 Spread of cactus to vegetated area.

Plate 5 Hillsides devoid of vegetation
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Plate 6 shrubs under cactus cover

Plate7cactus free area
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