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Introduction 

Mechanization in agriculture has altered 
farming techniques worldwide 

by increasing efficiency, productivity, and 
sustainability (Sims et al., 2016; Van Loon et 
al., 2020). It has also been acknowledged as 
an important component of initiatives aimed at 
improving livelihood outcomes and increasing 
gender inclusion in agri-food systems, 
particularly in developing countries (Takeshima 
& Diao, 2021). Clarke (2000), Daum and 
Birner (2020), and Singh and Singh (2023) 
describe mechanization as the distribution and 
use of tools, equipment, and machinery across 
diverse agricultural activities such as farm 

land management, planting, harvesting, and 
processing. This enables farmers to enhance 
crop yields and optimize resource utilization. 
According to studies by (Sims et al., 2016; 
Daum & Birner, 2020; Paudel et al., 2020; Zhou 
et al., 2020; Takeshima & Diao, 2021; Zhou & 
Ma, 2022), mechanization empowers farmers, 
eliminating drudgery and inequity, increasing 
inclusiveness, and contributing to positive 
agricultural transformation, particularly in South 
Asia and some African countries. Additionally, 
the adoption of mechanized farming practices 
has the potential to feed more people compared 
to reliance on human and animal power alone 
(FAO, 2013). 
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Abstract
Given	 that	women	 in	 Tanzania	 bear	 a	 disproportionate	 amount	 of	 the	 agricultural	 labour	

burden,	it	is	anticipated	that	agricultural	mechanization	could	help	them	substantially.	However,	
the	impact	of	agricultural	mechanization	is	gendered,	with	women	not	receiving	the	same	benefits	as	
men,	particularly	in	terms	of	access.	Smallholder	farmers	use	agricultural	machinery	inequitably.	
This paper explores the socio-economic factors linked to gender inequalities in agricultural 
machinery	access	for	smallholder	rice	farmers.	A	cross-sectional	research	approach	was	used	to	
collect	data	from	397	farmers	randomly	selected	from	small-scale	irrigation	schemes	in	Mbarali	
District.	A	 structured	questionnaire	was	used	 to	collect	 the	data.	The	data	was	analyzed	using	
descriptive and inferential statistics. The study found the most used agricultural machinery are 
power	 tillers	and	combine	harvesters,	with	a	 larger	proportion	of	male	 farmers	using	combine	
harvesters	(84.1%)	compared	to	59.7%	of	women.	From	the	binary	logistic	regression	analysis,	
agricultural	machinery	access	for	male	farmers	is	positively	associated	with	education,	membership	
in	scheme	associations,	and	farming	experience.	Female	farmers’	access	to	agricultural	machinery	
is	significantly	associated	with	land	size	cultivated,	membership	in	the	scheme	association,	and	off-
farm	income	activities	(p<0.05).	Male	farmers	had	more	access	to	agricultural	machinery	than	
female	farmers.	It	is	concluded	that	membership	in	a	scheme	association,	education	and	training,	
off-farm	 income	 activities,	 and	 land	 area	 cultivated	 are	 potential	 determinants	 of	 agricultural	
machinery	access.	It	is	therefore	recommended	for	enhancing	land	access,	particularly	for	female	
farmers,	 and	 creating	 an	 enabling	 environment	 for	 gender	 equality	 in	 agricultural	 machinery	
access.
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Mechanization in rice farming has 
considerably improved rice farming technology 
in Asia and Africa (Estudillo et al., 2022). 
Mechanization in rice farming has also been 
acknowledged for its ability to lessen women's 
drudgery, free up time for other income-
generating activities, and contribute to women's 
empowerment (Castelein et al., 2022). In 
this area, mechanization has demonstrated 
promising outcomes in increasing land and 
crop productivity, improving product quality by 
reducing labour requirements, and increasing 
overall efficiency benefits (Kirui, 2019; Daum 
& Birner, 2020). Agricultural machinery, such 
as power tillers or two-wheel tractors (2WTs), 
rice transplanters, and combine harvesters, have 
been shown to improve rice output (Fukai et al., 
2019; Magezi et al., 2023). Adoption of mini-
tillers by smallholders in Nepal, for example, 
resulted in a 27% increase in rice output (Paudel 
et al., 2019). Meanwhile, women's access to 
power tillers in Bangladesh has improved their 
social standing, decision-making capacity, and 
community involvement (Malapit et al., 2019). 
Power tillers (2WTs) have proven advantageous 
to smallholder rice farmers in Tanzania, leading 
to improved rice technology, greater paddy 
output, and the expansion of rice cultivation 
areas at the household level (Magezi et al., 
2021a; Daum et al., 2022; Magezi et al., 2023). 

Despite the numerous benefits of 
mechanization in most developing countries, 
particularly in South Asia, parts of Latin 
America, and sub-Saharan Africa, smallholder 
farmers' access to agricultural machinery 
remains low (Mottaleb et al., 2017; Van Loon et 
al., 2020). Most sub-Saharan African countries 
continue to lag behind in terms of farm 
machinery and tractor power. Accessibility, 
high equipment costs, limited access to finance, 
land, and water, a lack of technical knowledge 
and training, and gender norms have all been 
identified as barriers to the widespread adoption 
and use of agricultural machinery (Achandi 
et al., 2018; Theis et al., 2019; Badstue et al., 
2020; Van Loon et al., 2020; Bryan & Garner, 
2022; Thakur, 2023). Gender roles in agriculture 
often perpetuate inequities in farm machinery 
utilization, with men predominantly operating 
machinery and controlling farm operations 

while women are allocated unmechanized labor-
intensive duties (Sims et al., 2016). 

Gender divisions of labour exacerbate 
existing disparities, restricting women's capacity 
to engage in non-agricultural conventional roles. 
According to Afridi et al. (2022), the adoption 
of mechanized tilling in India has resulted in 
a drop of up to 5% of women's labour use in 
farms without an increase in non-farm sector 
employment. Kurniawan (2021) and Mohammed 
et al. (2023) in their studies further confirms 
that the adoption of agricultural technologies 
has gendered outcomes, with women often not 
enjoying the same benefits as men. The usage 
of agricultural machinery such as tractors and 
combine harvesters shifts more women to non-
farm activities than men (Takeshima & Diao, 
2021). As a result, increasing mechanization 
in land preparation in Tanzania has a relatively 
small direct impact on women's labour burden 
(Mrema et al., 2020). Mechanization, if not 
approached with a gender-inclusive perspective, 
has the potential to reinforce these disparities 
and further marginalize women by displacing 
them from agricultural activities or confining 
them to lower-value tasks, causing women to 
rely disproportionately on men's tasks (Baudron 
et al., 2019; Ahmad & Murtaza, 2021). 

Gender and mechanization studies (Njuki 
et al., 2014; Kuwornu et al., 2017; Fischer et 
al., 2018; Theis et al., 2019; Kadir and Prasetyo, 
2020; Afridi et al., 2023) show that women 
have less access to and adoption of mechanized 
equipment than males. According to Achandi 
et al. (2018), institutional, agricultural input, 
technological, contextual, socio-cultural, and 
extension constraints limit women's access to 
agricultural technology in Ethiopia, Madagascar, 
and Tanzania. Women, on the other hand, do not 
constantly experience disadvantages. Women 
have benefited from agricultural mechanization, 
but not at the same rate as men, by reducing 
drudgery, freeing up time for non-income 
activities, improving decision-making capacity, 
increasing crop yield, and decreasing their 
reliance on male labour, allowing them to pursue 
"male" crops and activities (Fischer et al., 2018; 
Kirui, 2019; Malapit et al., 2019; Daum et al., 
2020; Castelein et al., 2022; Zhou & Ma, 2022). 
However, Men remain dominant in both on-
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farm mechanization and agricultural machinery 
(Baudron et al., 2019; Ahmad & Murtaza, 
2021). Factors associated with farmers' access 
to agricultural machinery are widely studied 
by (Akram et al., 2020; Daum et al., 2022; 
Hinnou et al., 2022; Neway & Zegeye, 2022; 
Ngochembo et al., 2022; Mohammed et al., 
2023) including education, farm cooperatives, 
land size, marital status, off-arm activities, 
saving, property rights, and access to credit.  
Babu (2017) and Magezi et al. (2021b) found 
that factors such as household age, technology 
availability, a high wage rate for hired labour, 
and the availability of four-wheeled tractors and 
power tiller rental markets are associated with 
the use of on-tilling technologies and machinery 
in the Mbarali district, Morogoro, and Mbeya 
regions. However, evidence from a comparative 
analysis of gender and agricultural machinery 
access remains inconclusive, particularly in the 
context of the small-scale irrigation scheme in 
the study area. This knowledge gap necessitates 
this study to investigate socioeconomic factors 
associated with agricultural machinery access 
by smallholder rice farmers across gender. 
Understanding these factors can help to enhance 
access to agricultural machinery among both 
male and female farmers and promote gender 
resource equity in small-scale irrigation systems. 
The objectives of this study were to determine 
gender patterns in agricultural machine use, 
gender disparities in agricultural machinery 
access, and determinants of agricultural 
machinery access for among both male and 
female smallholder farmers. 

The study intends to contribute to the 
growing body of knowledge on agricultural 
mechanization in two ways. First, it provides 
evidence on the gender pattern in agricultural 
machinery usage and accessibility. Second, it 
presents evidence on the factors influencing 
agricultural machinery access across gender. 

The remainder of the paper is organized 
as follows: The second section describes the 
methodology, which comprises the study area, 
sampling procedure, data collection, and data 
analysis. The third section discusses the results, 
while the fourth section contains the conclusion.
 

Methodology 
Study Area, Sampling Procedure, and Data 
Collection

The study was conducted in the Mbarali 
District, Mbeya Region. The district is located 
in Tanzania's Southern Highlands. The Southern 
Highland is one of three agroecological zones 
for rice production in Tanzania; the others are 
the eastern and lake zones (Magezi et al., 2023). 
The district was specifically chosen because of 
its prominence in agricultural mechanization, 
rice production, irrigation, and ideal irrigation 
ecosystems in Tanzania's rice production 
agroecological zones (URT, 2017; URT, 2018; 
Mrema et al., 2020). The district is relatively 
highly mechanized in comparison to the rest of 
Tanzania (Mrema et al., 2020). Rice is primarily 
cultivated by smallholder farmers under small-
scale irrigation systems, and farm mechanization 
activities are a crucial driver of rice productivity 
(Ngailo et al., 2016; Makoi, 2016). Rice plays 
an important role in food security and is a major 
source of revenue and household income in the 
district (Ngailo et al., 2016; URT, 2017). 

The study adopted a cross-sectional 
research approach, using data collected from 
397 randomly selected smallholder rice 
farmers in three small-scale irrigation schemes: 
Majengo, Mbuyuni, and Mwendamtitu. The 
sample frame for this study consisted of 
smallholder rice farmers who are beneficiaries 
of small-scale irrigation schemes in the Mbarali 
District. The Yamane formula (Yamane, 
1967) was used to estimate the sample from a 
specified study population of 42,592 with a 95 
percent confidence level and a precision of 0.05. 
Farmers in the three schemes investigated were 
chosen using a stratified proportionate sample 
technique. The respondents for the study were 
selected using a simple random technique. 

Face-to-face interviews with the chosen 
rice farmers were conducted using a pre-tested, 
standardized questionnaire. The questionnaire 
was developed to collect information about 
socioeconomic characteristics, agricultural 
machines used by farmers in rice production, and 
their accessibility. The data collection process 
assured participant privacy, confidentiality, 
and respect for their rights. Data was collected 
between May and June of 2022.



 Data Analysis
The data were analyzed using both 

descriptive and inferential statistics. To 
describe the demographic and socioeconomic 
characteristics of male and female rice farmers, 
descriptive statistics such as frequencies, 
means, and percentages were employed. The 
t-test and chi-square test were employed to 
determine differences and relationships between 
the variables under consideration. The variables 
associated with farmers' access to agricultural 
machinery were estimated using a binary logistic 
regression model. To validate the data, the 
Statistical Package for Social Science software 
(IBM SPSS Statistics version 26) was utilized; 
any found abnormalities were addressed, 
followed by a descriptive analysis. The data was 
then imported to STATA 15 software, which was 
used to run the binary logistic regression model.
 
Model estimation

The binary logistic regression (logit model) 
was used to determine the likelihood (odds) of 
socioeconomic variables that had a significant 
association with smallholder rice farmers' access 
to agricultural machinery. The model was chosen 
due to the nature of the dependent variable, 
which follows the Bernoulli distribution (Evans 
et al., 2000; Weisstein, 2002), which is suited 
for the logit and probit models. However, due to 
the extreme values in some of the independent 
variables, such as age, farming experience, 
household size, and land size cultivated, which 
are much higher than the median values as shown 
in Table 2(B), the logit model was chosen over 
the probit model for its superior performance 
in these situations. The regression model was 
estimated using 397 observations based on 
gender, with independent variables consisting 
of eight variables from farmers' socioeconomic 
characteristics versus the dichotomous 
dependent variable, agricultural machinery 
access (dummy). Agricultural machinery access 
is measured as a binary variable with a value 
of 1 if a farmer reported being able to easily 
access any of the agricultural machines used in 
rice production and 0 otherwise. At the study 
site, three machines were identified: tractors, 
power tillers, and combine harvesters. However, 
because 0.5% of farmers reported using tractors, 

they were left out of the analysis. The regression 
model was represented as follows:
Logit(P) = β0+β1X1	+	…	+β8X8+	εi 
Logit(P) = β0+β1Age + β2Marital Status + β3 
Educational attainment + β4Beneficiary Group 
+ β5 Farming Experience + β6Household Size + 
β7Land Size Cultivated + β8Off-farm Income + 
εi
Whereby:
Logit (P) represents the natural logarithm of the 
odds ratio of agricultural machinery access, 
P represents the probability of the event for 
dependent variable to occurs, that is, agricultural 
machinery access (0 ≤ P ≤ 1)
β0 is the constant
β1-β8 are the coefficients associated for each 
independent variable
X1-X8 are vector contains independents variables 
that might have effects on interest on dependent 
variable and εi is error term

The description of the independent variables 
estimated in the model presented in Table 1. 

The unit of analysis was an individual 
farmer who farmed rice under in small-scale 
irrigation schemes for the cropping season 
2020–2021. Farmers are known as scheme 
beneficiaries in Mbarali District's small-scale 
irrigation schemes, and they are recognized and 
recorded as individuals as long as they manage 
to cultivate rice in the schemes, regardless of 
whether they own a piece of land or not.

Results and Discussion
Socio-economic characteristics of the 
respondents

The description of the farmer's socio-
economic characteristics variables estimated 
in the model with their mean values, standard 
deviations, and percentages is presented in 
Table 2. The results showed that the mean age 
of farmers was 46.50 and 46.41 for males and 
females, respectively. However, the differences 
were not statistically significant (p>0.05). This 
indicates both male and female farmers were in 
a similar active working age group; therefore, 
their engagement in rice production suggests 
the potentiality of agricultural mechanization in 
small-scale irrigation schemes. This observation 
compares well with a study by Ngailo et al. 
(2016), who reported similar observations of 
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Table 1: Description of variables used in the binary regression model
Variables Variable definition and description
Dependent variable  

Agricultural machinery access 1 if farmers access any agricultural machinery, i.e., power 
tillers or combine harvesters; 0 otherwise (dummy).

Independent variables  

Age The age of a farmer in years (continuous) 

Marital status 1 if married; 0 otherwise (dummy)

Educational status 1 if the farmer went to school; 0 otherwise (dummy)

Membership in scheme associations 1 if a farmer had membership; 0 otherwise (dummy)

Farming experience Number of years spent in rice farming (continuous)

Household size The number of household members (continuous) 

Land size cultivated Total land size in acres used to grow rice in the scheme 
(continuous)

Off-farm income activities 1 if the farmer had off-farm income activities; 0 otherwise 
(dummy)

219Gender and Mechanization in Small-Scale Irrigation Schemes:

Table 2(A):   The distribution of socio-economic characteristics by gender (n=397)
Variable Male (n=258) Female(n=139) t-test p-value

Continuous	variable Mean Std. 
dev

Std. 
Error

Mean Std. 
dev

Std. 
Error

Age of the farmer (years) 46.50 11.628 0.724 46.41 11.889 1.000 0.073 0.942

Farm experience 14.19 9.145 0.569 15.96 10.060 0.853 1.780 0.076*

Household size 6.13 2.159 0.134 5.08 2.043 0.173 4.721 0.000***

Land size cultivated (acres) 3.49 2.397 0.149 2.45 2.531 0.214 4.031 0.000***

Categorical	variable No. 
Obs

% No. 
Obs

% chi-
square

Marital status

Married 245 95.00 89 64.00 64.739 0.000***

Not married 13 5.00 50 36.00

Educational status

Went to school 234 90.70 119 85.60 2.371 0.124

Not attended 24 9.30 20 14.40

Membership in a scheme

Member 158 61.20 65 46.80 7.591 0.006***

Not a member 100 38.80 74 53.20

off-farm income activity

With off-farm income 232 86.40 129 92.80 3.649 0.038**

Without off-farm 35 13.60 10 7.20
***,	**,	and	*	are	significance	levels	at	1%,	5%,	and	10%,	respectively.
No,	Obs	=	number	of	observations.
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many active working-age groups in rice farming 
in the southern highlands of Tanzania. The 
average number of years of rice farming between 
male and female farmers was also almost similar, 
with slightly higher rates for females (15.96) 
compared to their male counterparts (14.19%). 
The difference was not statistically significant 
(p>0.05). Male farmers had larger household 
sizes (6.13) compared to female farmers (5.08) 
and the differences were statistically significant 
(p<0.01), indicating more family labour is 
available for agricultural activities for males, 
while the smaller household size observed in 
female farmers may have limited their access 
to family labour. The average land size of rice 
cultivated was significantly higher for male 
farmers compared to their female counterparts, 
and the differences were significant at less than 
1% level (p=0.000). Nnaji et al. (2022) also 
reported a larger cultivated farmland size and 
household size among male farmers than female 
farmers in Nigeria. This implies that female 
farmers are significantly farming rice in smaller 
pieces, which might limit agricultural machinery 
usage in rice production. This finding is also in 
good agreement with Doss et al. (2018), who 
found that women farmers in Tanzania have 
smaller landholdings compared to men.

 The results further showed that 95% of 
male farmers were married, compared to 64% 
of female farmers who were married. This 
indicates that more male than female rice 
farmers were married. This finding is in line with 
the finding of Nnaji et al. (2019), who observed 
a similar trend among rice farmers in Nigeria. 
The results also revealed that the majority of 
rice farmers went to school. However, more 
female farmers (14.4%) did not attend formal 
education compared to their male counterparts 
(9.3%). This means that the illiteracy rate 
is relatively higher for female farmers in 
comparison with their male counterparts. 

More male farmers (61.2%) had membership 
in scheme associations compared to 46.8% of 
female farmers, and chi-square test analysis 
showed a strong association between having 
membership in scheme associations and gender. 
This connotes that many female farmers did 
not belong to the scheme associations, limiting 
their ability to accrue the potential benefits 
and opportunities available in the small-scale 
irrigation schemes. Similar, Coker et al. (2017) 
also reported more male rice farmers among 
cooperative members. The majority of farmers, 
both male and female, were involved in off-farm 
income activities; however, the findings showed 
a significant association with their gender at 
p<0.05, with more females participating in off-
farm income activities, implying that female 
rice farmers have diversified sources of income. 
Because of the predominant use of machinery 
in land preparation, it falls short in addressing 
women labor-intensive agricultural activities 
such as weeding, transplanting, threshing, and 
harvesting, which causes a relatively greater 
number of women to engage in off-farm 
activities for their economic resilience to hire 
additional labour for these tasks (Kirui, 2019; 
Takeshima & Diao, 2021).

Gender pattern in agricultural machinery 
used in rice production

Table 3 shows a summary of the 
relationship between gender and the usage of 
agricultural machinery and farm tools. The 
finding showed only male farmers (0.8%) had 
used tractors, and none of the female farmers 
reported using tractors. The chi-square analysis 
showed no statistically significant association 
between tractor usage and gender (P>0.05). 
This indicates that tractors are rarely used in 
small-scale irrigation schemes. The finding 
further reveals no significant relationship 
between gender and usage of power tiller (p > 

Table 2(B): Continuous independent variables with extreme values (n = 397)
Variable Mean Std.Dev Min Median Max
Age 46.62 11.670 22.00 45.00 78.00
Farming experience 14.81 9.501 1.00 12.00 50.00
Household size 5.76 2.175 1.00 6.00 14.00
Land size cultivated 3.13 2.492 0.5 2.50 10
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0.05). Both male and female farmers show no 
differential in usage of power tillers; however, 
the usage of power tillers is slightly higher for 
females (98.5%) than male farmers (96.5%), 
but this difference is not statistically significant. 
This presupposes that the use of power tillers is 
ungendered. A similar trend was also observed in 
ox ploughs, whereby the chi-square test showed 
no significant relationship (p>0.05) between 
gender and ox plough usage, with only around 
7% of both male and female farmers reporting 
to use ox ploughs. Mrema et al. (2020) also 
reported a similar observation. This indicates 
that agricultural machinery is now replacing the 
traditional methods of land preparation using 
human and animal power in the study area. 
As of 2015, Mbeya region accounted for 27% 
of all power tiller ownership in Tanzania, with 
Mbarali District within Mbeya region housing 
80% of available power tillers (Mrema et al., 
2020). These power tillers were predominantly 
utilized for rice and maize production as well as 
transportation purposes.

The results further show that there is a 
significant relationship between gender and 
paddy thresher usage at p<0.05; however, 25% 
of females compared to 14.3% of their male 
counterparts reported using paddy threshers. 
This infers that female farmers are still using 
manual operation tools in rice harvesting in 
the study area. Kirui (2019) also reported a 
predominance of women in manual tasks in 
Africa. This explains why more female farmers 
reported using paddy threshers. The findings 
also showed that both males and females 
had used combine harvesters, but chi-square 
analysis showed a strong relationship between 
gender and combine harvesters (p=0.000). This 
implies that the use of combine harvesters is 

gendered in the study area, with 84.1% of male 
farmers in comparison to 59.7% of female 
farmers using agricultural machinery in rice 
harvesting. This aligns with findings from the 
studies by Paudel et al. (2020) and Aryal et al. 
(2021), who reported a similar trend of more 
male for combine harvesters in Nepal and 
India, respectively. Traditionally, machinery 
operations are male gender roles in sub-Saharan 
Africa (Sims et al., 2016). This is a plausible 
reason for the lower use of combine harvesters 
among female farmers in the study area.

Gender difference in access to agricultural 
machinery

A gender difference in access to agricultural 
machinery and farming tools was observed. The 
results in Table 4 show a significant difference 
at less than 1% level in access to combine 
harvesters and paddy threshers between males 
and females, with a mean score of 1.40 and 1.86 
for male farmers, respectively, in comparison 
to the respective mean score of 1.16 and 1.74 

for their female counterparts, indicating gender 
disparity in accessing harvesting-related 
machinery and tools between male and female 
farmers. This implies that male farmers possess 
a distinct advantage in terms of accessing rice 
harvesting machinery in the study area. The 
finding is consistent with previous gender-
related literature (Nwoye, 2001; Njuki et al., 
2014; Kuwornu et al., 2017; Fischer et al., 
2018; Theis et al., 2019; Kadir and Prasetyo, 
2020; Afridi et al., 2023) that reported the 
difference in access to mechanized farming in 
favor of males. Mottaleb et al. (2017) strengthen 
this pattern by emphasizing that males are 
more inclined to own and operate machinery 
compared to females. This observation could 

Table 3: Distribution of machinery and farm tools usage by gender (n=397)
Machinery/Tool Male n(%) Female n(%) Chi square p-values
Tractors 2 (0.80) 0 (0.00) 1.083 0.298
Power tillers 249(96.50) 137(98.50) 1.408 0.235
Ox ploughs 18(7.00) 10(7.20) 0.007 0.936
Paddy threshers 37(14.30) 36(25.00) 8.042 0.005***
Combine harvesters 217(84.10) 83(59.70) 29.119 0.000***
***	is	significant	at	the	1%	level.
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potentially offer an explanation for the gender 
disparity in accessing combine harvesters. The 
differences in access to power tillers and tractors 
between male and female farmers are, however, 
not significant. On the other hand, there are no 
significant differences in access to ox-ploughs 
between male and female farmers (p > 0.05).

Determinants of Agricultural Machinery 
Access Among Male and Female Farmers

The binary logistic regression estimation 
results in Table 5 present determinants of 
agricultural machinery access. Of the eight 
variables estimated in the model, six variables, 
including age, education, membership in 
the scheme association, farming experience, 
land size cultivated, and off-farm activities, 
had a statistically significant association with 
agricultural machinery access at p<0.05. The 
age of the farmer showed a significant negative 
association with access to power tillers among 
male farmers (odds ratio: 0.963), but not for 
females, and did not significantly affect access 
to combine harvesters among both males and 
females. This implies that as male farmers 
grow older, their likelihood of accessing power 
tillers decreases. In contrast, young farmers 
are more open to innovation and receptive to 
new technologies. The physical limitations 
of old farmers, the lower adaptability of new 
technologies, or their preferences for traditional 
farming methods may affect their access to 
agricultural machinery. This finding is similar to 
that of Ayenew et al. (2020) and Zegeye et al. 

(2022), who reported a negative influence of age 
on technology adoption in Ethiopia. 

 In contrast to females, the odds ratio for 
male farmers’ education showed a significant 
positive association with their access to 
power tillers (odds ratio: 3.455) and combine 
harvesters (odds ratio: 8.061), indicating that the 

likelihood of accessing agricultural machinery 
for male farmers increases with their education. 
This is because education equips more men with 
the necessary knowledge and skills to operate 
and maintain mechanical technology, making 
them more easily able to access agricultural 
machinery. Negera et al. (2022) and Zegeye 
et al. (2022) also found the positive role of 
education in facilitating technology adoption in 
Ethiopia. Membership in the scheme association 
also showed a positive and significant 
association with power tillers (odds ratio: 2.850) 
and combine harvesters (odds ratio: 2.438) 
access for male farmers. For female farmers, 
membership in the scheme association was 
positively associated with combine harvesters at 
an odds ratio of 2.693, but not with power tillers 
(p > 0.05). These results imply that membership 
in the scheme associations increases the chances 
of farmers accessing agricultural machinery. 
This is because irrigation associations serve 
their members in various ways, such as access to 
technologies and services, information sharing, 
experience sharing, technological demos, 
serving as guarantors, and as a source of funds. 
These results are similar to those of studies by 

Table 4: Farmer access to machinery and farm tools by gender (n=397)
Machinery /Tool Sex N Mean Mean diff t-statistics P-value
Combine harvesters Male 258 1.40 0.240 5.592 0.001***

Female 139 1.16
Paddy threshers Male 258 1.86 0.116 2.858 0.004***

Female 139 1.74
Ox ploughs Male 258 1.93 0.002 0.081 0.936

Female 139 1.93
Power tillers Male 258 1.03 0.020 1.186 0.236

Female 139 1.01
Tractors Male 258 2.00 0.010 1.039 0.299

Female 139 1.99
***p<0.01
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Addai et al. (2021), Neway and Zegeye (2022), 
and Nnahiwe et al. (2023), who highlighted the 
significant role of farmer organizations and group 
memberships in enhancing farmers’ adoption of 
technologies and agricultural machinery access 
in Ghana, Ethiopia, and Kenya, respectively.

Farming experience is inconsistently found 
to be associated with agricultural machinery 
access among farmers. For males, farming 
experience is positively associated with access 
to power tillers (odds ratio: 1.136), but not with 
combine harvesters (p>0.05), indicating that the 
likelihood of accessing power tillers increases 
for male farmers with an increase in their 
farming experiences. Thus, more experienced 
male farmers are more likely to have access 
to power tillers than their counterparts. In 
contrast, farming experience was negatively 
associated with access to power tillers and 
combine harvesters for females. The odds 
ratio of 0.933 in power tillers and the odds 
ratio of 0.908 in combine harvesters indicate 
a slightly lower likelihood of accessing power 
tillers and combine harvesters with increasing 
farming experience for female farmers. This 
is because women traditionally assigned 
labor-intensive rice farming activities such as 
transplanting and weeding, while the available 
agricultural machinery was related to on-farm 
mechanization, male-dominated activities such 
as land preparation, high equipment costs, and 
limited access to finance (Badstue et al., 2020; 
Mrema et al., 2020). Similarly, Ayenew et al. 
(2020) found a positive relationship between 
farming experience and technology adoption 
in Ethiopia; however, it is contrary to women’s 
farming experience in this study.

Land size cultivated is also positively 
associated with power tiller and combine 
harvester access at odds ratios of 1.593 and 
1.418, respectively, for female farmers but not 
for males. This finding implies that when the 
amount of land cultivable by female farmers 
increases, there is a likelihood of increasing their 
access to agricultural machinery. The reason is 
that larger landholdings provide economies of 
scale, making it more cost-effective to invest 
in agricultural machinery, and women with 
larger land sizes may have greater financial 
resources and capacity to rent, acquire, and 

maintain agricultural machinery. While men 
are often prioritized and have greater access 
to resources, including agricultural machinery, 
regardless of the size of the land, this could 
explain why the positive association between 
land size and agricultural machinery access is 
observed primarily among female farmers. This 
is in conformity with studies by Anang and 
Zakariah (2022) and Negera et al. (2022), which 
highlighted the likelihood of using production 
technologies increasing with land size in Ghana 
and Ethiopia, respectively. Off-farm income is 
also positively associated with access to power 
tillers for female farmers (odds ratio: 7.033). 
However, this association does not extend to 
combine harvesters and is not significantly 
associated with agricultural machinery access 
for male farmers. This indicates that those 
additional sources of income for women have 
a potential role in facilitating agricultural 
machinery access but are not sufficient for 
large machines like combine harvesters. The 
reason is that the increased financial resources 
and flexibility from off-farm income activities 
enable women to have additional sources of 
income; this additional income provides them 
with the means to overcome financial barriers 
for purchasing or renting agricultural machinery. 
This finding concurs with the study by Aryal et 
al. (2021), who found positive relations between 
off-farm income and adoption of agricultural 
machinery in South Asia. 

The variables such as marital status 
and household size did not show significant 
associations with agricultural machinery access 
in this study. These findings are contrary to other 
studies, such as a study by Rahman and Sujan 
(2021), which found that household size is 
associated with higher levels of mechanization 
in Bangladesh. A study by Ngochembo et al. 
(2022) in Cameroon also found household size 
tends to influence the adoption of agricultural 
innovations by rice farmers. A study by Neway 
and Zegeye (2022) found marital status tends to 
influence adoption of agricultural technology in 
Ethiopia. These contrasting findings suggest that 
the influence of these variables on agricultural 
machinery access depends on specific regional 
or contextual factors.
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Conclusions and Recommendations
Conclusions 

The study was designed to explore the 
socio-economic factors associated with 
agricultural machinery access by smallholder 
rice farmers in small-scale irrigation schemes in 
Mbarali District, Tanzania. It is noted that power 
tillers and combine harvesters were the most 
commonly used agricultural machinery by both 
male and female farmers. There are relatively 
equal uses of power tillers between male and 
female farmers; however, a notable gender gap 
is observed in combine harvesters. Male farmers 
are predominantly using combine harvesters 
in comparison to their female counterparts. In 
addition, there is a substantial gender disparity in 
access to combine harvesters, with male farmers 
consistently having more access compared 
to their female counterparts. While there is a 
notable gender disparity in the use and access 
to combine harvesters, there is a more equitable 
distribution in the use of power tillers between 
male and female farmers, indicating a potential 
increase in gender inclusivity in agricultural 
mechanization. There are gender-specific 
patterns of positive associations between the 
socioeconomic characteristics of the farmer 
and agricultural machinery access. Education, 
farming experience, and membership in scheme 
associations are positively associated with 
male farmers' access to agricultural machinery, 
whereas female farmers exhibit positive 
associations with agricultural machinery access 
through cultivable land size, engagement in 
off-farm income activities, and membership 
in scheme associations. These gender-specific 
patterns emphasize the significance of taking 
into account and addressing the particular 
characteristics involved in improving 
agricultural machinery access in small-scale 
irrigation schemes.

Recommendations
To promote gender equity in agricultural 

mechanization within small-scale irrigation 
schemes, efforts should prioritize enhancing 
agricultural machinery accessibility, with 
tailored initiatives supporting women involving 
a collaborative effort by the government, NGOs, 
private sector entities, financial institutions, 

and other stakeholders. These initiatives could 
include subsidies, cooperative ownership, 
community-based machinery sharing programs, 
tailored machine loans or grants for women 
farmers, and introducing user-friendly, small-
scale machinery. Additionally, addressing land 
tenure issues, supporting off-farm income 
activities, tailored education programs, and 
considering the socio-economic context of 
farmers will help bridge the agricultural 
machinery access gap and encourage women’s 
participation in scheme associations.
 
Policy implications

The policy should prioritize enhancing 
agricultural machinery access in rice farming, 
with a particular emphasis on supporting female 
farmers. This involves supportive policies for 
institutional changes, land access, training 
and capacity-building initiatives, and financial 
support. The design of agricultural policies 
should address gender-specific barriers, promote 
socio-economic factors enhancing female 
farmers ‘access to agricultural machinery within 
the policy framework.

Further studies 
To expand the current findings, further 

studies could investigate the effectiveness of 
targeted interventions addressing gender gaps 
in agricultural machinery. Moreover, exploring 
tailored technology solutions could contribute 
to creating a more inclusive and equitable 
agricultural mechanization in small-scale 
farming systems.
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