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ABSTRACT

The aim of this study was to evaluate North and Northeastern Amhara’s output of black cumin and the factors that affect its
productivity. The survey was carried out in six districts and three zones in North and Northeastern Ethiopia between January and
April 2024. Data were gathered through semistructured interviews, focus groups, and field observations. Using a stratified random
sample technique, 199 black cumin farmers from 12 kebeles were chosen. Primary and secondary sources were used to collect the
data. According to the survey results, the respondents’ average age was 41 years, their landholding size was 0.32 ha, they had
22 years of producing experience, and their maturity time was 126 days. Male respondents made up 69% and female respondents
made up 31%, with an average training participation rate of 1.95. Furthermore, 23% of people were illiterate and 77% of people were
literate. Approximately 62% and 44% of black cumin crops were rotated and interplanted with other crops, respectively. The
topography variable results showed that 54% of respondents planted black cumin in undulating farmland, while 46% planted it in
a plain. Additionally, 36% of respondents’ farmed black cumin using improved varieties, 42% of respondents’ black cumin farms
were impacted by pests, and 79% and 21% of respondents sold black cumin seed at high and low prices, respectively. Multiple linear
regression analysis showed that black cumin productivity is significantly and favorably impacted by family size, crop rotation,
variety type, product market price, and training variables, while household head age had a significant negative impact. According
to the results, authorities should prioritize encouraging farmers to use better crop varieties, crop rotation, enhanced markets, and
farmer training initiatives.

| Introduction

In developing countries, larger sections of the populations de-
pend on agriculture. In Africa, there is an abundance of resources
and high potential of attracting investors and producers in
various agricultural productions and emerging markets [1].
Agriculture has been a significant driver of the Ethiopian

economy for many years, and it has contributed about 43% of the
country’s GDP while also employing almost 85% of the labor
force and making up about 90% of the exports [2].

Black cumin (Nigella sativa L.) is a flowering plant that belongs to
the family Ranunculaceae. Literature also revealed that black
cumin is native to the Mediterranean region, but currently, it is
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cultivated in different parts of the world including Ethiopia [3].
The majority of the global commercial supply of these seeds is
obtained from cultivation in India [4].

The estimated early world production is 600,000 tons, with 86% of
the share in India, followed by Iran (4%), Syria (3%), and Turkey
(2%). The remaining 5% comes from different countries such as
Egypt, Pakistan, and Afghanistan [5]. In contrast, the top 10
countries that have the highest export values of black cumin in
order are Malaysia, Indonesia, China, the Netherlands, Germany,
Sweden, India, the United States, Russia, and Spain [6].

Ethiopia is a country with different and favorable agroecological
zones for the production of various spices, vegetables, and crops
[7, 8]. In Ethiopia, it is a cultivated plant mostly grown in back
gardens of homesteads and also on heavier soils as a field crop,
tolerating a wide range of soils, occasionally found growing wild
between 1500 and 2500 m. In Ethiopia, black cumin is one of the
most important spice types that are mainly produced to flavor
foods, preparation of oil for perfumes and medicinal purposes,
source of income, crop diversification, and export purposes
[9, 10]. In addition, in Ethiopia, the seeds are important spices
used in preparing hot pepper sauce and other dishes; they are
also used to flavor some types of bread. They are mixed with
melted butter, wrapped in a piece of cloth, and sniffed to relieve
some types of headaches [11].

In the country, the annual production of black cumin was 14,730
metric tons in the 2021/2022 cropping season [12]. Even though
the production and area coverage of black cumin have been
increasing, its productivity is still very low in the country. The
national average productivity is very low and was reported to be
0.64 t-ha™*, which is below the global average and some major
producing countries including India (2.20 t-ha™") [13, 14]. Due to
the increased demand of black cumin seed for local consumption
and other importance, such as oil and oil rosin for medicinal
purposes, its export market, its potentiality in crop di-
versification, income generation, and its importance to reduce
the risk of crop failure and others made black cumin as the best
alternative crop under Ethiopian smaller landholdings [9]. It is
also the second important cash spice crop that is exported to an
international market next to ginger [10].

Despite the country’s favorable environmental conditions for
its production and importance in the economy, the black cumin
cropping system has been given little attention to improve its
production and productivity, and hence, it remained an
underutilized crop. Moreover, the production and productivity
of black cumin were influenced by various socioeconomic,
demographic, institutional, and environmental factors [10, 15].
Furthermore, indigenous and local knowledge is gradually
being lost as the custodians die before passing on information
to the younger generations. The documentation of indigenous
and local knowledge through ethnobotanical studies is im-
portant in the conservation and utilization of biological
resources [16].

In Ethiopia, no sufficient documented ethnobotanical data are
available on black cumin, whereas this information remains
a prerequisite for effective implementation of conservation
strategies and for the development of new varieties. Therefore,
standard collection and documentation of data through an
ethnobotanical survey will provide information or strategies to

overcome constraints affecting black cumin production in
Ethiopia. Besides, the generation of information and docu-
mentation on black cumin production and the factors that in-
fluence its productivity are crucial for future interventions.
Hence, this study was designed to assess black cumin production
patterns and investigate the factors influencing its productivity in
Ethiopia.

2 | Materials and Methods

2.1 | Description of the Study Area

The ethnobotanical survey was carried out in black
cumin-growing areas of Northeastern Amhara in Kalu and
Ambassel Woredas of South Wollo; Habru and Gubalafeto
Woredas of North Wollo; and Alefa and Takusa Woredas of
North Gonder Zone (Figure 1).

2.2 | Sampling Method and Sample Size Estimation

A multistage sampling approach was used in this investigation.
The three administrative zones of the study areas were chosen in
the first stage using a purposive selection technique. Experts
from the Amhara Region’s Agricultural and Natural Resources
Bureau assisted in the selection of the three zones. The selection
of the research zones was based on a long history of black cumin
production, farmers’ traditional knowledge, and a high pro-
duction potential. Six woredas from the three zones were sam-
pled in the second stage using a purposeful random sampling
technique. Twelve kebeles (PA) from each of the six woredas
were sampled in the third stage using a systematic random
sampling process. Lastly, using stratified random sampling
techniques based on a probability proportionate to the size
sampling procedure from the sampled kebeles and the Yamane
[17] formula at a 95% confidence interval, 5% variability, and 7%
precision, 199 black cumin producer farmers’ households were
chosen (Table 1, Equation (1))

N
n= M

1 + N(e)*’
where n is the size of the sample, N is the total household size
(the population size), and e is the level of precision (e = 0.07).

2.3 | Sources, Methods, and Tools of
Data Collection

Data were gathered using a mix of primary and secondary
sources. Through individual farmer interviews, farm field ob-
servations, and 10 key informants (five males and five females)
for six focus group discussions (one FGD for each woreda) led by
open-ended or unstructured questions, primary data were col-
lected from the sampled farm families in 12 rural kebeles using
a pretested semistructured interview survey [18]. Additionally,
during the fieldwork, six woredas’ Agricultural and Natural
Resources offices as well as the Zonal Agricultural and Natural
Resources Department in each zone were visited to gather
secondary data.

2.4 | Data Analysis

SAS software and descriptive statistics were used to evaluate the
gathered data [19]. Socioeconomic characteristics were described
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using descriptive statistics like mean, percent, and frequency.
The parameters affecting the productivity of black cumin in the
research area were then determined using multiple linear re-
gression models. Multiple linear regression models and their
estimate using ordinary least squares (OLSs) are without a doubt
the most widely used econometrics tool. When every family in

|:| South Wollo
|:I North Gonder

Map of Ethiopia showing the Amhara Region and the study woredas.

|:| North wello

Ambhara Region

the sample produces black cumin, OLSs are employed. The
following formula, used by [20], can be used to estimate a con-
tinuous dependent variable and its association with a set of
dummy, categorical, or continuous explanatory factors. The
multiple linear regression models are specified as follows

(Equation (2)):

TABLE 1 | Description of the sampled zones, woredas and kebeles, and their sample size.

Zone’s black

Woreda’s black

cumin producers cumin producers Black cumin
Zones HHs Woreda HHs Kebeles (PA) producer HHs Sample sizes
Alefa 360 L 190 20
2 170 20
N. Gonder 3500
Takusa 300 ! 150 20
2 150 20
Kl 250 ; 140 20
South Wollo 2500
Ambassel 200 L 100 20
2 100 20
Habru 150 ; ;2 18
North Wollo 1000
Gubalafeto 100 ! 50 10
2 50 8
Total 7010 1360 12 1360 199
Note: HHs: household.
Abbreviation: PA: peasant association.
Journal of Food Quality, 2026 3 0of 10
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where the following are the explanatory variables and the de-
pendent variable (Y) is the amount of black cumin productivity
expressed in tons: The household head’s education level is rep-
resented by X1, which is 1 if they attended formal school and can
read and write at any grade level and O otherwise. X2 is the
household head’s sex, with 1 denoting a male and 0 denoting
a female. X3 is the household head’s age in years; X4 is the number
of family members; X5 is the size of the household head’s land-
holding in hectares; X6 is the household head’s cropping system (1
if intercropped and 0 otherwise); X7 is the household head’s crop
rotation (1 if rotated and 0 otherwise); X8 is the number of years
that the household head has produced black cumin; X9 is the
number of days that the black cumin variety matures; and X10 is
the topography of the household head’s black cumin farm; 1 is
undulating and 0 is not. X11 denotes the presence of pests on the
household head’s black cumin farm (1 if pests appeared and
0 otherwise); X12 denotes the variety the household head uses (1 if
improved and 0 otherwise); XI13 denotes the household head’s
black cumin product market price (1 if low price and 0 otherwise);
and X14 denotes the household head’s participation in training, in
number. Table 2 lists the many kinds of variables, their meanings,
how they are measured, and their expected impact on production.

3 | Results and Discussion

3.1 | Socioeconomic Characteristics
of the Respondents

Table 3 displays the descriptive statistics for the continuous and
dummy variable outcomes. The findings indicated that the 199
household head respondents ranged in age from 21.00 to
75.00 years, with a mean age of 41.08 years. This suggests that
those who are young and economically active dominate the
production of black cumin in the studied locations. This outcome
is consistent with research by Dessie et al. [7, 8] and Wassihun
et al. [21], which found that the average age of potato and red
pepper growers in Northwest Ethiopia was 46.69 and 48.31 years,
respectively. Dessie et al. [4], Teshome and Anshiso [10], Ngolle
and Salehe [22], and Bayeta [23] reported similar findings. In
a similar vein, the household head’s average family size was 6.91,
ranging from 3 to 11. Comparable findings also showed that the
average home family size was 6.2 [4, 20, 24]. The results high-
lighted the importance of bigger families engaging in agricultural
production, particularly when every member of the household
boosts productivity and provides services to support the family’s
economy [23, 25]. The household head’s average landholding
size was 0.32 ha, while the lowest and largest landholding sizes
were 0.06 and 1.25ha, respectively, according to the results.
Similar findings were reported by Dessie et al. [4], who found that
the average area of land used for black cumin was 0.4 ha. Land is
the most valuable natural resource in nations like Ethiopia,
where agriculture is the main economic sector [23, 26]. This
suggests that if there was an adequate supply of family labor,
farmers with greater landholdings would make more money,
which would raise the demand for kids who could help on the
farm [27]. Black cumin production experience ranged widely,
with a minimum of 10.00 years and a maximum of 42.00 years,
with an average of 22.04 years. The likelihood that farmers would
see the significance of producing black cumin increased by 1.68%

for every year. This is conceivable since senior farmers may
possess greater knowledge and experience regarding the pro-
duction and significance of agricultural crops compared to
younger farmers [10]. Research conducted in Ethiopia has
demonstrated a significant correlation between farmers’ per-
ceptions of crop expansion and the number of years they have
worked in agriculture [23, 28]. The average maturity period in the
research region was 126.15 days. This finding is in line with that
of Dessie et al. [4], Anshiso & Teshome [9], and Teshome &
Anshiso [10]. Male respondents had an average training par-
ticipation rate of 1.95, while female respondents had an average
of 69.35% and 30.65%, respectively (Table 3). Dessie et al. [4] and
Ngolle and Salehe [22] found similar results regarding the pre-
dominance of men: roughly 96.28% and 3.72% of sample homes
were headed by men and women, respectively. Table 3 shows
that of the respondents, 76.88% were literate and 23.12% were
illiterate. According to research findings, approximately 57.45%
and 42.55% of sample homes were illiterate and literate, re-
spectively [4]. The outcome is in line with research by Asfaw and
Admassie [29], who found that agricultural productivity and
income are significantly influenced by education. To achieve
agricultural development, investments in technology and pro-
duction methods should be matched by equivalent investments
in human resources. This is due to the fact that farmers require
knowledge and information in order to use technology, get
feedback, change their methods, and sell their goods [23, 30].
This result is consistent with the findings of Oluwasola [31] and
Ngolle and Salehe [22], who proposed a strong correlation be-
tween education levels and information availability and the
adoption of technical improvements in agriculture. Farmers’
ability to increase production and adjust to new farming methods
may be hampered by inadequate knowledge. Similarly, ap-
proximately 44.22% and 62.31% of black cumin crops had been
rotated and interplanted with other crops, respectively (Table 3).
This finding demonstrated that a large number of households
used crop rotation and intercropping techniques to produce
black cumin. This suggests that smallholder farmers have
employed intercropping and rotation techniques to enhance soil
fertility and boost black cumin yield. The topography variable
results showed that 54.27% of respondents grew black cumin in
undulating cropland, while 45.73% of respondents grew it in
plain or level terrain (Table 3). The topography variable results
show that 54.27% of respondents planted black cumin in un-
dulating farmland, whereas 45.73% planted it in a plain. Given its
high susceptibility to soil erosion, challenges with tillage, and low
soil nutrient content, this suggests that undulating terrain is one
of the main variables affecting black cumin output. Therefore,
the topography element has a significant impact on black cumin
productivity. According to Bakker et al. [32], farming on steep
terrain may result in soil erosion, which would lower agricultural
output. Pests impacted about 42.21% of respondents’ black cumin
farms, while 36.18% of respondents used improved types to grow
black cumin (Table 3). According to the results, 64% of the
participants cultivated black cumin using regional cultivars. The
respondents cited the inaccessibility of better varieties as the
main justification for using native types. Table 3 shows that
79.40% and 20.60% of the respondents sold black cumin seed at
high and cheap prices, respectively. According to this study,
79.40% and 20.60% of respondents sold black cumin seed at high
(800 birr per kilogram) and low (400 birr per kilogram) market
prices, respectively. Dessie et al. reported a similar outcome [4].
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Definition, measurement, and the predicted effect of the variables affecting black cumin productivity in the survey area.

Education level of the HH head

Sex of the household head
Age of the household head

Variables
Productivity

TABLE 2

+H

Number

Continuous

Family size

+ o+ + + +

Hectare

Continuous

Landholding size

1 if intercropped and 0 otherwise

Dummy

Cropping system

1 if rotated and 0 otherwise

Dummy

Crop rotation

Year
Month

Continuous

Black cumin production experience

Continuous

Maturity period

1 if undulating and 0 otherwise

Dummy

Topography

Dummy 1 if pests appeared and 0 otherwise

Pests

+

1 if improved and 0 otherwise

Dummy

Variety type

H

1 if low price and 0 otherwise

Dummy

Product market price

+

Number

Continuous

Participation in training

Note: —: negative effect; +: positive effect; +: positive or negative effect on productivity of black cumin.

3.2 | Analysis of Influencing Factors

Multiple linear regression models were used to determine the
factors affecting black cumin productivity (Table 4). The pre-
sumptions of the traditional linear regression model must be
upheld for parameter estimation to be successful. Therefore,
using the proper test statistics, the proposed explanatory factors
were examined for multicollinearity. The average VIF value was
determined to be 2.05, indicating a moderate, and generally
acceptable, amount of multicollinearity between predictor var-
iables in regression model. The explanatory variables are un-
correlated with the error term, which is a core assumption of OLS
regression (often referred to as the exogeneity assumption or the
condition of no endogeneity). Additionally, the study of the
coefficient of determination (R?) result revealed that 95.28% of
the fitted data in a regression model described the dependent
variable. This suggests that around 95.28% of the variation in
black cumin productivity can be explained by explanatory fac-
tors. Consequently, a better fit for the model is suggested by the
R? value. Moreover, high R? indicates a strong relationship be-
tween the variables and a very good fit of the model to the data.
The high value of R? indicated that there was a strong linear
association between the predictor(s) that are family size, crop
rotation, variety type, product market price, and training and
productivity; that is why they were significantly correlated. In
addition, the model includes key, relevant predictors or variables
that strongly influence the dependent variable productivity,
making a high reflection of a well-specified model. This finding is
in line with that of Dessie et al. [4], Anshiso & Teshome [9], and
Teshome & Anshiso [10], who reported that the coefficient of
determination was used to assess the regression model’s good-
ness of fit in the black cumin production determinant study. In
order to determine the factors impacting black cumin pro-
ductivity on smallholder farmers’ acreage, 14 explanatory vari-
ables were employed. Eight of these factors were determined to
be nonsignificant at the 5% level of significance, while six were
found to be statistically significant. Furthermore, out of all the
independent factors, nine were shown to have a positive cor-
relation with black cumin productivity, whereas five had
a negative correlation.

3.21 | Age of the Household Head

Black cumin productivity was found to be negatively impacted by
the age of the household head at a 1% level of significance. This
indicates that black cumin productivity decreased by
0.004 t-ha™" as responders get older. In a similar vein, Bayeta
[23] found that the decision to produce black cumin was strongly
and favorably influenced by the age of the household head.

3.2.2 | Family Size

Black cumin productivity was positively connected with the
number of families attending production, which was statistically
significant at a 1% probability level. The coefficient indicates that
a one-person increase in family size would resultin a 0.019 t-ha™"
improvement in the black cumin output. This suggests that
households with a variety of family sizes that participate in black
cumin cultivation provide a sizable labor force to the farm ac-
tivity, which raises the crop’s yield. This result is in line with that
of Inoni [33], who found that family size can increase production
by supplying labor for farming. Additionally, research by Gebre
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TABLE 3 | Results of descriptive statistics of sampled black cumin producers in the study area.

Variables Mean Standard deviation Minimum Maximum
Age of the household head in years 41.08 11.41 21.00 75.00
Family size in number 6.91 1.80 3.00 11.00
Landholding size (ha) 0.32 0.25 0.06 1.25
Black cumin production experience in years 22.04 5.67 10.00 42.00
Maturity period in days 126.15 8.94 111.00 155.00
Training participation in number 1.95 0.71 1.00 3.00
Education level of the household head Frequency Percent
Learned formal school 153 76.88
Not learned formal school 0 46 23.12
Sex of the household head

Male 138 69.35

Female 0 61 30.65
Cropping system

Intercropped 1 88 44.22

Pure stand 0 111 55.78
Crop rotation

Rotated 1 124 62.31

Not rotated 0 75 37.69
Topography

Undulating 1 108 54.27

Not undulating (level/plain) 0 91 45.73
Pests

Pest appeared 1 84 42.21

Pest not appeared 0 115 57.79
Variety type/input

Improved 1 72 36.18

Not improved 0 127 63.82
Product market price

Low price 1 41 20.60

Not low price 0 158 79.40

Note: Source: own computation result, 2024.

et al. [34] found that a 10% increase in family size would result in
a 7.5% increase in maize output. According to research by Asfaw
et al. [35], Bayeta [23], and Bilgili et al. [36], the size of the entire
family has a substantial impact.

3.2.3 | Crop Rotation

It was shown to be statistically significant at 5% level of signif-
icance with the expected positive association, as shown in Ta-
ble 4. According to the coefficient, if all other factors stay the
same, rotating black cumin with other crops could boost pro-
ductivity by 0.099 t - ha™. In comparison to farmers who do not
engage in crop rotation on their farmland, farmers who rotate
their crops could improve soil fertility, reduce soil erosion,
maintain soil health, break the life cycle of disease pests, and
enhance nutrients available for black cumin crops, all of which
would increase black cumin productivity. This result is consis-
tent with earlier research by Bowles et al. [37], who found that
smallholder farmers benefited economically from diverse crop

rotation, which raised crop yields. Han et al. [38] conducted
a crop rotation experiment in the Loess Plateau of China using
different combinations of alfalfa after cultivation and found that
the mean yield increased by 44.40% compared to continuous
cropping of rapeseed and by 42.90% compared to continuous
cropping of wheat when rapeseed was sown during the winter.
Another study by Wang et al. [39] found that over a 3-year period,
maize-potato rotation increased maize production by 15.5%-
23.40% and decreased soil water consumption rates by 16.81%—
24.83% as compared to continuous maize farming.

3.2.4 | Variety Type

At a 1% significance level, productivity was positively impacted by
selecting and utilizing better black cumin planting material kinds.
According to the results, black cumin productivity might rise by
0.083t-ha™" if farmers cultivate better kinds as opposed to those
who employ local varieties, which are characterized by low yield,
less stable yield, and susceptibility to biotic and abiotic factors;
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improved varieties offer higher and more stable yields as well as
greater tolerance or resistance to diseases, insect pests, drought,
heat, cold, parasitic weeds, and other stress factors (Table 4). The
modified wheat seeds yielded 33% more than the indigenous seed
in the Kugbei [40] research conducted in Afghanistan. Addi-
tionally, Gebre et al. [34] found a favorable and substantial as-
sociation between enhanced seeds and productivity, which is
consistent with our findings. Therefore, a 10% increase in the use of
enhanced maize seeds would lead to a 5.33% increase in output.
According to Meseret [41], Bayeta [23], and Kondo et al. [42], the
choice to produce malt barley was greatly and favorably influenced
by the type of seed used (local or enhanced variety).

3.2.5 | Product Market Price

At the 1% significance level, the product market price variable
was significant and had a positive coefficient. According to the
findings, black cumin productivity might rise by 0.055t-ha™*
depending on the product market price (Table 4). This result is
consistent with research by Dessie et al. [4].

3.2.6 | Training Participation Rate

Additionally, training and productivity were found to be posi-
tively and significantly correlated (Table 4). According to the
model’s findings, black cumin productivity would rise by
0.027 t-ha™" if farmers received one more training. This suggests
that farmers who receive hands-on training might boost black
cumin productivity because the training enhances their
knowledge and proficiency in managing it, including applying
various inputs. Mariyono et al. [43] claim that agricultural
training gives farmers practical knowledge and technical ex-
pertise. According to studies by Schreinemachers et al. [44] and
Bayeta [23] in Bangladesh, trained farmers would boost the net
family income by 48%, and 31% of them initially accepted the
technology compared to nontrained farm households.

4 | Conclusion and Policy Implications

Multiple linear regression analysis showed that black cumin
productivity is significantly and favorably impacted by family
size, crop rotation, variety type, market price, and training, while
household head age had a significant negative correlation with
black cumin productivity. In light of the results, governments
ought to concentrate on motivating farmers to embrace com-
pletely packaged new technology, like enhanced crop varieties.
In order to increase soil fertility and sustain productivity, agri-
cultural policy must support and expand crop rotation, enhance
markets, and provide farmer training programs.

ha Hectare

HH Household

OLS Ordinary least squares

ORCID Open Researchers and Contributors Identity Document
PA Peasant association

SAS Statistical Analysis System

t Ton

Tridge Three-way bridge

VIF Variance inflation factor.
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