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ABSTRACT 

The main objective of this study was to describe the 

relationship between rangeland condition and land tenure 

system. Other management and biophysical variables were also 

analyzed. The data for this study were obtained from range 

condition studies done during the period of 1973 to 1993 in 

the State of Sonora, Mexico. The sample of 480 cases, 

included ejidos and private properties and covering an area 

of 1,774,47 9 hectares. The information was analyzed using 

simple tabulation, contingency analysis, correlation 

analysis, and multiple regression, using range condition as 

the dependent variable and the land tenure and management 

and biophysical variables as the independent variables. No 

direct linear relationship between rangeland condition and 

land tenure system was observed, but the chi-square result 

showed different rangeland condition distribution for both 

land tenure systems. The only variables linearly related to 

range condition were infrastructure condition and 

precipitation. Rangeland condition was most strongly related 

to precipitation in the year of survey, where higher 

condition ratings were observed in wetter years. Rangeland 

condition ratings for ejido holdings were higher than 

private holdings because the surveys on ejidos were 

performed in wetter years than private lands. Variables 
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like precipitation are almost impossible to modify, but they 

should be taken into consideration in cattle management. 

People can modify some variables. For example, improving the 

infrastructure condition and attaining a better grazing 

distribution could help both types of properties to improve 

rangeland condition. Because precipitation level is so 

strongly related to rangeland condition in any one year, it 

is important that land managers, administrators, lenders, 

and policy makers demand many years of rangeland condition 

surveys, that include wet and dry years to evaluate all 

rangeland management practices, including the land tenure 

system. 
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3.1 Antecedents and Importance of the Study. 

How strongly is range condition related to the type of 

land tenure systems in Mexico? Is range condition related to 

management and biophysical variables, other than type of 

tenure system? 

It is important to find and measure the relationship 

between range condition and land tenure, because in Mexico, 

changes in the law that include provisions for the ejidos (a 

land tenure system that has some characteristics of common 

property) to choose additional property rights have raised 

the issue of whether giving more rights to land users could 

affect resource utilization and resulting resource quality. 

The word ejido has been defined by the Royal Academy of 

Spanish Language as the land located at the exit of the 

towns (Garcia, 1993), however, since the revolution of 1910, 

the word ejido is applied to all types of land distributed 

to groups of 2 0 or more persons. Ejido is a type of land 

tenure where property rights are assigned to the group and 

each member enjoys the right of use of a specific resource, 

regulated by internal and external rules imposed by the 

property right holders and government authorities (See 

Appendix A for more details about land tenure development in 

Mexico). 
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With the amendments of 1991 to article 27 of the 

Mexican Constitution (Solidaridad, 1992), the government 

intends to eliminate paternalism and make the ejido more 

flexible to meet changing economic conditions. The 

amendments included the assignment of more property rights. 

Formerly, ejidos had few management rights and no alienation 

rights, and were a kind of limited user, open access 

institution. Now, ejidos have almost all the rights that 

private property enjoys. 

According to the Institute Nacional de Geografia y 

Estadistica (INEGI, 1988), in 1988 there were 95,106,066 

hectares of ejidal land in Mexico, that is, 48.57 percent of 

the land area. This area was distributed among 28,058 ejidos 

and agrarian communities and 3,070,906 ejidatarios, 

corresponding to 30.97 hectares for every ejidatario. Every 

ejido has, on the average, 3,389.7 hectares and 109 

ej idatarios. 

From the 95.1 million hectares of ejidal land, 20.3 

million hectares are tillable land, 54.2 million hectares 

are rangelands dedicated to livestock production, 16.5 

million hectares correspond to forests, and approximately 

4.1 million hectares have other uses. From the 20.3 million 

hectares of tillable land, only 3.3 million hectares are 

irrigated and the rest are subject to rain availability. On 

the other hand, from the 54.2 million hectares of rangeland. 
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55.8 percent are concentrated in Baja California, 

Baja California Sur, Coahuila, Chihuahua, Durango, and 

Sonora. 

In the state of Sonora there are 5,967,803 hectares of 

ejidal land distributed among 8 90 ejidos (INEGI, 1994) . Of 

this area, 5,2 08,8 78 hectares are managed as common property 

or collectively and 758,926 are managed individually. There 

are a total of 73,711 ejidatarios of which 33,775 hold 

individual parcels. There are 388 ejidos that only have 

irrigated land (348,790 hectares), and 188 ejidos holding 

only seasonally irrigated land (115,745 hectares). It is 

also reported (INEGI, 1994), that 128 ejidos have a mixture 

of irrigated land (43,836 hectares) and temporal irrigated 

land (43,169 hectares). Most of the ejidos (594) are 

involved in some icind of livestock production. 

If a land tenure system change were accompanied with 

improvements in management of grazing lands, then some would 

expect that through private property, management of 

resources will result in better range condition. On the 

contrary, it is possible that the ejidos are in better 

condition than private properties, and that ejidos 

conversion to private properties could result in a reduction 

of rangeland condition. It is also possible that there is no 

relationship between range condition and the kind of land 

tenure, or that at least, such association can not be 
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demonstrated. In such a case, it is expected that changes in 

the law have no impact on the rangeland condition because it 

is a product of other management or biophysical variables. 

Given the magnitude of the area and of the impact that 

grazing land resource degradation could have on society, it 

is reasonable to analyze the relationship between range 

resource conditions and land tenure systems in order to 

evaluate the impact of changing property rights and to be 

ready to implement corrective measures that are in 

concordance with the special socio-economic characteristics 

of producers. Factors such as Mexico's rapid population 

growth, the concomitant need for increased production of 

food, and environmental problems form the basis for the 

debate about whether the ejido land tenure system has been a 

constraint to proper natural resource use. 

3.1.1 Range Condition. 

Range condition is a concept that has evolved to be 

used in cattle management and production and is a weighted 

function of a group of variables, as pointed by Scarnecchia 

(1995). It is possible that the existing vegetation on 

rangeland could be a product of climatic, economic, social, 

and biological factors. 

Range condition, as defined by Vallentine (1990), 

Jameson (1970), and Bonham (1989), is a measure of how well 
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the observed vegetation of a specific area represents the 

potential natural plant community for that area. 

A plant community could be said to be overgrazed when 

there is a well-defined vegetation change and a decline in 

animal productivity (Wilson, 1991). In this regard, the 

relationship between standing crop (plant biomass and range 

condition has attracted considerable attention. Tiedeman et. 

al. (1991), for example, found a positive relationship 

between range condition and standing crop, but he did not 

recommended that it be used as a guide because the 

relationship was very weak (low value of R square). Range 

condition also has been associated with livestock forage 

production but not to total biomass production (Frost and 

Smith, 1991). Many of the studies, based on vegetation 

status, made in the Western United States showed that poor 

range condition ranges did not lose their potential to 

produce plant biomass (Smith, 1989). In many cases these 

ranges just need a change in management practices and their 

productivity could be restored. 

The quantitative climax approach, used by U.S. land 

management agencies, to measure range condition could be 

less precise than other more sophisticated methods of 

analysis, but this traditional method is simpler and perhaps 

more suitable for management purposes (Pamo et. al. 1991, 

Scarnecchia 1995) than other methods. 
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3.1.2.1 Common Property. 

Common property regimes are characterized by the 

presence of arrangements for allocation of the resource 

among co-owners (Bromley 1985, Ostrom 1986) . Common property 

implies well-defined rights for the rights holders and 

duties for nonproperty holders. Common property, therefore, 

is property. It has a well-defined set of users, who have 

the right to exclude others from possession, use, and 

enjoyment of benefits. Excluded persons have the duties to 

observe the rights of the included users to extract the 

resource. Furthermore, in a well functioning common property 

situation, the users have certain rights and duties among 

themselves with respect to possession, use, and enjoyment of 

benefits from the resource. Sustainable use of common 

property resources requires certain conditions: a) the 

number of users is small, b) users interact with each other 

constantly and for a long period, c) products are 

distributed equitably, d) users are linked to each other by 

other important interests (kinship, reciprocity, etc.) in 

addition to resource use (Gadgil and Iyer, 1989). 

3.1.2.2 Open Access. 

According to Stevenson (1991) an "open access" resource 
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is a depletable, fugitive resource characterized by high 

competition in exploitation; it is subject to use by any 

person who has the capability and desire to enter into 

harvest or extraction of it." That is, open access leads to 

overuse of resources. 

For Bromley (1989) , existence of property in an object 

means rights and duties for the property holders and for the 

nonproperty holders alike. When there are no rights and 

duties the institution of property does not exist. Open 

access displays complete lack of defined rights and duties, 

and therefore it means no-property. 

3.1.2.3 Limited User Open Access. 

A regime that is between open access and common 

property is limited user open access. In this type of 

resource use, property rights have been established for a 

limited number of users, but the property rights among these 

users remain ill defined. The included users are only 

"quasi-owners" of the resource. They have exclusive rights 

to extract the resource, but not exclusive rights to a 

certain amount of the resource extracted. Any included user 

may exploit the resource at any rate desired. According to 

this definition, the ejido is a limited user open access 

regime. 
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In Bolivia, mountain rangelands were assigned to 

communities as collective properties, and grazing is 

restricted to members of the community. However, the lack of 

property rights delimitation and lack of enforcement of the 

assigned property rights has induced overgrazing of mountain 

rangelands. This situation resembles more an example of a 

limited open access than of common property (Whitaker and 

Wennergren, 1976). 

3.1.2.4 Private Property. 

Schlager and Ostrom (19 92) suggest that ownership over 

a resource exists when property rights are vested in one 

real or legal person. The main advocates of private property 

institutions (Demsetz 1967, Furubotn and Pejovich 1972) 

state that private property is preferred because it 

internalizes costs and benefits, gives certainty, and 

increases the person's responsibility for the environment 

and rational use of resources. 

3.1.3 Property Rights Regimes and Resource Use. 

Stevenson (1991) acknowledges that private property is 

one possible solution to open access problems, stating that 

secure and exclusive rights to resource extraction provide 

sufficient incentives to use the resource at an optimal 

level. He assumes that private right holders not only 



24 

receive benefits, but also incur the costs, which lead to an 

optimal extraction rate. This assumes, of course, that 

social and private discount rates are the same, that there 

are no externalities, that there are no imperfect capital 

markets, and that there are no other market imperfections. 

Stevenson (1991) also accepts that private property is 

not the only solution to open access. Using the resource as 

common property is another possible solution. However, 

private property advocates refuse to accept this 

possibility, since they believe that the existence of 

individual incentives will destroy a group solution. That 

belief, however, ignores the incentives for an individual to 

cooperate, since many times through collusion, the group can 

increase the size of the joint product. 

Stillman (1975) and O'Riordan (1976) expressed that in 

order for the tragedy of the commons to occur, some special 

characteristics must be present; 1) The resource must be 

owned by a group with free access to any user. 2) Self 

interest must be a greater psychological guiding force than 

are those of collective benefits, and 3) the resource use 

can exceed sustainable yields. 

Ciriacy-Wantrup and Bishop (1975) assert that common 

property (res communes) is different from open access (res 

nullius), and that common property regimes have the ability 

to obtain good performance in natural resource management. 
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Others suggests that if open access is the problem like in 

many resources cases, then the solution is to restrict 

access to a defined group of users (McCay and Acheson, 

1990) . 

Ownership is not established just by issuing property 

right titles as many governments have assumed when they v/ant 

to solve management problems by changing common property 

regimes to private property regimes {Bromley, 1993). The 

existence of an authority system means that rights and 

duties will be enforced, otherwise they have no meaning. 

When an enforcement structure exists, it means that the 

state will enforce all transactions, and when one has rights 

the state will defend them in a dispute with other persons. 

Feder and Onchan (1987), in a study made in Thailand, found 

that ownership security had a positive effect on land-

improving investments and induced higher capital/land ratios 

in less developed areas, while in developed areas 

capital/land ratios were less significantly affected. 

To solve the problem of degradation of natural 

resources some people propose more state intervention, 

while others suggest privatization, ignoring other possible 

solutions, like the local community management of the 

resources. (McCay and Acheson 1990, Demsetz 1967) . 

Bromley (19 91), defending the performance of common 

property versus private property, assumes that many 
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comparisons have been made based not on private property 

versus common property but on private property versus 

nonproperty or open access. 

In some ways, common property is like private property. 

The resource has a definable set of users who may be 

declared its owners, outsiders are excluded from use, and 

the users control resource extraction to increase the 

(joint) net product in order to benefit themselves. Thus, 

both private property and common property have the 

characteristics of a well-delineated group of users and 

well-understood rules of use. In other ways, common property 

has aspects of open access: both have multiple users and 

both contain the incentive for individuals to increase their 

output beyond the individual share that could produce the 

joint maximum net product. 

Schlager and Ostrom (1992) argue that instead of 

complete faith in private ownership, common property 

institutions, or government institutions there is a need: a) 

to understand the conditions under which the different kinds 

of resources can be better managed, b) to understand the 

stability and instability of property rights systems under 

the pressure of internal and external variables, and c) to 

observe the costs of implementing a property right system, 

mainly by those not favored by the new property right system 

being implemented. 
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In general, common property and private property share 

the trait that users are also the owners. Both types of 

properties are different, basically in that common property 

often has a large number of users while private property is 

in the majority of cases has just one user. 

Given the characteristics of property regimes, it is 

suggested that natural resource policies should pay 

attention to distinguish the separate roles of ownership and 

control (Bromley, 1990). For example, in many of the 

resource problems in developing countries, the governments 

have created ownership structures without the capacity to 

control individual or group behavior (Crosson, 1990) . As a 

result, many natural resources are more identified with open 

access than with other types of property structures, thus 

discouraging the adoption of conservation measures and 

encouraging excessive use of land resources (Southgate et. 

al., 1990) . 

3.1.4 Range Condition and Land Tenure. 

In general, land tenure security has been a problem in 

the rural areas of Mexico, regardless of the type of 

property (Escarcega and Escobar, 1990). Ponce de Leon (1991) 

claims that the threat of expropriation of private property 

in order to satisfy the needs of ejidos resulted in 

corruption among the agrarian authorities and tenure 
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uncertainty in property. The need to give more freedom to 

ej idatarios, less government intervention, and land security 

to both ej idatarios and private owners has been suggested by 

Ponce de Leon (1991) in his proposal of a new Agrarian Law. 

However, his proposal of selling the ejidos rights, under 

the authorization of the general assembly is nothing new. 

Earlier, Fernandez (1973) suggested that in order to improve 

productivity, without destroying the ejido, the law should 

allow the sale of usufruct rights. 

Land tenure problems have been responsible, both inside 

the ejido and with neighboring private properties, for the 

inefficiencies occurring in the ejidos and private 

properties. In addition, lack of definition of exact 

boundaries has been one of the causes of the inefficiencies, 

and low incentives to increase land productivity one of the 

effects (Reyes et. al., 1979). 

Tenure insecurity of lands occurs in ejidos but to a 

lesser extent than private properties. Yates (1981) said 

that one third of the pastureland of Mexico is in the hands 

of ejidatarios. They have not made improvements in their 

pasturelands, and the majority of the ejidos pastures are 

very deteriorated. According to Cepal (1982), most of the 

existing infrastructure of the ejidos has been constructed 

by the state intervention. Fabila, (1934) and Kuhnen (1982) 

established that being a real owner of the land is an 
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incentive to make investments that protect fertility of the 

land, while properties like ejidos only make transitory 

investments. 

Yates (1981), found also that the ejidos and 

communities were overstocking more than private properties. 

He reported that ejidos and communities were using less than 

5 acres per animal unit and private properties were using an 

average of 10 acres per animal unit. 

Another important aspect pointed out by Yates (1981) is 

that the ejidos' stocking rates have varied little, while 

those of private properties have fallen. He places the 

responsibility in the transfer of pastureland from the 

private sector to ejidos, leaving less private land to 

maintain the same number of animals. 

One proposed posible solution to problems confronting 

the ejidos is to place them on an equal basis as if they 

were owners of the land resources. According to the law of 

1992 (Delma, 1991), the idea is to convert ejidos, if ejidos 

members so decide, from limited user open access to common 

properties and to private properties. The final decision is 

left in the hands of the ejidatarios. 

For some individuals, the level of property rights 

plays an important role in common property resource 

management. A great controversy has persited since Hardin 

(1968) published "The Tragedy of the Commons". It has been 
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said that privatization of common properties (Demsetz, 1967) 

could internalize costs and benefits, reduce uncertainty, 

and increase the responsibility of the individual for 

rational use of resources. However, some writers like 

Bromley (1982) and Larson and Bromley (1990) reject the 

superiority of any property right regime to avoid resource 

degradation. Furthermore, authors lilce Wilson and Thompson 

(1993) and Thompson and Wilson (1994a, 1994b) have argued 

that there are social, economic and ecological reasons that 

justify the management of natural resources under a common 

property regime such as the Mexican ejidos. 

When Worster (19 92) explores the question of the best 

land tenure to assure sustainability, he weights the 

argument in favor of privatization of the United States 

public lands to avoid the kind of irresponsible free for all 

of the 1880's, against the non-private tenure who are unable 

to maintain the ecological health of range resources. 

According to Wilson and Thompson (1993), the Ejidos 

present some challanges to avoid free rider problems: 1) the 

costs of excluding nonowners are prohibitive; 2) the central 

economic focus of many of the ejidatarios is outside the 

community; 3) human capital or managerial constraint limits 

the ejido's effort to manage the common range resource in a 

productive and sustainable manner. 
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The ejido has been characterized as a land organization 

system with common characteristics of impoverishment, low 

level of investment, low land productivity, and overuse of 

land resources. Some authors like Gutelman (1986), Escarcega 

et. al. (19 90) report that the ejido under certain 

circumstances can be as productive as private property. 

Especially under collective use, the ejido could take 

advantage of economics of scale in input use and marketing 

of products. Others, like Mendieta (1971), point out that, 

in general, the ejidos are 1/2 to 1/3 as productive as 

similar private properties. This fact worries many people 

because communal holdings represent about 50 percent of the 

agricultural land in Mexico, and in terras of number of 

people, the ejidos have more than two million members 

(INEGI, 1990) . 

Historically, the ejido may have provided members with 

insufficient security of tenure to induce land-improving 

investments. It is also said that the ejido has been 

inflexible and insensitive to changing economic 

circumstances. Most of the debate, however, has been carried 

out with little empirical evidence. 

Private property in Mexico has the characteristics of 

ownership where individuals hold the right to extract, the 

right to possess, the right to alienate, and so on. These 

rights are held in a physical or moral person. The ejido, on 
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the other hand, has no right to alienate and experiences 

more direct intervention by government agencies. These 

systems of land tenure should produce different results in 

resource condition, particularly rangeland condition. 

In many instances, common property rangeland resources 

have been associated with overgrazing or to poor rangeland 

conditions. When Hardin (1968) refers to the occurrence of 

the "tragedy of the common" he means that herdsmen place 

animals in common use with other herdsmen's animals. 

Although, a range condition decline could be observed, each 

herdsman increases his animals as much as possible because 

he gets the full benefits of each addition, while sharing 

just part of the costs of overgrazing. Runge (1981) has 

emphasized behavioral uncertainty as the reason for the 

breakdown of many common-grazing areas. 

The main advocates of private property institutions 

(Demsetz 1967, Furubotn and Pejovich 1972) state that 

private property is preferred because it internalizes costs 

and benefits, gives certainty, and increases the person's 

responsibility for the environment and rational use of 

resources. 

Wilson and Thompson (1993) indicate that, at least in 

the northern Altiplano of Mexico, some ejidos are being used 

as open access areas that shows nonsustainability of 

rangeland resources. In other ejidos, the existence of 
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compensation coalitions has resolved the open access problem 

by developing cultural constraints on resource use. 

Based on other studies and judgments about performance 

in terms of productivity and proper management of natural 

resources between private properties and ejidos, it would be 

expected that the natural resources and productivity of the 

ejido were would be in a weakened situation. Authors like 

Freebairn (1963), when comparing private properties and 

ejidos, concluded that private property was more efficient 

and productive than the ejidos. Freebairn (1963) observed 

that because of lack of proper mechanical equipment and the 

difficulties of internal administration, even the collective 

ejidos cannot compete with private farmers, who take better 

care of their land and crops than do the ejidatarios. He 

established that many ej idatarios in the Yaqui Valley and 

Mayo Valley find it more profitable to rent their parcels 

illegally to the private farmers and to hire themselves out 

as farmhands than to work their own land. 

Private property accumulates more capital than ejidos 

(Freebairn, 1963). He suggests that capital accumulation in 

large private properties is greater than in ejidos because 

property rights are not well defined inside the ejidos. In 

this respect, Cepal (1982) informs us that only 3 3 percent 

of ej idatarios have written certificates of property rights, 

and only 11 percent have titles. 
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The ejidos are more exposed to corruption and internal 

problems. Eckstein (1966) said that corruption, internal 

problems, and authority abuses are the major problems 

responsible for the failure of the collective system, even 

with the apparent technical benefits of economy of scales. 

Eckstein (1966) said that in regions of high income, the 

collective ejidos and semi-collective ejidos were 

economically more efficient than the individual ejidos 

within the same region. Mixed results were observed when 

compared to private properties. In contrast, in low-income 

regions, the individual ejidos were superior to the 

collective ejidos, but were inferior when compared to 

private properties. 

The link among ejidatarios is weak. The ejido produces 

an association of persons united by land tenure. This 

association could produce an interactive community, the 

degree of self determination will be limited to those rights 

defined by the laws governing the ejidos (Reyes et. al., 

1979). This weakness is widened by government intervention 

in the internal decisions as a distortion factor in the 

community decision making process (Gordillo 1988). 

An example of government distortion in Sonora is the 

collective ejidos of Cananea (7 in total with approximately 

261,653 hectares granted, with an average carrying capacity 

of 10 hectares per animal unit, and distributed among 585 
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ejidatarios) . These ejidos originally (1959) began an 

operation of 28,515 head, and were classified as an example 

of a good collective livestock operation. However, a more 

detailed study (Reyes et. al. , 1979) showed that these 

ejidos were very subordinated to bank authorities and very 

deficient with regard to technical assistance, leaving the 

ej idatarios with very few opportunities of participating in 

the self-management of the production units. 

3.1.5 Range Condition and Management Variables. 

A potential variable that could affect range condition 

is wealth (Bafios 1989, Aguirre 1976, Blaikie et. al 1992, 

Wardford 1990, Reyes et. al. 1979, Everett 1978, Hart, 1978, 

and Rowan 1994b), where more wealth could manifest a greater 

frequency of activities that will positively effect range 

condition. There is some information that could negatively 

relate range condition with number of property right holders 

(Stevenson 1991, Bromley 1985, and Ostram 1986). 

Condition of infrastructure that is used in cattle 

production is another potential variable to be associated 

with range condition (Yates 1981, Fabila 1934, and Kuhnen 

1982), where better infrastructure could mean better range 

condition. Another possible variable associated with range 

condition is applied stocking rate. It is known that 

stocking rate and grazing systems could modify the botanical 
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composition of a vegetation community (Hart et. al., 1993b, 

Ralphs et. al. 1990, Fusco et. al. 1995, Heithschmidt et. 

al. 1989, Owensby et. al. 1988, Torell et. al 1991, Cassels 

et. al. 1995, and Mccollum et. al., 1990) . 

Small ranch units have been associated with land 

degradation (Young 1985 and Passmore and Brown 1992). A 

potential factor that could be positively associated with 

range condition is good grazing distribution (Vallentine 

1990, Irving et. al. 1995, and Soltero, 1989) . 

Another factor probably associated with range condition 

is the number of hectares of artificial pastures like buffel 

grass existing in the ranch unit. Also, the existence of 

pastures, or temporal cropping land when some crop residues 

and grains are used to supplement animal production, could 

diminish the animal pressure over the resource or increase 

carrying capacity of natural vegetation (Vallentine 1990, 

Rowan et. al. 1994a, Rowan et. al. 1994b, Rowan and White 

1994 and Blaikie et al. 1992). Some ranchers have irrigated 

land that could help support the reported stocking rate. 

3.1.6 Range Condition and Biophysical Variables. 

A variable that could affect range condition is range 

site, and mostly the quality of the range sites existing in 

the ranch unit. Better range sites are more resistant to 

animal grazing (Launchbaugh et. al. 1990 and Valentine 
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1967). Another possible variable that could affect the 

judgment of range condition is the year of study. Some 

authors like Hart et. al. (1988) and Yates (1981) have 

observed a tendency for range condition to decline, because 

of increasing use of grasslands (Hart et. al. 1988 and Yates 

1981). 

In addition to short-term effects of herbivore, long 

term changes in vegetation are occurring because of other 

factors like precipitation. Vegetation changes may have 

occurred as a result of factors like climate and extreme 

weather events (Jameson, 1970, Smith 1978, Brady et. al. 

1989, Martin et. al 1995, Rowan et. al. 1994b, Norton 1978, 

White et. al. 1978, Milchunas et. al 1994, and Rowan 1994) . 

3.2 Objectives and Hypotheses. 

The main objective of this study is to describe the 

relationship between rangeland condition and land tenure in 

the Mexican State of Sonora. In this case, the null 

hypothesis is that there is no relationship between range 

condition and land tenure. 

The secondary objective is to evaluate the relationship 

between range condition and management and biophysical 

parameters. It is possible that management factors like 

human density, number of property right holders, 

infrastructure condition, applied stocking rate, ranch size 
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grazing distribution, percentage of buffel grass area, and 

percentage of cropping area could be also related to range 

condition. The null hypotheses are: 

1. There is no relationship between range condition and 

human density, in contrast to an expected positive 

relationship if it is expressed as hectares per property 

right holder. 

2. There is no relationship between range condition and 

number of property right holders. The expected relationship 

is a negative. 

3. There is no relationship between range condition and 

infrastructure condition. The expected relationship is 

positive. 

4. There is no relationship between range condition and 

applied stocking rate. The expected relationship is positive 

when stocking rate is expressed as hectares per animal unit. 

5. There is no relationship between range condition and 

ranch size. Large units are expected to be rated with better 

range condition. 

6. There is no relationship between range condition and 

grazing distribution. A better grazing distribution is 

expected to be related with better range condition, assuming 

comparable stocking rates. 

7. There is no relationship between range condition and 

Buffel grass area. A positive relationship is expected. 
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8. There is no relationship between range condition and 

cropping area. A positive relationship is expected. 

Furthermore, it is possible that biophysical variables 

like range quality, year of study, and precipitation, could 

also be directly related to rangeland condition. The null 

hypotheses could be established as: 

1. There is no relationship between range condition and 

rangeland quality. A positive relationship is expected. 

2. There is no relationship between range condition and 

year of study. A negative relationship between range 

condition and year of study is expected. 

3. There is no relationship between range condition and 

precipitation. A positive relationship between range 

condition and precipitation is expected. It is possible that 

rangelands will be in better condition because of wet 

conditions. 
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4. METHODS 

4.1 The Database. 

The data for this study were obtained from range 

condition and recommended carrying capacity studies done by 

the Comision Tecnica para la Determinacion de Coeficientes 

de Agostadero (COTECOCA) . The studies were done during 

period of 1978 to 1993. The sample used in this study 

contains 73 9 ranches, including ejidos, Indian communities, 

and private properties. However, not all the studies had 

complete information about all the variables being studied. 

In the final database, where all the variables were 

included, only 480 cases could be used. 

The area covered by the studies represent approximately 

10.53 percent of the rangelands of the State of Sonora 

(1,774,479 from a total of 16,857,000 hectares). From the 

480 cases, 1,014,336 hectares belonged to ejidos, 49,882 to 

communities and 710,761 to private landowners. 

All the available information was translated from paper 

files kept by this COTECOCA agency to a computerized 

database system, using Dbase III plus format and conventions 

(Byers, 1987). The database includes an identification 

number (id), location of the ranch unit, rangeland condition 

(rc), land tenure (tp), human density (hp), number of 

property right holders (us), a qualitative judgment of 
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infrastructure condition (in), stocking rate (as) described 

as hectares per animal unit, ranch unit size (rs) as number 

of hectares, rangeland quality (rq), year of study (ys), a 

qualitative judgment of grazing distribution (gd), annual 

precipitation (pr), the number of hectares of buffel grass 

(bu), and the area used for cropping (za). 

For the range condition and carrying capacity studies, 

COTECOCA divided the State of Sonora into 16 vegetation 

types and 43 range sites (see Appendix C) , which were 

differentiated according to climate, soils, topography, 

geology, and vegetation, a procedure very similar to the one 

used by the Soil Conservation Service (SCS) of the United 

States (COTECOCA, 1974). Carrying capacity of these range 

sites was estimated taking forage samples and complementary 

information from ranchers and past ranch studies. An 

approximation of the botanical composition of the climax 

vegetation for some of the vegetation types and range sites 

was assumed by searching and sampling in less disturbed 

areas (Aguirre et. al., 1974). 

4.2 Variable Definitions. 

4.2.1 Range Condition (rc) . 

In Mexico, COTECOCA studies used the climax plant 

community approach to measure range condition (Dyksterhuis 

1949, COTECOCA 1974, COPARMEX 1965, and Canfield 1941). 
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Plant species cover (basal for grasses and herbs and foliar 

for shrubs and trees) was used as the main attribute of 

vegetation. Most studies were done using the Canfield line, 

or the Point Step method (Evans and Love 1959) . Plant 

composition was measured in relation to plant cover and not 

to other attributes like density or frequency. 

COTECOCA used four condition categories when rating 

each range site found on a property: poor condition, 

regular condition, good condition, and excellent condition. 

The range site was classified in the poor category if 

desirable plant composition was between 0% and less than 25% 

of the total plant cover, in the regular category if 

desirable plant composition was between 25% and less than 

50% of the total plant cover, in the good category if 

desirable plant composition was between 50% and less than 

75% of the total plant cover, and in the excellent category 

if desirable plant composition was greater than 75% of the 

total plant cover. Range condition rating was lowered, if 

signs of accelerated erosion were observed. This procedure 

is very similar to the method used by the SCS (NRC, 1994), 

except that the SCS uses plant biomass, and COTECOCA 

considered the presence of rocks or other particles that 

could avoid a 100% plant cover. 

Range condition for the total ranch unit was estimated 

by a weighted average of condition rating for the the range 
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sites, according to the proportion of the property covered 

by each range site. For purpose of this study, range sites 

found in poor, regular, good, and excellent were assigned 

values of 1, 2, 3, and 4, respectively. Then, each assigned 

value was multiplied for the area of the range site and 

divided by the total rangeland area. That is. Range 

Condition Score of Ranch Unit = Summation of Range Site 

Condition Values (Range Site Areas)/Total Area of the 

Rangeland. Therefore, a ranch unit with a weighted average 

of 1 to 1.49 was considered in poor condition, a weighted 

average of 1.5 to 2.49 was considered in regular condition, 

a weighted average of 2.5 to 3.4 9 was considered in good 

condition, and a weighted average greater than 3.49 was 

considered in excellent condition. 

4.2.2 Land Tenure (tp). 

Land tenure was measured as a dummy variable with a 

value of 0 if the ranch was ejido or Indian community 

property and a value of 1 if the ranch was private 

property. In the original sample, ejidos and Indian 

communities were separated, but since the Indian community 

properties were few and are managed in the same manner as 

ejidos, they were considered as one type of property. 
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4.2.3.1 Hectares per Property Right Holder (hp). 

Human density is the number of hectares per property 

right holder (hectares /person). 

4.2.3.2 Number of Property Right Holders (us). 

A property right holder was considered a person that 

had a legal right over the land. Normally, and according to 

the law, ejidos should have a minimum of twenty members and 

most of the private properties have just one legal owner. 

4.2.3.3 Infrastructure Condition (in). 

Infrastructure condition is the condition of the 

infrastructure used for cattle management such as fences, 

corrals, and watering places. The category in was equal to 1 

if the infrastructure was in poor condition, in was equal to 

2 if infrastructure was in regular condition, and in was 

equal to 3 if infrastructure was in good condition. This 

categorization was a value judgment made by the sampler. 

4.2.3.4 Applied Stocking Rate (as) 

Applied Stocking Rate is the normal number of hectares 

per animal unit applied to the ranch unit during the whole 

year. However, in some of the ranch units, this value was 
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different than the actual especially in dry years when it is 

a custom to restrain the animals in corrals or small areas 

for 2 to 4 months. The animals in these areas are fed with 

supplements that normally come from outside the rangeland. 

Actual stocking rate was the inventory of animals found when 

the range condition study was made. 

4.2.3.5 Ranch Unit Size (rs) 

Ranch unit size is measured in hectares per ranch unit, 

excluding artificial pastures, cropping areas, and places 

considered unsuitable for livestock grazing. In the case of 

ejidos, the whole unit was considered, regardless of any 

internal subdivisions ejidatarios that may have made. On the 

other hand, for private properties, the ranch unit was the 

continuous area managed as a ranch, without considering the 

other lands outside the area that might have belonged to the 

same property owner. 

4.2.3.6 Grazing Distribution (gd). 

Grazing distribution is defined as the dispersion of 

grazing animals and the corresponding forage utilization 

within the ranch unit {Vallentine, 1990). In grazing 

distribution the categories of bad, regular, and good were 

used. For this particular case, gd was equal to 1 if grazing 

distribution was poor, gd was equal to 2 if grazing 
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distribution was regular, and gd was equal to 3 if grazing 

distribution was good. The sampler subjectively judged 

grazing distribution. 

4.2.3.7 Buffel Area (bu). 

Buffel area is the relative amount of buffel grass area 

existing in the ranch unit. The relative amount was 

estimated as a percentage of the total rangeland area. 

4.2.3.8 Cropping Area (za). 

Cropping area is the relative amount of cropping area 

existing in the ranch unit. The relative amount was 

estimated as a percentage of the total rangeland area. 

4.2.4 Biophysical Variables (bu): 

4.2.4.1 Rangeland Quality (rq). 

Rangeland quality is a weighted average for an 

individual holding based on the area of the property covered 

by each of the four quality categories. In this case, rq was 

equal to 1 if the rangeland was graded as poor quality, rq 

was equal to 2 if the rangeland was graded as regular 

quality, rq was equal 3 if the rangeland was graded as good 

quality, and rq was equal to 4 if rangeland was graded as 

excellent quality. Rangeland quality categories corresponded 

to the range sites described in COTECOCA procedures 
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(COTECOCA, 1974) . If a rangeland was graded as excellent 

(4), it meant that the majority of the land was range site 

type 1. If a rangeland was graded as good (3), it meant that 

the majority of the land was range site type 2. If a 

rangeland was graded as regular (2), it meant that the 

majority of the land was range site type 3. Finally, if 

rangeland was graded as poor (1), it meant that the 

rangeland was graded as range site 4 or greater. 

4.2.4.2 Year of Study (ys) . 

Year of study is the year the study was made, using the 

last two digits of the year. 

4.2.4.3 Precipitation (pr). 

Precipitation is the average annual precipitation in 

Sonora during the year that the range condition survey was 

completed for a holding as reported by the Comision Nacional 

del Agua (CNA) for the State of Sonora. Precipitation is 

obtained from different points in a watershed, then, an 

average is estimated for the watershed. These watershed 

values are used to calculate the average annual 

precipitation for the State, using the relative area of 

every watershed with respect to the total area of the State. 
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4 . 3 Method of Analysis. 

4.3.1 Exploratory Analysis. 

4.3.1.1 Simple Tabulation. 

A simple tabulation of frequency distributions was 

performed to provide a general idea of the association 

between the weighted average range condition and the 

independent variables. 

4.3.1.2 Contingency Analysis. 

Cross tabulation and the chi square test (Kohler, 1988) 

were used to quantify the association between range 

condition and land tenure, and range condition and the 

management and biophysical variables. 

A large discrepancy produces a la:^e value of chi-

square and indicates that the null hypothesis (Ho) of no 

association or equal distribution should be rejected, 

according to a 0.05 level of significance. 

The test was not performed when the expected frequency of a 

cell was less that 5, because the chi-square test can be 

distorted when the expected frequency is very small, 

producing a large value of chi-square and, therefore, 

increasing the possibility of rejecting an Ho (Gravetter and 

Wallnau, 1988) . 
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4.3.1.3 Correlation Analysis. 

The Pearson correlation coefficients were estimated (r) 

to describe the linear relationship of all the variables 

used in the study and to evaluate the degree of 

multicollinearity (Runyon and Haber, 1988). 

Under the null hypothesis that correlation is absent 

Ho: p=0, the sampling distribution of r is symmetric and can 

be transformed using the following equation into a t 

distribution with n-2 degrees of freedom (Oltman and 

Lackritz, 1991): 

f. _ Zyjn-Z 

4.3.2 Multiple Regression Analysis: Complete Model. 

In order to test the null hypothesis of this study, a 

general regression model was used where the weighted average 

of range condition for the individual holdings as the 

dependent variable and land tenure, a set of management 

factors, and a set of biophysical variables were the 

independent variables. 

Assuming that all the variables were considered for our 

study, the proposed general regression model for regression 

analysis was: 
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rc = f(tp) + f{hp, us,  in,  as,  rs,  gd, bu, za) + f(rq, ys,  

pr) + e .  

Where 

e is the stochastic disturbance. 

For the linear regression, the interpretation of the 

coefficients is relatively straightforward, as they express 

the resulting change in the measurement scale of the 

dependent variable for a unit change in the independent 

variable (Kelejian and Oates 1981, Pindick and Rubinfeld 

1991) . 

4.3.3 Multiple Regression Analysis: Reduced Model. 

As a first step, some of the independent variables were 

examined and evaluated for multicollinearity. Whenever the 

problem of multicollinearity was severe enough to warrant 

elimination (r>=0.5), the involved variable was dropped from 

the model. However, there are two problems in this 

procedure: first, which of the two variables should be 

dropped? and second, if there is a theoretical reason for 

including the variable, omitting it will inject bias 

(specification error) into the results (Lewis-Beck, 1989). 

For example, hectares per person is a product of 

rangeland size divided by the number of property right 

holders, that is hp=rs/us, then hectares per person could 
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remain as a transformed variable, useful for ejidos and 

private properties. 

On the other hand, it is possible that grazing 

distribution was a product of infrastructure condition, or 

in other words, that grazing distribution was judged in 

terms of amount and quality of infrastructure observed in 

the ranch unit. Therefore, we could drop grazing 

distribution and keep infrastructure condition. 

Since we do not expect that rangeland condition has 

been improving through the years, the most likely variable 

to be associated to rangeland condition is annual 

precipitation. That is, judgment of rangeland condition has 

been influenced positively in years of good precipitation 

and negatively on the other side. 

Therefore, we could drop the variables rs, gd, ys, and 

us. Thus, the model can be restated as: 

rc = f(tp,  hp, in,  as,  bu, za rq, pr) + e .  

From this model, a best model was estimated using 

forward stepwise regression (Neter et. al. , 1990) . This 

approach is useful and intuitively appealing in that it 

builds models in a sequential fashion and it allows for the 

examination of a collection of models which might not 

otherwise have been examined. 

The forward stepwise regression routine first fits a 

simple linear regression model for each of the independent 



variables against range condition. The inclusion of the 

variables in the model was based on the estimated F* value 

using the following formula 

F* = MSR/MSE 

Where MSR is the regression mean square and MSE is the error 

mean square. The independent variable with the largest F* 

value was the candidate for the first addition. If the 

estimated F* value exceeded an F table value with a 0.05 

level of significance, the independent variable was 

included. Otherwise, the program terminates with no 

independent variable considered sufficiently important to 

enter the regression model. 

The relative importance of the independent variables 

included in the model was evaluated considering the value of 

the partial coefficients of determination, Pr2. The partial 

coefficient of determination measures the relationship 

between the dependent variable and one independent variable 

after controlling for the linear effects of all other 

independent variables in the model (Bails and Pepper, 1993). 
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5. RESULTS 

5.1 Exploratory Analysis. 

5.1.1 Simple Tabulation. 

Since only four ranch units were in excellent 

condition, they were placed together with those found in 

good condition. Based on the methods used by COTECOCA, most 

ranches were found in poor and regular condition, very few 

were graded as in good or excellent condition (Table 1 and 

Figure 1). If we judge acceptable condition as those that 

are in regular, good, or excellent condition, and 

unacceptable those that are in poor condition, than 68.13 

percent of the ranches are in acceptable condition, leaving 

only 31.78 percent in unacceptable condition. Smaller 

numbers are observed in terms of area for poor and good 

range condition categories when compared to percent of 

holdings. There is, however, more area in regular condition 

than the percent of holdings. 

The sample of 480 ranches contained a wide diversity of 

ejidos, private properties, and agrarian communities (See 

Table 2 and Figure 2). In this study, only 6 Indian 

communities were found which were combined with ejidos, 

since most of them are like ejidos. In terms of holdings, 

the sample included more private properties than ejidos and 
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Table 1. Range Condition Distribution by Ranch Using 
Three Categories. 

Range Percent of Percent of 
Condition j Area Holdings 

Poor i 25.91 31.78 
n = 153 I 
Regular | 65.08 51.88 
n = 249 [ 
Good i 9.01 16.25 
n = 78 I 

Total = 480 I 100.00 100.00 

agrarian communities. However, in terms of area, the sampled 

included more area for ejidos (1,014,336 hectares) than area 

for private properties (710,761 hectares). In the study, 

only 49,882 (2.81%) hectares belonged to Indian communities. 

In summary, the sample includes more ranch units that are 

private properties, but more area for ejidos. The mean range 

condition score is greater for ejidos than for private 

properties. 

Table 2. Distribution of Type of Properties. 

Mean 
Type of I Percent of Percent of Range Condition 
Property [ Area Holdings Score 

Ejidos I 57.15 21.04 1.93 
n = 107 I 

Private | 42.85 78.96 1.85 
n = 373 ! 

Total = 480 I 100.00 100.00 
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It was found that, 55.21 percent of the property right 

holders held 1,000 or less hectares (Table 3). The number 

of hectares per property right holder ranged from 4.3 

hectares to 11,985 hectares with an average of 1,467 

hectares and a standard deviation of 1,747 hectares. Most of 

the area is distributed in small areas per holdings. 

Table 3. Distribution of Hectares per Right Holder. 

Human Densityj Mean 
(Hectares per{Percent of Percent of Range Condition 
Person) 1 Area Holdings Score 

4.3- 100 i 25.11 16 .04 1.89 
n = 77 1 

1 
100.1- 500 1 31.33 17 .29 1.77 

n = 83 1 
1 

500.1-1000 1 9.69 21.88 1.88 
n = 105 1 

1 
1000.1-2000 1 7.81 19 .79 1.81 

n = 95 1 
1 

2000.1-3000 1 7 . 91 11.67 1.99 
n = 56 1 1 

3000.1-11985 1 18.35 13 .33 1.92 
n = 64 1 1 

Total = 480 1 100.00 100.00 

NuiT±)er of property right holders per ranch unit ranged 

from 1 to 514 (Table 4), where 3 68 ranches had one person 

and only 5 cases had between 20 and 49 persons. In terms of 

percent of holdings the 1 to 5 category represented more 

than 75% of the sample. In terms of area, this represented 
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less than half of the sample. The number of property right 

holders ranged from 1 to 514. The first interval ranged from 

1 to 19 to include only private properties, the rest of the 

intervals were constructed in increments of 50 each. The 

average number of property right holders was 28 with a 

standard deviation of 73. 

In most cases, the infrastructure used to manage 

livestock, at each holding, was in regular or good condition 

(Table 5). This distribution is almost the same for the 

area of rangeland. 

The ranches sampled were applying different levels of 

stocking rates (Table 6). The average stocking rate was 11.4 

hectares per animal unit per year with a standard deviation 

of 8.9 hectares, ranging from 0.3 hectares to 6 5 hectares 

per animal unit during the whole year. A higher percent of 

holdings were experiencing a heavy stocking rate than the 

area of rangeland. 

The ranches sampled were distributed in different 

sizes. The majority of them had 2,000 or less hectares 

(56.46%), but this represented only 15.63 percent of the 

sampled area (Table 7). The mean ranch size was 3,48 6 

hectares with a standard deviation of 5,965 hectares. The 

size of the ranch units ranged from 40 hectares to 49,716 

hectares. For purpose of tabulation analysis, the classes 
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Table 4. Distribution of Number of Rights Holders per Ranch 
Unit. 

Mean 
# of Property 
Right Holder 

Percent of 
Area 

Percent of 
Holdings 

Range Condition 
Score 

1 39.38 76 .67 1. 85 
n = 368 
2- 5 0.67 1. 04 1. 69 
n = 5 
6- 49 0 . 00 0 . 00 0 . 00 
n = 0 
50- 99 12 . 94 6 .67 2. 02 
n = 32 
100-149 13.10 6 . 88 1. 90 
n = 33 
150-199 10.23 3 .33 1. 87 
n = 16 
200-249 8.56 1. 67 2 . 01 
n = 8 
250-514 15 . 13 3 .73 1. 83 
n = 18 

Total = 480 100.00 100.00 

0 
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Table 5. Condition of Infrastructure for Cattle Management 

Infrastructure| 
Condition | 

Percent of 
Area 

Percent of 
Holdings 

Mean 
Range Condition 

Score 

Bad 1 9 .70 9.79 1.71 
n = 47 1 
Regular j 49 .47 51.88 1.76 
n = 249 1 
Good 1 40 . 83 38 .33 2 . 04 
n = 184 i 

Total = 480 100.00 100.00 

Table 6. Applied Stocking Rate in Numbers of Hectares per 
Animal Unit per Year. 

Stocking j Mean 
Rate in j Percent of Percent of Range Condition 
Ha/AUY I Area Holdings Score 

. 3 - 6 1  18 .46 26 . 25 1 . 75 
n = 126 1 
6.1- 12 1 38 . 95 41. 04 1 . 93 
n = 197 1 
12.1- 18 j 22.20 17.29 1 . 90 
n = 83 1 
18.1- 65 j 20 . 30 15 .42 1 .84 
n = 74 1 

Total = 480 j 100.00 100.00 
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were constructed using 1000 hectares intervals, making 

adjustments in the first and last class. 

Table 7. Distribution of Ranch Unit Size. 

Mean 
Ranch Unit j Percent of Percent of Range Condition 
Size in Has.j Area Holdings Score 

40.0-1000 1 6 .48 34 .17 1.79 
n = 164 j 

1000.1-2000 j 9.15 22.29 1.83 
n = 107 1 

2000.1-3000 j 10.54 14.79 1. 98 
n = 71 j 

3000.1-4000 1 8 .57 8 .75 1.90 
n = 42 ! 

4000.1-497161 65 .27 to
 
o
 
o
 
o
 

1.92 
n = 96 1 

Total = 480 j 100.00 100.00 

Grazing distribution was more or less evenly-

distributed among poor, regular, and good grazing 

distribution categories. This distribution was more or less 

the same in terms of area and in terms of holdings (Table 

8 )  .  

Most of the holdings had no buffel grass pastures 

(Table 9). Where buffel grass was present, the average 

pasture was 3 87 hectares, ranging from 10 to 1719 hectares 



Table 8. Distribution of Observed Grazing Distribution. 

Mean 
Grazing | Percent of Percent of Range Condition 

Distribution j Area Holdings Score 

Poor j 30 .22 34.79 1. 75 
n = 167 1 
Regular | 39 .44 37.08 1. 94 
n = 178 1 
Good I 30.33 28.13 1.91 
n = 135 1 

Total 1 480 100.00 

and a standard deviation of 427 hectares. The percent of 

area and percent of holdings were almost the same. No 

apparent difference was observed in the mean range condit 

score between holding with no-Buffel pastures and ranch 

units with Buffel pastures. 

Table 9. Distribution of Hectares of Buffel Grass. 

Mean 
Buffel Grassj Percent of Percent of Range Condition 

Area Area Holdings Score 

No -Buffel I 
n = 442 i 

Buffel I 
n = 38 

91. 02 

8 . 98 

92 . 08 

7.92 

1. 86 

1.89 
I 

Total = 480 I 100.00 100.00 
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Some of the ranch units had cropping land (Table 10) . 

The average size of the cropping area was 328 hectares with 

a standard deviation of 382, and the values ranged from 10 

to 2277 hectares. A great percentage of the holdings have no 

c ropp i ng 1and. 

Table 10. Distribution of Hectares of Cropping Land 

Cropping 
Land (ha) 

Percent of 
Area . 

Mean 
Percent of Range Condition 
Holdings Score 

No Cropping 
n = 397 
10- 200 
n = 44 
201- 2277 
n = 39 

65.84 

14 .87 

19 .29 

82.71 

9 . 17 

8 . 13 

1. 86 

1.88 

1. 90 

Total = 480 1 100 . 00 100 . 00 

With respect to relative quality of the rangeland, it 

was found that the majority of the ranch units were 

classified as regular quality (65 percent), and only a small 

percentage was graded as excellent quality (Table 11). The 

differences in percentage in terms of area and holdings were 

small, except for the extreme values of quality. 
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Table 11. Distribution of Relative Quality of Ranch Units in 
Terms of Rangeland. 

Mean 
Rangeland | Percent of Percent of Range Condition 
Quality | Area Holdings Score 

Poor 1 14 .97 18 .13 1.55 
n = 87 i 
Regular | 49 .79 46 . 88 2 . 00 
n = 225 i 
Good j 32 . 96 30 . 00 1.86 
n = 141 ! 
Excellent | 2 .28 5 . 00 1.75 
n = 24 1 

Total = 480 1 100.00 100 .00 

Almost fifty percent of the studies were made during 

the period of 1978 to 1980, however, only 25% of the area 

was sampled during this period. In the period of 1981 to 

1985 COTECOCA developed less studies of holding but covered 

almost half of the area. Comparatively, fewer studies were 

made between 1985 and 1993, but they represented almost 29 

percent of the area (Table 12). 

Table 12. Distribution of Study Dates. 
Mean 

Year of { Percent of Percent of Range Condition 
Study I Area Holdings Score 

78- 80 1 25 . 22 47 .29 1.65 
n = 227 1 
81- 85 1 46.09 38 .33 2 .11 
n = 184 ! 
85- 93 1 28.68 14 .38 1.92 
n = 69 1 

Total = 480 i 100.00 100.00 
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The average annual precipitation observed in the State 

of Sonora, during the study period (78-93), was 380 mm, with 

a range of 26 9 mm to 582 mm and a standard deviation of 8 9 

mm. About 51.88 percent of the rangeland studies were done 

in years of below the 380 mm. annual precipitation reported 

by the Comision Nacional del Agua (Table 13) . However, in 

terms of area covered by the studies, most of the area was 

sampled during above average annual precipitation. The 

intervals were constructed considering the mean annual 

precipitation (380 millimeters) in the center of the four 

categories. Apparently, there is a tendency in the mean 

range condition score to improve with better rain 

precipitation. 

Table 13. Distribution of Annual Precipitation in the State 
of Sonora during the Study Period. 

Annual Pre- [ Mean 
cipitation in | Percent of Percent of Range Condition 

mm i Area Holdings Score 

269- 300 1 31.73 48 . 96 1, .65 
n = 235 1 1 

301- 380 ! 5 .13 2 . 92 2 . ,04 
n = 14 1 1 

381- 500 1 44.04 37 .04 2 , .04 
n = 178 1 1 

501- 582 ! 19.10 

o
 

H
 2 . . 17 

n = 53 1 1 

Total = 480 I 100.00 100.00 
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5.1.2 Contingency Analysis. 

Range Condition and Type of Property Relationship: 

According to the calculated chi-square value, compared 

to the chi-square table value and a significant level of 5 

percent, a hypothesis of no relationship among range 

condition and type of property variables was rejected. There 

was a much greater proportion of private holdings in good 

and poor condition than ejido holdings (Table 14). 

Range Condition and Other Variables 

Management Variables 

Hectares per person and the three types of range 

condition are associated (Table 15) , where higher human 

density had the highest proportion of regular condition 

holdings. The number of property rights holders was found to 

be related with range condition at a significant level 

(Table 15), where fewer holders had a greater proportion of 

poor and good condition holdings. 

The condition of the general infrastructure for 

managing cattle was found to be associated with range 

condition (Table 17) , where holdings with good condition 

infrastructure had a higher proportion of good range 



condition holdings. Also, the three types of range condition 

were found to be associated with the applied stocking rate 

(Table 18), where poor condition rangeland was less common 

under lighter stocking rates. 

Ranch unit size and range condition were related (Table 

19), where the proportion of regular condition holding 

increased with increasing ranch size. The observed grazing 

distribution during the development of the ranch studies was 

related to the observed range condition (Table 20), where 

the proportion of poor condition rangeland was maximum for 

areas with bad distribution. Buffel grass pastures were 

associated with range condition (Table 21), where buffel 

pastures had a higher proportion of regular condition 

rangeland but a lower proportion of good condition 

rangeland. Cropping area and range condition was found to be 

related (Table 22), where the proportion of good condition 

rangeland declined and regular condition rangeland increased 

as the area of cropland increased. 

Biophysical Variables. 

Rangeland quality was found to be associated with range 

condition (Table 23), where highest proportion of good and 

regular condition rangeland was found in regular rangeland 

quality. Range condition were related to the year when the 

study was made (Table 24), where the proportion of poor 
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condition rangeland was greatest at the begining of the 

survey. Annual precipitation was found to be related to 

range condition (Table 25), where the proportion of holdings 

with poor condition rangeland was greatest during the driest 

years. 

Therefore, and according to the chi-square analysis, 

range condition is associated with all the variables -in 

their natural form, including type of property and the 

management and biophysical variables. 

Association of Land Tenure and Management Variables. 

Human density was greater for ejidos than for private 

properties (Table 26). In private properties, the average 

number of hectares per person was 1,934 with a standard 

deviation of 2,001 hectares, ranging from 20 to 20,000 

hectares. In the ejidos, the average size per person was 94 

hectares with a standard deviation of 112 hectares and 

ranging from 4.1 hectares to 753 hectares. 

Normally, private properties have one owner (Table 27). 

In the ejidos, the number of owners per ranch unit varied 

widely. The average number of members per ejido was 114 with 

a standard deviation of 103 members, ranging from a minimum 

of 21 to a maximum of 597 members. The number of property 

right holders per ranch unit is different between ejidos and 

private properties. In the sample, the majority of the 
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Table 14. Contingency Table of Type of Property and Three 
Rangeland Condition. 

Type of 1 1 Rangeland Condition | 
Property | Poor Regular Good i Total 

Eji- # 1 18 84 5 1 107 
do s- row'i 16 .82 78.50 4.67 1 100 . 00 

2- col j 11. 76 33 .73 6.41 1 22 .29 

Pri # i 135 165 73 j 373 
vate S- row I 36.19 44.24 19.57 i 100.00 

3, col { 88 . 24 66 .27 93.59 1 77 .71 

To # 1 153 249 78 j 480 
tal 2-0 row 1 31 . 87 51. 88 16.25 j 100.00 

o. col 1 100 . 00 100.00 100.00 1 100.00 

Pearson Chi-square = 40.07 
Pr. = 0.000 
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Table 15. Contingency Table of Hectares per Right Holder and 
Rangeland Condition. 

Hectares | j 
per 1 Rangeland Condition j 

Person | Poor Regular Good { Total 

4 .3 
to 
100 

# ! 16 56 5 1 77 
% row| 20.78 72.73 6.49 { 100.00 
% COl| 10.46 22.49 6.41 j 16.04 

100.1 
to 
500 

#1 35 38 10 1 83 
% rowj 42.17 45.78 12.05 j 100.00 
% coll 22.88 15.26 12.82 | 17.29 

501. 1 
to 

1000 

#1 34 50 21 j 105 
% row] 32.38 47.62 20.00 | 100.00 
% colj 22.22 20.08 26.92 | 21.88 

1000 .1 
to 

2000 

#1 35 44 16 i 95 
% row! 36.84 46.32 16.84 j 100.00 
% colj 22.88 17.67 20.51 [ 19.79 

2000 . 1 
to 

3000 

#1 14 28 14 j 56 
% rowj 25.00 50.00 25.00 j 100.00 
% colj 9.15 11.24 17.95 j 11.67 

To
tal 

# 1 153 249 78 | 480 
% row,' 31.87 51.88 16.25 j 100.00 
% Col| 100.00 100.00 100.00 1 100.00 

Pearson Chi-square = 21.25 
Pr. = 0.000 
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Table 16. Contingency Table of Number of Property Right 
Holders and Rangeland Condition. 

# of Pro- 1 
perty Right} 
Holders | 

Rangeland Condition 
Poor Regular Good Total 

1 # 1 132 164 72 1 1 368 o, *0 row j 35 .87 44 .57 19 . 57 1 1 100.00 
% col j 86.27 65.86 92 .31 1 1 76. 67 

2 # ! 3 1 1 1 1 5 
to % row| 60 . 00 20 . 00 20 . 00 1 1 100.00 
5 % col 1 1. 96 0.40 1 .28 1 1 1.04 

50 # 1 4 26 2 1 1 32 
to % row { 12 .50 81.25 6 . 25 1 1 100.00 
99 % col 1 2.61 10 .44 2 . 56 1 1 6 . 67 

100 # i 6 25 2 1 1 33 
to % row 1 18 .18 75.76 6 . 06 1 1 100.00 
199 o, Q col i 3 . 92 10 .04 2 . 56 1 1 6 . 88 

200 # 1 6 17 1 1 1 24 
to % row 1 25 . 00 70 . 83 4 . 17 1 I 100.00 
299 % col I 3 . 92 6.83 1 .28 1 1 5 . 00 

200 # 1 2 16 0 1 1 18 
to % row| 11. 11 88 .89 0 . 00 1 1 100.00 
514 % col j 1.31 6.43 0 . 00 1 1 3 .75 

To # 1 153 249 78 1 1 480 
tal % row j 31.87 51.88 16 .25 1 1 100 .00 

% col 1 100.00 100.00 100 .00 1 1 100 .00 

Pearson Chi-square = 36.72 
Pr. = 0.000 
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Table 17. Contingency Table of Infrastructure Condition and 
Rangeland Condition. 

Infrastruc
ture Condi
tion 

Rangeland Condition 
Poor Regular Good Total 

Bad # 
% row 
% col 

21 21 5 
44.68 44.68 10.64 
13.73 8.43 6.41 

47 
100.00 
9.79 

Re
gu
lar 

# 
% row 
% col 

88 135 26 
35.34 54.22 10.44 
57.52 54.22 33.33 

249 
100.00 
51. 88 

Good # 
% row 
% col 

44 93 47 
23.91 50.54 25.54 
28.76 37.35 60.26 

184 
100.00 
38.33 

To
tal 

Total 153 249 78 
31.87 51.88 16.25 
100.00 100.00 100.00 

480 
100.00 
100 . GO 

Pearson Chi-square = 23.57 
Pr. = 0.000 
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Table 18. Contingency Table of Applied Stocking Rate and 
Rangeland Condition. 

Stocking j 
Rate in j Rangeland Condition 
Has./AUY } Poor Regular Good Total 

.3 
to 
6 

# i 45 70 11 
% row', 35.71 55.56 8.73 
% col| 29.41 28.11 14.10 

126 
100.00 
26 .25 

6 .1 
to 
12 

#1 65 86 46 
% row| 32.99 43.65 23.35 
% colj 42.48 34.54 58.97 

197 
100.00 
41.04 

12 .1 
to 
18 

# 1  21 52 10 
% row| 25.30 62.65 12.05 
% colj 13.73 20.88 12.82 

83 
100.00 
17.29 

1 
H
 

1 1 
00 
0
 LD 

1 
H
 iJ 

VD 
1 

#1 22 41 11 
% rowj 29.73 55.41 14.86 
% colj 14.38 16.47 14.10 

74 
100.00 
15.42 

To
tal 

# i 153 249 78 
% row| 31.87 51.88 16.25 
% col| 100.00 100.00 100.00 

480 
100.00 
100.00 

Pearson Chi-square = 18.31 
Pr. = 0.006 
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Table 19. Contingency Table of Ranch Unit Size and Rangeland 
Condition. 

Ranch Unit | 
Size in | 
Hectares { 

Rangeland Condition 
Poor Regular Good 

1 1 1 1 1 1 Total 

40 
to 
1000 

1 # 1 
1 % row j 
1 % col} 

68 
41.46 
44 .44 

65 
39 . 63 
26 .10 

31 
18 . 90 
39 . 74 

1 I 1 1 1 1 

164 
100 . 00 
34 .17 

1001 
to 
2000 

1 # 1 
1 % row{ 
1 % colj 

38 
35 . 51 
24 . 84 

51 
47.66 
20.48 

18 
16 .82 
23 . 08 

1 1 1 1 
1 
1 

107 
100 . 00 
22 . 29 

2001 
to 
3000 

! # 1 
{ % row j 
1 % col{ 

17 
23 . 94 
11. 11 

38 
53 . 52 
15 .26 

16 
22 . 54 
20 . 51 

1 1 1 1 1 1 

71 
100.00 
14 . 79 

3001 
to 
4000 

i # 1 
j % row 1 
i % colj 

9 
21.43 
5 .88 

30 
71.43 
12 . 05 

3 
7 .14 
3 .85 

1 1 1 1 1 1 

42 
100 .00 
8 . 75 

4001 
to 
49716 

1 # 1 
1 % row 1 
i % col| 

21 
21.88 
13 .73 

65 
67.71 
26 .10 

10 
10 .42 
12 . 82 

1 1 1 1 1 1 

96 
100.00 
20 . 00 

To
tal 

i ^ i 
i % row j 
j % col 1 

153 
31.87 
100.00 

249 
51. 88 
100.00 

78 
16.25 
100.00 

1 1 1 1 1 1 

480 
100.00 
100.00 

Pearson Chi-square = 30.51 
Pr. = 0.000 
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Table 20. Contingency Table of Grazing Distribution and 
Rangeland Condition. 

Grazing 
Distribu
tion 

Rangeland Condition 
Poor Regular Good Total 

Bad # 
% row 
% col 

69 74 24 
41.32 44.31 14.37 
45.10 29.72 30.77 

167 
100.00 
34 .79 

Re
gu
lar 

# 
% row 
% col 

43 107 28 
24.16 60.11 15.73 
28.10 42.97 35.90 

178 
100 .00 
37 . 08 

Good # 
% row 
% col 

41 68 26 
30.37 50.37 19.26 
26.80 27.31 33.33 

135 
100 .00 
28 .13 

To
tal 

# 
% row 
% col 

153 249 78 
31.87 51.88 16.25 
100.00 100.00 100.00 

480 
100 .00 
100.00 

Pearson Chi-square = 13.47 
Pr. = 0.009 
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Table 21. ConCingency Table of Buffel Grass and Rangeland 
Condition. 

Buffel 1 Rangeland Condition 
Grass 1 1 Poor Regular Good 1 Total 

No 1 1 # ! 145 222 75 1 442 
Bu 1 3-1 ^ row 1 32 . 81 50 .23 16.97 j 100.00 
ffel 1 S-1 " col 1 94 .77 89 .16 96.15 1 92 . 08 

Bu 1 1 # ! 8 27 3 I 38 
ffel 1 s-1 ^ row j 21. 05 71. 05 7.89 j 100.00 

1 s-1 ^ col 1 5 .23 10 .84 3.85 1 7.92 

To 1 1 # ! 153 249 78 1 480 
tal 1 s-1 ^ row 1 31.87 51.88 16.25 1 100.00 

1 i-1 ^ col 1 100.00 100.00 100.00 j 100.00 

Pearson Chi-square = 6.21 
Pr. = 0.045 

* 
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Table 22. Contingency Table of Cropping Area and Rangeland 
Condition. 

Cropping j 
Land in } Rangeland Condition 
Hectares j Poor Regular Good j Total 

+ 1 1 # 1 138 184 75 j 397 
0 ! % row { 34 .76 46 .35 18 .89 j 100.00 1 1 % col 1 90 .20 73 . 90 96 .15 i 82 . 71 

1 ! # 1 10 32 2 1 44 
to 1 % row 1 22 .73 72 .73 4 .55 j 100.00 
200 i % col 1 6.54 12 .85 2 .56 j 9 . 17 

200.11 # 1 5 33 1 1 39 
to 1 % rov; j 12.82 84 . 62 2 .56 1 100.00 
2277 i % col 1 3 .27 13 . 25 1 .28 1 8 . 13 

To- 1 # 1 153 249 78 1 480 
tal } % row} 31.87 51. 88 16 .25 1 100.00 I 1 % col 1 100.00 100.00 100 .00 I 100.00 

Pearson Chi-square = 30.63 
Pr. = 0.000 
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Table 23. Contingency Table of Rangeland Quality and 
Rangeland Condition. 

Rangeland 
Quality 

Rangeland Condition 
Poor Regular Good Total 

Poor # 
% row 
% col 

46 35 6 
52.87 40.23 6.90 
30.07 14.06 7.69 

87 
100.00 
18 .13 

Re
gu
lar 

# 
% row 
% col 

45 135 45 
20.00 60.00 20.00 
29.41 54.22 57.69 

225 
100.00 
46 .88 

Good # 
% row 
% col 

51 70 23 
35.42 48.61 15.97 
33.33 28.11 29.49 

144 
100.GO 
30 . 00 

Ex
ce
llent 

# 
% row 

: % col 

11 9 4 
45.83 37.50 16.67 
7.19 3.61 5.13 

24 
100.00 

5 .00 

To
tal 

# 
% row 
% col 

153 249 78 
31.87 51.88 16.25 
100.00 100.00 100.00 

480 
100.00 
100.00 

Pearson Chi-square = 37.05 
Pr. = 0.000 
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Table 24. Contingency Table of Year of Study and Rangeland 
Condition. 

Year | 1 1 
of 1 Rangeland Condition 1 1 

Study 1 Poor Regular Good 1 1 Total 

78 ! # 1 117 77 33 1 1 227 
to 1 % row 1 51.54 33 . 92 14 . 54 1 1 100.00 
80 i % colj 76 .47 30 . 92 42 .31 1 1 47.29 

81 1 # 1 24 120 40 1 1 184 
to 1 % row 1 13.04 65 .22 21.74 1 1 100 . 00 
85 ! % col 1 15 . 69 48 . 19 51 .28 1 1 38 .33 

86 ! # 1 12 52 5 1 1 69 
to 1 % row j 17.39 75 .36 7.25 1 1 100 .00 
93 1 % coli 7.84 20 . 88 6.41 1 1 14 .38 

To 1 # 1 153 249 78 1 1 480 
tal 1 % row I 31.87 51. 88 16 .25 1 

I 100 .00 
1 % coli 100.00 100 .00 100.00 1 1 100.00 

Pearson Chi-square = 87.58 
Pr. = 0.000 
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Table 25. Contingency Table of Average Annual Precipitation 
and Rangeland Condition. 

Annual 
Precipita
tion (mm) 

1 1 
Rangeland Condition | 

Poor Regular Good j Total 

269 
to 
300 

# 
% row 
% col 

120 82 33 1 235 
51.06 34.89 14.04 i 100.00 
78.43 32.93 42.31 | 48.96 

301 
to 
400 

# 
% row 
% col 

21 79 20 i 120 
17.50 65.83 16.67 | 100.00 
13.73 31.73 25.64 j 25.00 

401 
to 
500 

# 
% row 
% col 

12 44 16 1 72 
16.67 61.11 22.22 j 100.00 
7.84 17.67 20.51 1 15.00 

501 
to 
582 

# 
% row 
% col 

0 44 9 i 53 
0.00 83.02 16.98 1 100.00 
0.00 17.67 11.54 1 11.04 

To
tal 

# 
% row 
% col 

153 249 78 | 480 
31.87 51.88 16.25 j 100.00 
100.00 100.00 100.00 1 100.00 

Pearson Chi-square = 88.02 
Pr. = 0.000 
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Table 26. Contingency Table of Hectares per Right Holder and 
Type of Property. 

Human Den- } j 
sity (Hec- | Type of Property j 
tares/person) j Ejido Private \ Total 

4 
to 
100 

# 1 
% row 1 
% col 1 

71 
92 .21 
66 .36 

6 
7.79 
1. 61 

1 1 1 1 1 1 

1 
O
 

1 
o
 o
 

1 
o
 

1 
O

 H 
1 

H 
1 1 

101 
to 
500 

# 1 
%• row 1 
% col 1 

32 
38 . 55 
29 . 91 

51 
61.45 
13 .67 

1 1 1 1 1 1 

83 
100.00 
17.29 

501 
to 
11985 

# I 
% row 1 
V col I 

4 
1.25 
3 . 74 

316 
98 .75 
84 . 72 

1 1 1 1 1 1 

320 
100.00 
66 .67 

To
tal 

# 1 
% row 1 
% col 1 

107 
22.29 
100.00 

373 
77 .71 
100.00 

1 1 1 1 1 1 

480 
100 .00 
100.00 

Pearson Chi-square = 311.75 
Pr. = 0.000 



Table 27. Contingency Table of Number of Property Right 
Holders and Type of Property. 

Number of ] 
Property } 
Holders | 

Type of 
Ej ido 

Property 
Private 

1 1 1 1 1 1 Total 

1 i 
to 1 
49 i 

# 1 
% row 1 
% col j 

0 
0.00 
0 . 00 

368 
100 . 00 
98 .66 

1 1 1 1 1 1 

368 
100.00 
76 . 67 

1 j 
to j 
50 j 

# 1 
% row 1 
% col { 

32 
86.49 
29 . 91 

5 
13 .51 
1.34 

1 1 1 1 1 1 

37 
100 . 00 
7 . 71 

51 1 
to 1 
100 { 

# 1 
% row j 
% col I 

33 
100.00 
30 .84 

0 
0 . 00 
0 . 00 

1 1 1 1 1 1 

33 
100 . 00 
6 . 88 

101 i 
to 1 
200 1 

# 1 
% row} 
% col 1 

24 
100.00 
22 .43 

0 
0 . 00 
0.00 

1 1 1 1 1 1 

24 
100.00 
5 . 00 

201 1 
to 1 
514 j 

# 1 
% row| 
% coll 

18 
100.00 
16 . 82 

0 
0 . 00 
0 . 00 

1 1 1 1 1 1 

18 
100.00 
3 .75 

To- 1 
tal 1 

1 1 

# 1 
% row 1 
% col| 

107 
22.29 
100.00 

373 
77 . 71 
100.00 

1 1 1 1 1 1 

480 
100.00 
100.00 

Pearson Chi-square = 455.04 
Pr. = 0.000 
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private properties had just one owner. A small group of 9 

private properties had more than one owner. On the other 

hand, the ejidos had more than 20 and up to 618 members. The 

majority of the ejidos had between 20 and 200 members. 

A greater proportion of infrastructure found in good or 

regular condition was located on private property compared 

to ejidos (Table 28). 

The proportion of ejidos with the highest stocking rate 

was greater than for private properties (Table 29). However, 

stocking rates for private properties and ejidos 

look alike in terms of average, standard deviation, and 

ranges. 

In general, ranch units are larger for ejidos than for 

private properties (Table 30). In private properties, the 

mean of the ranch size was 1,971 hectares with a standard 

deviation of 2,076 and a range of 20 to 20,000. In the 

ejidos, the mean of the ranch units was 8,475 hectares with 

a standard deviation of 9,713 hectares and ranging from 233 

hectares to 50,442 hectares. 

Grazing distribution was comparable between private 

properties and ejidos (Table 31). 

A greater proportion of ejido properties has buffel 

grass pastures than private properties (Table 32). The 

buffel grass pastures average size in private properties was 

699 hectares with a standard deviation of 1012 hectares, 
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ranging from 15 hectares to 2882 hectares. In ejidos, the 

average size of buffel grass pastures was 3 80 hectares with 

a standard deviation of 476 hectares, ranging from 10 to 

3890 hectares. 

Most of the cropping areas were found in ejidos, where 

77 ejidos included in the sample have cropping land (Table 

33), compared to only 6 of private properties. 

Association of Land Tenure and Biophysical Variables. 

The distribution of holdings with different range 

qualities was not different between private and ejido tenure 

systems (Table 34). 

The majority of the studies for private properties 

were completed during 1978 to 1985, whereas the majority of 

ejido properties were studied after 1985 (Table 35) . 

The majority of private properties were studied in 

years with annual precipitation =< 300 mm, whereas the 

majority of rangeland studies for ejidos were obtained in 

years with > 400 mm annual precipitation (Table 36). 

5.1.3 Correlation Analysis. 

According to the estimated t values for the correlation 

coefficients between range condition and the management and 

biophysical variables (Table 37), there is a positive linear 
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Table 28. Contingency Table of Infrastructure Condition and 
Type of Property. 

Infrastruc
ture Condi
tion . 

Type of Property 
Ejido Private Total 

Bad # 
% row 
% col 

20 27 
42.55 57.45 
18.69 7.24 

47 
100 .00 
9 . 79 

Re
gu
lar 

# 
% row 
% col 

67 182 
26.91 73.09 
62.62 48.79 

249 
100 .00 
51.88 

Good # 
% row 
% col 

20 164 
10.87 89.13 
18.69 43.97 

184 
100 . 00 
38 . 33 

To
tal 

# 
% row 
% col 

107 373 
22.29 77.71 
100.00 100.00 

480 
100.00 
100.00 

Pearson Chi-square = 28.06 
Pr. = 0.000 
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Table 29. Contingency Table of Applied Stocking Rate and 
Type of Property. 

Applied Stoc
king Rate 
Has./AUY 

Type of Property 
Ej ido Private Total 

. 3 
to 
6 

# 
% row 
% col 

37 89 
29.37 70.63 
34.58 23.86 

126 
100.00 
26.25 

7 
to 
12 

# 
% row 
% col 

38 159 
19.29 80.71 
35.51 42.63 

197 
100.00 
41.04 

13 
to 
18 

# 
% row 
% col 

19 64 
22.89 77.11 
17.76 17.16 

83 
100.00 
17 . 29 

19 
to 
65 

# 
% row 
% col 

13 61 
17.57 82.43 
12.15 16.35 

74 
100.00 
15 . 42 

To
tal 

# 
% row 
% col 

107 373 
22.29 77.71 
100.00 100.00 

480 
100.00 
100.00 

Pearson Chi-square = 5.63 
Pr. = 0.131 
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Table 30. Contingency Table of Ranch Unit Size and Type of 
Property. 

Ranch Unit [ 
Size I 
(Has.) 1 

Type of Property 
Ej ido Private Total 

40 # ! 8 156 1 1 164 
to % row 1 4 . 88 95 .12 1 1 100 . 00 
1000 o col 1 7.48 41.82 1 1 34 .17 

1001 # ! 11 96 1 1 107 
to % row 1 10 . 28 89 .72 1 1 100 . 00 
2000 % col j 10 .28 25 .74 1 

1 22 .29 

2001 # i 14 57 1 
1 71 

to % row j 19.72 80.28 1 
1 100 . 00 

3000 % col j 13 .08 15 .28 1 
1 14 .79 

3001 # 1 14 28 1 
1 42 

to % row I 33.33 66 .67 1 
1 100 . 00 

4000 % col 1 13 . 08 7.51 1 
1 8 .75 

4001 # i 60 36 1 
1 96 

to % row j 62.50 37.50 1 
1 100 . 00 

49716 % col I 56 .07 9.65 1 1 20 . 00 

To # i 107 373 1 1 480 
tal % row j 22 .29 77.71 1 1 100 .00 

% col j 100.00 100.00 1 1 100 . 00 

Pearson Chi-square = 13 0.44 
Pr. = 0.000 
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Table 31. Contingency Table of Grazing Distribution and Type 
of Property. 

Grazing j 
Distribution| 

Type of 
Ej ido 

Property 
Private 

1 1 1 1 Total 

Poor { 
1 1 1 1 

# 1 
% row 1 
% col 1 

35 
20 . 96 
32 . 71 

132 
79 .04 
35.39 

1 1 1 1 1 1 

167 
100.00 
34 . 79 

Re- 1 
gu- 1 
lar 1 

# 1 
% row j 
% col 1 

46 
25 . 84 
42 . 99 

132 
74 .16 
35.39 

1 1 1 1 1 1 

178 
100.GO 
37. 08 

Good 1 
1 1 1 1 

# 1 
% row 1 
% col 1 

26 
19.26 
24 .30 

109 
80 .74 
29 .22 

1 1 1 1 1 1 

135 
100.00 
28 .13 

To- 1 
tal 1 

1 1 

# ! 
% row [ 
% col { 

107 
22 . 29 
100.00 

373 
77 .71 
100 .00 

1 1 1 1 1 1 

480 
100.00 
100.00 

Pearson Chi-square = 2.18 
Pr. = 0.336 
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Table 32. Contingency Table of Buffel Grass Area and Type of 
Property. 

Buffel 
Grass Type of Property 

Ejido Private Total 

No # 
% row 
% col 

76 366 
17.19 82.81 
71.03 98.12 

442 
100.00 
92 .08 

Yes # 
% row 
% col 

31 7 
81.58 18.42 
28.97 1.88 

38 
100 .00 
7 . 92 

To
tal 

# 
% row 
% col 

107 373 
22.29 77.71 
100.00 100.00 

480 
100 . 00 
100 .00 

Pearson Chi-square = 83.74 
Pr. = 0.000 



Table 33. Contingency Table of Cropping Area and Type 
Property. 

Cropping 
Area 
(Has) 

Type of Property 
Ejido Private Total 

No # 
% row 
% col 

30 367 
7.56 92.44 
28.04 98.39 

397 
100.00 
82.71 

1 
to 
200 

# 
% row 
% col 

38 6 
86.36 13.64 
35.51 1.61 

44 
100.00 
9 . 17 

201 
to 
2277 

# 
% row 
% col 

39 0 
100.00 0.00 
36.45 0.00 

39 
100.00 
8.13 

To
tal 

# 
% row 
% col 

107 373 
22.29 77.71 
100.00 100.00 

480 
100.00 
100.00 

Pearson Chi-square = 28 9.99 
Pr. = 0.000 



Table 34. Contingency Table of Rangeland Quality and Type 
Property. 

Rangeland 
Quality 

Type of Property 
Ej ido Private Total 

Poor # 
% row 
% col 

15 72 
17.24 82.76 
14.02 19.30 

87 
100.00 
18.13 

Re
gu
lar 

# 
% row 
% col 

59 166 
26.22 73.78 
55.14 44.50 

225 
100.00 
46 . 88 

Good 
% row 
% col 

30 114 
20.83 79.17 
28.04 30.56 

144 
100.00 
30.00 

Ex
ce
llent 

# 
% row 
% col 

3 21 
12.50 87.50 
2.80 5.63 

24 
100.00 

5 . 00 

To
tal 

# 
% row 
% col 

107 373 
22.29 77.71 
100.00 100.00 

480 
100.00 
100.00 

Pearson Chi-square = 4.79 
Pr. = 0.188 



Table 35. Contingency Table of Year of Study and Type 
Property. 

Year 
of 

Study 
Type of Property 
Ejido Private Total 

78 
to 
80 

# 
% row 
% col 

10 217 
4.41 95.59 
9.35 58.18 

227 
100.00 
47 . 29 

81 
to 
85 

% row 
% col 

39 145 
21.20 78.80 
36.45 38.87 

184 
100.00 
38 . 33 

86 
to 
93 

# 
% row 
% col 

58 11 
84.06 15.94 
54.21 2.95 

69 
100.00 
14 .38 

To
tal 

# 
% row 
% col 

107 373 
22.29 77.71 
100.00 100.00 

480 
100 . 00 
100.00 

Pearson Chi-square = 194.01 
Pr. = 0.000 
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Table 36. Contingency Table of Annual Precipitation and Type 
of Property. 

Annual Pre
cipitation 

(mm) 
Type of Property 
Ejido Private Total 

269 
to 
300 

# 
% row 
% col 

19 216 
8.09 91.91 
17.76 57.91 

235 
100.00 
48.96 

301 
to 
400 

# 
% row 
% col 

32 88 
26.67 73.33 
29.91 23.59 

120 
100.00 
25 . 00 

401 
to 
500 

# 
% row 
% col 

23 49 
31.94 68.06 
21.50 13.14 

72 
100 .00 
15 . 00 

501 
to 
582 

# 
% row 
% col 

33 20 
62.26 37.74 
30.84 5.36 

53 
100.00 
11. 04 

To
tal 

# 
% row 
% col 

107 373 
22.29 77.71 
100.00 100.00 

480 
100.00 
100 . 00 

Pearson Chi-square = 81.46 
Pr. = 0.000 
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Table 37. Correlation Matrix Between rc, tp, hp, us, in, as, 
rs, rq, ys, gd, pr, bu, and za using a Sample Size 
of 480 Cases. 

1 1 rc tp hp us in 

rc 1 1 . 0000 
tp i -0 . 0530 1 . 0000 
hp 1 0 . 0528 0 .4161* 1 . 0000 
us 1 0 . 0179 -0 . 6786* -0 . 2900* 1 . 0000 
in 1 0 .1986* 0 .2418* 0 . 1745* -0 . 1486* 1 . 0000 
as I -0 . 0081 -0 . 1242* -0 .2030* 0 . 0797 -0 .0518 
rs I 0 . 0243 -0 .5053* 0 . 0503 0 .5258* 0 . 0356 
rq i 0 . 0882 0 .0151 0 . 0601 -0 . 0359 0 . 1119* 
ys 1 0 .1922* -0 . 6074* -0 . 1233* 0 .3139* -0 .2291* 
gd i 0 .1047* 0 . 0118 -0 . 0482 -0 . 0194 0 . 3257* 
pr 1 0 .2907* -0 .3996* -0 .1278* 0 .1756* -0 . 1454* 
bu 1 -0 . 0229 -0 .2240* -0 . 1011* 0 .1131* -0 . 0293 
za j 0 . 0006 -0 .2242* -0 . 1037* 0 .1635* -0 .0687 

1 1 as rs rq ys gd 

as 1 1.0000 
rs i -0.0784 1.0000 
rq ! 0.0261 -0.0096 1 . 0000 
ys 1 0.1248* 0.2399* -0 .0924* 1 . 0000 
gd 1 0.0717 0.0920* -0 .0000 -0 .1036* 1, .0000 
pr 1 0.0538 0.1931* -0 . 0273 0 . 5860* 0 . 0341 
bu j 0.2182* -0.0457 0 .0905* 0 .2081* -0 .0060 
za 1 0.2737* -0 .0220 0 . 0632 0 .1913* -0 .0013 

1 pr bu za 
+ 

pr 1 1.0000 
bu I 0.0865 1.0000 
za I 0.0632 0.2060* 1.0000 

* significant at 0.05 percent level. 
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relationship between range condition and infrastructure 

condition, year of study, grazing distribution, and average 

annual precipitation. There were no linear relationships 

between range condition and type of property. Private 

property was positively correlated with hectares per 

property right holder and infrastructure condition. Private 

property was negatively correlated with number of property 

right holders, applied stocking rate, ranch size, year of 

study, annual precipitation, percentage of buffel grass, and 

percentage of cropping area. No linear relationship was 

observed between type of property and rangeland quality or 

between type of property and grazing distribution. 

5.2. Regression Results: 

5.2.1 Multiple Regression: Complete Model. 

According to the results of the complete model (Table 

38), only four variables are positively related to rangeland 

condition (rc): being infrastructure condition (in), 

rangeland quality (rq), year of study (ys), and annual 

precipitation during the year of the study (pr). The model 

was significant, with an adjusted R square of 0.1497. 

5.2.2 Multiple Regression: Reduced Model. 

From the complete model, the variables ranch unit size, 

grazing distribution, year of study, and number of property 
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right holders were dropped due to multicollinearity probleins 

with infrastructure, precipitation, and holder density 

respectively. In the reduced model, the only variables found 

significant were infrastructure condition and average annual 

precipitation (Table 39) . On the other hand, the variables: 

type of property, human density, applied stocking rate, 

range quality, and the percentages of buffel grass and 

cropping area were not significant. The model in general was 

significant and the variables explain about 13.90% of the 

variation in rangeland condition. 

The best model obtained from the reduced model uses 

only precipitation and infrastructure condition (Table 40, 

Figure 3 and 4) . This best model explains 14.02 percent of 

range condition variation. In terms of importance, measured 

by the partial coefficient of determination (Pr2), 

precipitation accounts for 10.87 percent of the variation on 

range condition compared to a 6.48 percent for 

infrastructure condition. 
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Table 38. Proposed Model: rc = f(tp hp us in as rs gd bu za 
rq ys pr), where tp=0 if Ejido and tp=l if Private 
Property. 

Dependent Variable = Rangeland Condition 

Independent| Coeffi Standard Estimated 
Variables } cients Errors. t values P>|t 1 

tP 1 .0654261 .1283617 0 .510 0 . 611 
hp 1 .0000222 . 0000193 1.148 0 . 252 
us i .000638 . 0005467 1.167 0 . 244 
in j .2454608 . 048685 5 . 042 0 . 000 * 

as 1 -.0331448 .1263957 -0 .262 0 .793 
rs j -.0000111 6 . 30e-06 -1.758 0 . 079 
gd 1 .0385624 . 0377135 1.023 0 .307 
bu 1 -.0036162 . 0023237 -1.556 0 . 120 
za i -.0005699 .0016643 -0 .342 0 . 732 

1 .0721374 .0353353 2 .042 0 . 042 * 

ys 1 .0301111 . 0127224 2 .367 0 .018 • 
pr 1 .0020247 .0003884 5 .214 0 . 000 

_cons 1 -2 .169424 1.061526 -2 .044 0 . 042 • 

* Significant at a 0.05 level 
Prob >F = 0.0000 
R-square = 0.1710 
Adj R-square = 0.1497 
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Table 39. Regression Results for the Reduced Model rc = 
f(tp hp in as bu za rq pr) . 

Independent} Coeffi- Standard Estimated 
Variables | cients Error t value P>it| 

+ 
tp 1 -.0113855 . 0825508 -0 .138 0 .890 
hp 1 .0000186 . 0000178 1 . 044 0 .297 
in 1 .2378067 .0455022 5 .226 0 . 000* 
as I .0083737 .1262569 0 .066 0 . 947 
bu 1 -.0025395 .0022972 -1 .105 0 .270 
za j .0001337 .0016553 0 .081 0 . 936 

1 .0595396 .0351663 1 .693 0 .091 
pr 1 .0024439 .00034 7 . 187 0 . 000* 
cons I .3078026 .2455526 1 .254 0 .211 

Number of obs = 480 
Prob > F = 0.0000 
R-square = 0.1534 
Adj R-square = 0.13 90 
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Table 40. Best Linear Regression Model and Partial 
Coefficient of Determination. 

Independent| Coeffi Estimated F to 
Variables | cients . t Value P>itl Enter Pr2 

in j . 2533241 5 . 746 0.000* 33 . 01 . 0648 
pr 1 . 0023917 7 . 624 0.000* 44 . 13 . 1087 

_cons 1 .4270917 2 . 602 0.010* 

Number of obs = 48 0 
Prob > F = 0.0000 
R-square = 0.143 8 
Adj R-square = 0.1402 
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Figure 4. Relationship Between Range Condition and Infrastructure. 
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6. DISCUSSIONS 

5.1 Range Condition. 

The quantitative climax approach of measuring range 

condition has been used for a long time (Dyksterhuis, 194 9). 

This traditional method has been classified as simple and 

suitable for management purposes (Pamo et. al. 1991, 

Scarnecchia 1995) . The intention of the method is to 

measure how well the observed vegetation of an specific area 

represents the potential natural plant community for that 

area ( Vallentine 1990, Jameson 1970, and Bonham 1989) . 

According to Smith (1989) measuring range condition, 

based on the climax approach, could present the following 

problems: In the first place, the desirable biological scale 

of poor to excellent may conflict with management objectives 

and may produce a negative psychological effect; second, 

there are difficulties in defining the climax vegetation; 

third, the concept does not consider exotic species because 

they are not part of climax. Smith (1989) recommended 

changing the concept of range condition based mainly on soil 

characteristics instead of vegetation composition. 

The procedure implemented in Mexico was based on the 

quantitative climax approach with some bias in favor of a 

forage productivity for livestock (COTECOCA, 1974). 

Therefore, if a ranch is found in excellent condition, it 
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does not necessarily mean that the climax plant community is 

present, but could mean that all the existing kinds, 

proportions, and amounts of plants are most desirable in 

terms of cattle production. 

6.2 Range Condition and Land Tenure. 

Range condition, as measured by the adapted 

quantitative climax approach, was not linearly related to 

land tenure in Sonora. However, the chi-square test showed 

that ejidos and private properties had different 

distributions of rangeland condition classifications. 

These linear regression results are in agreement with common 

property theory stating that resource degradation is not a 

problem of land tenure but a problem of property right 

assignments and a well established legal system that should 

be able to enforce them (Bromley 1985, Bromley 198 9, Larson 

and Bromley 1990, Ostrom 1986, Stevenson 1991, and Whitaker 

and Wennergren 1978). These results are also contrary to an 

expected direct positive linear relationship between range 

condition in favor of private property (Demsetz 1967, 

Furubotn and Pejovich 1972, and Hardin 1968). On the other 

side, the results of there being no direct relationship 

between range condition and type of property, but different 

distributions, strengthens the possibility that other 
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management and biophysical factors could be influencing the 

observed range condition scores (Wilson and Thompson, 1993). 

6.3 Rangeland Condition and Management Variables. 

6.3.1 Range Condition and Hectares per Property Right 
Holder. 

The direct linear relationship between rangeland 

condition and human density was not demonstrated by this 

study, but chi-square showed a difference. Some authors like 

Blaikie et. al. (1992), Everett (1978), and Wardford (1990), 

stated that many of the environmental problems observed have 

been related to income distribution and poverty. When 

pastoralists need more income they place more pressure over 

the land resource. Net returns are maximized in stocking 

rates in excess of a critical rate (Hart, 1978). On the 

other hand, ranchers with more wealth considered the health 

of the environment to be important in the management of the 

natural resources (Rowan, 1994b). 

In terms of value, low-income level people use higher 

discount rates than others do, placing a high value on 

actual consumption relative to the future production 

(Hartwick and Olewiler, 1986). In studies of deforestation 

in Haiti and desertification in the Sahel, Warford (1990) 

concluded that this is not a problem of just poverty, but 

political and administrative structures and economic 
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incentives that induce the poor and the not so poor, guided 

by short term gains, to cut trees or to abuse the earth's 

soil. 

On the other hand, low income is a constant among the 

ejidatarios, like the ones from the henequen regions in 

Yucatan (Banos, 1989) . Aguirre (1976) estimated that ejidos 

are more or less adequate in reference to rangeland size, 

however, size per person is very low, placing a lot of 

pressure on the available resources. 

6.3.2 Range Condition and Number of Property Right Holders. 

Range condition and number of property right holders 

were not linearly related, however, a significant chi square 

value was obtained. In some other studies there is some 

information that could relate range condition with number of 

property right holders. For example, in terms of production, 

Stevenson (1991) found that milk productivity was negatively 

related to the number of right holders, being better for 

smaller groups than for larger groups. This is probably due 

to the ability of small groups to organize better than 

larger groups. Stevenson (1991) also notes that resource 

users and resource owners are not always the same, however, 

the number of owners are more significant, since the owners 

normally establish the rules of use of the resource, and not 

those who rented or leased the resource. This is in 
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agreement with Bromley (1985) and Ostram (1986) where they 

established a small number of users is required for 

sustainable use of a resources. 

6.3.3 Range Condition and Infrastructure Condition. 

Infrastructure condition was found to be positively 

related with rangeland condition and similar chi-square 

results were found. This suggest that with better 

infrastructure rangeland condition can be improved. This 

result is in agreement with the expectations, that better 

infrastructure conditions could mean better grazing 

distribution and better management of the rangeland 

resources (Vallentine 1990). This is a factor that should be 

considered to improve range1ands. For example, Yates (1981) 

indicates that only 3 3 percent of private properties and 

ejidos have infrastructures that could be classified as 

regular or in good condition, compared to 90 percent 

observed in our study. 

6.3.4 Range Condition and Stocking Rate. 

In our study, no direct linear relationship was 

observed between range condition and stocking rate, but 

significant chi square results were observed. Therefore, 

stocking rates distributions are different under the three 

different range conditions scores. These could mean that. 
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ranch managers act differently under a situation of poor 

range condition, than for a regular condition situation, and 

for a good condition situation. Probably, other factors 

influence ranch managers behavior also. 

It is known that stocking rate and grazing systems can 

modify the botanical composition of a vegetation community 

(Hart et. al., 1993b). 

In other places, a study designed to determine if 

standing crop could be maintained as stocking rate 

increases, Ralphs et. al. (1990) used a four stocking rate 

treatment that ranged from the recommended stocking rate for 

continuous grazing to 2.5 times the recommended rate. The 

results of this experiment showed that there was little 

change in frequency and composition for short grasses. 

However, for mid-size grasses frequency and composition 

declined. Fusco et. al. (1995), studying the effect of long 

term effects of cattle grazing on vegetation around watering 

points on two upland Chihuahuan desert ranges with different 

stocking rates, found that there was more climax vegetation 

on the more conservative stocked areas than on the heavily 

stocked ranges. Some other studies of the long-term effects 

of heavy and moderate stocking rates for a period of 25 

years found that heavy stocking rates favored the dominance 

of warm-season shortgrasses as opposed to moderate rates 

that favored the dominance of warm-season grasses 
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(Heithschmidt et. al. 1989). Vegetation changes were 

observed by Owensby et. al. (1988) with a reduction of 

indiangrass {Sorghastrum nutans, Nash) and an increase in 

Kentucky bluegrass (Poa Pratensis L.). Torell et. al (1991) 

found that in addition to reduced herbage production, 

increased grazing intensity had adverse, but not major, 

impacts to other range resources: it decreased the amount of 

desirable cool season grasses, diminished range condition, 

and increased the density and overstory of sand sagebrush. 

In a Colorado grazing study, Torell et. al. (1991) 

found that rangeland productivity deterioration was related 

directly to grazing pressure. Rangeland productivity 

increased slightly under a light grazing treatment, 

decreased under a heavy use rate and remained relatively 

constant at a moderate rate. Heavy stocking rates have been 

associated with low levels of rangeland condition and 

viceversa. 

Sometimes, grazing systems with an intensive stocking 

rate will have a beneficial effect on certain plant 

communities. For example, a high stocking rate during early 

growth in an oak-hickory forest and tallgrass prairie range 

types had more benefits in community composition than an all 

season grazing system (Mccollum et. al., 1990). Standing 

crop has been negatively related to stocking rate (Ralphs 

et. al., 1990). 
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Yates (1978) said that overgrazing is a problem in 

Mexico. Approximately 4 0% of the Mexican territoiry is 

rangeland. In the northern part of the country, the pastures 

have a low carrying capacity of 20 to 120 acres per animal 

unit, with average herd sizes of 100 head. Production is 

mainly store steers and heifers, weighing less than 400 

pounds with little milk production. 

Yates (1981) assesses that there is a trend for 

grassland carrying capacity to decline. He based his 

judgment on the studies made by COTECOCA, during the early 

1970's, where the commission found that most ranches were 

stocking more animals than recommended. 

In this study, no difference was found in stocking 

rates between ejido and private holdings. This is contrary 

to Yates (1981) findings claiming that ejido holdings use 

less rangeland area per animal unit than private holdings. 

6.3.5 Range Condition and Ranch Size. 

According to our results, rangeland condition was not 

directly related to ranch size. However, the chi square test 

showed a difference. In some places, small ranch units have 

been associated with land degradation. For example, in sheep 

enterprises in Australia there are strong concerns about 

vegetation and soil degradation from smallholdings. Young 

(1985) have found a positive relationship between property 
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size and rangeland condition. Researchers found that as 

property size gets larger there is less tendency to 

overstock. This fact was also certified by Passmore and 

Brown (1992) where they suggest a significant correlation 

between property size, stocking rate and degradation. The 

belief is that small size properties will overstock, thereby 

degrading vegetation and soil in order to keep a certain 

level of income. This happens even though the long-term 

costs of land degradation exceeded the short-term financial 

benefits. As ranch size increases it is easier to obtain 

reductions in long run average costs, having advantages of 

economies of size. It is possible for investments per ranch 

unit to be greater for larger ranches than for smaller ones 

(Doll and Orazem, 1984) . 

6.3.6 Range Condition and Grazing Distribution. 

A factor linearly associated with range condition was 

grazing distribution, but chi-square revealed significant 

differences in the distribution of range condition among 

grazing distributions. There is some evidence by other 

authors like Vallentine (1990) suggesting better range 

condition in those ranch units with better grazing 

distribution. In intensively managed units an even grazing 

distribution can be observed at the end of the grazing 

period, however, temporal grazing patterns could be found 
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(Irving et. al., 1995) also. These temporal utilization 

patterns were observed in the early grazing period, mainly 

close to water sources. In a four year study in northern 

Mexico, short duration grazing systems promoted a more even 

utilization of forage, but did not improved standing crop 

distribution (Soltero, 1989). According to Hart et. al. 

(1993a), grazing system, range site, slope, and weather have 

a very low influence on cow activity patterns. Instead, 

small pasture size and distance to water could be more 

important to induce uniformity in grazing. 

6.3.7 Range Condition Buffel Seeding and Cropping Areas. 

The percentage of buffel grass or percentage of 

cropping areas existing in the ranch unit were not linearly 

related to range condition. However, the chi square tests 

showed different distributions of range condition under 

different amounts of buffel seeding or cropping. The 

existence of buffel grass pastures, or temporal cropping 

land when some crop residues and grains are used to 

supplement animal production, could diminish the animal 

pressure on the resource or increase the carrying capacity 

of natural vegetation (Vallentine, 1990). 

In some places like India, it has been observed that an 

increase in irrigated areas have tended to ease the shortage 

of pasture on common lands and lower the pressure on grazing 
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lands (Blaikie et al., 1992). Some ranchers have irrigated 

land that could help support the reported stocking rate, 

such as by using crops residues or grains or by generating 

cash to buy high quality supplements (soybean meal, cotton 

meal, grains, alfalfa hay, etc.). Also, it is known that 

most of the ejidos were established in places where there 

were more possibility of placing crops, leaving grazing as a 

secondary activity. 

6.4 Range Condition and Biophysical Variables. 

6.4.1 Range Condition and Rangeland Quality. 

Range quality was a variable expected to be directly 

associated with range condition, which was not observed. 

However, the chi square test showed different rangeland 

condition distributions for the different rangeland 

qualities. In an experiment using two different range sites 

(Sandy loam and Clay loam) Launchbaugh et. al. (1990) with 

different plant composition, cattle selected similar diets 

and made adjustments to increasing grazing pressure and 

decreasing forage availability. Also, in the Rio Grande 

Plains of Texas, it is normal to observe Sandy loam sites in 

lower range condition than Clay loam when both sites are in 

the same pasture (Valentine 1967 and Launchbaugh et. al. 

1990). With respect to range quality distribution, Anaya 
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(1976) and Aguirre (1976) established that the quality of 

the land is better for private properties than for ejidos, 

but these patterns were not found in this study. 

6.4.2 Range Condition and Year of Study. 

In our reduced multiple regression analysis, the year 

of study variable was dropped from the model because the 

year of study was strongly correlated with annual 

precipitation. However, the chi square test showed a 

significant value. 

The year of study was expected to be associated with 

range condition. However, it is also true that some authors 

like Hart et. al. (1988) have said that basal cover of 

litter a:nd bare ground respond to stocking rates, but basal 

cover of vegetation was affected only by weather patterns in 

different years. 

6.4.3 Range Condition and Precipitation. 

In the best regression model, the main factor found 

associated with rangeland condition in Sonera was annual 

precipitation. An association was also found when using the 

chi square test. It has been said that in addition to short-

term effects of herbivores on vegetation, long term changes 

in vegetation are occurring because of other factors. 

Vegetation changes may also occur as a result of factors 
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like climate and extreme weather events (Jameson, 1970, 

Smith 1978, and Worster 1992) . 

According to Martin et. al. (1995), live biomass 

production from buffelgrass increased almost eight times 

from a summer of below average precipitation to a summer of 

above average precipitation in the Sonoran desert. Ranchers' 

decisions on applied stocking rate were based on their 

perception of weather. 

In some studies with sheep grazing (Norton, 1978), 

contrarily to what is traditionally accepted, vegetation 

changes took place in palatable and unpalatable species 

based on plant longevity and climate patterns, not as a 

function of grazing pressure. In studies made in eastern 

Montana rangelands (White et. al., 1978) severe droughts 

have been responsible for changes in botanical composition. 

Milchunas et. al (1994) described how forage production 

difference over 50 years has been mostly explained by 

precipitation more than long term effects of grazing 

treatments. 

Since precipitation was measured as an annual state 

average, it does not necessarily represent the precipitation 

received by the individual ranch unit. However, it is very 

likely that many of the rangeland studies coincide with what 

happened in the state. On the other hand, though , 
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precipitation is the most important variable in explaining 

range condition. 

Finally, because of the low coefficient of 

determination found in the model, it is not recommended to 

use the regression model to forcast rangeland condition. The 

final model should only be used to explain the relationship 

between range condition and the significant variables. 

6.5 Management Implications. 

Even though, the word ejido has been around for a long 

period, its meaning has changed dramatically from its 

origins to present. The ejido has been judged as a land 

tenure system that has more disadvantages than private 

properties in terms of proper management of natural 

resources. However, accordingly to the results of the 480 

cases no direct linear relationship was observed between 

rangeland condition and land tenure system, but the chi 

square result showed different rangeland condition 

distributions for both land tenure systems. 

The direct linear relationship between rangeland 

condition and land tenure was not demonstrated. The reasons 

could be that 1) the quantitative climax approach used in 

the studies does not really measure range condition; 2) 

there is no difference in range condition between ejidos and 

private properties, and the differences observed among them 
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are due to other reasons and that a the conversion of ejidos 

to private property will have no effect on improvement or 

worsening of the range condition status; 3) it is possible 

that range condition is associated with land tenure, but the 

ejidos and private properties are under the same pressures 

of legal security and what is needed to improve rangeland 

condition is enforcement of the actual regulations. 

Privatization, by dividing the ejidos into smaller 

units, could exclude access to nonowners, reducing 

behavioral uncertainty. However, ecological uncertainty may 

increase. Wilson and Thompson (1993) proposed, as an 

alternative to privatization, the formation of compensation 

coalitions to reduce common property behavioral uncertainty 

due to the open access problem of many of the ejidos. 

Forming compensation coalitions could also attain an 

acceptable level of ecological uncertainty that could not be 

obtained by privatization of rangeland, especially in the 

arid and semiarid regions of Mexico. 

If we want to observe a rangeland in acceptable 

condition, then transforming ejidos to private properties 

will probably not solve the problem of rangeland condition. 

Presumably, the problem is not a move from one land tenure 

system to another, but a clear definition of property rights 

assignments for both kinds of land tenure systems. In this 

way, private properties and ejidos could respond equally in 
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the social objective of having rangeland in better condition 

than what they are now. The existence of private properties 

with their rangelands in poor condition could also mean that 

private properties as well as ejidos are in an insecure 

status, even though private properties have more property 

rights than ejidos. 

There are other variables that could be associated with 

rangeland condition. Humans could modify some of these 

variables. For example, improving the infrastructure 

condition and attaining a better grazing distribution could 

help both types of properties to improve rangeland 

condition. Some other variables are very difficult or 

impossible to change. 

Rangeland condition was most strongly related to 

precipitation in the years surveyed, where higher condition 

ratings were observed in wetter years. Rangeland condition 

ratings for ejido holdings were less likely to be poor than 

private holdings and the surveys on ejidos were performed in 

wetter years than private lands. Variables like 

precipitation are almost impossible to modify, but they 

should be taken into consideration in cattle management. 

Because precipitation level is so strongly related to 

rangeland condition in any one year, it is important that 

land managers, administrators, lenders, and policy makers 

demand many years of rangeland condition surveys, that 



include wet and dry years to evaluate all rangeland 

management practices, including the land tenure system. 
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7. APPENDICES 

Appendix A 

Historical Development of Land Tenure Systems in Mexico. 

1. Communal Land 

1.1 The Landholding village in Pre-conquest Mexico (before 
1492) . 

In the early part of the sixteenth century/ at the time 

of the Spanish Conquest, there were several Indian tribes 

scattered over the area known as Mexico. These groups, 

totaling perhaps eight million individuals, were in various 

stages of cultural development ranging from the primitive 

and nomadic tribes of the north, to the relatively highly 

organized and settled tribes of the south-central plateau 

region and Yucatan, where most of the Indians were living. 

In this area, agriculture was the main economic activity. 

Cropland played such an important role in these areas that 

explicit rules of land tenure were clearly defined. (McBride 

1923, Phipps 1925) . Land tenure practices in the south-

central plateau can be described as follows: 

The aggregate of all of the lands belonging to a 

community were known as the altepetlalli (the town land, see 

Glossary in Appendix A), certain sections of which were for 

cultivation, while others served to provide firewood, 

timber, grass for roofing and mats, a place for hunting, 

fishing, and so forth (McBride, 1923) . No pastureland was 



120 

assigned, since Mexican aborigines did not have cattle. 

Irrigation was practiced in some areas with water rights for 

irrigation purposes clearly defined. 

In a village where there was more than one clan, each 

had a part of the town land delineated from the land of 

other clans. This included lands of all types and was known 

as calpullali {"lands of the clan"). The Aztecs used the 

calpullali as a collective land tenure system with 

individual usufruct (Bartra 1985, Payno 1981). 

The agricultural land of the calpullali was distributed 

into tillable plots among the heads of families belonging 

to the clan, with good records kept of the allotted land. 

(Bartra, 1985) . The assignment of plots was the charge of 

one of the elders referred to as pariente mayor. The office 

of pariente mayor was usually elective and was held for 

life, although in some tribes it became hereditary. This 

pariente mayor kept a picture map of all lands of the clan, 

indicating their boundaries, the quality of the land, the 

names of the occupants of the agricultural plots, and the 

various crops under cultivation. He revised this map 

frequently, indicating new assignments and other changes. 

(Phipps, 1925). 

No written titles were given to the land assigned to 

families, but its use could be transmitted from father to 

son, subject to the following conditions (Mendieta, 1971); 
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(1) The beneficiaiy was required to crop the land 

regularly. If a given plot was not cultivated during two 

consecutive years, it was taken away. (2) Plots could not be 

transferred to another clan, but could be rented on shares 

under certain conditions. (3) Any land taken away from a 

family was kept by the clan and was either reassigned or 

held in reserve for future needs. 

The size of the individual allotments is not known. 

They probably varied according to soil conditions, available 

water for irrigation, number of families to be distributed 

in a given area of land, or other factors. Individual 

allotments were used to supply the immediate needs of the 

family and, likely, to provide some suiplus to sell in the 

village markets. Each recipient cultivated his land 

personally. Stonewalls, rows of agaves, irrigation ditches, 

or roads, usually separated the individual plots. Members of 

the clan defended their lands from intruders, inflicting 

severe penalties, even applying the death penalty, for the 

moving of landmarks (Phipps, 1925). 

Any member of the clan could freely use the 

uncultivated area of the altepetlalli belonging to a given 

calpulli (barrio or clan), but not by the other kinship 

groups in the village. The agricultural lands, however, were 

divided into small plots and assigned to the several heads 

of families in the calpulli. These individual plots were 
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called tlatmilli. In addition to the plots of land assigned 

to metnbers of the calpulli, there were lands set aside for 

special public purposes. It was the gradual extension of the 

area and the functions of these public lands that were 

tending to undermine the democratic control and uses of the 

common holdings at the time of the Conquest. This appears to 

have come about in the following manner: 

In the calpulli, the pariente mayor was allotted a 

parcel of land in the same manner as any other member of the 

clan, but it was cultivated for him by the rest of the 

kinship group in order to free his time for public service. 

In the larger towns and the more thickly settled areas, the 

pariente mayor gradually came to be considered as different 

from other members, and his plot of land was increased in 

size relative to the other plots. It also came to be 

designated by another name pilalli. Also, in the larger 

settlements a council house (tecpan) came into existence and 

was used as an official residence for the pariente mayor and 

his family, as well as a meeting place for members of the 

clan and visiting guests. In some cases, it became the 

custom that when the pariente mayor died, his family should 

continue living at the council house and should be supported 

by the special lands set aside for this purpose (tecpan-

tlalli). These lands were tilled by serfs called mayeques 

(Phipps, 1925). Thus in the larger settlements the 
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descendants of the pariente mayor were gradually being set 

apart from the rest of the group as a distinct class, 

enjoying special privileges. 

A portion of the land pertaining to the calpulli was 

set aside for special public purposes for the production of 

supplies for the maintenance of the village chief; for the 

entertainment of visiting officials; for the payment of 

tribute to higher chieftains; for carrying on wars and for 

support of religious institutions and the priesthood. Lands 

were also set aside for the maintenance of the warriors. 

These lands were originally cultivated in common, according 

to assignment by the pariente mayor, but later came to be 

tilled by serfs. As a reward for unusual valor, warriors 

were sometimes awarded individual plots of land, with serfs 

to till them. Gradually these lands became more or less 

hereditary, in that the sons of the recipients were given 

special preferences in reassignment upon death of the 

owners. 

There were special public lands assigned for the use of 

the priesthood {teocalli). These were of the best type and 

for a time were tilled in common by members of the clan, 

but, as these lands increased in area in order to support a 

large class of priests, a special group of serfs were 

assigned to them. 
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In general, in the pre-Colonial epoch, the old Mexicans 

did not have the same concept of individual property as the 

Europeans. The absolute owner of land was the "king", other 

forms of property emanated from him (Mendieta (1971) . 

1.1.1 Property in the North of Mexico. 

In the semiarid plains of the north and in the 

mountains of the Sierra Madre the nomadic groups had a weak 

conception of land as property. They subsisted mainly by 

fishing and hunting. The small patches of land, which they 

occasionally used for planting corn, were abandoned whenever 

the harvest was gathered. This temporary use of land and 

rudimentary idea of property is described by Pfefferkorn 

(1989) . In this manner, the members of the tribe shared more 

or less equally in what was vaguely understood to be the 

tribal domain. (Whetten, 1954). 

1.2 Development and Modification of Aboriginal Common 
property. 

When the Spaniards arrived in Mexico, the social and 

political organization of the people of the central part of 

Mexico was in the process of changing from a kind of 

primitive oligarchy to something resembling absolute 

monarchy (Mendieta, 1969). Correspondingly, the systems of 
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land tenure which apparently in the area of Mexico had been 

originally communal in nature and distinguished by 

"democratic" administration and equality of distribution 

were being modified by the introduction of new class 

distinctions and vested interest. 

There were developing classes of priests and nobles, 

which enjoyed special privileges. In some instances, chiefs 

or nobles were granted overlordships of entire towns and 

were granted jurisdiction over land and people, including 

the right to receive tribute, labor, and other personal 

services from the inhabitants. These estates might be 

divided and passed on to their children. They could be 

alienated under certain conditions, but it was definitely 

stipulated that they could not be transferred to maceguales 

(holders of communal lands). The use of public lands was 

thus gradually extended to the service of special 

individuals and groups until there developed landed estates 

with serfs (McBride, 1923) . These serfs could not leave or 

be moved. If the land was transferred to some other use, 

they went with it. They tilled the soil and gave a share of 

the crops to their landlord. In addition, they rendered 

certain personal services, such as providing firewood, 

water, and personal assistance at special times. The 

resemblance of these estates to the more modern hacienda and 

the feudal European social system is recognized. 
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The evidence shows that the nobles, overlords, chiefs, 

priests, and other privileged persons, by the time of the 

Conquest were a large and growing group. (McBride 1923, 

Phipps 1925, Simpson 1937). This group was reducing the 

importance of the Indian village as the classic landholding 

unit of the country and creating a form of tenure that 

closely resembled the individual holdings of post-Conquest 

days (McBride, 1923). 

Although the landholding village was dominant, certain 

developments had taken place which were giving rise to the 

large, individual landed estate, which was tilled by serfs 

bound to the soil. Thus the seed for both the hacienda and 

the modern ejido had germinated among the aborigines before 

the Spaniards arrived. (Simpson 1937, Whetten 1954). 

1.3 Common Property During the Spanish Epoch (1492-1810). 

The new land systems imposed upon the Indians fitted 

into and re-enforced the trends of development 

characterizing the epoch immediately preceding the Conquest. 

That is, the struggle between communal holding villages and 

large, private, "feudal" estates, observed at the arrival of 

the Spaniards, was heightened and accelerated. Both land 

systems under the new regime were encouraged and supported 

by law; but this only served to make more manifest their 

fundamental incompatibility. 
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The Spanish conquerors were familiar with both the 

landholding village and the individual landed estate. They 

had seen these two types of land tenure existing side by 

side in Europe. Spain cotnbined the prehispanic forms of 

landholding with the European land institutions, including 

the preservation of community land. 

Abandoning what remained of the calpulli as kinship 

groups, the Colonial laws established the Indian pueblos as 

place units. Each village was to be insured in its 

possession of a plot of land available to construct houses, 

public buildings, and so forth, known as the fundo legal 

(town site) and measuring approximately 500 meters in each 

direction from the door of the church. 

1.3.1 Propios 

Each town had land known as propios, which was a kind 

of town land that was used in common. Its income was used to 

support local governments. (McBride, 1923). This institution 

was to include the agricultural land of the village, the 

woodland, and the pastureland. These lands all were to be 

inalienable and administered by a town council. 

1.3.2 Ejidos 

In addition, every village was to have at least 3105 

hectares made up of cropland, pasture, and woodland. This 
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was the ejido, but not the ejido in the sense in which the 

term was used in Spain, i.e. a relatively small-unoccupied 

space at the entrance to a village. In the Indian pueblos of 

Mexico, the concept of ejido, was broadened and included all 

of the communal agricultural land of the town. The ejido as 

it was conceived in New Spain is the Aztec altepetlalli 

(town land), only slightly modified (McBride 1923, Phipps, 

1925) . 

1.4 Landholding Villages during the Independence and the 
Pre-revolution Epoch (1810-1910). 

There were many free landholding villages that did not fall 

under the encomienda system, and these constituted an 

important aspect of the agrarian system of Mexico until the 

middle of the nineteenth centuiry. However, it is important 

to note that one of the most serious and far-reaching blows 

to the landholding village resulted from one of the reforms 

known as the Ley de Desamortizacion ("Law of Expropriation") 

of June 25 of 1856. 

The Law of Expropriation was incorporated into the 

Constitution of 1857. The main purposes of the legislation 

were (1) to stimulate the economic development of the 

Indians by offering the incentive of individual 

proprietorship and (2) to counterbalance the power of large 

landholders by creating a middle class composed of small 
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farmers (McBride, 1923). These motives appeared to be 

worthy, and it was sincerely believed that these 

developments were essential to the creation of a real 

democracy in Mexico to replace the previously existing 

oligarchy. 

The law stipulated that no civil or ecclesiastical 

corporation could acquire or administer any property other 

than the buildings devoted exclusively to the purpose for 

which that body existed. It provided that properties then 

owned by such corporations must be sold to the tenants or 

usufructuaries occupying them and that properties not rented 

or leased would be sold at public auction (Phipps, 1925). 

The landholding village was said to be a civic body, and the 

law was interpreted as meaning that all communal property 

was to be granted individually to the Indians holding the 

respective plots. 

The framers of the constitution did not expect the 

disastrous results that these measures would bring to the 

villages. In the north and northwest, where the mestizo 

element was dominant and where the villagers were well 

acquainted with the institution of private property, the 

measure seemed to produce the desired effect, and villagers 

used it as means of confirming possession which they had 

regarded as their own. In the Central Mesa and in the South, 

however, where the Indian element was dominant and where 
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collective property was the only kind understood, the 

measure proved to have the opposite effect. In these areas 

the Indians opposed and evaded the law. If they were forced 

to comply, some of them accepted title and then immediately 

transferred this to some trusted elder of the community. 

Many others sold the land almost as soon as the deeds have 

been issued. Frequently, the titles never reached the 

Indians at all but were held by government officials or fell 

into the hands of large landowners, who kept them for a 

while and then claimed ownership of the property (McBride, 

1923). 

In summary, the landholding village was the dominant 

unit in the agrarian economy at the time of the Conquest. 

Certain fundamental aspects of these villages have survived 

throughout Mexico's history and are still in existence in 

isolated areas. From these villages some of the 

specifications for the modern ejido have been derived. 

2. Private Property. 

2.1 Private Property in the Pre-conquest Mexico (before 
1492). 

The nature of the changes which were taking place in 

the development of the pre-Conquest systems of landholding 

may be briefly outlined as follows: First, the pariente 
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mayor, who originally simply enjoyed the use of a plot of 

land like any other member of the calpulli, came in time to 

be distinguished from the rest, and to have special lands 

(called, pillali) set aside for his support; These lands 

were considerably larger in area than other individual 

plots. Later on, these estates were regarded as belonging to 

the family of the pariente mayor by hereditary rights and 

were cultivated by serfs {mayeques) (Phipps, 1925). 

Moreover, such estates with their feudal retainers were 

possessed not just by the pariente mayor but by other types 

of officials and even by private citizens. 

A second class of privately owned and serf-exploited 

properties developed out of conquest and warfare. As a 

reward for bravery on the battlefield or for other classes 

of important service to the tribe certain individuals known 

as teules or tecticatzin were given lands and serf to till 

by the "king". While these lands were not an outright gift, 

nevertheless they tended to become so, for upon the death of 

one of these nobles his sons were given preference in the 

right of succession. At about the time of the Conquest (year 

1492) the number of nobles were estimated at 120,000 

(Phipps, 1925). In some cases the king would grant a noble 

or chief an overlordship containing a number of villages 

under a system of feudal tribute. These possessions. 
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involved jurisdiction over land and people and they were 

inheritable (McBride, 1923)• 

2.2 Private Property in the Spanish Epoch (1492-1810). 

2.2.1 Encomiendas. 

The encomienda system was established in the New World 

with the objective of (a) Christianizing the Indians and 

bringing them to subjection to the crown, and (b) as a 

reward from the king to pay the conquerors. As developed in 

Mexico, the encomienda consisted of an allotment of a 

certain number of villages and carried with it the right to 

collect tribute and to exact personal services (labor in the 

field and household, etc.) from the Indians living in the 

district. In return, the individual receiving the encomienda 

was strictly enjoined by the law to protect the people and 

property of his "subjects." The encomienda system was 

familiar to the Spaniard in its characteristic features 

because of its similarity to the feudal organization of 

large estates worked by peasants in Castile, and very 

similar to the situation which the conquerors found already 

existing in the land of the Aztec. In many cases the 

Spaniard in the role of encomenderos, simply took the place 

of the defeated Indian chieftain and continued to collect 
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the tribute and services which before the Conquest had gone 

to the Aztec emperor (McBride, 1923) . 

The individual allotments made to the encomenderos were 

often of very considerable size, embracing many villages, 

with populations totaling hundreds and even thousands of 

people. Before the close of the first half-century of 

occupation, a large part of the inhabited region of Mexico 

was held in encomienda (McBride, 1923) . 

As originally conceived the encomiendas were regarded 

as temporary arrangements held to be subject to the will of 

the king. However, by a series of decrees issued between 

153 6 and 1629, the duration of the grants was extended from 

one generation to another. The encomenderos, confirmed in 

their legal rights, forgot their legal duties and instead of 

protecting the Indians in their persons and their 

properties, gradually took possession of their lands and 

reduced the natives to serfdom. 

Due to the adverse effect that the encomienda system 

was having on the personal liberties and property right of 

the Indians, it was abolished in 1720 with the idea of 

restricting the control and influence of the encomenderos. 

However, the encomenderos took advantage of the composicion, 

a scheme for the measurement and delineation of landholdings 

in order to correct any flaws in the title and to discover 

public lands that were being held illegally. In this way, 
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the encomenderos no longer considered the encomienda as the 

legal source of authority for their landholdings (McBride, 

1923). The transition to this interpretation was facilitated 

by a series of measures which tended to confirm possession 

of lands acquired through the composicion (McBride, 1923). 

Landowners took advantage of the measure and used it as an 

opportunity to confirm possession of lands occupied 

illegally. 

The Indians were in a particularly disadvantageous 

position in this regard, since, according to Spanish law, 

all the land in Mexico was the property of the Crown unless 

title of ownership had been granted by royal decree. Most of 

the Indians knew nothing about the laws, and few villages 

had received royal grants. It was thus comparatively easy 

for the landowners to incorporate the village lands into 

their estates and to argue that in doing so they were merely 

making temporary use of land that belonged to the Crown. 

After maintaining possession for a period of time, they were 

often able to obtain confirmation of their usurpation by 

means of the composicion. 

2.2,2 Peonias and Caballeria 

The encomienda was not the only form of land grant or 

the only way in which the seeds of private property were 

planted. The rank and file of the conquering armies (and 



135 

later anyone in royal favor) received outright grants of 

land, but without vassals. These grants (called mercedes 

reales- literally, royal favors), originally designed to 

reward the less important of those who took part in the 

Conquest, and later, serving as bait for attracting 

colonists to New Spain, were of two types: peonias and 

caballerias. The standard size of a peonia. was approximately 

100 acres, made up of various classes of land estimated as 

necessary for the support of a single family. A cahalleria 

was five times the area of a peonia and probably varied in 

individual cases from 500 to 1000 acres, depending upon the 

quality of the land involved. The exact amount of land 

distributed under peonias and caballerias is not known, 

although there is reason to believe it was considerable. 

Moreover, these gifts were, as has already been suggested, 

in many cases a nucleus about which the recipients 

accumulated additional holdings either by seizing 

neighboring lands, through marriage, by purchase or by other 

means, fair or foul (McBride, 1923). 

2.2.3 New Settlements. 

New settlements established in the latter part of the 

Colonial period (especially those in California, Sonora, and 

other parts of the northwest), departed even further from 

the Castilian type of organization. In addition to being 
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endowed with a much larger areas of land (four square 

leagues instead of the one common in the earlier pueblos) in 

these later villages there was no individual ownership of 

land in the full sense. Settlers were allotted agricultural 

plots of various sizes (the size depending upon whether they 

were Indians or Spaniards, officials, or private citizens) , 

and after these plots had been worked for five years their 

holders were given individual titles; but the lands were 

still inalienable. They could not be sold, and if they were 

not cultivated for a period of two years they reverted to 

the crown. Moreover, all other lands pertaining to the 

village were regarded as crown property only the use of 

which was vested in the pueblo. 

Every pueblo established by the Spaniard, whether of 

the type followed in the more thickly settled parts of the 

country or that devised for the advance into the northern 

and northwestern sections, has, as one of its characteristic 

features, lands {ejidos, pastures, and so forth) held and 

administered by the village in its corporate capacity. In 

some villages the agricultural plots assigned were 

inalienable and the individual holders enjoyed only the use 

under certain conditions - the ultimate title being vested 

immediately in the pueblo and eventually in the crown. In 

other villages complete title to agricultural plots, after 
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the fulfillment of certain conditions, was apparently vested 

in the individual holders. 

A second method used by Spain to strengthen communal 

and semicommunal systems of land tenure in the new world was 

the congregations or new Indian villages. This method 

essentially meant the legal recognition of the existing 

indigenous land system. However, certain changes from the 

traditional Mexican procedures were made, especially in the 

case of new Indian villages organized in an effort to 

"settle down" and "civilize " the wandering tribes. But, 

whether in new villages or in those already in being, the 

system of land tenure was different with respect to the 

Spanish towns. 

2.2.4 The Rancho. 

According to McBride (1923) many of the ranchos in 

Mexico owe their origin to grants of land made to Spaniards 

in the early colonial period. There were, however, some 

grants, particularly of the smaller class known as peonias, 

which kept their original size, or in the course of time 

were divided. 

As from the beginning of the Spanish colonization, the 

best of the lands were occupied by the haciendas or by the 

existing Indian communities. With the lack of good land, the 

ranchers were usually forced to settle in the more 
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inaccessible districts, among the hills, or upon the edge of 

the populated part of the country. 

The extension of settlements toward the north, during 

colonial times, was accompanied by an increase in the number 

of these small holdings, although a large part of the 

population that settled in the northern territories 

occupied agricultural or pastoral towns that were organized 

by the crown during the whole period of colonial 

administration. In these, the holdings were communal and did 

not become individual property until the second half of the 

nineteenth century. 

During the entire colonial period and up to the middle 

of the nineteenth century the ranchos played an 

insignificant part in the life of Mexico. It was only after 

the agrarian reform, instituted by Benito Juarez and his 

associates that they became a conspicuous feature of the 

land system. At the end of the colonial period (1810) there 

were said to be 6,684 ranchos in Mexico, of which 356 were 

in Sonora. In the years immediately following the War for 

Independence several attempts were made to colonize the 

outlying regions of the young republic. Thus, in the early 

twenties, plots of land in the frontier regions were offered 

to veterans who had served in the patriot armies, on the 

condition that they would settle upon them. A common soldier 

was to receive a plot of 250 varas on each side (a little 
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over 10 acres) , and lands were to be given to others 

according to their rank. Later on, measures were adopted 

providing for the colonization of extensive public lands on 

the northern frontier. Here, since the country was arid and 

a larger area would be required for the support of a family 

and as the region was better suited to cattle raising than 

to agriculture, the tracts offered settlers were larger, 

though they were still supposed to constitute smallholdings. 

In conclusion, just as private property in New Spain 

grew up out of a combination of the new and old - a Spanish 

plant grafted on roots already sunk deep in the native Aztec 

soil - so also were systems of communal and semicommunal 

land tenure reinforced and supported, on the one hand, and 

given new forms of expression, on the other, by the 

importation of Spanish agrarian institutions. In some cases 

native landholding villages with their ancient institutions 

of the calpulli, altepetlalli, tlatmilli, and so forth, were 

simply recognized and given legal status after a minimal 

reorganization. In other cases new landholding towns were 

founded on Spanish patterns adapted somewhat to the 

conditions of the new world. But it may be observed here 

that whether the towns were new and old, so similar were the 

native and Spanish conceptions, that in a relatively short 

time through a process of blending and accommodation a 
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common form of landholding village came into existence 

(McBride, 1923) . 

Measures were taken which were designed to foster and 

protect both types in the New World (McBride 1923). However, 

the protection of the system worked only temporarily and 

only in town's properties, but not on the noble's properties 

which were transferred to Spaniards (Bartra, 1985) . 

2.3 Private Property After the Independence and the Pre-
revolution (1810-1910) . 

After independence, the liberals had to confront the 

substantial power of the Church. To ensure the dismantling 

of the church's properties, the liberals would have to 

strike out at all corporate wealth, including that of the 

indigenous communities (Pena, 1976). The roots of liberal 

opposition to communal property lay deeper than the surface 

needs of land accumulation. It was partly opposition to the 

Church and the colonial system, which had left the Indians 

in a state of permanent legal and moral childhood. 

On September 15, 1883, under the regime of Manuel 

Gonzalez, the law of Colonization was revised, allowing the 

government to name commissions of engineers or private 

companies to survey national lands, previously left as 

compensation for the work of the concessionaires (Gonzales, 
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1966) . This provision, along with previous colonization and 

land-tenure laws, was the nucleus of the Porfirian 

dispossession program (Pena, 1964). This program amounted 

to an enclosure movement, in which any lands not clearly-

titled were redistributed to suirvey companies and regime 

favorites (Reynolds, 1970). As far as it is known, this 

land redistribution program after the independence and prior 

to the revolution reordered the ownership of the Mexican 

countryside and left thousands of people without their way 

of life. 

During the 36 year regime of Porfirio Diaz, the Reform 

Laws of 1857 were enforced rigorously against the 

landholding villages (Simpson, 1937) . Whereas there had 

been some tendency previously to assume that the laws did 

not apply to the agricultural sections (terrenos de comun 

repartimiento) of the ejidos, Diaz issued two circulars 

(1889 and 1890) declaring that all lands of the villages 

should be divided and titles allotted to individuals. The 

landholding villages were thus deprived of their last legal 

protection. Phipps (1925) estimated that at least 2,272,750 

acres of communal land were allotted during the Diaz period 

and that practically all of it passed directly or indirectly 

into the hands of the hacendados and land companies. 

There were other ways in which the landholding villages 

were deprived of their lands during the Diaz regime, mainly 
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through the law concerning the occupation and alienation of 

terrenes baldios (idle lands). This law, passed in 1894, 

grew out of an earlier colonization law (1833) and resulted 

in widespread usurpation of village lands by survey 

companies and government officials. The law defined Baldios 

as lands that had never been lawfully alienated by the 

nation or legally destined to public uses. The law provided 

that any inhabitant of the Repiiblic might denounce and file 

claim on baldios. By definition, the baldios included most 

of the village lands, since the Indians were ignorant of the 

laws and since Diaz himself had ruled that it was definitely 

illegal for villages to hold land of any kind. This 

Legislation was followed by widespread claims and 

incorporation of village lands into large estates. In 

Sonora, for example, Yaqui lands were declared idle lands so 

that concessionaires could subdivide and resell them. Pima 

and Opata communal holdings were declared destroyed and the 

remnant population survivals supposedly were living as 

independent farmers (Aguilar, 1977). Land claims through 

denuncia were hardly contested equally. One big problem was 

that the law of 1894 established that no corporation or 

community could legally own or contest real estate titles 

(Callcott, 1931) . 

In Sonora, concessions from the survey of public lands 

alone yielded 2,624,974 hectares for 82 owners, including 
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over 1.7 million hectares to a single individual (Cosio, 

1955) . In the name of economic development, during the 

1890s, the agricultural lands and vast open ranges of the 

Sonora desert would yield to the Sonora and Sinaloa 

Irrigation Company, the Richardson Construction Company, the 

Sonora Land and Cattle Company, and the Wheeler Land 

Company. These concessions brought white settlers to 

displace Indians, land speculators to create urban 

subdivisions, and irrigation canals to divert the rivers 

they conquered (Almada, 1971). 

It has been also said that between the survey and land 

companies and the Mexican hacendados seeking to extend their 

domains, the traditional peasant community was destroyed. 

The agrarian part of the War of Independence has been 

accepted by writers of the nineteenth-century as where 

property rights experienced the most important drawbacks 

(Mora, 1863) . 

Land concentration in a few individuals was a big 

problem before the revolution. McBride (1923) presents data 

indicating that, by 1910, more than 95 percent of the heads 

of rural families in all but five states had no rural 

property of their own. "By 1910 the great majority of 

Mexico's rural population was landless; the plantation 

owners had gained one of the greatest monopolies over the 

rural resources and even over the lives of the rural 
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inhabitants that have ever been recorded in the history of 

any country." (Whetten, 1954). Even though Silva (1959) 

presents different numbers, establishing that as a result of 

the colonization, survey, and expropriation of "national 

lands," by 1910 only 3.1 percent of the rural heads of 

families owned any property; 96.9 percent did not. Most 

writers agree that the majority of the population was 

landless. 

The long rule by Porfirio Diaz represented a period of 

relative stability in which Mexico achieved considerable 

economic growth. It was also a period of extreme economic 

dualism and of serious hardship for most of the rural 

population. While agricultural exports expanded at an 

impressive annual rate of 6 percent between 1877 and 1910, 

it is estimated that food crop production increased at a 

rate of only 0.6 percent, less than half the rate of growth 

of population during that period (Johnston et. al., 1987). 

The Pre-Revolutionary problems between the hacienda and 

the landholding village attracted so much attention that it 

tended to overshadow the development of a third type of land 

tenure, that of small private property. The latter has been 

in existence since the time of the Spanish Conquest. 

Although most of the Spanish grants to conquistadors were 

either of large or medium size, not all the grants were of 

these types, some were small units known as peonias 
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(McBride, 1923), Most Spanish soldiers took Indian women as 

wives and settled down to till the soil with their own 

hands. Their children became mestizos, and their 

landholdings became the forerunners of what is commonly-

known in Mexico as the rancho, which refers to a small 

private holding that is worked by the owner himself with the 

assistance of his immediate family or with the aid of a 

limited number of hired workers (McBride, 1923). 

By the time of the outbreak of the Revolution in 1910, 

there were reported to be 47,939 ranchos in Mexico as 

compared with 8,245 haciendas. Those, numerically, there 

were nearly six times as many ranchos as haciendas, but the 

small size of the ranchos made their total area relatively 

insignificant in comparison to the large areas controlled by 

the haciendas. (Whetten, 1954) . 

3. The Ejido and Private Property After the Revolution of 
1910. 

Although the problem of property was a fundamental 

issue of the Revolution (Manero, 1915), the Revolutionaries 

could not decide how to resolve the problem of property 

definitively. The ejido was not a land tenure system favored 

by the revolutionaries. The Plan of San Luis Potosi, issued 

by Francisco I. Madero in October of 1910, called for 
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returning the land to the dispossessed who had been 

victimized by Porfirian colonization and survey laws, but 

mentioned nothing of ejidos or communal lands (Madero, 

1908) . The agrarian goals of the maderistas, and later of 

the Constitutionalist leadership, were limited to reviving 

legal protection under the Constitution of 1857 and assuring 

the existence of private property (Ross, 1970) . Many 

revolutionaries thought of the ejido as a temporary stage 

and in terms of subsistence agriculture to supplement the 

ejidatarios wages. Cabrera (1938) envisioned ejidos only as 

a step to private property. 

3.1 Agrarian Legislation Before the 1917 Constitution. 

Cabrera was the principal author of Venustiano 

Carranza's famous Decree of January 6, 1915, which began the 

process of legislating agrarian reform (Gomez, 1975). The 

decree clearly intended to protect private property. The 

concessions given to ejidos were merely temporary, a step 

for the Indians to accept the concept of private property 

(Gonzalez 1965, Cordova 1972). It was clear that the 

purpose of the law was to satisfy the need for an agrarian 

reform, and to maintain that reform within the boundaries of 

private property. It was also clear that restitution of 

indigenous lands and creation of communities were not 

favored by Carranza (Gomez 1975, Aguilera 1969, Whetten 
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1954). Finally, his Decree of January 6, 1915, was 

considered vague, limited to existing villages with 

political status, and very bureaucratic (Simpson, 1937) . 

3.2 The 1917 Constitution and the Article 27. 

Article 27 is the most important legal expression of 

the agrarian reform. Through this article, the 

revolutionaries tried to define the nature of land property, 

to indicate which individuals and institutions were 

entitled to hold land property, and to solve land 

distribution problems (Simpson, 1937). In Article 27 is 

accepted a land tenure system based on private properties, 

ejidos and communities. In practice, ejidos and communities 

are the same, the only fundamental difference is the origin. 

3.2.1 The Nature of Land Property. 

Article 27 defines the nature of land property: 

"The ownership of lands and waters within the 

limits of the national territory is vested 

originally in the nation, which has had and has the 

right to transmit title to private persons, 

constituting private property. The nation shall 

have at all times the right to impose on private 

property such limitations as the public interest may 

demand, as well as the right to regulate the 
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development of natural resources, which are 

susceptible to appropriation, in order to conserve 

them and equitably to distribute the public wealth. 

For this purpose, necessary measures shall be taken 

to divide large landed estates; to develop small 

landed holdings; to establish new centers of rural 

population with such lands and waters as may be 

indispensable to them; to encourage agriculture; to 

prevent the destruction of natural resources; and to 

protect property from damage detrimental to society. 

Settlements, small towns situated on private 

property, and communes which lack lands or water or 

do not possess them in sufficient quantities for 

their own needs shall have the right to be supplied 

with them from bordering properties, always having 

due regard for smaller landed holdings.... Private 

property acquired for the said purposes shall be 

considered as taken for public use" (Simpson, 1937). 

3.2.2 Land Property Right Holders. 

Since in the original Article 27 not everyone has the 

right to hold property, some individuals and corporations 

were restricted, and others were excluded completely. For 

example, in order to hold property, Mexican citizenship was 

a main prerequisite, communal property was legalized. 
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religious institutions were not allowed to hold any kind of 

property, while commercial companies were not permitted to 

hold rural property, banks were allowed to hold property but 

only as necessary in order to manage their business. 

3.3 The Obregon's Ejidal Law. 

Gradually, during the first years of the Revolution, a 

separation had occurred between advocates of small rural 

freeholdings and proponents of a system of ejidal land 

tenure. This ideological difference marked a main issue in 

Obregon's agrarian legislation, and he sided clearly with 

private property. The Ejidal Law of December 28, 1920, 

created a legal maze more complicated than its predecessor. 

However, it began the codification of the Revolution's 

attitude toward the ejido (Silva, 1959). 

The CNA {Comision Nacional Agraria), created under the 

law of January 6, 1915, it began to play a contradictory 

role in agrarian reform. On the one hand, its Circular 40 

imposed a limit on eligible ejidos by requiring them to 

demonstrate "political status" as communities, prior to 

receiving land. Though the circular received the praise of 

agraristas for its intent to expand ejidos onto haciendas, 

its true significance was in identifying the "political 

status" of a village with its eligibility for ejidal grants 

or restitutions. With that provision, all peons living in 
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haciendas remained outside the agrarian reform with no 

political organized pueblo status. 

On the other hand, the collective exploitation of 

ejidos was proposed in Circular 51 in 1922 even defining 

their democratic political organization, and the formation 

of cooperative societies for their management (Eckstein, 

1966). Though never implemented, this circular showed some 

consideration about collective exploitation of ejidos during 

Obregon's government. 

Obregon opened a gate for future official reforms. The 

1920 law ended Circular 51 of the CNA which were important 

steps toward the birth of the ejido as a revolutionary-

institution. It was established in this law that all land 

distributed to towns should be named ejidos. His Decree of 

August 2, 1923, permitting provisional possession of unused 

national lands, also began a series of laws regarding the 

disposition of baldios (Delgado and de la Fuente, 1993) . 

Obregon is also mentioned as the first agrarista president, 

by virtue of the land restitutions and grants authorized 

during his presidency (Silva, 1959; Gonzalez, 1966). 

3.4 The Calles's Law of Ejidal Patrimony. 

One law that emerged from the Calles administration was 

the Law of Ejidal Patrimony of December 29, 1925. (Delgado 

and de la Fuente, 1993). Engineered as a response to 
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Circular 51 of the CNA, which had provided for communal 

exploitation of ejidal property, this law ordered the ejidal 

comisarios "to divide into plots the cultivated land of the 

ejidos". 

Another law was the Law of Colonization on April 5, 

1926. Because the federal government had acquired some 36 

million hectares during the Revolution, a colonization law 

reminiscent of the nineteenth centuiry came to be viewed as a 

way of populating the frontier (over 23 million hectares of 

federal land was in the three states of Sonora, Baja 

California , and Chihuahua) , removing the pressure for land 

reform against private owners, and proving the value of 

privately-held colonies of land tenure over ejidal usufruct 

(Aguilera, 1969; Aguilar, 1977). 

3.5 The Cardenas Agrarian Legislation 

One main institution that was used during the Cardenas 

regime to solve the problem of unemployment was the ejido 

(lanni, 1977). The peasants were also organized through 

various government programs of rural education, the land-

reform mobilizations of the Confederacion de Trabajadores de 

Mexico (CTM) and Confederacion de Campesinos de Mexico (CCM) 

to protect the land distribution program made under the 

provisions of the 1934 Agrarian Code. But clearly the main 
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organizational instrument of the agrarian reform under 

Cardenas was the ejido. 

The ejido, under the Carranza, Obregon, and Calles 

regimes, had an uncertain future. The ejido was conceived as 

a first step to the parcelization of large landholdings. 

During the first years of the agrarian reform, the ejida.1 

form of land tenure was kept as temporary mode of land use 

waiting for reorganization. Cardenas, however, considered 

the ejido as a permanent institution, considering it as 

instrument of economic development for the rural population. 

Before the Cardenas's regime, the peons acasillados, 

the bulk of the agrarian population in central and southern 

Mexico, and an important factor in the north as well, were 

not permitted to form "nuclei of ejida.1 population" on 

their own, though they were permitted for the first time to 

be included in initial agrarian proceedings of nuclei in 

their areas (Ponce de Leon, 1991). Peons acasillados were 

defined as "workers of agricultural estates [fincas 

ag-ricolas] who, occupying houses on these same [fincas] 

without paying rent, depend economically on the salary they 

receive for their services." ). Acasillados later received 

full rights under the agrarian reform, in a significant 

amendment to the Agrarian Code in 193 7. In addition to 

permitting all of the rural population to participate in the 

fruits of the new agrarism, Cardenas in this 193 7 amendment 
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expanded the land subject to expropriation by decreeing that 

all properties of a single owner be considered as one plot 

for purpose of land division. The 193 7 reform also 

restricted exemptions from land limits imposed by the 

agrarian-reform law (150 hectares irrigated, 300 hectares 

seasonal land), thus depriving latifundistas of another 

shelter from the land reform (Diario Oficial, 1937) . 

The Cardenas regime favored the organization of ejidos 

on a collective basis, which varied by region and ejido 

according to productivity, extension, crops cultivated, and 

many other factors. The "collective ejido" was an invention 

of the Cardenas epoch, and were generally not really 

collective, but cooperative (Eckstein, 1966). 

For example, the Ejidal Bank (a special financial 

institution with the mission to borrow money to ejidos) 

distinguishes among four degrees or types of 

collectivization: 1) the parcels, where the cropping land is 

parceled and worked individually, with some cooperation in 

some services, such as acquisition, sales, etc.; 2) 

semicollective vertical, part of the cultivation is done 

individually and part is shared, but the parcels remain 

individual; 3) semicollective horizontal, part of the land 

is cultivated individually and part is shared, but the land 

is divided into collective and individual sections; 4) 
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collective, where all credit operates in common, and all 

land is worked in the same manner. (CDIA, 1977) . 

Part of the distinction between "cooperative" and 

"collective" rested on the concept that the land in ejidos 

was always in usufruct, belonging ultimately to "the nation" 

and used in good faith by the community that worked it; it 

was only in a limited sense the collective property of the 

community or ejidal nucleus. In contrast with traditional 

communal property, (whose use was justified for a 

politically established pueblo, an individual, or family 

unit by virtue of prior patrimony) the ejido, collective, or 

individual, enjoyed use of the land only as a permanent ward 

of the state. Agrarian rights could be rescinded for any 

number of reasons, and ownership of the land would revert to 

the ejido or to the state. Thus the ejido in its 

postrevolutionary form differed from traditional communal 

land tenure, where the ejido future has always been 

dependent on the will of the state. 

3.6 Property Rights After Cardenas 

Immediately, after the Cardenas period, the agrarian 

program changed its attention. Both Manuel Avila Camacho and 

his successor, Miguel Aleman, considered that the following 

phase of the agrarian reform was adoption of modern 

technology for more production and to attain land tenure 
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security (Gonzalez, 1968) . The new Agrarian Code of 1942 

guided the change, emphasizing order in the rural area, 

which was conceived as being reached only by stopping the 

excessive emphasis on ejidalist policy placed during the 

Cardenas regime and placing more emphasis on guaranteeing 

private property (Aguilera, 1969). 

The new Agrarian Code symbolized the government's new 

attitude in favor of private landholding in agricultural 

production. It was considered the counter-reform and, along 

with the Law of Agricultural Credit of 1955, represented the 

most important legislative change in agrarian reform since 

Cardenas' 1934 Agrarian Code. In this law , cattle ranches 

were exempted from land limits previously imposed, of no 

more land area than indispensable for maintaining 200 head 

of cattle. Certificates of immunity for a period of 25 years 

were routinely granted under the new code; during this time 

the land named in the concession was not subject to any 

action under the agrarian-reform laws. Cattle-raising 

ejidatarios, in contrast, had to provide at least half the 

cattle necessary to cover whatever land area they wished to 

petition. This excluded the landless and poor peasants from 

early participation in cattle raising. 

Additionally, the new code stressed parcelization of 

ejidos and granting of certificates of agrarian rights to 

each ejidatario, to secure his land possession (Aguirre, 
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1976). This focus reinforced the individualistic policy of 

the government agrarian reform against the collective 

emphasis placed by Cardenas. 

Collectivization of the ejido was retaken during the 

Echeverria Regime (1971-1976). Common ownership of the land 

was emphasized in the Law of Agrarian Reform of 1971, 

agreeing that the town nucleus was always the owner of the 

land. During the Echeverria regime, land inheritance was 

restricted to those who were economically supported by the 

ejidatario; otherwise, the land was restituted to the ejido. 

This Agrarian law gave preferences to the ejido and 

community access to government supported services like low 

interest credits and technical assistance to increment food 

production (Delgado and de la Fuente, 1993) . 

In 1992, President Carlos Salinas proposed big changes 

to the Article 27 of the Constitution. These changes that 

modified completely the long term conception of ejido and 

community property. For example, under the new law, an ejido 

could be converted to private property if two thirds of the 

ejidatarios agreed. Ejidal land could be leased to a private 

institution for more than 30 years. Emphasis was placed on 

management of the ejido resources by internal rules and 

removing the influence of government agencies that were very 

common before ( Delgado and de la Fuente, 1993). 
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3.7 Land Distribution. 

3.7.1 Land Distribution Problems. 

Article 27 tried to frame a formula for solving the 

agrarian problem, focusing attention on restoring villages' 

land, granting additional land to needed villages, 

recovering the land grants that were alienated during the 

Diaz regime, and partitioning large land holdings into small 

properties not exceeding the legal size. 

It is important to note that Article 27 considered the 

rights of individuals inferior to society rights and kept 

the authority of the government to modify private property 

rights when social needs were predominant. It is also 

important to note that Article 27 did not prescribe a 

special type of landholding as the best for the country. The 

landholding village was legalized as a means to recognize a 

type of property well known by the rural population, mainly 

in Central and South Mexico, but not with the idea of 

displacing private property (Simpson, 1934). 

3.7.2 Amount of Land Distributed. 

The basic tool of the agrarian reform implemented in 

Mexico was land distribution. The total amount of land 

distributed by government to peasants during the period 

1916-40 amounts to 26,503,718 hectares. The area involved 
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constitutes around 13.25 percent of the republic (See Table 

3) . The starting point is the year 1916, one year after the 

Carranza decree was issued providing the legal basis for the 

land-redistribution program. No land was distributed in 

1915, although the decree was issued in January of that 

year. During the period 1916-20 the Carranza administration 

did little to provide for the implementation of either the 

decree or Article 27 of the Constitution. The Obregon 

administration (1920-24) simplified the procedure and 

gradually worked out a program for putting into effect the 

measures legalized by the Constitution. The rate of land 

distribution was gradually accelerated during this period. 

Calles, was a firm believer in the institution of private 

property, and he regarded the ejido as a training school for 

the purpose of developing a nation of peasant proprietors. 

In order to promote it, he had a law enacted that would 

permit the cropland of the ejidos to be divided into plots 

among the individual members. During his administration 

(1924-28) he distributed much more land each year than did 

his predecessor, Obregon. 

The one-year administration of Portes Gil (1929-30) 

reached the high point in the distribution of land for any 

one-year period up to that time, with 1,707,750 hectares. 

In the following years up to year 1934, (see Table 3), were 

noted by continuous decline in the distribution of land. The 
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Table A.l Land Distribution from 1915 to 1994 

President # of Hectares 
Regime Period Distributed Accumulated 

Venustiano Carranza 1915 -1920 167,936 167,936 
Adolfo de la Huerta 1920 -1920 33,696 201,632 
Alvaro Obregon 1921 -1924 1,100,117 1, 301,749 
Plutarco Elias Calles 1925 -1928 2,972,876 4, 274,625 
Emilio Portes Gil 1929 -1930 1,707,750 5, 982,375 
Pascual Ortiz Rubio 1931 -1932 944,538 6, 926,913 
Abelardo Rodriguez 1933 -1934 790,674 7, 717,587 
Lazaro Cardenas 1935 -1940 18,786,131 26, 503,718 
Manuel Avila Camacho 1941 -1946 5,944,450 32, 448,168 
Miguel Aleman Valdez 1947 -1952 4,484,123 36, 932,291 
Adolfo Ruiz Cortinez 1953 -1958 4,936,665 41, 868,956 
Adolfo Lopez Mateos 1959 -1964 11,361,270 53, 230,226 
Gustavo Diaz Ordaz 1965 -1970 14,139,574 67, 369,800 
Luis Echeverria 1971 -1976 16,814,350 84,184,150 
Jose Lopez Portillo 1977 -1982 1,799,939 85, 984,089 
Miguel de la Madrid 1983 -1988 5,500,000 91, 484,089 
Carlos Salinas 1989 -1994 600,000 92, 084,089 

Source: Moguel, Julio, Hugo Aspeitia, Hubert C. de Grammont, 
Rosario Robles, and Pilar Lopez Sierra. 1988. Historia de la 
Cuestion Agraria Mexicana: Politica Estatal y Conflictos 
Agrarios 1950-1970. Siglo Veintuno Editores, Mexico. 
INEGI-SPP. 1990. Estadisticas Historicas de Mexico, Tomo 1. 
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low point was reached in the presidential period of Abelardo 

Rodriguez, when only 790,674 hectares were distributed. Near 

the end of his administration in 1934, the laws and 

regulations, concerning the methods and procedures for the 

redistribution of land, as well as those for the functioning 

of the ejidos were organized into an Agrarian Code, which 

was to form the basis for future action. 

During the Cardenas regime (1935-40) more land was 

distributed than in all previous administrations put 

together. He distributed 18,786,131 hectares, compared to 

7,717,587 hectares distributed by all previous presidents, 

that is almost three times more land. 

After Cardenas, the Avila Camacho, Aleman Valdez, and 

Ruiz Cortinez regimes showed a radical withdrawal in land 

distribution compared to the land distributed during the 

Cardenas regime, which was probably due to less available 

land from large private holdings with good farming land 

(Whetten, 1954) , or the new focus on promoting private 

property. 

During the regimes of Lopez Mateos, Diaz Ordaz, and 

Echeverria Alvarez (1959-1976) land distribution recovered 

its importance, as can be noted by the constant increase in 

distributed land (Table 3). The maximum amount of land 

distributed was attained during the Luis Echeverria regime 

(1971-1976), where almost 17 million hectares were 
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distributed, an amount equivalent to what Cardenas 

distributed. Additionally, during his government, the ejido 

received a new impulse, especially the collective ejido. 

After the Echeverria regimes, land distribution 

declined sharply, and the following regimes (Jose Lopez 

Portillo, Miguel de la Madrid, and Carlos Salinas) (1977-

1994) have focused attention on solving production and land 

security problems, but none of them stopped distributing 

land. 

3.7.3 Types of Grants. 

According to Gutelman (1986), one main objective of the 

revolution of 1910 was the restitution of land lost by 

peasants during the Porfirio Diaz regime. However, the 

postrevolutionaries added new allotments and amplification 

grants procedures. Therefore, land distribution under the 

terms of the agrarian program, included three types of land 

grants: a) Restitution, which involved the restoration of 

lands that were taken away from villager illegally. At the 

beginning of the land distribution program, this was the 

only method employed. However, since land restitution 

required the attainment of hard-to-meet legal conditions, 

like the existence of written titles, very little land was 

restored by this method (Whetten, 1954); b) a second method 

employed was new assignments. This method was used under the 
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difficulties found in proving previous possession and 

subsequent despoliation, and to provide land to peasants 

without land. This form of land distribution probably solved 

many bureaucratic problems involved with the restitution 

procedure; c) Finally, amplification grants have been used 

to enlarge holdings of the villages under the circumstances 

that the actual holdings were inadequate to meet the 

community needs. The amount of land distributed to many 

ejidos proved to be insufficient to satisfy peasant income. 

This condition made the per person allotment change over 

time. For example, before the Lazaro Cardenas regime (1935-

1940), the size of the parcel per person was 4 hectares of 

irrigated land or up to 8 hectares of seasonal land. The 

minimum size was changed to 6 hectares of irrigated land or 

12 hectares of seasonal land during the Cardenas period. In 

1942, under President Miguel Aleman size changed from 10 

hectares of irrigated land or 20 hectares of seasonal land 

(Escarcega, et. al. 1990, and Moguel et. al. 1988). However, 

the unavailability of land around the seven-kilometer radius 

to complete the minimum size required by law, has made the 

process of enlargements of ejidos a very slow process. 

3.7.4 Size of Land Grants. 

Until 1943 the method of computing the size of the 

grants to be made was to allot crop land in the following 
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proportion: (1) 4 hectares of irrigated or humid land for 

each eligible recipient. If sufficient irrigated land was 

not available, then: (2) 8 hectares of seasonal land should 

be allotted as the equivalent. 

When the Agrarian Code was revised in 1943, these 

allotments were increased to 6 hectares of irrigated or 

humid land or 12 hectares of seasonal lands (On February 12, 

1947, Art. 27 of the Constitution was amended so as to 

increase the size of plots granted to ejidatarios in the 

future to at least 10 hectares of irrigated land or humid 

land or 2 0 hectares of seasonal land) . The Agrarian Code 

allows for increasing these amounts when creating new 

settlements, when granting lands from the national to the 

Indian tribes, or whenever there is sufficient land to grant 

the increase without injuring the rights of other 

petitioners for land. 

In addition to the lands specified above, grants may 

include the following types: (1) pasture and woodlands 

sufficient to meet the requirements of the ejido; (2) land 

for the village site; and (3) a school plot for use of a 

rural school. 

3.7.5 Types of Land Distributed 

Slightly more than one-fourth of the total amount of 

land distributed prior to 1945 is classified as crop land 
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(26.3 percent), while nearly three-fourths {13.1 percent) 

consists of other types of land, such as pasture, woodland, 

and mountains (INEGI, 1990). There is considerable variation 

in types of land distributed in the various regions. The 

highest proportion of cropland is found in the central 

region, where it reaches 44.9 percent, in the Gulf region it 

amounts to 30.8 percent of the total land distributed, and 

in the South Pacific, 32.8 percent. In the North Pacific 

region only 20.4 percent of the land distributed is 

cropland, and in the North only 15.1 percent. 

The number of hectares of land received per person has 

tended to increase with the passing of time. In 1919 each 

person received only 2.5 hectares per person. In 1945 the 

recipients received 3 8.4 hectares per person. Most of the 

increase, however, has consisted of noncrop land. The 

average recipient in 1945 received 8.3 hectares of cropland 

and 30.0 hectares of noncrop land (INEGI, 1990). 

The average size of the allotment for each person 

receiving land from 1915 to 1944 is given by states by INEGI 

(1990). Size of parcels is smallest in the central area and 

largest in the north of the country. The average number of 

hectares of all land distributed per person in the entire 

country is 17.5, but most of this is unsuitable for crops. 

The average recipient received only 5.6 hectares of 

cropland. This is much smaller than the average amount of 
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cropland that is specified for distribution in the Agrarian 

Code. Taking into accounts the proportions of irrigated and 

seasonal land distributed and the specifications of each in 

the code, the average ejidatario should have receive about 

6.8 hectares. Thus the average ejidatario has received only 

67.8 percent of the cropland to which he was entitled under 

the tenns of the Agrarian Code. We find that the average 

number of hectares of cropland granted per person was less 

than that prescribed for irrigated land for each of the 

sixteen years between 1917 and 1932. Since 1932 the size of 

the grants has been larger and, since 1937, appears to be 

fairly close to what might be expected in terms of the 

Agrarian Code. 

3.8 Development of the Small Private Property. 

In addition to the agrarian program there have been 

other movements in Mexico tending to promote small 

landholding as opposed to the large landholding and the 

ejido. Some of these date from the period of the Conquest; 

others grew after the Revolution. By the time of the 

outbreak of the Revolution in 1910, there were reported to 

be 47,939 ranchos in Mexico as compared with 8,245 

haciendas. Thus, numerically, there were nearly six times as 

many ranchos as haciendas, but the small size of the ranchos 
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made their total area relatively insignificant in comparison 

to the large areas controlled by the haciendas. 

The revolutionary program has resulted in augmenting 

the number of small private holdings. This has been brought 

about through at least three developments: (1) Many of the 

former haciendas have been whittled down by the agrarian 

program until only the core of the hacienda remains to the 

hacendado. This consists of the buildings and about 100-500 

hectares of irrigated land or its equivalent. It has been 

reduced to what the Mexicans refers to small property. (2) 

Some of the hacendados voluntarily divided their estates 

into numerous small units, which were sold to small private 

owners in order to avoid government confiscation of the 

property. (3) Concurrently with the ejido program, the 

government has carried on minor colonization programs. 

3.9 Development of the Ejido (1910-1994). 

Once a presidential resolution is put into effect 

granting land to an ejido, the pasture lands and woodlands 

are kept in the ejido for common utilization or 

collectively, unless this type of land is opened for 

cultivation, which is treated as tillable land and divided 

and distributed among the ejidatarios in the form of plots. 

All the ejidatarios have the right to a house lot over which 

they may acquire full individual ownership after four years 
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of continuous possession. Normally, the excess house lots 

are rented, or sold to other people desiring to live in the 

village and become neighbors. Water rights for irrigation 

belong to the ejido. Tillable land is farmed either 

collectively or individually. If collective farming is 

practiced, the ownership of the land rests with the ejido, 

and the individual is issued a certificate of agrarian 

rights which entitles him to share in the collective 

enterprise. This right may be passed on to his heir. If 

individual farming is agreed upon, the tillable land is 

divided into plots, with each ejida.ta.rio allotted one and 

giving limited ownership over it, awarding him a title. He 

may use this plot during his lifetime and may pass it on to 

his heir. The right of the ejidatario to participate in the 

collective enterprise when collective farming is practiced 

or to use the plot individually when the individual form of 

tenure is used cannot be alienated, or transferred to 

another. The land cannot be leased or mortgaged (Ponce de 

Leon, 1991). 

The ejidatario could be deprived of his property rights 

for renting, mortgaging, and transferring property to 

others; for failing to crop for two consecutive years when 

individual allotments were made, or for not working in the 

collective enterprise for the same period when the ejido was 

organized as collective; other important reasons were 
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marriage of two ejidatarios holding plots, mental 

derangement, alcoholic degeneration, justified imprisonment 

for more than two year, failure to take possession of the 

awarded plot within two months of the grant, failure to pay-

taxes or other common monetary obligations, and the 

commitment of crimes against the community. 

This imposing list of restrictions gave rise to 

numerous abuses and excuses for depriving the ejidatario of 

his newly acquired property rights. Local politicians 

quickly discovered that, by means of financial or other 

inducements, they could get co-operation from the local 

officers of the ejido and, through them, force support of 

their political schemes from the ejidatarios. They could do 

this by threatening to deprive them of their individual 

rights on the ground of "creating lack of harmony", 

"confusion", or "acts against the community." So frequently 

were the ejidatarios deprived of their lands by means of 

such excuses that widespread insecurity and unrest developed 

among them. They began to clamor for individual titles to 

their lands and freedom from the caprices of their own local 

leaders. As a result, the Agrarian Code was modified, such 

that property rights could now only be lost by a decree 

issued by the president of Mexico, with the property rights 

being then ceded to the ejidatario's designated heir. 
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Normally two types of titles are awarded to ejido 

lands, depending upon whether they are worked collectively 

or individually. An ejidatario who works his land on an 

individual basis receives a restricted deed giving him 

limited title to assigned specific parcel. The restriction 

in the deed are those mentioned above to the effect that the 

land may be passed on to his heir but may not be sold or 

mortgaged and must be worked by the ejidatario himself or by 

the members of his family. 

The title given to the ejidatario in ejido land worked 

collectively consists of a certificate of agrarian rights. 

In this case, no specific lot is assigned, but permits him 

to share in the collective enterprise. 

The total population of an ejido might vary from less 

than one hundred inhabitants to several thousand. In the 

smaller villages where ejidos have been established or in 

newly settled villages resulting directly from the formation 

of an ejido, the ejido and the village with its surrounding 

lands are almost coextensive, though not entirely so. There 

are almost always a few families in the village, however 

small, who are ineligible to benefit from the agrarian laws. 

These may be small shopkeepers or other persons whose 

traditional occupation is not farming. Their interests might 

be closely bound up with the ejido, but they would not be 

considered members of it. Other residents of the village who 
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do not belong to the ejido are those families who were 

already in possession of small private holdings of their own 

and for this reason did not qualify to receive land under 

the agrarian laws. In the larger villages and towns there 

might be two or more ejidos in the same village; or the 

ejido population might constitute only a fraction of the 

total population of the town. 

The lands of any ejido do not always form a contiguous 

block. They are often interspersed with the remnants of the 

pre-existing hacienda from which the ejido lands were taken. 

Ordinarily, when lands were expropriated, the hacendado was 

permitted to select the land he wished to retain, and he 

often chose irregularly shaped areas in order to include 

what he regarded as the most desirable for his purpose. 
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GLOSSARY 

Altepetlalli: The tovm's land of the Aztec times 

Baldio. Portion of land that had never been lawfully-
alienated by the nation or legally destined to public uses. 

Caballeria: A kind of mercedes real, usually five times 
larger than a peonia. 

Cacique: Chieftain; political boss of a village or town. 

Caciguismo: Refers to a system of domination centering 
around a local cacique rule. 

Calpullali: Lands that belonged to a clan of the Aztec 
epoch. 

Calpulli: Refers to a barrio or clan of the Aztec epoch. 

Comisariado: It is an authority of the ejido composed of a 
president, (comisario), a treasurer, and a secretary. 

Campesinoi Literally, country peoples; roughly, peasants. 

Composicion: A title confirmation. A Spanish government 
process to confirm property titles during the lates 
1500's to recover land for the crown that was unrightful 
acquired. 

Congregaciones: New Indian villages builded under the 
guidance of the church to civilize wandering tribes. 

Cardenismo: The brand of populism ascribed to Lazaro 
Cardenas. 

Cardenistas: Followers of Lazaro Cardenas. 

Denuncia: Announcement; proclamation; application for a 
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concession. 

Encomienda: The entrustments of Indians granted to a Spanish 
conquistador by the crovm, with the idea of providing for 
their spiritual conversion and material welfare. 

Comlsa.ria.do ejidal. A council with the maximum authority of 
an ejido, formally elected by ejidatarios. Includes 
president, secretary, treasurer, sometimes auxiliary 
secretaries. It handles credit, commercialization, and 
other duties for the ejido. 

Ejido: Agricultural land held in usufruct; land formally 
owned by the Mexican nation and granted to rural residents 
under the agrarian reforTti. 

Ejidalist: Based on the ejido. 

Ejidatario: Member of the ejido. 

Estancias: A portion of an hacienda. Large estates were 
usually divided into several units to facilitate 
management. 

Fincas Agricolas: Rural landed estate. 

Fundo Legal. Town site. 

Hacienda: A large landed estate. 

Hacendado: The owner of the hacienda. 

Latifundio: A large agricultural estate generally owned and 
operated by one family. 

Latifundista: The owner of the latifundio. 

Mayeques: Special serfs assigned to tilled public lands. 

Mestizo: A mixed of Spanish and Indians. 

Minifundio: A very small land holding, generally less than 
10 hectares. 

Pariente Mayor: A chief of a clan. Normally one of the elder 
persons. 

Peons Acasillados. Workers on haciendas and sometimes on 
fincas. 
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Peonias: A kind of mercedes real assigned to support a 
family. This kind of land was of small size, 
approximately of 100 acres. 

Pillali: Portion of land assigned to the pariente mayor. 

Pueblo: A town. 

Rancho: A small ranch. 

Tecpan: A council house. 

Tecpantlalli: Land assigned to support the tecpan. 

Teocalli: Land assigned for the use of the priesthood. 

Terreno de comun repartimiento: Common land. 

Teules (Tecticatzin): A special class of individuals that 
received land in payment of important services offered 
to the tribe. 

Tlatmilli: The individual plot assigned to a head of the 
family of a given clan. 
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Description of Types of Vegetation and Forage Production 
Sites. 

1. Open Mid-Grassland (codes as CB) . This type of vegetation 
covers an area of 226,000 hectares and includes the range 
sites: (1) Mesas and Undulating ridges with Blue Grama 
{Bouteloua gracilis), curly mesquite {Hilaria belangeri) and 
three awns {Aristida sp.), and (2) Bottoms and Small Valleys 
with alkali zacaton {Sporobolus wrightii) and tobosagrass 
{Hilaria mutica) . 

2. Arbosufrutescent Mid-GrasslcUid [coded as C(B)Bl . This 
vegetation type covers an area of 1,697,000 hectares and 
includes the range sites: (1) Bottoms and undulating Ridges 
with hairy grama {Bouteloua hirsuta) , mesquite {Prosopis 
juliflora) and oak [Quercus emozyi) , (2) High Ridges with 
sideoats grama (Bouteloua curtipendula) and oaks {Quercus 
spp.), and (3) Undulating Ridges with mesquite {Prosopis 
juliflora), slender grama {Bouteloua filiformis), and curly 
mesquite {Hilaria belangeri). 

3- Arbosufrutescent Btinch-Grassland [coded as C(B)M]. This 
vegetation type covers an area of 1,131,000 hectares and 
includes the range sites: (1) Bottoms and Alluvial Plains 
with sideoats grama {Bouteloua curtipendula) and mesquite 
{Prosopis juliflora), (2) Medium Ridges with sideoats grama 
{Bouteloua curtipendula) and oaks {Quercus spp.), and (3) 
Mountain Sides with tangle head {Andropogon cirratus) and 
oaks {Quercus spp.). 

4 . Subinermous Microphyllous Shrubland [coded as DH(K)]. 
This type of vegetation covers an area of 305,000 hectares 
and include the range sites: (1) Undulating Ridges with 
mesquite {Prosopis juliflora) , whitethorn {Acacia 
constricta) , and tarbush {Flourensia cernua), (2) Rocky 
Ridges of Volcanic Origin with ocotillo {Fouquieria 
splendens) and fluffgrass {Tridens pulchellus), and (3) 
Bottoms with creosotebush {Larrea tridentata) and limber-
bush {Encelia farinosa). 

5. Microphyllous Crassicaulescent Shrubland (coded as DHO) . 
This type of vegetation covers an area of 1,998,000 hectares 
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and includes the range sites: (1) High Ridges with ocotillo 
{Fouquieria splendens), catclaw (Mimosa spp.), acacias 
(Acacia spp.), and sideoats grama {Bouteloua curtipendula), 
(2) Medium Ridges with pale verde {Cercidium microphyllum) 
and limber bush [Encelia farinosa), and (3) Plains with 
creosotebush [Larrea tridentata) and bursages (Ambrosia 
deltoides) . 

6. Low Caduceus Jungle (coded as ACE) . This type of 
vegetation covers an area of 288,000 hectares and includes 
the range sites: (1) Bottoms and Small Valleys with mauto 
(Lysiloma divaricata), amapa (Tabebuia palmeri) , and guasima 
(Guazuma ulmifolia), (2) Hills and Mountain Sides with 
uvalama (Vitex millis), chuna (Ficus cotinifolia) , and palo 
Colorado (Caesalpinia platyloba), and (3) Ridges with torote 
(Bursera spp.), mauto (Lysiloma divaricata), and boatthorn 
acacia (Acacia cymbispina). 

7. Arborescent Shrubland (coded as DB). This vegetation type 
covers an area of 2,508,000 hectares and includes the range 
sites: (1) Plains of the Southern zone with Mesquite 
(Prosopis juliflora), rothro grama (Bouteloua rothrockii), 
and cacti (Opuntia spp), (2) Bottoms and Small Valleys with 
mesquite (Prosopis juliflora) , palm (Erythea roezlii), and 
ragweed (Ambrosia ambrosioides), (3). High and Medium Rocky 
Hills with boatthorn acacia (Acacia cymbispina) , mauto 
(Lysiloma divaricata), and white croton (Croton sonorae), 
and (4) Hills with boatthorn acacia (Acacia cymbispina), 
brea (Cercidium sonorae) breand cacti (Opuntia spp). 

8. High Spineferous Brushland with Lateral Spines (coded as 
DAK). This type of vegetation covers an area of 793,000 
hectares and includes the range sites: (1) Valleys and 
Undulating Ridges with mesquite (Prosopis juliflora), 
hopbush (Dodonaea viscosa) , and jecota (Hymeoclea monogyra), 
and (2) Mountain Sides with ocotillo (Fouquieria splendens), 
mimosa (Acacia greggii), and brea (Cercidium sonorae). 

9. Arbocrassicaulescent Brushlemd (coded as DBO). This type 
of vegetation covers an area of 552,000 hectares and 
includes the range sites: (1) Plains with mesquite (Prosopis 
juliflora) , organ-pipe cactus (Lemaireocereus thurberi), and 
cholla (Opuntia spp.), and (2) Isolated Hills with palo 
verde (Cercidium microphyllum) , organ-pipe cactus 
(Lemaireocereus thurberi), and torotes (Bursera spp.). 

10. Arbosufrutescexmt Brushland [coded as D(B)]. This type 
of vegetation covers an area of 2,221,000 hectares and 
includes the range sites: (1) Bottoms with mesquite 
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{Prosopis juliflora) and grama china {Cahtestecum erectum) , 
(2) Plains with palo verde {Cercidium microphyllum) , iron 
wood [Olneya tesota), and limber bush {Encelia farinosa), 
(3) Ridges with acacias {Acacia spp.), ocotillo {Fouquieria 
splendens), and samota {Coursetia glandulosa), and (4) Hills 
and Escarpments with torotes (Bursera spp.) , palo verde 
{Cercidium microphyllum) , and jatropha {Jatropha spp.). 

11. Inermous Microphyllous Shrubleuid (coded as DH) . This 
vegetation type covers an area of 2,455,000 hectares and 
includes the range sites: (1) Plains with creosotebush 
{Larrea tridentata) and bursage (Ambrosia spp.) , and (2) 
Hills and Lava rock with palo verde {Cercidium 
microphyllum) , iron-wood {Olneya tesota) , and saguaro 
{Camegiea gigantea) . 

1 2 .  S a r c o c a u l e s c e n t  S h z r u b l a u i d  ( c o d e d  a s  D S )  . This type of 
vegetation covers an area of 1,259,000 hectares and includes 
the ranges sites: (1) Plains with palo verde {Cercidium 
microphyllum) and brea {Cercidium sonorae) , (2) Low and 
Medium Ridges with torotes {Bursera spp.) and tree ocotillo 
{Fouquieria macdougalii), (3) Rocky Hillsides with torotes 
{Bursera spp.)and jatrophas {Jatropha spp.), and (4) Lava 
rock hillsides with torotes {Bursera spp.), organ-pipe 
cactus (Lemaireocereus thurberi) and brea {Cercidium 
sonorae). 

1 3 .  H a l o p h i t i c  V e g e t a t i o n  ( c o d e d  a s  C ' U W  a n d  B T U )  . This type 
of vegetation covers an area of 153,000 hectares and 
includes the range sites: (1) With mangrove {Maytenus 
phyllanthoides) and saladito {Frankenia palmeri) , and (2) 
with mangrove {Rhizophora mangle) and black mangrove 
{Avicennia germinans). 

1 4 .  A c i c u l a f o l i o u s  F o r e s t  o f  P i n u s  ( c o d e d  a s  B J ). This 
vegetation type covers an area of 332,000 hectares and 
includes the range sites: (1) High Mountains with pines 
{Pinus spp.). 

1 5 .  E s c l e r o - A c i c u l a f o l i ' u s  F o r e s t  ( c o d e d  a s  B F J )  . This type 
of vegetation covers an area of 378,000 hectares and 
includes the range sites: (1) Mesas of the Sierra Madre 
Occidental with oaks {Quercus spp.) and pines {Pinus spp.), 
and (2) Hills and Mountain Sides of the Sierra Madre 
Occidental with oaks {Quercus spp.) and pines {Pinus spp.). 

1 6 .  B r o a d l e a f e d  S c l e r o p h y l l o u s  F o r e s t  ( c o d e d  a s  B F E ). This 
vegetation type covers an area of 541,000 hectares and 
includes the range sites: (1) Small Valleys with oaks 



(Quercus spp.) and mesquite (Prosopis juliflora), (2) 
Hillsides and Bottoms with oaks (Quercus spp.), and (3) 
Steep Hillsides with oaks (Quercus spp.) and Junipers 
(Juniperus spp.). 
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