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Abstract

Food insecurity is the main challenge in Africa, particularly, in Ethiopia. The government of Ethiopia tacked such problems
with an agricultural-led Industrialization policy and a strategy of innovation, and dissemination of new agricultural
technologies. Rice is among the emphasis of food security crops to improve its genetics, and to be used by smallholder farmers to
boost their agricultural productivity and ensure their food security. The research used a simple and systematic sampling technique
to take 180 smallholder rice producers to examine the impact of improved rice variety adoption on smallholders' food security in
Northwestern Ethiopia. The research used descriptive statistics, the Probit model, and the Propensity Score Matching models.
The probit regression identified that Rice farm experience, soil fertility, Access to credit, access to extension service, Mobile
phone, and owning more livestock are the factors that positively influence the adoption of improved rice variety and statistical
significance at 10%, 5%, 10%, 5%, 1% respectively whereas Distance to cooperatives, distance to main road, and distance to
markets are factors that influenced the improved rice variety adoption negatively and statistically significance at 1%, 1%, 1%
respectively. The propensity Score Matching Model revealed that the adopters of improved rice variety produced more rice
output and consumed more rice output in terms of calorie intake as well as food and non-food consumption. This directly
improved the food security status of smallholder Adopters compared to the non-adopters. Therefore, governmental and
non-governmental organizations should focus on outreach of improved agricultural technologies to ensure food security at
household levels.
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1. Introduction

Nowadays, food insecurity is the main challenge for many  zation, a decrease in farmlands, and climate changes that
country leaders in the world in developed and developing  caused more people to be food insecure and malnutrition in
countries. Food insecurity is more severe, expanded, and  the world [1]. [2] data showed that about 1 billion people are
rooted due to high population growth, expansion of urbani-  food insecure in the world and 30% of them live in
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Sub-Saharan African Countries and more than half of these
are living in East African countries.

Ethiopia, as part of East Africa, is entrenched with food
insecurity problems, and many of its population suffer from
the causes of food insecurity. One implication of the food
insecurity problem is the country's poverty rate, which
reached up to 52% during the Derig regime and later de-
creased to 38.9% in 2004 and 29.6% in 2012. To tackle such a
problem, the Ethiopian Government (EG) has implemented
different policies and strategies. Agricultural develop-
ment-led industrialization is one of the EG policies imple-
mented since the 1990s. it also follows many strategic options
like rural development policy and strategy, sustainable de-
velopment and poverty reduction, innovation, releasing, dis-
semination of new agricultural technologies, demonstration
and experience sharing of these technologies among re-
searchers, experts, and smallholder farmers, and productive
safety net programs that emphasis on rehabilitation of eroded
farmland and natural resources. It emphasizes the enhance-
ment of production and productivity of the Agricultural sector
particularly the staple food and cash crops to lift millions of
people from the food insecurity trap. Boosting staple food
crop production and productivity through the adoption of
improved agricultural technologies such as farm tools, im-
proved seed, inorganic fertilizer, agrochemicals and agro-
nomic practices like row planting with the backstopping of
researchers and Development Agents helped smallholder
farmers to food secure themselves as well as supply surplus of
product to market.

Rice is the recently introduced crop to Ethiopia and is
widely cultivated and consumed by smallholder farmers,
especially in North Western Ethiopia, particularly in the
Benshagul Gumuz and Amhara regions. It is the promising
food security crop called a millennium crop and It is the main
livelihood of smallholder farmers in North Western Ethiopia
at smallholder farmers that stands second in terms of produc-
tivity next to maize and it covers 0.81% in area and 0.89% in
production out of all cereal crop [3].

As a result, it has become a strategic food security crop in
the Ministry of Agriculture (MoA) and Ethiopia Institute of
Agricultural Research (EIAR) since the 1990s devoted to
innovating new and improved rice varieties, agronomic prac-
tices, and its adaptability to different agroecology to enhance
the production and productivity of rice. 43 new improved rice
varieties have been released to support and accelerate the food
security of the country during the last decade and a half. They
are suitable for lowland, upland, and irrigated rice varieties.
Adopting the new rice varieties has a massive role in rice
production and productivity, enhancing the income of
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smallholder farmers and lifting them from food insecure sta-
tus. [4] stated that adopters of improved maize varieties were
more food secure than their counterparts. Even though many
improved rice varieties have been released, conducted bio-
logical research, and entered into the production system at the
smallholder farmers' level the adoption rate of improved rice
varieties is still low [5]. There is limited research conducted
on the socioeconomic part of rice research. Moreover, the
adoption status of rice varieties and their impact on food
security at the household level has not yet been studied. Hence
this research is intended to investigate the adoption rate of
improved rice variety in northwestern Ethiopia and its impact
on food security status at the household level.

2. Research Methodology

2.1. Description of the Study Area

The research was conducted in the Pawe and Jawi districts
located in the Metekel and Awi zones, respectively, within the
Benishangul Gumuz and Amhara regions of Northwestern
Ethiopia. Pawe and Jawi are geographically located at
3627°21.88°’- 3628°22.95”” longitude and latitude of
1120°04.93°°-1117°50.43"’and latitude of
1120°04.93°°-1117°50.43” and 3629°17.58"” longitude and
latitude of 1133°22.68°’Respectively. Pawe lies approxi-
mately 567 kilometers northwest of Addis Ababa and spans
an area of 63,400 hectares, with an estimated population of
59,127, of which 50.76% are male. The area is characterized
by a mixed crop-livestock farming system, with rice ranking
second in productivity among cereal crops. It experiences a
warm, humid climate with high rainfall, receiving an annual
average of 1,586.32 mm. The altitude of the district is about
1,120 meters, and its annual mean temperature ranges from
16<C to 32<C.

Jawi, located 602 kilometers northwest of Addis Ababa,
covers a larger area of 515,400 hectares and has an estimated
population of 122,259, with 53.08% male. Similar to Pawe,
the district follows a mixed crop-livestock farming system,
with rice also ranking second among cereal crops in produc-
tivity. Jawi features a warm, humid climate with unimodal
rainfall patterns, averaging 1,250 mm annually. The altitude
ranges between 700 and 1,500 meters, with annual mean
temperatures varying from 16 <C to 32<C.

Both districts are situated in lowland areas with favorable
climatic conditions for rice cultivation, making them ideal
locations for this study.
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Figure 1. Map of the Study Area.

2.2. Sampling Method and Sample Size
Determination

The study adopted multi-stage probability sampling
methods from Awi and Metekel zones. In the first and second
stages Districts and kebles were selected randomly and Fi-
nally, Rice producers were selected using a systematic sam-
pling method and probability proportion to sample size.

The total sample size was determined based on the fol-
lowing formula [6].

n= Z*(PQ)/e? )

Where

n - Is the number of sample size, Z - 1s 95% confidence

p - Is 0.4 (proportion of the population to be included in
the sample i.e 40%)

g — Is 0.6 proportion of the population not to be included
in the sample i.e 60%)

e - Is the margin of error or degree of accuracy desired
(0.05)

According to this formula, 180 sample households were
taken from the two districts.

Table 1. Smallholder farmers’rice producers by district and Keble.

S # of sample Share of
District el units selected sample in %
Keble 12 45 25
Pawe
Keble 14 50 27.78
Smida 35 19.44
Jawe
Jahimala 50 27.78
Total 180 100

Source: (Survey data, 2019)

2.3. Types and Methods of Data Collection

The study utilized both primary and secondary data sources.
Primary data were gathered through structured questionnaires
administered via face-to-face interviews with selected
rice-producing households. Trained enumerators conducted
these interviews to ensure accuracy and consistency in data
collection. Secondary data were obtained from various pub-
lished and unpublished sources, including reports and records
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from district and zonal administrative offices.

2.4. Methods of Data Analysis

2.4.1. Descriptive Data Analysis

The research used descriptive statistics, such as mean,
standard deviation, percentage frequency, T-test, and graphs,
to describe the socio-economic and demographic characteris-
tics of the sample households.

2.4.2. Econometric Model Analysis

This study used a probit regression model to determine the
factors influencing improved rice variety adoption in North-
western Ethiopia. Some authors also used this model to in-
vestigate the determinants of improved crop variety adoption
in sorghum, sesame, and rice [7-9] respectively.

This research also used the propensity Score Matching
model (PSM) to investigate the impact of improved rice va-
riety adoption on smallholder farmers' food security in
northwestern Ethiopia. [7, 10, 11] used propensity score
matching to estimate the impact of improved crop variety
adoption, while [4, 12, 13] were used to combine the propen-
sity score matching and endogenous switching regression
model. ESR is unable to estimate the counterfactual effects.
Therefore, the research used PSM The only limitation is the
inability to control unobservable factors. This can be treated
by taking sensitivity analysis.

Proper scoring Matching

Rosenbaum and Rubin defined the propensity score as the
conditional probability of receiving treatment given a vector
of observable factors [14]. The propensity score represents the
probability of selecting a therapy based on observed variables.
The PSM method was used to estimate the impact of im-
proved rice variety adoption on the food security status of
adopters and non-adopters of improved rice beneficiaries.

The propensity score matching model is expressed as fol-
lows

Q(x) = Pr{F =1|D} = E{FID} )

Where, Q(x) is the propensity score, F= {1, 0} is the
treatment variable or the dummy adoption variable and D is a
vector of farmers' characteristics. The average treatment ef-
fect on the treated (ATT) is then computed using the estimated
propensity scores. An indicator of how adoption affects
adopters is provided by the ATT. Farmers face two potential
outcomes (Y) given their adoption status (F) such that G = GO

ifF=0and G=Glif F=1. E (G1- GO) indicates the average
treatment effect on the treated (ATT). The ATT may alterna-
tively be written as E(G1|F= 1) — E(GO|F = 1). A logit) model
is typically used to specify the selection equation in propen-
sity score matching [15]. The logit adoption model used in
this study was defined as an index function using Gi, an un-
observed continuous variable, as shown in the equation

Gi = Difi + i = Gi = {1if Gi > 0 other wise0 (3)

Where,

Gi = Food security outcome (1 for food secure and O for
food insecure)

Di = Vector of farm and household characteristics Bi
Vector of parameters to be estimated and i = Random error.

3. Results and Discussion

3.1. Descriptive Statistics of the Demographic
and Socioeconomic Characteristics of
Sampled Households

The majority of the households in the sample (87.22%)
were headed by males, while 12.78% were led by females. On
average, 52.78% of the sampled households received agri-
cultural extension services in the study area. However, only
46.11% of the respondents considered their land to be fertile.
The chi-square (chi= analysis showed that soil fertility had a
significant and positive effect, statistically significant at the 5%
level, on the adoption of improved rice varieties.

In terms of training, only 34.44% of rice producers had
received instruction on rice production techniques during the
2018/19 crop production season. The chi=analysis revealed
that this training positively influenced adoption rates, with
statistical significance at the 5% level.

Membership in cooperatives was observed in almost half of
the households (47.22%) in the study area. Among these,
26.67% were adopters of improved rice varieties, while 20.56%
were non-adopters. The chi=analysis further indicated that
cooperative membership positively impacted adoption, with
statistical significance at the 1% level.

Finally, a majority of the households (61.67%) owned
mobile phones, which they used to access timely information
on improved rice varieties, inorganic fertilizers, and the pro-
duction and marketing of agricultural products. According to
the chi=analysis, mobile phone ownership had a positive and
statistically significant effect on adoption, at the 10% level.

Table 2. Summary Statistics for Dummy Variables.

Dummy variables Adopters

Sex (adopter) 80

Non-Adopters

100

12

Total

180 0.01
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Dummy variables

Male

Extension Contact

Yes

Soil Fertility

Yes

Trained in Rice Production
Yes

Member of Cooperative
Yes

Own Mobile Phone

Yes

Source: (Survey data, 2019)

3.2. Descriptive Statistics of the Demographic

Adopters

70
80
46
80
45
80
35
80
48
80
55

and Socioeconomic Characteristics of
Sampled Households for Continuous

Variables

The sample households are complete of grade on average.
Adopters are more educated than non-adopters. The T-

Non-Adopters

87
100
49
100
38
100
27
100
37
100
56

Total

157
180
95
180
83
180
62
180
85
180
111

XZ

1.28

5.95**

5.52**

9.43***

3.05*

T-statistics showed statistical significance at 5% and a posi-
tive effect on adopting improved rice variety. Adopters of
improved rice varieties are nearer to the district market than
the non-adopters of improved rice varieties by six minutes. it
is statistically significance at 1% and positive effect on the
adoption of improved rice variety.

Table 3. Demographic and Socio-economic Characteristics of Sample Households.

Continuous variables

Age

Education

Rice Farme experience

Total farmland owned

Land Allocated for rice

Owned animal in TLU

Distance to FTC in KM

Distance to district market in Min
Distance to cooperative in KM
Distance to milling paddy rice in KM

Distance to main Road in Km

Source: (Survey data, 2019)

Adopter

41.60
1.54
5.48
2.92
0.589
45
1.75
22.94
1.34
1.57
0.39

13

Non-Adopter

43.02
.98

5
2.98
0.59
4.39
1.95
28.53
1.52
1.50
0.81

Whole sample

42.38
1.23
5.21
2.95
0.59
4.44
1.86
26.04
1.44
1.53
0.63

T-Value

1.22
2.64**
1.22
0.65
0.12
0.40
1.64
8.33***
1.26
0.47
4.78
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3.3. Determinants of Adopting Improved Rice
Varieties in Northwestern Ethiopia

The probit model estimated the factors that determine the
adoption rate of improved rice variety in Northwestern Ethi-
opia. Rice farm experience, soil fertility, Access to credit,
access to extension service, mobile phone, and owning more
livestock are the factors that positively influence the adoption
of improved rice variety. Distance to cooperatives, distance to
main road, and distance to markets are factors that influenced
the rice variety adoption negatively. Each of the variables is
described as follows.

Rice farm experience: - sample respondents who are more
experienced in the production of specific crops, particularly
rice exposed to adopting improved rice variety. The farmers
need to maximize their rice product from their given area.
Therefore, they need new technology to maximize their rice
outputs and this influenced them to adopt improved rice va-
riety. It is significant and positively affected the rice adoption
at 10%. Being all variables constant, Rice farm experience has
a 4% probability of adopting improved rice variety the result
is in line with [8, 16].

Soil fertility: - The more fertile their land the sample
households being confidential on adoption improved rice
variety. This is because farmers more fertile land gives more
output and helped to repaid their input expense credits that
borrowed or taking by gifts to repaid after harvesting of their
output. It influences the rice variety adoption at a positive and
statistically significant 5%. The marginal effect tells us, that
Soli fertility has a 21% increment of the probability of
adopting improved rice variety the same result is stated by [7].

Access to credit: - Credit solves farmers' shortage of li-
quidity of money particularly at peak agricultural time when
labor is scarce and purchasing all agricultural inputs by own
capital only at the same time is difficult. Supply money to
smallholder farmers is crucial at agricultural peak time to
purchase improved agricultural technologies like inorganic
fertilizer, improved seeds, and farm tools. As a result, Access
to credit influenced the adoption of improved rice variety
positively and statistically significant at 10%. The marginal
effect tells us, that Soli fertility has a 26% increment of the
probability of adopting improved rice variety the result is the
same as [7].

Access to Extension: - Currently there are three develop-
ment agents per keble to consult, facilitate technology adop-
tion, and help technical how to implement the technology at
the farm level to smallholder farmers. except for socioeco-
nomic problems, most smallholder farmers are willing to
adopt more than one technology per cropping season. Con-
sequently, access to extension services influences the adop-
tion of improved rice variety positively and statistically sig-
nificant at 5%. The marginal effect tells us, that Soli fertility
has a 27% increment of the probability of adopting improved
rice variety. The result is in line with [5, 13, 17, 9].

TLU:- is the number of animals owned in tropical livestock
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unit that includes oxen TLU. Smallholder farmers own Live-
stock for draft power, sources of food like milk, eggs, and
meat, saving and liquidity purposes, and social value. Partic-
ularly Smallholder farmers who own ox can easily plow their
farm on time and get good yields from their crop farm. As a
result, this initiated smallholder farmers to adopt improved
agricultural technologies. TLU influences the improved rice
variety positively and is statistically significant at 5%. The
marginal effect tells us, that TLU has a 55% increment of the
probability of adopting improved rice variety the result is in
line with [13, 9].

Own Mobile: - owning a cellphone by itself exposed
farmers to different agricultural experts, agro-business, non-
governmental organizations, governmental organizations, and
different social groups that easily access different agricultural
technologies. Own mobile influence that adoption of im-
proved rice variety positively and statistically significant at
1%. The marginal effect tells us, that own mobile has a 32%
increment of probability of adopting improved rice variety.
The same output is indicated by [9].

Distance to Cooperative: - as agricultural input suppliers
are far from smallholder farmers, the farmers could access the
information on improved agricultural technology delivery
dates. As a result, the amount of seed will be exhausted before
he comes and takes improved technologies. In other words,
farmers will hate long-distance travel and improved agricul-
tural technology time and date will leave him. Distance to
cooperatives influenced the adoption of improved agricultural
technologies negatively and statistically significant at 1%.
The marginal effect tells us, that distance to the cooperative
has 18% decreased the probability of adopting improved rice
variety. The result is in line with [9].

Distance to main road: - developing all-weather roads that
have easy access to agricultural technologies and transport
improved technologies at affordable prices. This in turn affects
smallholders' social contact with different professionals and
peer farmers. As their residence is far from the main road the
probability of accessing agricultural technology is some that
difficult. Distance to the main road influenced the adoption of
improved agricultural technologies negatively and was statis-
tically significant at 1%. The marginal effect tells us, that the
distance to the main road has 18% decreased the probability of
adopting improved rice variety. The result is in line with [9].

Distance to market: The market is an important institution
that meets all buyers and sellers in one place. As far as the
smallholder farmers have demand and ability to buy improved
agricultural tools, and inputs and sell their output, the market
gave them a big chance to meet their customers both inputs and
output. However, if the marketplace is far from their residence
the probability of easy access to improved inputs and selling
their product at a premium price based on the market infor-
mation is difficult. Distance to market influenced the adoption
of improved agricultural technologies negatively and statisti-
cally significant at 1%. The marginal effect tells us, that dis-
tance to market has 7% decreased the probability of adopting
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improved rice variety. The same result is stated by [12, 9, 7].

Table 4. Probit Regression for the Determinants of Improved Rice Variety in Northwestern Ethiopia.

Variables Coef. Robust Std. Err P>|Z]|
SexHH 0.24 0.38 0.53
AgeHH -0.00 0.02 0.86
EduHH 0.08 0.09 0.36
Riceland -0.33 0.46 0.47
Tota own land 0.13 0.21 0.53
Rice farm Expierence 0.10 0.10 0.07
Soil Fertility 0.53 0.53 0.03
Training 0.37 0.37 0.14
Access to Credit 0.15 0.15 0.26
Access to Extension 0.09 0.27 0.27
TLU 0.04 0.07 0.55
Distance to Cooperative -0.47 0.13 0.000
Distance to road -1.06 0.25 0.000
Distance to Market -0.19 0.04 0.000
Own mobile 0.86 0.26 0.001
Off- Income -0.05 0.28 0.85
Constant 2.96 1.36 1.36
Number of observation = 180 Probit Chi2 = 0.000

Wald chi2(16) = 96.65 Pseado R2 = 0.47

Wald chi2(16) = 96.65 Pseado R2 = 0.47

Source: (Survey data, 2019)

3.4. Propensity Score Distribution of the
Adopter and Non-adopters

The impact of improved rice variety adoption on the food
security of rice producers is estimated using propensity score
by discarding the off-support and conducting sensitivity
analysis to ensure unbiased and consistent average treatment
effects. Figure 2 shows the propensity score distribution of
Adopters and Non-Adopters of improved rice varieties and
their common support area. About 95.55% of the sample
households fall in the common support area indicating that
there is a good overlap of adopters and non-adopters’ distri-
bution the finding is in line with (Moti, Menale, and Paswel
2015). These data therefore revealed themselves to matching
adopters to their potential counterfactuals.

MFEX

0.09
-0.001
0.03
-0.13
0.05
0.04
0.21
0.15
0.06
0.04
0.02
-0.18
-0.41
-0.07
0.32
-0.02
0.03

Graph of Overlapping Region Between Adopters and Non-Adopters

T T T

0 2 4

T T

.6 .8

Probensity Score

_ Non-Adopter: Off support
I Adopter: On support

_ Non-Adopter: On support
[T Adopter: Off support

Figure 2. Common Support Area.
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3.5. Effect of Adoption Improved Rice Variety
on per Capital Food Consumption per
Adult Equivalent in Northwestern Ethiopia

Adopting improved agricultural technologies like improved
seed, inorganic fertilizer, and agronomic practices can en-
hance the productivity of the agricultural sector, particularly
the rice sector. Smallholder Rice producers are growing rice
for consumption purposes and earn income to cover some
input expenses and industrial materials. As the productivity of
rice increases the consumption of rice also increases at the
household level. The Impact estimator of the Propensity Score
Matching model revealed that the adopter of the improved
rice variety obtained 751.76 kg per hectare of yield advantage
over the non-adopters of the improved rice variety [12]. The
T-statistics showed adoption of improved rice variety influ-

enced the productivity of rice positively and was statistically
significant at 1%. This result leads to the adopters consuming
more rice outputs and selling some amount of rice than the
counterfactuals. Adoption of Improved rice variety creates an
opportunity to sell some amount of rice than non-adopters and
to maximize their consumption utility both on food and
non-food consumption over the counterparts. The Propensity
Score Matching Model showed adopters of the rice variety
consumed more than non-adopters in terms of total con-
sumption per adult equivalent. The T-statistics showed adop-
tion of improved rice variety influenced the productivity of
rice positively and was statistically significant at 1%. The
Model also showed adopters of rice variety more consumption
of food and non-food items over the non-adopters [4].

Table 5. Effect of Adopting Improved Rice on Smallholder Food Security Status.

Outcome Variable Adopter Non-Adopter
Yield of Rice

Unmatched 3,023.40 1,962.87
ATT 2,832.15 2,080.39
ATU 2,027.75 2,952.10
ATE

Total Consumption per Adult-Equivalent

Unmatched 14,171.70 12,171.34
ATT 14,133.61 12,094.43
ATU 12,201.20 14,217.55
ATE

Source: (Survey data, 2019)

3.6. Sensitivity Analysis of Food Security on
Adopters and Non-Adopters

The final stage of evaluating the impact using Propensity
Score Matching (PSM) involves verifying whether external
variables influence the outcome variables—in this case, food
security among smallholder farmers. Sensitivity analysis was
conducted to assess the validity of the Conditional Independ-
ence Assumption (CIA). The analysis confirmed that the im-
pact of adopting improved rice varieties on food security was
not influenced by the external variables included in the model.

These findings underscore that the improved food security
status observed among adopters of the improved rice varieties
was directly attributable to the adoption itself. To further
ensure the robustness of the results, a sensitivity test was

Difference S.E T-Stat
1,060.53 124.01 4,95
751.76 173.47 2.49
924.35

935.12

2,000.36 749.47 2.67
2,039.18 810.58 2.52
2,016.34

2,026.17

conducted (as shown in Table 6) to evaluate whether the
impact of food security was influenced by exogenous factors.
The test concluded that the impact on food security driven by
the adoption of improved rice varieties remained unaffected
by external variables.

Table 6. Sensitivity Analysis of Food Security on Adopters and
Non-Adopters.

Gamma Omega (Q+) Omega (2-)
d*=1 3.2e-15 3.2e-15
d*=1.25 4.1e-12 4.1e-12
d*=15 2.1e-12 2.1e-12
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Gamma Omega (Q+) Omega (Q-)
d*=1.75 8.1e-12 8.1e-12
d*=2 1.1e-16 1.1e-16
d*=2.25 4.2e-15 4.2e-15
d*=2.5 9.1e-12 9.1e-12
d*=2.75 1.1e-12 1.1e-12
d*=3 9.1e-12 9.1e-12

Source: (Survey data, 2019)

4. Conclusion

This Research was conducted in the Pawe and Jawi districts
located in the Metekel and Awi Zones respectively within the
Benshagul Gumuz and Amhara regions of Northwestern
Ethiopia. The main purpose of this research is to investigate
the drivers and hindrances of improved rice variety adoption
and their impact on smallholder rice producers' food security.
Food insecurity remains a pressing issue in Ethiopia driven by
factors of rapid population, shortage of farmland, explanation
of urbanization, and climate changes. Despite progress over
recent decades, a significant portion of the Ethiopian popula-
tion remains vulnerable to food insecurity.

To tackle such a problem, the government of Ethiopia im-
plemented an Agricultural-led industrialization policy with a
strategy of innovation, release, and dissemination of new
farming technologies. Among the strategies improving rice
variety in Northwestern Ethiopia is a critical strategy to ad-
dress these challenges, and rice is recognized as a key food
security crop and economic resilience. This study investigated
the determinants of improved rice adoption and their impact
on smallholder rice producers' food security using both de-
scriptive and econometric analysis. The descriptive analysis
revealed that most households (87.22%) are male-headed,
with adopters having a slight edge in education level, male
households, access to training, and cooperative membership,
which positively influence adoption.

The Econometric part revealed farm experience, soil fer-
tility, access to credit, access to extension service, mobile
phone ownership, and livestock ownership are positively
influenced by the adoption of improved rice variety adoption
whereas the long distance to cooperative, main road, and
markets are influenced negatively. It also indicated that
adopters of improved rice variety demonstrated significantly
higher productivity compared to non-adopters, with a yield
advantage of 751.76 kg per hectare. This increase in produc-
tion directly contributes to greater food availability and higher
calorie intake among adopters, enhancing food security. In
addition to improved food consumption, adopters exhibited
better non-food consumption patterns, suggesting that in-
creased rice production provided surplus income that could be
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allocated to other necessities. Furthermore, adopters reported
higher annual expenditures, both food and non-food items,
compared to non-adopters.

Based on the findings, this research suggests the following

recommendations

1) Strengthen Extension Services: Enhancing the capacity
of extension agents and increasing their outreach to
farmers will improve the dissemination and adoption of
agricultural innovations.

2) Improve Access to Credit: Providing timely and af-
fordable credit to smallholder farmers can alleviate fi-
nancial constraints, enabling them to adopt improved
technologies.

3) Invest in Infrastructure: Developing roads, markets, and
cooperatives will reduce logistical challenges and im-
prove access to agricultural inputs and markets.

4) Promote Training and Awareness: Organizing training
sessions on improved rice production techniques will
empower farmers to utilize these technologies effectively.

5) Encourage the Use of Technology: Expanding access to
mobile phones and other communication tools will fa-
cilitate information sharing and market linkages.
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