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Zanzibar experienced substantial variability in seaweed production. 

Following the existed variability, this study was conducted to analyse 

technical efficiency levels and productivity of seaweed among smallholder 

farmers in Wete district, Zanzibar.The study used three-stage cluster 

sampling and involved 126 farmers. The study used Cobb-Douglas 

production function, stochastic frontier production function, and multiple 

linear regression for analysis. Results of the Cobb-Douglas production 

function showed that seaweed production was significantly influenced by 

number of lines planted with seaweed (p <0.01), days for using hired labour 

(p <0.05), and value of capital equipment (p <0.01). Furthermore, results of 

the Cobb-Douglas stochastic frontier production function showed that the 

mean technical efficiency level was 60.640%, and this suggesting that output 

could be increased (using existing resources and technology) by 39.360%. 

Also, results of the multiple linear regression model showed that seaweed 

productivity was significantly influenced by household size (p <0.05), 

farming experience (p <0.01), harvest frequency (p <0.05), sex of a farmer 

being female (p <0.01), and access to extension services (p <0.01). The study 

recommends to the Government the need to improve access to extension 

services to enable seaweed farmers to optimized inputs used, and to invest 

in affordable machinery and technology.   
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1.0 Introduction 

Seaweeds are classified as macro-algae, and are categorized into three classes based on colour, thus: 

red, brown, and green seaweed. Regarding seaweed production, Asian continent was a major 

producer of seaweed, and contributed 348,26750 tons, accounting approximately 97.4% of the 

world’s seaweed production (Leung et al., 2021). Furthermore, in 2019, America produced about 

487,241 tons of seaweed, while Europe  produced approximately 287,033 tone. For the case of Africa, 

Morocco, Madagascar, and Tanzania were significant seaweed producers in 2019. Morocco produced 

17,591 tons of seaweed which contributed to approximately 0.05% of the world’s seaweed output 

(Leung et al., 2021). Furthermore, Madagascar produced 9,665 tons of seaweed, accounting for 

approximately 0.03% of the world has output in 2021 (Cai, 2021). Tanzania produced about 106,069 

tons of seaweed, which was approximately 0.30% of the world’s output in 2019 (Leung et al., 2021).  

 

In Tanzania, seaweed farming is a well-established industry in Zanzibar (RGoZ, 2020). Production 

of this crop is guided by the 2014 Fisheries and Aquaculture Policy, the policy which seeks to  

promote sustainable economic growth, environmental stewardship, and improve livelihoods through 

sustainable utilization of the sea and other blue resources.  Figure 1 shows trend of seaweed 

production in Zanzibar from 2018-2022. Furthermore, Figure 1 shows that seaweed production in 

Zanzibar has been varying such that production decreased from 10,424.9 tons in 2018 to 8,967.0 tons 

in 2020, then increased up to 12,593.7 tons in 2022 ( Commission of Planning Zanzibar.2023). This 

variation could have been caused by climatic changes, epiphyte infection,and water quality levels 

(Mohammed, 2021). Also, seaweed production is affected by farm size, number of seeds, labor 

availability, investment in equipment, pond conditions, social challenges, institutional challenges, 

and economic challenges (Irmayani et al., 2015; Banyuriatiga et al., 2017; Muchlis et al., 2020). 
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Figure 1: Trend of seaweed production in Zanzibar by tons from 2018-2022  

Source: Commission of Planning Zanzibar (2025). 

As Zanzibar experiences substantial variability in seaweed production, this suggests the need to 

analyse productivity and technical efficiency of crop among smallholder farmers. Studies by  Jiddawi 

and Ohno (2020), Msuya and Hurtado (2021), and Zanzibar (2023) did not apply statistical modelling 

to explain factors which affected seaweed productivity, or explain  technical efficiency levels of 

smallholder seaweed farmers. Hence, the present study was designed to fulfill identified gaps by 

applying multiple linear regression and stochastic frontier production function to analyse seaweed 

productivity and technical efficiency levels attained by smallholder farmers in Wete district, 

Zanzibar. This will harness formation of strategies for improving sustainable production of seaweed 
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as per SDG2, and to ultimately improve livelihood of seaweed farmers as per  the 2014 Fisheries and 

Aquaculture Policy. 

2.0 Materials and Methods 

2.1 Study Area  

The study was conducted in the Wete district, located in Pemba, Zanzibar. Pemba Island. The district 

lies between latitude 5°03'24" S and longitude 39.720560° E in the south, and latitude -5.056667° S 

and longitude 39.043410° E in the east. The district comprises of eight wards: Kiungoni, Mjini, 

Kiyuyu, Kiwani, Kambini, Chwale, Kojani, Fundo, and Gando (BE, 2024). As an island in the Indian 

Ocean, Pemba is among the top three seaweed producers in Tanzania and significantly contributes to 

the country's seaweed exports (FAO, 2021). 

2.2 Population and Sampling 

Population refers to the entire group of individuals or entities about which the research sought to draw 

inferences and make generalizations (Waples & Gaggiotti, 2006). The study population consisted of 

all registered agricultural households which engaged in smallscale seaweed production in Wete 

district of Pemba island. There were 1500 registered agricultural households which engaged in 

seaweed production (BE, 2024).   

The study adopted a three-stage cluster sampling technique, similar to the approach used by Kase 

(2019) in examining the livelihood aspects of seaweed farming. In the first stage, wards formed a 

sample of primary units. Simple random sampling was applied to select two wards out of eight wards. 

In the second stage, villages formed a sample of secondary units. Simple random sampling was 

applied to select  four villages out of ten villages. In the third stage, registered agricultural households 

which engaged in seaweed farming formed a sample of tertiary units. Simple random sampling was 

applied to select 126 registered agricultural households which engaged in seaweed farming. 

 2.3 Data Source 

The study used primary data which were obtained through a questionnaire. The questionnaire was 

administered by using CAPI (Computer-Assisted Personal Interview) during a sample survey. The 

survey involved a sample of registered agricultural households which engaged in seaweed production 

in Wete district.    

2.4 Variables and Their Measurements 

 

Table 1 presents variables used in the study and their scales of measurements.  

 

Table 1: Variables, measurements, and their scales  

Variables Description Unit of measurement Scale 

TEY Technical efficiency Output/maximum output Ratio 

HLU No of days for using hired labor  Days Ratio 

QTS Quantity of seed Kilograms Ratio 

NLP Number of lines planted with 

seaweed 

Number Ratio 

CAE Capital equipment Tanzania shillings (TZS) Ratio 

OUP Output of seaweed Kilograms Ratio 

OVL Output value of seaweed harvested Tanzania shillings (TZS) Ratio 
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Source: Authors’ compilation (2026). 

2.5  Data Analysis 

2.5.1 Descriptive statistics 

Descriptive statistics was applied to analyse measures of central tendencies and dispersion. 

Descriptive statistics was applied to compute mean, maximum, minimum, and standard deviation of 

quantitative variables, and was also applied to prepare frequency distribution tables for categorical 

variables used in the study. MS Excel and STATA software were used in the analysis.   

2.5.2  Multiple regression 

Multiple regression is a set of statistical methods used to estimate the relationships between a 

dependent variable and one or more independent variables. It can assess the strength of these 

relationships and model their future behavior. Regression analysis has been applied in studies such 

as Kasim et al. (2019) and Orbeta et al. (2023). Furthermore, it is used to identify associations between 

variables in datasets, quantifying both the magnitude of these associations and their statistical 

significance. Regression is a powerful tool for statistical inference and is also employed to predict 

future outcomes based on historical observations (Taha, 2024). Equation (1) presents the general 

statistical form of the regression model as follows: 

Yi= βο    +        βἰXἰ +   ꜫ ………………………………………………….…….………………… (1) 

Where: 

Y=The dependent variable 

xἰ= Vector of the predictor variable. 

β0= Intercept (constant term). 

Bἰ =Coefficient or slope associated with each predictor variable? 

 ꜫ = Error term  

PRV Productivity (Output of seaweed to 

number of lines planted with seaweed 

in a farm) 

Kilograms per number of 

lines planted with 

seaweed 

Ratio 

RGR Sex of the respondent  1=Male 

0=Female 

Nominal 

EDS Education level 1=Without formal 

education 

2=Primary education 

3=Secondary education 

4=College/university 

education 

Ordinal 

  

AGE Age Years Ratio 

MAS 

  

  

Marital status of a farmer 

  

  

1=Married Nominal 

  

  
2=Divorced,  

3=Widowed 

FEX Farming experience Years Ratio 

NHV Number of harvests  Number Ratio 

EXT Access to extension services 1=Yes 

0=No 

Nominal 

HOS Household size Number Ratio 
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Moreover,  in this study regression analysis was applied to estimate coefficients  of the production function in a 

way that minimized the sum of the squared differences between the observed value of the dependent variable 

and values of its predictors (Kase, 2019). This was  accomplished through the ordinary least squares technique 

(OLS).  

Assumptions of regression analysis: 

The linear relationship between the slope and intercept in both dependent and independent variables 

was essential for meeting the linearity assumption in regression models. This assumption asserted 

that the regression model must exhibit linearity. The most effective way to assess the linearity 

assumption was through the examination of a scatter plot (Taha, 2024). Multiple linear regression 

analysis necessitated minimal or no autocorrelation in the data, implying that the residuals (errors) 

should not have exhibited correlation across all observations.According to Sarstedt and Mooi (2019),  

residual values of  should follow the normal distribution, thus residuals should have a mean of zero 

and constant variance. 

Heteroscedasticity: This asserts that variability of errors remained constant across observations. 

When errors exhibited constant variance, they were considered homoscedastic (Sarstedt and Mooi, 

2019). Scatter plot of residuals should not demonstrate variability to avoid inefficient parameter 

estimation. 

Multicollinearity: This means that predictors should not be highly correlated with each other as this 

can cause substantial problems for the regression analysis (Sarstedt and Mooi, 2019). If the model 

will have a Variance Inflation Factor (VIF) value above 10, it suffers the multicollinearity problem. 

Model specification 

In this study, multiple regression analysis was applied to model the Cobb-Douglas production 

function to determine the effect of inputs used on seaweed production. The Cobb-Douglas model was 

also used by Msuya & A Shimogo (2005). 

The Cobb-Douglas production function model specification could be expressed as follows in equation 

(2): 

lnOUPi= β
0
+ β

1
lnHLUi+ β

2
lnQTS

i
+ β

3
lnNLPi+ β

4
lnCAEi+ εi……………….………………… (2) 

Whereby: 

 ln  = Natural logarithm 

OUPi = The output of the seaweed produced (Kilograms) 

HLUi =Number of days for using hired labor (Days)  

QTS
i
= Quantity of seeds (Kilograms) 

NLPi= Number of lines planted with seaweed on the farm (Number) 

CAEi = Capital of equipment (Tanzanian shillings) 

β
0
  = Intercept  

β₁= Coefficients to be estimated 

 εi= Is the error term 

Multiple regression analysis was also employed to analyse the effect of socioeconomic factors on 

seaweed productivity as follows in equation (3): 
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lnPRVi= β
0
+ β

1
lnFEXi+ β

2
𝑙𝑛NHVi+ β

3
𝑙𝑛HOSi+ β

4
RGR2i+ β

5
EDS2i+ β

6
EDS3i+ β

7
EDS4i+  

       β
8
MAS2i+ β

9
MAS3i+β10

EXT2i+εi…………………………………………….… …………. (3) 

 

Wherby: 

 ln  = Natural logarithm 

 PRVi = Productivity of the ith seaweed farm (Kilograms per number of lines planted with seaweed)  

FEXi =  Experience of the ith seaweed farmer (Years) 

NHVi = Number of harvests per season of the ith seaweed farm (Number) 

 HOSi = Household size (Number) 

RGR1= Sex of the seaweed farmer (1=Male, 0= 0therwise) (Reference) 

RGR2= Sex of the seaweed farmer (1=Female, 0= 0therwise) 

EDS1 =Education level(1=Without formal education, 0= otherwise) (Reference) 

EDS2= Education level (1 = Primary, 0 = Otherwise) 

EDS3= Education level (1 = Secondary, 0 = Otherwise) 

EDS4= Education level (1 = College/university education, 0 = Otherwise) 

MAS1= Marital status (1 = Married, 0 = Otherwise) (Reference) 

MAS2= Marital status (1 = Divorced, 0 = Otherwise); 

MAS3= Marital status(1= Widowed, 0 = Otherwise) 

 EXT1 =Access to extension services (1 = No,0= Otherwise) (Reference) 

EXT2= Access to extension services (1 = Yes , 0 = Otherwise) 

 β
0 = Intercept 

β
1
, β

2
..., β

10 =  Coefficients 

εi = Error term 

2.5.4 The Stochastic frontier production function 

Technical efficiency refers to the ability of a decision-making unit, such as a firm or farm, to produce 

the maximum possible output from a given set of inputs, or equivalently, to minimize input use while 

maintaining a given level of output, given the existing technology (Thapa & Dhakal, 2024). 

Mathematically, technical efficiency is the ratio of output to the maximum output, thus 

Technical efficiency=Output/maximum output = (Yi/ Y
*
i ) ………………………….………… (4)  

Whereby: 

The output equation (𝑌𝑖) is expressed as follows in equation (5): 

𝑌𝑖 = 𝑓(𝑋𝑖; 𝛽)exp (𝑉𝑖 − 𝑈𝑖)  ………………………………………………………………………(5)   
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𝑌𝑖 being production of the 1𝑡ℎ seaweed farm, 𝑋𝑖 was a vector of inputs (number of days for using hired 

labor, quantity of seed, measured,number of lines planted with seaweed on the farm, and capital of 

equipment) used by the 1𝑡ℎ seaweed farm, 𝛽 being a vector of unknown parameters. 

Furthermore, the maximum attained output (𝑌*𝑖) was expressed as follows  in equation (6): 

𝑌*𝑖 - 𝑓(𝑋𝑖; 𝛽)exp (𝑉𝑖) ………………………………………………………………………… (6) 

V𝑖  being a random variable which is assumed to be in.dependently and identically distributed (iid) N 

(0, σν
2) and independent of 𝑈𝑖; 𝑈𝑖 being a random variable that is assumed to account for technical 

inefficiency in seaweed production. 𝑈𝑖 is assumed to be independently distributed as truncation (at 

zero) of the normal distribution with mean ʉ and variance σU
2 (Battese and Coelli, 1995). If 𝑈𝑖> 0, 

reflects the technical efficiency relative to the frontier production function; if 𝑈𝑖 = 0, reflects the 

technical efficiency lies on the production frontier; if 𝑈𝑖< 0, reflects the technical efficiency lies below 

the production frontier (Msuya and Ashimogo, 2005). 

Hence, substituting equations (5) and (6) into equation (4)  yields expression of the technical efficiency 

being (Yi/ Y*i )= exp (-Ui). ………………………….……………………………… (7)  

𝑈𝑖  being the function of factors (age of a farmer, access to extension services, education level of the 

farmer, number of lines planted with seaweed, farming experience) which affect technical 

efficiency of seaweed produced.  

3.0 Results and Discussion 

3.1 Descriptive Statistics 

Results presented in Table 2 showed that 17.46% of seaweed farmers were male, while 82.54% 

were female respectively. These findings indicated that women played a central role in the activity 

or community under study, whether in farming, household decision-making, or other related 

domains. The high representation of women reflected existence of gender imbalance seaweed 

production, suggesting the need for designing interventions for gender balance. 

Furthermore, Table 2 showed that 50.00% of the respondents had no formal education, while 

19.84% completed primary education. Additionally, 28.57% completed secondary education, and 

only 1.59% completed college/university/education. These findings indicated that approximately 

half of of seaweed farmers had no primary education, suggesting the need for formulating strategies 

for improving literacy skills of these farmers. 

Table 2: Descriptive statistics of categorical variables used in the study 

Variable Frequency Percent 

Sex of the farmer   

Males 22 17.46 

Females 104 82.54 

Total 126 100 

Education level   

Without formal education 63 50 

Primary education 25 19.84 

Secondary education 36 28.57 

University/College education 2 1.59 

Total 126 100 

Marital status   

Married 113 89.68 
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Divorced 7 5.56 

Widowed 6 4.76 

Total 126 100 

Access to the extension services   

No  41 32.54 

Yes 85 67.46 

 Total 126 100 

Source: Authors’ compilation (2026). 

 

Also, Table 2 indicated that the majority of respondents (89.68%) were married, while smaller 

proportions were divorced (5.56%) or widowed (4.76%). This corresponds to 113 married, 7 

divorced, and 6 widowed individuals. These findings suggested that interventions for improving  

seaweed productivity should  involve spouses of farmers to enhance knowledge sharing and joint 

decision-making in farming practices. 

Results presented in Table 2 showed that about 67.46% of respondents had access to extension 

services, while 32.54% did not. This corresponded to 85 respondents with access and 41 without 

access to extension. Presence of farmers who lacked access to extension services suggested the need 

for seaweed stakeholders use mass media or social media to improve access to extension services. 

On the other hand, Table 3 presented descriptive statistics for quantitative variables. Firstly, findings 

presented in Table 3 showed that the mean age of respondents was 47.64 years (SD = 12.79), ranging 

from a minimum of 22 years to a maximum of 75 years. This indicated that seaweed farming in the 

area engaged both younger and older farmers. This suggested the need for training young and middle-

aged farmers about best practices for seaweed cultivation, and resource management to promote 

sustainable seaweed production. 

Secondly, results presented in Table 3 showed that household size averaged 6.63 members (SD 

=3.82), thus households had either 6 or 7 members. The size ranged from a minimum of 1 to a 

maximum of 17 members. This suggested the need to formulate strategies for substituting household 

labour force in case of out-migration so as to promote sustainable seaweed production. 

Table 3: Descriptive statistics of quantitative variables used in the study  

Variable     Mean    Std. Dev.     Min Max 

     

Farmer’s age (Years.) 47.64 12.79 22 75 

Household size (Number) 6.63 3.82 1 17 

Lines planted with seaweed (Number) 102.78 23.72 60 160 

Number of days for using hired labor (Days) 0.39 2.20 0 20 

Quantity of seeds (kg) 3.15 4.68 0 22.86 

Capital equipment (TZS) 14,700 2,776.24 7,500 21,600 

Farmer’s experience (Years) 5.37 2.88 3 12 

Number of harvests (Number) 3.39 2.09 1 12 

Output value of the seaweed harvested  (TZS) 217,159 184,360 20,000 783,000 

Source: Authors’ compilation (2026). 

Thirdly, the results presented in Table 3 showed that the average number of lines planted with 

seaweed was 102.78 lines in a farm (SD = 23.72), thus a seaweed farms had either 102 or 103 lines 

planted. Number of planted lines ranged from a minimum of 60 to a maximum of 160, indicating 
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moderate variation in farm size. Findings suggested a need to formulate strategies for optimizing farm 

area, and as well as for adopting best practices for seaweed farming. 

Fourthly, results presented in Table 3 showed that the average number of days for using hired labor 

was 0.39 days (SD = 2.20), indicating that most farmers relied on family labor. Low utilization of 

hired labour could have been due to the fact that smallholder seaweed farmers could not afford to pay 

prevailing market wage rates compared to off-farm entrepreneurs. This suggested the need to use 

technology to reduce human labour in seaweed production.   

Fifth, results presented in Table 3 showed that on average, farmers used 3.15 kg of seeds (SD = 4.68), 

with a maximum of 22.86 kg, reflecting significant variability in seed input use. This variability 

suggested need for improving access to seeds and strengthening extension services.   

Sixth, results presented in Table 3 showed that the mean value of capital equipment investment was 

TZS 14,700 (SD = 2,78), and ranged from TZS. 7,500 to TZS 21,600. This suggested the need for 

improving access to affordable credit facilities or subsidy programs  to enable farmers to expand 

capital investment, and adopt new technology. 

Seventh, results in Table 3 indicated that the average farming experience was 5.37 years (SD = 2.88), 

with and this ranged from 3 to 12 years. This indicates that some seaweed farmers had low 

experience, while some had a moderate experience. These findings suggested that farmers had to be 

trained in good agricultural practices for seaweed farming to improve productivity, and  access to 

profitable markets.  

Eighth, results presented in Table 3 showed that the average number of harvests averaged 3.39 per 

year (SD = 2.09), thus average number of harvests were either 3 or 4, and ranged from 1 to 12.  This 

suggested the need for training farmers about seaweed harvesting practices to meet the market 

demand and standards. 

Lastly, results in Table 3 showed that the mean output value of the seaweed harvested  TZS 

217,158.73 (SD = 184,360.49),  and this ranged from TZS 20,000 to TZS 783,000. Findings 

suggested the need to strengthen farmers’ access to reliable market opportunities so as to reduce 

disparities in income earned. Moreover, promoting cooperative marketing and improving value-

chain linkages could have helped farmers  to secure prices which yield super profit. 

3.2 Factors Affecting Seaweed Production  

Results presented in Table 4 showed OLS estimates for parameters of the Cobb-Douglas production 

function regarding determinants of seaweed production. Results showed that number of lines planted 

with seaweed, number of days for using hired labour, and capital equipment were significant factors 

(p <0.05) which influenced seaweed production. Also, results presented in Table4 showed that the 

Adjusted R2 was 0.70 implying that 70.00 % of the total variation in the dependent variable was 

explained by variation in independent variables. So the model was fit for the data as it explained a 

large proportion of the variance in the dependent variable.  

Again, results presented in Table 4 showed that output of seaweed increased significantly with the  

number of lines planted with seaweed (p < 0.01). This implied that 1% increase in the number of 

seaweed lines planted was associated with 3.07% increase in output, holding other inputs constant. 

These findings concurred to Ali et al. (2022). This suggested that expansion of seaweed farms is 

through  increasing number of lines planted, and this could have served also as a strategy to boost 

yields. 

Moreover, results presented in Table 4 showed that output of seaweed increased significantly with 

number of days for using hired labor (p < 0.05). This implied that for every 1% increase in number 

of days for using hired labor, output increased by 0.12%, holding other inputs constant. These 
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findings aligned to Banyuriatiga et al. (2017) who found that use of labour had positive impact on 

seaweed production. These findings suggested the need to optimise utilization of hired labour in 

seaweed farming.  

Table 4: Determinants of seaweed production by Cobb-Douglas production function 

Variables Coef. St. Err. t-value p-value 

LnNLP 3.07 0.21 14.82 0.00*** 

Ln HLU 0.12 0.05 2.51 0.01** 

Ln QTS 0.08 0.12 0.67 0.51 

Ln CAE 0.9 0.24 3.73 0.00*** 

Constant -10.92 2.43 -4.48 0.00*** 

Note: Significance levels of 1%, 5%, and 10% are indicated by ***, **, and * respectively.  

 

R2= 0.71 

Adj R2 = 0.70 

Source: Authors’ compilation (2026). 

 

Lastly, results  presented in Table 4 showed that output of seaweed increased significantly with value 

of capital equipment invested (p < 0.01). This implied that for every 1% increase in the valued of 

capital equipment invested, output increased by 0.9%, holding other inputs constant. These findings 

were similar to Baharuddin (2021) who found that capital had positive impact on seaweed 

production. This suggested the need to increase investment equipment and machinery to reduce 

dependence on human labor in seaweed production. 

3.3 Analysis of Technical Efficiency of Seaweed Production 

Table 5 presents results from the stochastic frontier production function. Results in Table 5 showed 

that The log likelihood value with the MLE method was greater than the log likelihood value with 

the OLS method, implying that the model fitted well the data. Furthermore, δ2 was statistically 

significant (p<0.1) which indicated that the production variation contributed by technical inefficiency 

(𝑈𝑖) was 67.58 percent. Moreover, the value of  λ was 9.8575 which was  >1 suggesting that variations 

in the seaweed production were caused by smallholder farmers’ practices rather than random 

variability. Furthermore, results in Table 5 showed that the estimated maximum likelihood coefficient 

for number of lines planted with seaweed was 1.8345, and was significant (p<0.01). This implied that 

an increment of number of lines planted with seaweed by one percent would result an increment of 

output by 1.8345 percent.These findings agreed to Nguyen et al. (2023) who found that efficiency of 

seaweed production increased with farm size. Jumiati et al. (2023) pointed out that the farm, thus sea 

land, determine farmers' decisions in seaweed production, hence increasing seaweed production could 

be through intensification or more intensive management of existing sea land. 

 

Table 5: Maximum likelihood estimates for the parameters of the Cobb-Douglas stochastic 

frontier production function   

Variable Parameter Coefficient S.E p-value 

Constant β0 14.3998 1.3066 0.000*** 
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LnNLP β 1 1.8345 0.1460 0.000*** 

Ln HLU β 2 0.0036 0.0093 0.701 

Ln QTS β 3 0.0042 0.0052 0.419 

Ln CAE β 4 0.1031 0.1371 0.452 

δ2 0.6758  0.0944* 

λ 9.8575  0.0681* 

Prob>chi2 0.00 

Log likelihood  166.109 

LR test (Log-OLS) 0.001 

Note: Significance levels of 1%, 5%, and 10% are indicated by ***, **, and * respectively. 

Source: Authors’ compilation (2026). 

Furthermore, Table 6 presents technical efficiency levels of smallholder seaweed farmers based on 

the Cobb-Douglas stochastic frontier production function. Results presented in Table 6 showed that 

the minimum estimated technical efficiency level of smallholder seaweed farmers was 14.482 percent 

while the maximum was 93.391 percent. Furthermore, the mean technical efficiency level was 60.640 

percent. Since the mean value of the technical efficiency index was less than 70 percent, it could be 

categorized as inefficient (Jumiati et al., 2023). Moreover, the mean technical efficiency level being 

60.640 percent implied that the output of smallholder seaweed farmers could be increased (using 

existing resources and technology) by 39.360 percent. These findings showed that smallholder 

seaweed farmers used their resources and technology somewhat inefficiently. Results suggested a 

need to improve agricultural extension services, adopt learned seaweed farming techniques, invest 

more on working capital, equipment, and machinery (Nursan et al., 2023;  Lumenyela et al, 

2023;Jumiati et al., 2023). Also, results suggested a need for the government and other stakeholders 

in agriculture to formulate strategies for enabling smallholder farmers to optimize inputs used in 

seaweed production.  

 

 Table 6: Technical efficiency levels based on the Stochastic Production Frontier 

 

 Percent Frequency  Percent 

11%-20% 2 1.59  

21%-30% 16 12.70 

31%-40% 10 7.94 

41%-50% 8 6.35  

51%-60% 11 8.73 

61%-70% 27 21.43  

71%-80% 29 23.02 

81%-90% 21 16.66 

91%-100% 2 1.58 

Total 126 100 

Minimum  14.482 

Maximum  93.391 

Mean 60.640 

Source: Authors’ compilation (2026). 

3.4  Factors influencing seaweed productivity 

Results presented in Table 7 showed OLS estimates for parameters of the regression model  regarding 

determinants of seaweed productivity. Results showed that household size, farming experience, 

harvest frequency, sex of the seaweed farmer being female, and access to extension services were 
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significant factors (p <0.05) which influenced seaweed productivity. Also, results presented in Table 

7 showed that the Adjusted R2 was 0.86 implying that 86.00 % of the total variation in the dependent 

variable was explained by variation in independent variables. So the model was fit for the data as it 

explained a large proportion of the variance in the dependent variable.  

Furthermore, results presented in Table 7 showed that productivity of seaweed increased 

significantly with the  household size (p < 0.05). This implied that for every 1% increase in 

household size, productivity increased by  0.16% , holding other factors constant. These findings 

suggested that household members contributed in seaweed farming as unpaid workers. Based on the 

law of diminishing returns, productivity may decrease in the future if number of farm workers will 

increase, holding other factors constant (Dwivedi, 2004) 

Again, results  presented in Table 7 showed that productivity of seaweed increased significantly 

with the farming experience (p < 0.01). This implied that for every 1% increase in farming 

experience, productivity increased by 2.60%, holding other factors constant. These findings were 

similar to Obiero et al. (2019) who found that increased in farming experience significantly 

improved seaweed productivity.Based on this evidence, it is recommended that training programs 

be established to facilitate the transfer of knowledge from experienced farmers to newcomers, 

thereby strengthening skills and boosting seaweed production. 

Table 7: Determinants of seaweed productivity 

Variable Coef. Std. Err. t-value p-value 

lnHOS 0.16 0.07 2.46 0.02** 

lnFEX_ 2.60 0.08 34.67 0.00*** 

lnNHV 0.22 0.08 2.75 0.01** 

RGR2 -0.36  0.12 -3.13 0.00*** 

EDS2 0.08 0.09 0.83 0.41 

EDS3 -0.03 0.09 -0.29 0.77 

EDS4 -0.14 0.23 -0.61 0.54 

MAS2 -0.01  0.15 -0.07 0.95 

MAS3 0.11  0.15 0.73 0.47 

EXT2 0.85  0.10 8.50 0.00*** 

Constant 4.60  0.23 20.00 0.00*** 

Note: Significance levels of 1%, 5%, and 10% are indicated by ***, **, and * respectively.  

R2=0.88  

Adjusted R2= 0.86. 

Source: Authors’ compilation (2026). 

Moreover, results presented in Table 7 showed that productivity of seaweed increased significantly 

with the harvest frequency (p < 0.05). This implied that for every 1% increase in the harvest 

frequency, productivity increased by 0.22%, holding other factors constant.  These findings were 

similar to Fausayana et al. (2019)  who reported that that increased harvesting frequency significantly 

raised seaweed production in coastal farming systems.This suggested that farmers who harvested 

more frequently achieved higher annual yields, reflecting the need for effective farm planning and 

input management. to allows multiple harvest cycles. 
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Also, results  presented in Table 7 showed that productivity of seaweed decreased significantly when 

sex of the seaweed farmer being female (p < 0.01). This implied that for every 1% increase in female 

farmers, productivity decreased by 0.36%, holding other factors constant. Ramesh et al. (2021) found 

that gender-based differences in agricultural productivity often stem from unequal access to 

resources and support systems. This implies that there is a need to formulate strategies for improve 

equal access to resources, and support systems as female farmers have to ration their time also for 

domestic activities of a household apart from farming activities.  

Lastly, results  presented in Table 7 showed that productivity of seaweed increased significantly with 

access to extension services (p < 0.01). This implied that for every 1% increase in the access to 

extension services, productivity increased by 0.85%, holding other factors constant. These findings 

aligned to Leung et al. (2021)  who reported that extension services significantly enhanced farmers’ 

performance and technology adoption. This suggested the need for improving technical support 

services, and training to seaweed farmers. 

4.0 Conclusion and Policy Implications 

The study sought to analyse technical efficiency levels and productivity of seaweed among 

smallholder farmers in Wete district, Zanzibar. The study applied multiple regression and  stochastic 

frontier production function for analysis. Results of Cobb-Douglas production function showed that 

number of lines planted with seaweed, number of days for using hired labour, and value of capital 

equipment were significant factors (p <0.05) which influenced seaweed production. These findings 

suggested the need to optimize utilization of each factor in seaweed production, and as well as 

increase investment in equipment and machinery to reduce dependence on human labor. Furthermore, 

results of  Cobb-Douglas stochastic frontier production function showed that the mean  technical 

efficiency level was 60.640 percent, and this implied that the output of smallholder seaweed farmers 

could be increased (using existing resources and technology) by 39.360 percent.  Also, results from 

multiple regression showed that household size, farming experience, harvest frequency, sex of the 

seaweed farmer being female, and access to extension services were significant factors (p <0.05) 

which influenced seaweed productivity.These findings suggested the need to improve access to 

agricultural extension services and use of technology to improve efficiency and productivity among 

smallholder seaweed farmers. The study recommends also the need to predict factors affecting 

technical efficiency of seaweed production by using longitudinal data and Machine Learning 

methods. This will contribute towards formation of strategies for ensuring sustainable production of 

seaweed as per SDG2. 
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