
Research onWorld Agricultural Economy | Volume 06 | Issue 01 | March 2025

Research onWorld Agricultural Economy

https://journals.nasspublishing.com/index.php/rwae

ARTICLE

Decisive Factors Associated to Land Tenure and Plot Size in
Sugarcane Fields in Mexico

Daniel Eduardo Paz‑Pérez

ITS El Mante, Tecnológico Nacional de México, Ciudad Mante 89800, Mexico

ABSTRACT
Diversity in the sugarcane ϐield is the result of the combination of social groups, historical processes and nat‑

ural conditions, which vary in every region. Among the factors affecting agricultural production, land ownership
represents the most valuable economic capital, along with other factors related to the social and cultural capital
of the farmer; and women tend to have less access to this than men do. We attempted to diagnose the factors that
affect land ownership in the sugarcane ϐield in Tamaulipas, Mexico, taking a gender perspective. Data from a sam‑
ple of 546 sugarcane suppliers from 6 municipalities in Tamaulipas were obtained, and the association between
dichotomous variables was sought by applying statistical tests, such as Yule’s φ (phi) coefϐicient, tetrachoric cor‑
relations and Fisher’s test; a predictive model based on logistic regression was also constructed. The association
between gender variables and land ownership, decision‑making power, irrigation, sugarcane registration, other in‑
come, alternative crops, and area in hectares is evident. Women represent less than one‑ϐifth of the total sugarcane
suppliers in Tamaulipas, Mexico. They own agricultural landwith available irrigation in a slightly higher proportion
than men, but their plots are smaller, and they have less say in their cultivation. They lag behind in terms of being
included in sugarcane registers and are less often involved in other productive activities to provide themwith addi‑
tional resources for subsistence; it is desirable that the government enforce gender equality and guarantee a legal
framework so that women can have rent or possession and control of agricultural land, without size limitation.
Keywords: Economic Resources of Women; Agriculture in Tamaulipas; Micro Analysis of Farm Firms; Land Owner‑
ship; Regional Economic Activity

*CORRESPONDING AUTHOR:
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1. Introduction
Agriculture is a basic activity that provides food for

family consumption, and the trade of surplus produce
generates the ϐirst link in several agro‑industrial chains,
which is why it is so important. In particular, the agri‑
cultural activity of sugar cane (Sacharum of f icinarum)
cultivation and sugar production is signiϐicant due to the
volume and value of the product, aswell as the impact on
the generation of direct and indirect jobs associatedwith
the crop, to which 44.4% of the ejido lands in Mexico
are dedicated, while in other countries the magnitude
varies [1, 2]. Tamaulipas, located in the northeast of Mex‑
ico, is the third provincewith the greatest productive po‑
tential for this crop, only behind Sinaloa and Michoacán,
with 7.81% of the area [3].

The sugarcane agroindustry is strategically impor‑
tant in Mexico; however, it has ceased making a signiϐi‑
cant contribution to regional development due to stagna‑
tion in productivity, both in terms of itsmanufacture and
in the ϐield. This relates to the quality of agricultural land
and the availability of irrigation, which determine sugar‑
cane yields, in addition to other factors such as climate,
seed variety, and cultural work [4]. Even so, it has been
pointed out that this crop produces favorable changes in
the lives of farmers [5].

Despite the diversity of participants at all levels of
the sugar agro‑industrial chain, not all social actors who
carry out agricultural work do so under the same con‑
ditions, as women experience inequality in a number of
respects, including the wage gap and access to educa‑
tion, as well as land ownership [6–8]. By social inequality,
we can understand “the inequitable distribution of so‑
cialwealth, aswell as insufϐicient access to credit, quality
education, productive assets, new technologies, culture
and recreation…” [9].

Women’s participation in the labormarket is essen‑
tial because of its evident contribution to accelerating re‑
gional economic growth [6]. Apparently, when men mi‑
grate from the countryside, women take charge of agri‑
cultural exploitation and their work becomes apparent;
this increases the number of them who become heads
of household in developing countries, but many women
limit their labor participation in order to exercise fam‑
ily care [10, 11]. However, women face more difϐiculties

when it comes to communal rural land, where men, who
limit female opinion in assemblies and in making impor‑
tant decisions, actively participate [12]. A recent report
by the Food and Agriculture Organization of the United
Nations (FAO) [7] indicates that in 40of 46 reported coun‑
tries, moremenhold land ownership rights thanwomen,
and only in 47 of 104 countries are women granted the
same participation as men, concerning the right to agri‑
cultural irrigation.

The gender gap in access to resources in agriculture
is evidence of the inequality that prevails in much of the
world [13]. Therefore, this study seeks to analyze some
factors associated with the cultivation of sugar cane that
deϐine the role of Tamaulipas producers: 1) the cane
ϐield, size and type of plot, 2) ownership and decisions
about agricultural land, and 3) origin of the farmer’s in‑
come. Due to its importance, it is convenient to deϐine
the sugarcane producer as a subject of analysis; for the
purpose of this work, the term “sugarcane supplier” has
been used as in Mexican legislation; the Law for the Sus‑
tainableDevelopment of Sugarcanedeϐines it as “Produc‑
ers, individuals or legal entities, whose land is totally or
partially dedicated to the cultivation of sugarcane for in‑
dustrial use and who have entered into a Uniform Con‑
tract sanctioned by the Sugarcane Production and Qual‑
ity Committee or a special conditions contract”. Thus,
characterization of the actors of an agricultural system
represents an important task and is scarce in the sugar‑
cane region in study.

2. Literature Review
2.1. The Sugarcane Field; Size and Type of

Plots

The sugarcane ϐield in Mexico is very diverse, re‑
sulting from the combination of social groups, histori‑
cal processes, and natural conditions that vary in each
region [1, 14]. These are territories where inequality and
exclusion continue to exist [15]. The 7 sugarcane regions
in the country (see Figure 1) manifest edaphic and to‑
pographical differences that have caused important con‑
trasts: in almost all of them, smallholdings, sugarcane
monoculture, difϐiculties in accessing irrigation, and con‑
cerning the introduction of technology to the ϐield per‑
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ϐield presents very diverse characteristics in other re‑
gions of America; for example, in Colombia it shares
half of the territory of the Cauca Valley with maize and
soybeans. This is the main sugarcane growing region

and presents irrigation difϐiculties and a mixed prop‑
erty regime, where 14 private sugar mills compete—
using their own land—with more than 1,200 small and
medium producers to supply their raw material [17].

Figure 1. Map of 7 sugarcane regions in Mexico.
Source: Image taken and adapted from Conadesuca’s Geoportal Map Library [18] .

Inequality is also apparent in the sugarcane ϐield
in Argentina: the assignment of tasks in this country is
related to the agricultural and family cycles [19, 20], high‑
lighting the low participation of women as sugarcane
producers (less than 9%) and a greater female contribu‑
tion in the form of unpaid than in paid work. Women
producers participate in agricultural tasks, only when
the property is small and does not generate sufϐicient in‑
come to outsource the work [8]. In contrast, the sugar‑
cane ϐield in Peru is notable for generating acceptable
yields, above the Latin American average. However, it
also presents marked atomization of land ownership,
where 19% of women participate as producers in this
Andean country, 72% of producers are afϐiliated to a
sugarcane organization, more than half of the producers
(54%) claim to have more than 3 crops growing simulta‑
neously, and the rest (46%) have at least one other crop
apart from sugarcane. The presence of additional eco‑
nomic activities, such as animal husbandry on sugarcane
plots, was reported for 100% of properties [21].

Regarding the size of plots, evidently in ancient
times agricultural land was very fragmented; complex
territorial processes involving the aristocracy and the
feudal peasant determined the size and ownership of
the land [22, 23]. Under these conditions, the owner could
only carry out subsistence agriculture, so perhaps for
this reason, Mexican peasants hold on to their plots with
affection, even when they are unproductive, as they rep‑
resent part of the family patrimony that will pass to
subsequent generations [15]. By the 20th century, the
situation changed in many Latin American countries;
the large estates caused agrarian reforms that deϐined
the current average surface of family agriculture at 6.83
ha in Mexico, 4.48 ha in Colombia, 1.29 ha in Peru,
and 107.45 ha in Argentina, to cite some examples [24].
The size and typology of the sugarcane plot also deter‑
mine categories among producers, each with their own
characteristics and means of production. The last agri‑
cultural census in Mexico reported more than 200,000
production units that plant a little more than 1 mil‑
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lion hectares of land dedicated to sugarcane cultivation
throughout the country, for self‑consumption, commer‑
cialization and other uses, inwhich the average land size
is only 5.03 hectares [25]; Table 1 provides the above in‑
formation segmented into the 7 sugarcane regions (with
the northeast region and Tamaulipas highlighted in bold
type), made up of 267 municipalities in 15 states, in
which the crop is grown and whose production is des‑
tined for the country’s 50 sugar mills.

Type of land. Like any crop, sugarcane requires

an adequate agro‑environment and saccharide content
for yield to improve; meaning the topographic condi‑
tions and soil characteristics of the region can be limit‑
ing factors for crop productivity [2]. In most agricultural
lands in the sugarcane zone of Tamaulipas, ideal physi‑
cal conditions exist for planting this crop: Vertisols and
Lithosols predominate, as well as Rendzinas, Feozem,
Regosols and Cambisols, with neutral or moderately al‑
kaline pH in most of the region, although these soils are
poor in organic matter [3, 26].

Table 1. Sugarcane production units’ size, by region, in Mexico.

Region State/Province Production Units Land Area in Hectares Hectares Per Production Unit

Northwest Sinaloa 405 5,697 14.1
15 municipalities Nayarit 7,020 34,657 4.9

7,425 40,354 5.4
Paciϐic Jalisco 23,144 116,051 5.0
64 municipalities Colima 1,558 18,563 11.9

Michoacán 5,837 16,034 2.7
30,539 150,648 4.9

Northeast Tamaulipas 7,346 82,355 11.2
25 municipalities San Luis Potosı́ 17,095 107,094 6.3

North Veracruz 4,962 61,315 12.4
29,403 250,764 8.5

Southeast Chiapas 7,856 27,828 3.5
22 municipalities Tabasco 8,261 43,102 5.2

Campeche 2,510 24,687 9.8
Quintana Roo 14,381 151,346 10.5

33,008 246,963 7.5
Cordoba‑Gulf Oaxaca 11,161 47,982 4.3
29 municipalities West Veracruz 25,372 111,222 4.4

36,533 159,204 4.4
Central Puebla 11,360 19,569 1.7
56 municipalities Morelos 14,105 31,113 2.2

Mexico State 139 156 1.1
Central Veracruz 3,030 5,433 1.8

28,634 56,272 2.0
Papaloapan‑Gulf Veracruz 39,209 190,753 4.9
15 municipalities Oaxaca 3,841 24,587 6.4

43,050 215,339 5.0
Sugarcane crop regions 208,592 1,119,543 5.4
Country (as reported in census) 200,317 1,007,713 5.0

Source: Self‑elaborated, based on INEGI data [25] .

Irrigation in sugarcane ϐields. Sugarcane cultiva‑
tion requires abundant irrigation, so a shortage of wa‑
ter represents a limiting factor for the crop, and the
Huasteca sugarcane region where Tamaulipas is located
suffers from signiϐicant water deϐiciency formore than 6
months a year, meaning that sugarcane yields are low or
moderate. Land ownership and access to irrigation are
two socio‑economic factors related to the competitive‑
ness of sugar production [4, 5]. Water is a resource that

must be exploited sparingly, as in some places it is scarce
or contaminated [27] and must be shared among many
agricultural producers, who grow in smallholdings (and
this contemplates water pressure for the entire ϐield). In
Mexico, fragmentation of agricultural lands increased by
almost 8%over 2 decades, contrary towhat happened in
South America, where the number of agricultural farms
decreased by between 10% and 20% [24].
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2.2. Ownership and Decisions on Agricul‑
tural Land

Land tenure. As in other Latin American countries,
sugarcane plots in Mexico are predominantly small ru‑
ral properties, and individuals may own a small prop‑
erty of up to 300 hectares of land dedicated to cultiva‑
tion, consisting of ejidal, private, or properties of mixed
type [28]; in Mexico, an «ejido» is a form of land tenure
regulated by the government as social property, through
a legal entity formed by at least 20 Mexican citizens,
which may own rural land dedicated to agriculture or
livestock. Land tenure has involved a persistent struggle
in the country that in 1992 made possible the certiϐica‑
tion of more than 92% of agrarian property. This was
extraordinary because having documentation that guar‑
antees land tenure for the farmer can represent a means
to access ϐinancial credit, thus enabling him to increase
family and community assets by working the land with
greater prerogative and autonomy [22]. In many coun‑
tries, rules concerning land tenure are cultural and de‑
terminewho canown land, for how long, andunderwhat
conditions [29]. It is thus common for property to be in‑
herited rather than sold; as if the right to property is re‑
stricted, women have to look for other jobs or emigrate.

Men and women are considered equal in Mexican
agrarian legislation, with Article 12 establishing that
both can inherit ejidal rights [28]; however, inequality has
been found in terms of ownership of land plots in the
country, with a ratio of 3 to 1 in favor of men; less than
27% of ejidal lands are owned by women [12]. A similar
situation is apparent in other countries: a study on the
gender gap regarding access to land for rural women in
CostaRica stated that “… they suffer fromvarious difϐicul‑
ties in accessing land, and if they own it, plots are usually
smaller and of lower quality” [30]. Land ownership favor‑
ing women may also reduce gender violence [7].

The power tomake decisions. In some regions in
the past, decision‑making concerning some traditional
economic activities such as agriculture depended onpro‑
cedures that obeyed control bodies at different hierarchi‑
cal levels, with higher classes predominating [23]. Appro‑
priate planting decisions can provide economic stability
to sugarcane producers [14] by varying crops, investing
in technology or increasing cultural work, which are im‑

portant economic decisions, but farmers persist in plant‑
ing this crop, waiting for opportunities for a ϐinancial bo‑
nanza that takes time to arrive.

Support lists for sugarcane growers. Small and
medium‑sized rural producers can access government
beneϐits such as direct support programs for coffee and
sugarcane growers or those that grant guaranteedprices
for crops of strategic importance. These require being in‑
cluded in a register [12]; however, lack of inclusion in land
tenure can limit opportunities to access these rural sup‑
port programs; in particular, sugarcane producers can
register in the General Registry of Sugarcane Suppliers
in the Ministry of Agriculture and Rural Development
(SADER) in order to access individual support. In 2021,
this was approximately USD $356.10 per supplier [2]; be‑
ing included in a register also enables suppliers to access
ϐinancing with an industrial partner, the mill that buys
the sugarcane from them, or to access other sources of
ϐinancing to modernize their agricultural infrastructure.
Thus, access to credit and government support are im‑
portant, as they can help women increase their produc‑
tivity and become more self‑sufϐicient [11, 29].

2.3. Farmers’ Sources of Income

Alternative crops and other income. Previously,
we commented that most sugarcane production is on
smallholding properties due to the atomization of land
ownership in some regions of Mexico. The insufϐicient
yield of the crop, combined with periods of low sugar‑
cane prices, causes suppliers to opt for combining the
planting of sugarcane with other crops to survive [2, 27];
this diversiϐication is a strategy that sugarcane produc‑
ers can adopt to improve their agricultural productivity
during times of economic hardship, along with livestock
and forestry activities [14, 31]. They can also venture into
other occupational activities, and it is usual for women
to work outside the agricultural ϐield, including in urban
situations [32]; this multi‑activity is considered an adap‑
tive strategy and is more common in rural areas [33].

Research on land tenure has been common in the
last decade in the economic and administrative sciences,
in econometrics and ϐinance studies, andMexicowas the
most related geographic area in such studies [13]; this
study aims tomake a diagnosis of the land ownership sit‑
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uation in the sugarcane ϐield inTamaulipas, representing
one of the states in Mexico with the most specialization
in sugarcane production, a situation that gives it a com‑
petitive agroindustrial advantage. The differentiation of
data by gender [30] beneϐits the analysis of economic in‑
formation, and exposes the situation experienced in the
Mexican countryside, especially among the most vulner‑
able population, such as women.

3. Materials and Methods

Geographical context. The northeastern sugarcane
region, also known as the Huasteca, includes the states
of San Luis Potosı́ and Tamaulipas, as well as the north‑

ern region of Veracruz. There are 7 sugar mills; one
of them is in Tamaulipas, a state whose sugarcane zone
comprises an area of 30,000 ha and is located between
the parallels 23°17′00″ and 22°32′04″ N and the merid‑
ians 99°20′09″ and 98°36′00″ W (see Figure 2). The
Tamaulipas sugarcane zone includes 8 municipalities
in the southwestern area: Antiguo Morelos, El Mante,
Gómez Farı́as, González, Llera, Nuevo Morelos, Ocampo
and Xicoténcatl. The economic region named ElMante is
made up of 6 of thesemunicipalities (excludingGonzález
and Llera), where warm subhumid and hot climates pre‑
dominate, conducive to developing sugarcane activity on
fertile lands, owned by more than 65% of the commu‑
nity [9, 34].

Figure 2. Location of the sugarcane supply area in Tamaulipas and data collection points.
Source: Self‑elaborated.

Socioeconomic context. In 2020, the El Mante re‑
gion had a population of just over 185,000 people and
had practiced an economic vocation for more than a
decade, where services predominate (39.4%) over agri‑
culture (22%) and commerce (21.6%). This area has an
illiteracy rate (2.2%), below the state and national aver‑
age; poverty of (43.4%) and extreme poverty of (6.1%);
also below the national average. Of the 6 municipalities
thatmake up the region, only 2 have limitedmarginaliza‑
tion and the rest have a medium degree of marginaliza‑
tion; the level of schooling and degree of human devel‑
opment are also slightly below the state average [9, 35].

Objective. The objective of this exploratory and
cross‑sectional work is to verify the hypothesis that land
ownership in the Tamaulipas sugarcane ϐields, the size
of plots and other factors related to the agricultural pro‑
ducer’s capital vary depending on whether the supplier
is a woman or a man. Sugarcane producers are the sub‑
ject of analysis. This hypothesis stems from the recogni‑
tion that this regionpresents low indicators of inequality
and social deprivation [9], as whereas 14% of the popu‑
lation in the municipalities where sugarcane is planted
throughout the country live in extreme poverty [2], in the
ElMante region this percentage is 6.1. However, discrim‑
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ination towards women in land ownership is a problem
that affects all primary activities, including agricultural,
as well as livestock or forestry. It is thus evident in sev‑
eral regions of the world that women have access to re‑
sources to produce food for their families, but their con‑
trol over these is less than that of men [7, 36, 37].

Sample description. Given its availability and in or‑
der to promote data sharing and reuse of information,
we accessed the database amassed by Paz‑Pérez [38]. In
the citedwork, 5,792producerswere reported in the reg‑
ister of sugarcane suppliers during the 2018–2019 cycle,
and a statistical sampling by strata and clusterswasused
to amass responses from 546 suppliers at 76 collection
points in the 6municipalities of the El Mante region (see
Figure 2). Those producers were informed of the scope
of the research and gave their consent for the interviews

an instrument consisting of 42 variables. The objective,
methodology and results differed from those presented
here.

Instrument. 8 variables about the sugarcane sup‑
plier and the economic and social capital involved in agri‑
cultural activity were extracted from the database re‑
ferred to above, to be used in the analysis of this work.
Variables 1 to 7 are on a dichotomous scale, where 1 is
the value of the present category and 0 is the value of
the absent category; variable 8 was coded on a nominal
scale and then transformed into binary, classifying as 0
the responses below themean and as 1 responses above
the mean. We built a matrix using the data collected and
emptied this into the SPSS software version 28 for pro‑
cessing. Table 2 presents the statistical values, dimen‑
sions and indicators of the variables used.

Table 2. Variables and their dimensions and indicators.

Variable Dimension Indicators Coding Mean Std Dev

1. Gender Gender of producer Man 1 0.82 0.384Woman 0
2. Land ownership Economic capital Property owner 1 0.9505 0.217Not property owner 0

3. Decision Social capital Decides on crop 1 0.9652 0.183Does not decide on crop 0
4. Irrigation Economic capital Irrigates 1 0.5879 0.492Does not irrigate 0
5. Register Social capital Included in sugarcane register 1 0.4542 0.498Not included in sugarcane register 0

6. Other income Economic capital Has income other than sugarcane 1 0.4432 0.497Has no other income 0
7. Other crops Economic capital Grows other crops 1 0.141 0.348Does not grow other crops 0
8. Hectares Economic capital Plot exceeds > 7 ha 1 0.56 0.496Plot is less than < 7 ha 0

Source: Self‑elaborated.

Procedure. 2 x 2 contingency tables were con‑
structed with each pair of variables to examine the as‑
sociations between them, where the rows represent the
formsof capital of variables 2 to 8 and the columns repre‑
sent the cases by gender corresponding to the ϐirst vari‑
able, as shown in Equation (1). The null hypothesis of
independence between the two variables is tested using
the statistical tests indicated.

(a b)/(c d) (1)

To check whether gender (variable 1) is associated

with variables 2 to 7 (referring to the economic and so‑
cial capital of the sugarcane producer), we applied the
Yule φ (phi) coefϐicient (commonly used to study so‑
cial behavior with demographic factors), expressed in
Equation (2), which measures the intensity of the rela‑
tionship between two dichotomous or binary variables.
Akoglu [39] states that correlation does not imply causa‑
tion and proposes that the intensity of this indicator, due
to its characteristics, can be considered moderate from
a result >0.10, strong from >0.15 and very strong from
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φ = ((c ∗ b)–(a ∗ d))/
√((a+ b) ∗ (c+ d) ∗ (a+ c) ∗ (b+ d))

(2)

To check the association between the real dichoto‑
mous variable gender (variable 1) and another binary
variable that results from categorizing the continuous
variable of hectares (variable 8), the tetrachoric corre‑
lation coefϐicient (TCC) was used. The formula for this
can be expressed as (3); a coefϐicient which requires a
normal distribution of data; that each of the cells equals
at least 10% of the total value of N and that the scale un‑
derlying the binary conversion is continuous and not dis‑
crete [40, 41].
r_tet = cos((180 ∗ √((b ∗ c)))/√((a ∗ d)/(b ∗ c))) (3)

where cos = trigonometric function of the cosine.
Fisher’s exact testwas used as a contrast technique,

another non‑parametric statistic also applicable when
the variables are binary, in which the association of all
the variables was conϐirmed as signiϐicant. Additionally,
to estimate the probability of the variable Land tenure
as a function of the other dichotomous variables, odd ra‑
tio (OR) by logistic regression was used [42, 43]; this tech‑
nique requires a dichotomous dependent variable y and
one or more independent qualitative variables x1, x2 ...
xn that can also be dichotomous and must be mutually
exclusive [44]. The logistic regression model can be ex‑
pressed as Equation (4).
log(p/1–p) = b0+ b1x1+ b2x2+ b3x3…+ bnxn (4)

Where:
p = is the probability that y takes value 1 in the pres‑

ence of covariates x
b0 = intercept or regression constant
b1, b2, b3, bn = coefϐicients of the covariates in the

regression model
x1, x2, x3, xn = qualitative independent variables
Logistic regression processing in SPSS was per‑

formed using the forward stepwise method; slightly
approximate Cox and Snell square and Nagelkerke
R‑square values were obtained; the Hosmer and
Lemeshow test yielded a higher value than the signiϐi‑
cance, which is a good indicator of the goodness of ϐit
of the model, reliable values for the regression analysis,
according to Ortega [45].

4. Results

Gender. In the Tamaulipas sugarcane ϐield, suppli‑
ers are at a proportional rate of 4 men to every woman
(17.9%); this result concurs with data from the last
national agricultural census of 2019 [12], which reports
17% of female agricultural producers; it also coincides
with the 16% average of female heads of agricultural
holdings in Latin America [24]. Table 3 shows the results
of the association between the variable Gender and the
variables referring to the economic and social capital of
sugarcane producers.

Table 3. Results from statistical tests.

Variable Indicators
Frequencies Fisher φ

rtetMen Women Proportion (Sig) (Sig)
Bilateral

2. Land ownership Is land owner 422 97 0.951 0.030 ˣ ¹ –0.085 ˣ
Is not land owner 26 1 (0.048)

3. Decision Decides what to cultivate 438 89 0.965 0.003 ˣ 0.144 ˠ
Does not decide what to cultivate 10 9 (0.001)

4. Irrigation Irrigates 251 70 0.588 0.006 ˣ 0.124 ˣ
Does not irrigate 197 28 (0.005)

5. Register Included in sugarcane register 218 33 0.460 0.005 ˣ –0.116 ˣ
Not included in sugarcane register 230 65 (0.006)

6. Other income Has income other than sugarcane 210 32 0.443 0.013 ˣ –0.109 ˣ
Has no other income 238 66 (0.010)

7. Other crops Grows other crops 73 4 0.141 0.001 ˠ –0.131 ˣ
Does not grow other crops 375 94 (0.002)

8. Hectares Plot exceeds >7 ha 261 47 0.564 0.040 ˣ 0.339Plot is less than <7 ha 187 51
Note: ˣ signiϐicant at  0.05 ¹ ˠ signiϐicant at 0.001 ¹ unilateral.
Source: Self‑elaborated with collected data.
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Land tenure. In Tamaulipas, 95.1% of sugarcane
suppliers own their farms and the rest are tenants. The
test result (φ = –0.085) showed a weak association
between land ownership and gender (Table 3), possi‑
bly afϐirming that female producers in Tamaulipas have
slightly more access to land ownership than male pro‑
ducers, although the reasons why men take more risks
thanwomenwere not investigated, aswhile 6.1%ofmen
rent land, only 1% of women do so; this result may also
indicate discrimination againstwomen in land rent. This
particular result for sugarcane cultivation is important
because Tamaulipas is the third state showing the great‑
est access of women to land ownership, at 29%, only be‑
hind Sinaloa with 31% and Puebla with 30% [12].

Decision power. Regarding decision‑making power
for planting, 96.5% of the suppliers in this sugarcane
area decide what to plant: 10 out of 448 men (2.2%)
stated that the person who decides is another person,
such as the owner of the plot or a third party, whereas
9 out of 98 women (9.1%) stated the same. The re‑
sult from the test (φ = 0.144) indicated that gender
is moderately associated with decision‑making power
for planting, with women having less decision‑making
power, although we did not question who commanded
that power. Currently, agrarian law favors women, in‑
dicating that the establishment of farms or industrial
agricultural units on the best communal lands [28] should
be exploited by women over 16 years of age. However,
in practice it is evident that this is rarely implemented,
as female participation in agricultural work is negligi‑
ble [27].

Irrigation. Most small‑scale farms in Latin Amer‑
ica lack adequate soil and irrigation [24]; even though
greater access to irrigated land would permit improved
harvests. Irrigation is essential in the sugarcane zone of
Tamaulipas and has been reported by several authors to
be sufϐicient in 56% of the lands in the region and sup‑
plementary in 9%, whereas the rest do not have this re‑
source [3, 31, 46]. Contrastingly, sufϐicient irrigation is re‑
ported for only 20% of sugarcane plots throughout the
country, and auxiliary irrigation is at an equal level, with
the rest of the land being rain‑fed [2]. In this work, it
was found that 58.8% of the producers in the area have
access to water (Table 2), a higher percentage than in

other sugarcane zones, although the productivity of the
ϐield in this region is lower than the national average [47],
perhaps because crops are not irrigated enough times.
Apparently, the degree of association between gender
and irrigation variables (φ = 0.124) moderately favors
women: irrigated land exceeds 70% for women’s prop‑
erties, with only 54% for men’s properties.

Sugarcane register. It is interesting that the respon‑
dents who stated that they were not included in the sug‑
arcane register in 2019 were 292 people (54% of the
sample), whereas the state registry for the 2023–2024
cycle reported 235 free producers (7.38% of the total),
and the national average is 11.52%. The peasant contin‑
ues to connect to his territory and seeks to adapt to the
changing conditions of the environment, reproducing
his uses and customs related to the countryside [15]. This
may explain why producers do not place themselves in
any register, if their parents did not do so either but still
carried out their agricultural activity. Doing so would
make it possible to obtain beneϐits in the form of access
to credit and ϐinancing or direct support from the gov‑
ernment, which would improve the economic situation
of the producer andhis family. This indicator is alsomod‑
erately associated with gender (φ = –0.116); the result
shows that, while half of the men claimed to be on a reg‑
ister, only a third of the women responded the same.

Other income. An advantage of having other
sources of income is that the producer can use these re‑
sources to subsidize his other crops [33]; although it is not
easy to carry out other activities that generate income
in rural areas, if the farmer lives near urban areas or
has better access to them, it becomes possible [24]. Per‑
haps themore than13,000kmof paved roads inTamauli‑
pas stimulate inter‑municipal communication and are
the reason that 44.3% of sugarcane suppliers in the area
obtain alternative income to that from agriculture. We
discerned amoderate association between the indicator
(φ = –0.109) and gender: 46.8% of men and 32.6% of
women obtain other income. This information contrasts
with that reported by other authors [34], as apparently
60% of producers in this area receive other income, in‑
cluding income from retirement or pension.

Other crops. The result for this variable is interest‑
ing, as 14.1% of sugarcane producers in the region si‑
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multaneously plant another crop, a situation repeated
to varying extents throughout Mexican rural areas. An‑
other advantage of having more than one crop is that
sugarcane suppliers divide their plots to plant sugarcane
and vegetables and are thus able to receive a double ben‑
eϐit from the same plot [14]. Mexican legislation permits
this if each activity is carried out by a different person:
a) a grant exclusively for sugarcane cultivation, or b) a
grant for agricultural activity in general; this represents
an additional source of income for the family unit. The
result of test φ = –0.131 also indicates a moderate as‑
sociation between this indicator and the producer’s gen‑
der; in this sugarcane area, only one woman out of 25
plants another crop apart from sugarcane, whereas one
in 6 male producers diversiϐies their planting.

Size of plot. Plots in sugarcane areas of Tamauli‑
pas have an average size of 10 hectares, but the most
frequent value (mode) is 6 ha, while the national aver‑
age in Mexico is 4 or 5 ha [2, 25]; this area exceeds that
of other sugarcane regions (see Table 1), where agri‑
cultural lands reach 2 and 3 ha on average in some mu‑
nicipalities [14, 27]. The tetrachoric correlation statistic
showed that the average size of the plots in the study
area associates very strongly with the gender of the sug‑
arcane producer (r tet = 0.339): whereas 48%ofwomen
own plots that exceed 7 ha on average, this value is 58%
in the case of men, marking ten percentage points of
difference in favor of men. This negates the hypothe‑
sis of equality of plot size based on gender; women’s
landholdings do not exceed 46 ha, whereas some men
hold plots of between 51 and 260 ha (Figure 3). Eth‑
nic origin also relates to the size of agricultural holdings:
indigenous people in several South American countries
have farms that are on average smaller than those of non‑
indigenous people and they are more involved in subsis‑
tence farming than in corporate farming [24].

Binary logistic regression was also performed, in
which the variables Gender (1) and Decision (3) were
found to be determinants of the variable Land Tenure
(2), since their values at the 95% Conϐidence Intervals
[95% CI] are within the allowed range a while the rest
of the variables were not signiϐicant (see Figure 4). In
Tamaulipas, women are 5.97 times more likely to be the
owners of their sugarcane plot thanmen, despite the fact

that there are fewer female sugarcane growers (17.9%
of the total). Also, men who stated that they make plant‑
ing decisions are 8.2 times more likely to be the owners
of the sugarcane plot than those women and men who
argued that they do not make any decisions about sugar‑
cane cultivation. The predictive model found explained
10.8% of the change in the dependent variable.

Figure 3. Size and distribution of sugarcane plots in Tamauli‑
pas, by gender.
Source: Self‑elaborated.

Figure 4. Associated factors with land ownership in Tamauli‑
pas, Mexico.
Source: Self‑elaborated.
Note: ⁰ Not signiϐicant. R2 0.035 (Cox & Snell), 0.108 (Nagelkerke), Model X2 =
19.630, dof = 1. Hosmer & Lemeshow test = 0.350.

From the results, the logistic regression equation
was obtained, expressed as (5).

y = 2.959+ 2.418b(gender)–2.722(decision) (5)

Equation veriϐication. In the land tenure test, it was
considered the case of a male producer who makes the
decisions of his crop; substituting the values, the result
is:
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y = 2.959 + 2.418 (1) – 2.722 (1) = 2.655
Therefore, the probability p that the producer in‑

volved owns the sugarcane plot will be:
p = 1 / (1 + e ^ – y) = 0.98
If the producer is awomanwhomakes her planting

decisions, the result will be:
y = 2.959 + 2.418 (0) – 2.722 (1) = 0.237
And the probability that she is the owner of the sug‑

arcane plot will be: p = 1 / (1 + e ^ –y) = 0.44
If the producer is male, but does not make planting

decisions, the result will be:
y = 2.959 + 2.418 (1) – 2.722 (0) = 5.377
And the probability that he is the owner of the sug‑

arcane plot will be: p = 1 / (1 + e ^ –y) = 0.48
Finally, if the producer is a woman but does not

make her planting decisions, the result will be:
y = 2.959 + 2.418 (0) – 2.722 (1) = 2.959
And the probability that she is the owner of the sug‑

arcane plot will be: p = 1 / (1 + e ^ –y) = 0.95

5. Discussion
This work contributes to the research on the size

of agricultural plots carried out by other authors (see
Campos Ortiz and Oviedo Pacheco [48]) and offers a new
angle in relation to gender. The size and ownership of
land are linked to another problem: the fragmentation
of the agricultural ϐield, which has a greater impact in
lower‑income countries; in some regions of the world,
women have less access than men to land ownership
and pay higher registration costs than men [37], but re‑
cently there have been favorable changes in some coun‑
tries. In Latin America, the average agricultural plot has
increased, following a number of legal reforms [24]. In
contrast, in some African nations, fragmentation has in‑
creased and the trend towards decreasing plot size con‑
tinues in several countries [49] such as Swaziland, where
it has been recorded that the cultivation of sugar cane
indicated less land control for women, who also face
less access to cane producer associations [50]. Obstacles
to women’s progress in agriculture are also apparent in
other regions of Southeast Asia, in the form of lack of
land, irrigation, and access to ϐinance [29, 51].

Women’s agricultural involvement does not always

concern paid activities; sometimes they work in the
ϐields and also in activities outside the ϐields; this is
more so when there are no agricultural tasks in their
own crop and they usually share their income with the
rest of the family [32, 51]. Women may be as capable as
men in terms of managing any crop and tend to adopt
new technologies more readily than they do [52] but are
less likely to risk renting land [53]; however, to improve
productivity in the sugarcane ϐield, it is necessary to re‑
duce discrimination against them. One way to do this
would be by guaranteeing the right to agricultural prop‑
erty for women, young people and indigenous produc‑
ers, which would allow them to access credit and enable
them to make optimum decisions for their productive
unit [10, 11]. In Mexico, the legal framework that guaran‑
tees the rights of property and control of land in favor
of women is below that of several countries in the Latin
American region and far below that of several European
countries in this category. For the situation to improve,
it is desirable that governments ensure a legal frame‑
work that protects the rights of all people to own and
control land, to decide on land inheritance, to provide
the resources to work it, and to access ϐinancing, in ac‑
cordancewith the Sustainable Development Goals (SDG)
of the United Nations Organization [29, 37].

However, legal reforms require simultaneous edu‑
cation concerning land rights in rural communities to
make it easier formen to accept the transfer of land own‑
ership in favor of women [54]. In another example, we
document two afϐirmative actions that guarantee access
to land ownership in the state of Veracruz, Mexico [55]:
1) free legal advice provided by municipal authorities,
and 2) free procedures in agrarian trials. For these au‑
thors, agrarian reforms have been insufϐicient to guaran‑
tee women’s full access to land ownership in other re‑
gions of the country, and they afϐirm that the inclusion
of gender in the wording of some laws has only allowed
their access de jure (by right) but not de facto (in fact).
Theproblemof landownership and the size of sugarcane
plots is more evident in rural communities in the south‑
east of Mexico, where they endure persistent high or
very high marginalization, whereas this phenomenon is
less evident in the northern region where Tamaulipas is
located, perhaps due to lower rates ofmarginalization [1].
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In addition, Tamaulipas is the state with the third high‑
est average number of hectares per sugarcane produc‑
tion unit in the country: 11.2 hectares vs. 5.4 hectares
for the country average (see Table 1).

6. Conclusions
This work contributes, at the regional level, to the

recognition of the determinants of sugarcane cultivation
in a sugarcane‑growing region of Mexico. In this area,
the average plot size is higher than the national average,
although the literature points out that the causes of this
difference are diverse. The distribution of agricultural
land in developing countries is not gender‑balanced,
with male land ownership predominating. In the north‑
eastern region ofMexico, womenaccount for almost one‑
ϐifth of sugarcane suppliers, hold tenure of their plots
and have access to irrigation on equal terms with men.
However, their landholdings are smaller, revealing a
strong correlation between the size of sugarcane plots
and gender, with women at a disadvantage. As in other
regions, men tend to have more decision‑making power
over aspects related to the crop, such as the choice of
seed or agricultural practices. However, women who do
not exercise this power are up to 4.5 times more numer‑
ous than men. The economic and social capital of farm‑
ers is closely linked to their experience and rootedness
in the crop, which in this region exceeds 90 years. In ad‑
dition, inclusion in agricultural registries and access to
additional incomeor complementary crops to sugarcane
show a moderate association with gender, also to the
disadvantage of women. More studies like this one are
needed, as the 7 sugarcane‑growing regions of the coun‑
try are different; then, these results lead to the conclu‑
sion that the size of sugarcane plots is a key factor in the
ϐight against inequality, as there is a clear advantage of
men overwomen in terms of ownership of larger plots of
land, even in the absence of female ownership of plots of
land larger than 50 hectares. Guaranteeing land tenure
for women and children, as well as ensuring their equal
access to water resources and ϐinancing, could enable
women to develop their agricultural activities more ef‑
ϐiciently, thus increasing the productivity of the country‑
side and giving them the opportunity to acquire larger

tracts of arable land than they currently own.

7. Limitations and Strengths of the
Study
Moderate association between results of variables,

such as those found here, are common in social research;
thus, we consider them valid. A strength of the research
lies in themedium sample size, which exceeds 500 cases,
which is adequate for social studies, making the statisti‑
cal tests performedmore robust and strengthening anal‑
ysis [41]. A limitation of this research is the nature of the
available data, as it was not possible to add variables or
change the binary type of items; among its limitations is
the exclusive use of dichotomous variables, which tend
to offer biased estimates. This can be avoided by us‑
ing appropriate statistical techniques, such as the tetra‑
choric correlation applied here, suggested by authors.
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[18] CONADESUCA: Comité Nacional para el Desarrollo
Sustentable de la Caña de Azúcar, 2024. Geoportal
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presor, S.A. de C.V.: México, D.F., Mexico. pp. 1‑268.
(in Spanish). Available from: https://acortar.link
/WYzeiO

[29] FAO‑AUC: Food and Agriculture Organization of
the United Nations, African Union Commission,
2020. Leaving no one behind – a regional outlook
on gender and agrifood systems. FAO‑AUC: Addis
Ababa, Ethiopia. pp. 1‑200. DOI: https://doi.org/
10.4060/cb1086en

[30] AcuñaAlvarado,M., 2020. The gender gap in access
to land: a look from the agricultural policy aimed
at rural women in Costa Rica. Anuario del Centro
de Investigación y Estudios Polı́ticos. 11, 162–194.
(in Spanish). DOI: https://doi.org/10.15517/acie
p.v0i11.43257

[31] Aguilar‑Rivera, N., Algara Siller, M., Olvera Var‑
gas, L.A., 2015. Water management as a lim‑
iting factor for sugarcane productivity in Mex‑
ico. Revista de Geografı́a Norte Grande. 60, 135–
152. (in Spanish). DOI: https://doi.org/10.4067/
S0718‑34022015000100008

[32] Tigabie, A., Teferra, B., Abe, A., 2022. Access and
control of resources by rural women in North
Shewa Zone, Amhara region, Ethiopia. Research on
World Agricultural Economy. 3(4), 751. DOI: http:
//dx.doi.org/10.36956/rwae.v3i4.751

[33] Martı́nez Borrego, E., Vallejo Román, J., 2019. Pluri‑
activity, consumption and persistence of corn in
two municipalities in the northwest of the State
of Mexico. Revista Euroamericana de Antropologı́a.
7(15). 41–53. (in Spanish). DOI: https://doi.org/
10.14201/rea201974153
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