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ABSTRACT

Objective: In 2022, the USDA Agricultural Census recognized that over one-third of agricultural
producers in the United States were female. However, information on the health and safety needs
of women working in agriculture is lacking. To help guide the direction of further research to
understand the needs of women in agriculture, a brief survey was administered at a conference
for agricultural women in the Midwest US. The goal was to understand the priority concerns and
whether the concerns differed by age group or by occupational role.

Methods: The survey was conducted in person with women attending a Women in Ag
Conference in 2024. Participants were asked their age in six categories, whether they were directly
involved in agriculture, and how concerned they were about nine health and safety topics using
a 5-point Likert scale. Occupational role was determined by classifying the self-reported job
description into five categories, academic/professional, academic/professional and agricultural
operator, crop producer, livestock producer, and crop and livestock producer (n=111).
Descriptive statistics were calculated to describe the age distribution, occupational roles, and
differences in concerns. Correspondence analysis was used to analyze and visualize frequency
tables. Chi-square and Fisher's Exact tests, and logistic regression were used to explore differ-
ences.

Results: Injuries and respiratory exposures significantly differed between women who were both
academic/professionals and agricultural operators and those who were only academic/profes-
sional. Academics were similar to crop producers, livestock producers were different from all
others, and those who were both crop and livestock producers fell between the two. Fewer
differences were seen among the age groups. Younger women were most concerned about
reproductive health and older women more concerned about mental health and musculoskeletal
disorders.

Conclusion: Concerns differed by occupational role and less by age group. Although injuries were
of concern for women working in an academic/professional role, they were not a major concern
when women also worked a farm or ranch. It is unclear why this might be and further studies
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need to be conducted to ascertain if these differences can be replicated.

Introduction

Over the past several decades, there has been an
increase in the number of women who are report-
ing agriculture as their occupation in the United
States.' In 2022, the ag census counted 1.2 million
female producers, with 58% of all U.S. farms hav-
ing one or more female producers making deci-
sions about the farm’s operation.” In the Midwest
between 2017 and 2022, the number of female
producers grew by 4%.> However, these numbers
may not accurately represent the women in the
agricultural workforce due to changes the USDA
made to the 2017 Census of Agriculture, which
extended the number of reported farm operators
from three to four but did not distinguish between

principal operator and other operator on the
farm.> Economists and others studying the
increase in female producers have identified com-
munity benefits accompanying these trends and
recognized the challenges for women working in
a male-dominated occupation.*”® Although the
number of women working in agriculture is
increasing, the representation of their concerns
and perceptions in the safety and health literature
is not.

A recent scoping review by Wheeler and Nye’
highlighted the lack of information on the experi-
ences and perspectives of women in agriculture.
Although farming men and women share the same
concerns over weather, commodity prices, the cost
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of inputs, succession, and financial issues, women
have additional burdens involving exposures that
may impact pregnancy and reproductive out-
comes, caring for children and other family mem-
bers, providing insurance by working off the farm,
and being a female operator in a male-dominated
occupation. Other issues are associated with living
in a rural area including loneliness, access to
healthcare, broadband availability, and access to
quality early childhood care and education for
their children. Caring for children and keeping
them safe on the farm is a frequently reported
stressor for farm women."’

In addition to the issues highlighted in the
Wheeler and Nye review,” women in agriculture
are at an increased risk of work-related injuries
and illnesses. An article published in Successful
Farming reports on the overlooked gender-
specific risks for women in agriculture.'' These
include increased physical work strain that can
cause musculoskeletal disorders with increased
lower back pain and, in older women, increased
risk of breaking bones due to reduced bone
strength after menopause. Younger women may
have concerns about in utero exposures to pesti-
cides and reproductive outcomes. Few studies have
focused on the risk of injuries in female agricul-
tural operators, probably because they are the
minority of those working in agriculture.'?
Gender has been identified as an important factor
in both fatal and non-fatal agricultural injury, but
previous studies tend to compare injury risks in
women to those in men, although they perform
different tasks."> Men and women in farming are
commonly at risk of injuries due to machinery,
falls, animals, burns, chemicals, noise, and extreme
weather events. However, there are risks that are
specific to women, and studies are needed to better
understand these risks so interventions targeted to
women can be designed and implemented.

A report funded by the Canadian Agricultural
Partnership aimed to understand the experiences
of Canadian farm women by surveying 1,025
diverse farm women.'"* The results showed
women were thinking about safety. Nearly half
(46%) said they were responsible for creating
a safety plan for their farms, 68% reported they
could not find personal protective equipment
(PPE) that fit them, 42% said equipment and

machinery were not designed for women, 59%
said women were excluded from safety training
too frequently, 65% reported that the possibility
of being injured caused them stress, and 64%
worried about the safety of their children because
they could not find daycare. These are concerns
expressed by women working in agriculture that
they navigate daily.

A vast literature exists on the study of perceived
risks in farmers, but nearly all of it is related to
production variables such as crop production,
input prices, and reduction in income, and how
farmers make financial decisions. A review of the
literature on perceived assessment of risks in farm-
ers identified 3,283 papers published between 1974
and 2019."” Among these 3,283 reports, only 60
reports assessed perceived personal risks. Those
reports that examined personal risks included the
risk of injury, diseases, and challenging interper-
sonal relationships that might impact the produc-
tivity of the farm, such as divorce.

The preference for a risky option when making
a farm decision has been modeled as
a combination of expected benefits and perceived
risk, and this varies by the specific factor being
considered.'® Farmers make decisions based on
their perceived impacts on farm productivity.
The same approach to risk assessment could be
undertaken to understand how agricultural opera-
tors, both male and female, perceive the risks to
their health from exposure to agricultural hazards,
and how these risks are cognitively associated with
farm productivity. The risk assessment literature
demonstrates males and females perceive farm
risks differently.'” However, perceived risk is not
identical to health concerns. Concerns express
objective realities, whereas perceived risks are sub-
jective evaluations. Therefore, concerns and per-
ceived risk are not equivalent, and care must be
taken when assessing objective and subjective eva-
luations. Yet, there has not been a focused analysis
on the perceived risk of injury and its impact on
farm productivity. We do not know how farmer
decision making proceeds when evaluating a risky
behavioral option and how potential adverse con-
sequences might impact productivity assessments.
This study addresses the gap in understanding
health concerns reported by agricultural women
in the Midwest. Future research should aim to



understand risk perceptions related to these
concerns.

Aside from potential impacts on productivity,
injury on a farm or ranch operation is another
source of stress. Exposure to chemicals, noise,
long work days, awkward working positions invol-
ving manual labor, hazardous machinery, working
at heights, sun exposure, zoonotic diseases, and
other exposures can impact health and are part
of the agricultural operator’s daily experience. In
this report, we examine the concerns of 120 agri-
cultural women in Nebraska. We examine the
prevalence of the most common concerns reported
in the literature and examine whether these con-
cerns differ by age, by the type of commodity
grown, or by occupational role in agriculture.
Failure to understand the work-related concerns
of agricultural women will hamper efforts to
address their health and safety needs and their
ability to succeed as agricultural operators.

Methods
Sample

A brief survey was designed to identify health
concerns of women involved in agriculture. The
paper survey was administered anonymously to
women participating in the 2024 Women in Ag
Conference in Nebraska. The Central States Center
for Agricultural Safety and Health (CS-CASH)
intended to use this information to identify
research, education, and outreach efforts that
could be conducted to address priority issues.

A total of 120 conference attendees responded
to the survey. A male and a person who preferred
not to report their sex were deleted from the
sample, since the focus was on women working
in agriculture. Women were asked “Are you cur-
rently involved in agriculture,” with response
options “yes” or “no”. If the response was “yes,”
then women were asked to “briefly describe your
involvement in agriculture (example: I raise bees
and sell honey). Women were included if they
responded to the open-ended question and
described their agricultural activity.

Nine questions asked about specific health con-
cerns on a 5-point Likert Scale (not at all con-
cerned, slightly concerned, moderately concerned,
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very concerned, and extremely concerned). The
topics included musculoskeletal disorders, repro-
ductive health concerns, respiratory issues, skin
disorders, mental health challenges, injuries, expo-
sure to zoonotic diseases, limited access to health-
care, and personal protective equipment (PPE).
Each topic heading was followed by a brief
description of the issue area, generated using the
generative Al program ChatGPT to help provide
context to respondents.

A total of 120 women reported being involved
in agriculture. Age was collected in six categories
(<18, 19-30, 31-40, 41-50,51-60, 60+), but due
to small numbers in some of the categories, age
categories were collapsed into three categories
(€30 =young, 31-50=middle, =51 =older).
One person did not report age. The open-
ended, agricultural role question was recoded
into five occupational groups based on their
reported involvement in agriculture. These
groups were based on commodity type and
whether they were in an academic or profes-
sional position with an agricultural focus. The
five categories were academic/professional (“aca-
demic”), academic/professional and agricultural
operation (“academic ag”), crop operation, live-
stock operation, or both crop and livestock
operation. Nine women could not be coded
into these five categories, because they were not
directly involved in agricultural work and were
excluded from the analysis for a final sample size
of 111.

The responses to the health concern questions
were reported descriptively as a mean and stan-
dard deviation and were recoded to a binary vari-
able due to the sample size. Not at all concerned or
slightly concerned were coded as a zero and being
moderately, very, or extremely concerned were
coded as a one. Women were given the option of
responding “not applicable”, depending on rele-
vance to their specific area of agriculture, leading
to variance in the sample size by concern.

Statistical analysis

Numbers and frequencies were reported for each
age group, agricultural commodity group, and
safety and health concerns (“concerns”).
Concerns were summarized with a mean and
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standard deviation using the original 5-point
Likert scale and using frequency of those expres-
sing at least moderate concern after recoding the
data into a binary variable.

The goal of the statistical analysis was to deter-
mine whether concerns differed by age group or
by the occupational commodity group women
were assigned based on self-reports. We chose
correspondence analysis (CA) as a way of analyz-
ing and visualizing a contingency table to under-
stand the relationships between the table rows and
columns.'®'” CA resembles principal components
analysis (PCA) for continuous variables. CA com-
pares the conditional probabilities by row or col-
umn to the marginal probabilities to generate
either a row or column profile, which are sym-
metric and equivalent. The idea is to assess
whether the data are independent from one
another by calculating the distance between the
row or column profiles and comparing them to
the row or column marginals (the means), which
is a measure of deviations from independence. The
first dimension represents the most general pat-
tern in the data, because it explains the most
variance. The subsequent dimensions represent
more specific relationships in the data, because
they explain consecutively lesser amounts of the
variance between the rows and columns.

Two contingency tables were created, one for
age group by concern and a second for commodity
group by concern and used in separate analyses.
We calculated the chi-square to test for overall
independence but did not expect to see significant
differences, since the cell sizes were somewhat
small in a few columns of these tables. We calcu-
lated the eigenvalues generated after partitioning
the data into dimensions, as in PCA. The dimen-
sions represent a grouping of the common con-
cerns expressed by the respondents and can be
thought of as patterns in the variables. The num-
ber of dimensions possible is the number of cate-
gories minus one. Three age categories will
produce two dimensions, and five occupational
categories will produce four dimensions. The
eigenvalue is a measure of how much variance is
explained by the variables in the table.

The biplot was used to visualize how the age or
commodity categories differed by the safety and
health concern categories. If the two variables were

independent, all points would be centered around the
origin of the graph. The further the data are from the
origin in the x or y direction, the further the variables
are from being independent from one another.
Concerns closer together are more similar, and those
farther apart are more different, and these are plotted
by how close they are to either the woman’s age or her
role in agriculture. When observed differences were
noted in the age or commodity/role groups, addi-
tional analyses were conducted to understand these
differences. These analyses included Fisher’s exact
tests and logistic regression. We report p-values for
the Fisher’s exact test with statistical significance set at
alpha = 0.05. We report odds ratios (OR) and 95%
confidence intervals from logistic regression models.
The CA was conducted in R, and the additional
analyses were conducted in SAS 9.4 (The SAS
Institute, Cary NC).

Results
Description of the sample

The number of women in each age category was
similar, although there were fewer women in the
middle age category. The numbers in each occupa-
tional agricultural group were also similar, except
for the academic/professional and operator having
the fewest number of respondents (Table 1). The
percentage of those reporting being moderately,
very, or extremely concerned about each of the
issues ranged from 40.5% for exposure to zoonotic
diseases to 78.0% for work-related injuries. The
means of the concern questions showed respiratory
issues were of most concern at 3.53 and zoonotic
diseases were of lowest concern at 2.41. The means
indicate that for most women, all the issues were of
slight to moderate concern.

Correspondence analysis: age and safety and
health concerns

As expected, the first dimension explained most of
the variance in the data (81.5%), and the second
dimension explained 18.5% (Figure 1). These
dimensions represent characteristics that differ by
age. There were no statistically significant differ-
ences in concerns by the woman’s age group in
a chi-square test overall However, the
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Table 1. Descriptive statistics for age category, commodity/occupational group, and
recoded safety and health concerns; means and standards for health concerns questions

prior to recoding, 2024.

Variable n (%) Mean (SD)
Age
Young (<30 years of age) 46 (38.0) NA
Middle (31-50 years of age) 32 (26.5)
Older (=51 years of age) 43 (35.5)
Commaodity/Occupational Group
Academic/Professional 22 (19.5) NA
Academic/Professional + operator (crop and/or livestock) 13 (11.5)
Crop operation 28 (24.8)
Livestock operation 27 (23.9)
Crop and livestock operation 23 (20.3)
Health concerns *
Musculoskeletal disorders 3 (52.9) 2.67 (1.14)
Reproductive health concerns 8 (52.7) 2.75 (1.44)
Respiratory issues 3 (77.5) 3.53 (1.24)
Skin disorders 3(61.3) 2.93 (1.16)
Mental health challenges 86 (71.7) 3.41 (1.33)
Work-related injuries 2 (78.0) 3.26 (1.10)
Exposure to zoonotic diseases 5 (40.5) 241 (1.19)
Limited access to healthcare 70 (58.3) 2.82 (1.34)
Personal protective equipment, fit and availability 60 (50.0) 2.63 (1.27)

*Leftmost column is the percentage responding that they were moderately, very, or extremely
concerned about this topic and rightmost column is the mean and standard deviation for the full

5-point Likert scale before recoding the variables.
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Figure 1. Biplot from correspondence analysis showing spatial
representation of concerns by age.

correspondence analysis was able to identify cate-
gories that contributed most to separation of the
three age groups. In younger women, who con-
tributed 57.7% to dimension 1, reproduction
(67.6%) and mental health (13.3%) were of greatest
concern, and all other concerns contributed less
than 4%. For women in the middle age category,

who contributed 70.9% to dimension 2, respiratory
exposures were a primary concern (63.3%). Older
women fell between the two dimensions (39.5% to
dimension 1 and 24.2% to dimension 2) and had
a wider range of concerns (PPE use, musculoske-
letal disorders (MSD), injury, skin disorders,
healthcare access).

Correspondence analysis: commodity/ag role
and safety and health concerns

The eigenvalues of the four dimensions were
52.9%, 25.0%, 17.8%, and 4.3%, indicating about
half of the variance was explained in the first
dimension and over 75% in the first two dimen-
sions. Dimension 1 was dominated by reproduc-
tive (40.4%) and respiratory (18.5%) health
concerns; the remaining concerns contributed
less than 5% each. The second dimension was
dominated by musculoskeletal disorders (51.5%)
and less so, reproductive health (9.9%) with the
remaining at less than 6% each. The third dimen-
sion was dominated by injury concerns (39.8%)
and mental health (10.3%), with the remaining
concerns at less than 7% each. The fourth
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dimension was evenly split between reproductive
and mental health concerns at about 17% each,
with the remaining concerns at less than 6%
each. Overall, three of four dimensions were
clearly dominated by specific issues (reproductive,
musculoskeletal disorders, and injury).

The groups of women separated out based on
their self-reported roles in agriculture (Figure 2).
The group that was purely academic were 59.3% of
dimension 4. Women who were both in academic
or professional roles and were agricultural opera-
tors were 63.2% of dimension 2. Women who
reported being crop producers were dominant in
dimension 1 (25.3%) and dimension 3 (33.8%).
Livestock producers were the majority of dimen-
sion 1 at 59.4%. Women who were both crop and
livestock producers were split between dimensions
2 and 3.

The biplot of the first two dimensions shows
that the women who were academic operators
were separated from the other groups in both the
x and y directions (Figure 3). Livestock producers
were most defined by their concerns about repro-
ductive and respiratory exposures. Academics and
crop producers endorsed similar concerns such as
healthcare access, mental health, PPE use, skin
disorders, injury, and zoonotic diseases. Those
who were both crop and livestock producers fell
in the center of the graph. Musculoskeletal disor-
ders were more closely related to being both a crop
and livestock producer and only a livestock
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Figure 2. Contributions to the four dimensions differed by
agricultural commodity and academic group.
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Figure 3. Biplot from correspondence analysis showing spatial
representation of concerns by commodity produced and agri-
cultural role.

producer, but far from academics, crop producers,
and academic agricultural operators. Livestock
producers may be most concerned with musculos-
keletal disorders, respiratory, and reproductive
exposures.

Only 13 women populated the academic ag
operator category. Despite this, they were signifi-
cantly less likely to express concerns about injuries
(p=.0016) and respiratory exposures (p=.04)
compared to the other combined categories of
women in a Fisher’s exact test. To further under-
stand this result, a logistic regression model was
used with injury concerns as the outcome, and
four indicator variables were included for each of
the agricultural commodity roles, with the aca-
demic role as the reference group. Only the aca-
demic ag operator significantly differed from an
academic only respondent (OR 6.40, 95% confi-
dence interval 1.53, 26.8). Women who were in an
academic role were more than six times more
likely to report injuries as a concern than women
who were both agricultural academics and farm/
ranch operators.

Discussion

The perception that work-related injuries are
a concern of interest statistically significantly dif-
fered when women were both an academic/



professional and an agricultural operator com-
pared to being only an academic/professional
involved in agriculture. This result suggests that
compared to those working in ag, academic safety
and health specialists might overemphasize injury
compared to all other adverse occupational
hazards experienced by women. Academic and
other agricultural professionals see injuries as
more of a problem than their counterparts who
are working on an agricultural operation who have
many other occupational hazards in their daily
lives. The academic/professionals are more likely
to agree with crop producers about safety and
health concerns than they are with academic/pro-
fessionals who also farm or ranch. Differences
were more apparent by agricultural role/commod-
ity than by age in this sample of women.

Younger women, and probably younger
women in the middle age category, expressed
concerns about reproductive risks in agriculture.
Few studies have been conducted to understand
the concerns around reproductive hazards that
agricultural women worry about. Older women
had greater concerns about several issues includ-
ing musculoskeletal disorders. Previous studies
have found musculoskeletal symptoms are asso-
ciated with increased stress,”’ and in ag women
an increased number of musculoskeletal symp-
toms were associated with a greater risk of
a work-related injury.”* The women in the cur-
rent study probably understand the burden that
experiencing a musculoskeletal disorder has on
their work lives, especially as they get older.
There are not many proven prevention strategies
that address these issues in women, whose
bodies experience more strain than male
bodies.""

It was somewhat surprising that mental health
was not of wider concern in younger women and
was reported more by older women. The literature
suggests younger women are experiencing greater
stress due to raising families and working on and
off the farm.*>»**

Three of the five occupational groups domi-
nated a particular dimension. This result supports
the separation of the groups by specific concerns.
The academic/professional group dominated
dimension four, the academic/professional opera-
tor group dominated dimension two, and the
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livestock operator dominated dimension three.
The groups that were both crop and livestock
producers and crop producers did not dominate
strongly any single dimension, but were not iden-
tical either, showing broader concerns than the
other three groups.

This survey was conducted for the purpose of
collecting data for a larger survey of farm and
ranch women to better understand the work they
are doing on the operation and what their needs
are. One challenge is the need for PPE that fits
women, also a concern expressed in Canadian
farming women.'* There is a lack of development
and marketing of PPE that fits different female
body types.”> Making PPE for women does not
necessarily mean just reducing the size, it also
means changing the shape and structure based
on anthropometric data. Fit testing of respirators
in rural areas can also be a challenge due to the
lack of qualified individuals that can do fit testing.
It is not known whether these women were mixing
or applying pesticides, but because of their proxi-
mity to crops and livestock, they were probably
exposed to pesticides. Whether pesticide exposures
were of concern in relation to reproductive worries
requires additional research.

The concerns of women in agriculture are not
simply a problem of developed countries but are
even more urgent in developing countries.
According to Oxfam International, 80% of the
world’s food production comes from small farms,
and on these farms, women are doing 43% of the
agricultural labor.*® This is a group of agricultural
workers and operators whose health and safety
needs are not being addressed. More effort is
needed to provide affordable PPE designed to fit
a woman’s body and resources and education to
prevent injury and musculoskeletal disorders,
among other concerns of women in agriculture.

Although this report focuses on concerns of
women working in agriculture, it does not inform us
as to the perceived risks of these concerns and how
these risks might impact their agricultural operations’
productivity. More work needs to be done to under-
stand how women make decisions about wearing
PPE, taking preventive measures to avoid an MSD,
and other concerns expressed in this and other
reports. Women may be more risk-averse in eco-
nomic matters related to the farm operation, but are
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they more risk-averse in safety behaviors also?
Qualitative studies might be useful to provide more
depth to the relationship between concerns women
expressed in the current report and their perceptions
and understanding of the risks.

The limitation of this study was that the question-
naire was brief, but it needed to be at an agricultural
event. The disadvantage is we could not ask about
many other possible safety and health concerns that
might have been relevant to this sample. This was
a convenience sample, so there is the possibility of
self-selection bias, where it is likely that those who
think about the exposures and hazards of living and
working on a farm or ranch operation would be most
likely to respond. Also, the number of respondents
who were both academic/professional and agricul-
tural operators was small. However, even in
a somewhat small sample, we found statistically sig-
nificant differences.

Correspondence analysis was an informative
and meaningful way to analyze contingency
table data. Being able to visualize how the
groups formed around concerns was useful in
understanding what most mattered to them.
A larger sample size would likely have produced
more significant results, but a follow-up study
can be conducted to confirm these initial
findings.

Conclusion

Based on preliminary data, agricultural operators
who are also in academic or professional agricul-
tural roles have fewer concerns about health and
safety than those who were not agricultural opera-
tors but academics or professionals.
Specifically, injuries were of greater concern to
those in academic or professional agricultural
occupations but not in those who also worked in
an agricultural operation. More follow-up is
needed on this finding. Age was less important at
classifying concerns compared to their occupa-
tional role in agriculture. Livestock and crop pro-
ducers have different concerns and agricultural
safety and health resources may need to be tailored
and targeted to these two groups.
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