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Abstract 

Low pasture productivity and poor forage quality remain major constraints to smallholder dairy production in Tanzania, 

particularly during the dry season, when feed shortages reduce milk yield and animal performance. Although farmer training is 

widely promoted to improve pasture management, empirical evidence linking training to measurable improvements in pasture 

productivity and forage quality under field conditions remains limited. This study evaluated the effects of structured pasture 

management training on pasture productivity and forage nutritive value among smallholder dairy farmers in Muheza District, 

Tanzania. A comparative cross-sectional design was employed, using eighteen representative pasture plots selected from trained 

(n=9) and untrained (n=9) farmers. Forage samples were collected during the dry and wet seasons and analysed for biomass 

yield, dry matter, crude protein, crude fibre, ether extract, ash, neutral detergent fibre, acid detergent fibre, and total digestible 

nutrients using proximate analysis and ANKOM technology. Data were analysed using descriptive statistics, independent sample 

t-tests, and multivariate analysis of variance (MANOVA). The results showed that trained farmers produced significantly higher 

forage biomass (7.28 vs 6.32 t DM ha-1; p < 0.001) and recorded significantly greater crude protein, total digestible nutrients, 

ether extract, and ash contents than untrained farmers. Training, season, and farm size were identified as significant factors 

influencing pasture productivity and forage nutritive value, whereas sex had no significant effect. The findings demonstrate that 

structured farmer training promotes the adoption of improved pasture management practices, resulting in higher forage yield and 

enhanced nutritional quality. The study concludes that strengthening pasture-focused training and extension programmes can 

substantially improve feed availability, livestock productivity, and the sustainability of smallholder dairy production systems in 

Tanzania and similar tropical environments. 
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1. Introduction 

Dairy farming plays a fundamental role in improving food 

security, nutrition, employment, and household income across 

sub-Saharan Africa. In Tanzania, Smallholder dairy farmers 

contribute substantially to national milk production and to ru-

ral livelihoods; however, productivity remains constrained by 

inadequate feed resources, poor pasture management, and sea-

sonal feed shortages [1]. Feed shortages and low-quality for-

age are major limits on dairy production in smallholder sys-

tems across East Africa. During the dry season, natural pas-

tures often produce little biomass and contain too little crude 

protein, which leads to lower milk output, poor reproduction, 

and reduced farm profits [2]. 

Recent studies have demonstrated that improved pasture 

management practices, including rotational grazing, improved 

forage establishment, fertiliser application, forage conserva-

tion, and proper grazing management, significantly increase 

forage biomass, crude protein concentration, and livestock 

productivity while improving environmental sustainability [3]. 

Farmer training has become an important strategy for pro-

moting the adoption of improved pasture technologies. Train-

ing enhances farmers’ technical knowledge, decision-making 

capacity, and confidence to adopt innovations such as im-

proved forage species, rotational grazing, forage conservation, 

and integrated soil fertility management. Nevertheless, adop-

tion remains constrained by institutional, socioeconomic, and 

market-related factors [1]. 

Although several studies have investigated the adoption of 

improved forage technologies in Tanzania and East Africa, rel-

atively few have quantified the direct effects of structured 

farmer training on pasture biomass production and forage nu-

tritive value under field conditions. Most previous studies 

have focused on technology adoption, farmer perceptions, or 

socioeconomic determinants rather than objective measure-

ments of pasture productivity and nutritional quality. Conse-

quently, empirical evidence linking farmer training with meas-

urable improvements in forage quantity and quality remains 

limited, particularly within smallholder dairy production sys-

tems in northeastern Tanzania [4]. 

Evaluating the effectiveness of pasture management train-

ing is essential for guiding extension programs, informing 

livestock development policies, and supporting investments 

aimed at improving feed security and dairy productivity. Evi-

dence generated from evaluations can assist policymakers and 

development partners in designing sustainable interventions 

that enhance livestock productivity while strengthening farm-

ers’ resilience to climate variability [5, 6]. 

Smallholder dairy farmers in Muheza District have received 

structured training through the Maziwa Faida Project, an ini-

tiative funded by the Irish Embassy in Tanzania and jointly 

implemented by the Tanzania Livestock Research Institute 

(TALIRI) and the Livestock Training Agency (LITA). The 

project aims to improve the livelihoods of smallholder dairy 

farmers by addressing key production constraints, particularly 

the limited availability of quality livestock feeds. As a part of 

this initiative, pasture management training is delivered 

through classroom instruction, practical field demonstrations, 

and on-farm follow-up support provided by LITA instructors 

and livestock extension officers. Training covers land prepa-

ration, selection of improved forage species, pasture establish-

ment, fertiliser and manure application, irrigation, weed con-

trol, rotational grazing, forage harvesting, hay and silage mak-

ing, forage storage, and efficient forage utilisation. 

Since the project’s inception, 1263 smallholder dairy farm-

ers have completed the structured pasture management and 

forage conservation training program. In the present study, 

trained farmers were defined as those who had completed this 

structured training program, whereas untrained farmers were 

those who had not received any formal training in pasture pro-

duction, management, or forage conservation practices. 

Therefore, this study aimed to evaluate the impact of farmer 

training on pasture productivity and forage nutritive value 

among smallholder dairy farmers in Muheza District, Tanza-

nia. In this study, pasture productivity refers to the quantity of 

usable forage biomass produced per unit area, expressed as 

tonnes of dry matter per hectare (tDMha-1). Pasture quality re-

fers to the nutritional value of forage and was assessed using 

crude protein (CP), crude fibre (CF), neutral detergent fibre 

(NDF), Acid detergent fibre (ADF), and total digestible nutri-

ents (TDN) [7, 8]. The central research question that guided 

the study was: How does the training in pasture management 

and forage conservation impact pasture productivity and qual-

ity (nutritive value)? Therefore, understanding the context in 

which training influences these parameters is critical for guid-

ing agricultural development policies and programs, espe-

cially in areas affected by feed scarcity and pasture degrada-

tion. 

1.1. Theoretical Framework 

The study was guided by “Diffusion of Innovations Theory 

(DIT)” by [9]. The DIT explains, step by step, how innova-

tions (defined here as new or improved ideas, methods, or 

practices adopted to improve outcomes, in this case, sustaina-

ble forage production) are adopted over time by individuals 

within a social system [10]. According to the theory, five fac-

tors influence adoption: relative advantage, compatibility, 

complexity, trialability, and observability. Therefore, training 

enables farmers to recognize the relative advantage of im-

proved practices, such as increased biomass yield and forage 

quality, making them more appealing than traditional methods. 

Furthermore, the pasture management practices on which 

smallholder dairy farmers were be trained are compatible with 

their goals of enhancing livestock productivity and income, 

hence, the likelihood of increasing their acceptability. Moreo-

ver, training reduces the complexity of new techniques by 
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providing clear practical guidance, which builds farmers’ con-

fidence to adopt them. In addition, through trialability, farmers 

can experiment on a small scale, testing practices like rotational 

grazing or fertilization before full adoption. Lastly, the observ-

ability of results as visibly healthier pastures and higher milk 

yield among trained farmers, motivates others in the community 

to follow suit. Together, these factors explain the positive influ-

ence of training on the adoption of pasture innovations in Mu-

heza District, boosting productivity and forage quality. In con-

trast, untrained farmers may lack both the knowledge and con-

fidence to implement such innovations effectively. 

1.2. Conceptual Framework 

The Study’s conceptual framework (Figure 1) illustrates the 

relationship between training and pasture productivity among 

smallholder dairy farmers. Generally, training acts as the main 

independent variable, influencing the adoption of improved 

pasture management practices such as fertilizer application, ro-

tational grazing, and weed control. These practices in turn, af-

fect key dependent variables: forage biomass and nutritive qual-

ity indicators such as crude protein (CP), total digestible nutri-

ents (TDN), ether extract (EE), neutral detergent fiber (NDF), 

acid detergent fiber (ADF), and ash content. The framework 

presents linear flow where training leads to better practices, 

which in turn improve pasture productivity and quality. 

 
Figure 1. Conceptual framework for the effects of training on small-

holder pasture productivity. 

2. Material and Methodology 

2.1. Description of the Study Area 

The study was conducted in Muheza District, in Tanga Re-

gion, Tanzania. 5°12′25.56″S 38°44′12.48″E. The district was 

purposefully selected for the study because it was the primary 

implementation area of the Maziwa Faida (Milk for Profit) Pro-

ject, where a large number of smallholder dairy farmers had re-

ceived structured training on pasture management and forage 

conservation through the Livestock Training Agency (LITA) 

and the Tanzania Livestock Research Institute (TALIRI). Fo-

cusing on a single district ensured that trained and untrained 

farmers were exposed to similar agroecological and socioeco-

nomic conditions, thereby reducing agroecological variability 

and potential confounding factors, enabling a more reliable as-

sessment of the effects of the training programme. 

2.2. Research Design 

The study adopted a cross-sectional design because it ena-

bled the comparison of pasture productivity and forage quality 

between trained and untrained farmers at a single point in time 

under comparable field conditions [11, 12]. 

2.3. Sampling Technique and Sample Size 

Although the MaziwaFaida project targeted 3,000 small-

holder dairy farmers in the district, only 210 were selected as 

the accessible study population due to their prior involvement 

in the structured survey. Nassiuma’s sampling (2000) formula 

(1) was then applied to this relevant subset to ensure statisti-

cally reliable sample size selection within a manageable logis-

tical constraint [13]. 

𝑛 =
𝑁𝐶²

𝐶²+(𝑁−1)𝑒²
                  (1) 

Where: n= sample size, N= population size (210 farmers), 

C= Coefficient of variation (0.22, within the recommended 

range of 21-30%) and =standard error (0.05) as suggested by 

[14]. 

Substituting into the formula: 

𝑛 =
210 ×0.22²

0.22²+(210−1)×0.05²
≈ 18  

Eighteen pasture plots (one representative plot per farmer) 

were randomly selected for the laboratory component of the study 

from the accessible population of 210 farmers. The selection en-

abled detailed analyses of biomass and forage quality while en-

suring representation of both trained and untrained farmer groups 

under comparable management conditions. Three forage species, 

which are commonly used in Muheza District: Elephant grass 

(Pennisetum purpureum), Guatemala grass (Tripsacum laxum), 

and Congo grass (Brachiaria ruziziensis) were studied across 

these plots, with samples taken from 9 trained and 9 untrained 

farmer groups. Five subsamples per plot were collected using 

0.25 m2 quadrants to ensure reliability. 

2.4. Data Collection 

To assess forage biomass and nutritive value, pasture sam-

ples were collected from nine trained and untrained small-

holder dairy farmers’ plots. Sample collection and laboratory 

analysis of forage nutritive value were done twice, i.e., at the 

end of the short dry season (February) and long wet season 
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(May). During sample collection, a single linear transect was 

allocated to each pasture plot, and five (5) times 0.25 m2 quad-

rant was randomly thrown behind to minimise bias. All the 

forage within a quadrant was cut at a height of 4 cm and col-

lected in paper bags, and then the fresh weight of each was 

measured in the plot using a scale. Forage samples were trans-

ported to the laboratory at the Tanzania Livestock Research 

Institute (TALIRI)-Tanga Centre for analysis of nutritional 

values such as biomass, mineral content (ash), crude protein 

(CP), dietary crude fiber (CF), ether extract (EE), neutral de-

tergent fiber (NDF), acid detergent fiber (ADF), and total di-

gestible nutrients (TDN) as per [8, 15] using Proximate anal-

ysis and ANKOM technology. 

2.5. Methodology for Data Analysis 

Before analysis, data were checked for normality using the 

Shapiro-Wilk test and homogeneity of variances using 

Levene’s test. MANOVA assumptions, including multivariate 

normality and equality of covariance matrices, were assessed 

using Box’s M test. Although the laboratory component in-

volved only 18 pasture plots, MANOVA was considered ap-

propriate because multiple correlated pasture productivity and 

nutritive quality variables were analysed simultaneously. In 

addition, the assumptions of multivariate normality, homoge-

neity of variances, and equality of covariance matrices were 

assessed and satisfied before the analysis, supporting the va-

lidity of the statistical approach. 

Data analysis was performed using R software, version 

4.5.0, to compare pasture productivity between trained and 

untrained smallholder dairy farmers in Muheza district across 

the dry and wet seasons. Key parameters analysed included 

dry matter, biomass, mineral contents (Ash), digestible crude 

protein (CP), digestible ether extract (EE), digestible crude fi-

bre (CF), total digestible nutrients (TDN), neutral detergent 

fibre (NDF), and acid detergent fibre (ADF). Descriptive sta-

tistics were computed to determine the minimum, maximum, 

mean, median, and standard deviation for each parameter. In-

dependent sample t-tests were conducted to assess the signif-

icant differences in mean values of related pasture productiv-

ity parameters between the two groups and across seasons. 

Furthermore, Multivariate Analysis of Variance (MANOVA) 

was used to determine the combined influence of training and 

sociodemographic factors on various dependent variables re-

lated to pasture productivity and quality. 

Model equations used: 

For an independent sample t-test 

Model: t= 𝑋̅1- 𝑋̅2 ÷  (s1
2/n +s2

2/n).      (2) 

Where: 𝑋̅1  and 𝑋̅2  were the mean values of two groups 

(trained and untrained), s1 and s2 were the variances of two 

groups (trained and untrained), and n is the sample size of the 

two groups. 

For General MANOVA 

Model: Y = XB + ε.              (3) 

Where: Y = Matrix of dependent variables (e.g., biomass, 

ash, CP, TDN, etc.), 

X = matrix of independent variables (e.g., training status, 

sex, season, household size, farm size, income. B = matrix of 

coefficients of independent variables and ε = the error term. 

3. Result and Discussion 

3.1. Comparison of Pasture Productivity and 

Quality Between Trained and Untrained 

Smallholder Dairy Farmers 

Table 1 presents a comparative overview (including de-

scriptive statistics and t-tests) of pasture performance between 

trained and untrained smallholder dairy farmers in Muheza 

District. Trained farmers achieved significantly higher bio-

mass yield (7.28±0.4 t DM ha-1) compared to untrained farm-

ers (6.32±0.43 t DM ha-1), with these differences being statis-

tically significant (p<0.001, t-value= 6.99). In terms of dry 

matter (DM) content, untrained farmers had higher 

(30.07±3.4%) than trained farmers (26.6±3.6%), with these 

differences statistically significant (p<0.01), possibly due to 

improved irrigation or timely harvesting practices among 

trained farmers. 

Regarding nutritional quality, trained farmers’ forages had 

significantly higher crude protein (CP) content (8.08% against 

5.84%; p<0.001, t-value= 7.89), total digestible nutrients 

(TDN) (78.88% against 75.38%; p<0.001), ether extract (EE) 

(1.69% against 1.54%; p<0.001), and ash (mineral) content 

(7.28% against 6.32%%; p<0.001). These parameters indicate 

a superior nutrient profile in pasture managed by trained farm-

ers. 

No statistical significance was found in crude fibre (CF), 

neutral detergent fibre (NDF), or acid detergent fibre (ADF) 

(p0.05), suggesting that structural fibre composition re-

mained relatively unaffected by training. 
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Table 1. Comparison of pasture productivity and quality by training status. 

Variable 

Trained Untrained Trained Untrained 

t-value p-value Significance 

min max min max (Mean ± Sd) (Mean ± Sd) 

Biomass (tDM ha-1) 6.86 8.2 5.6 7.3 7.28 ± 0.4 6.32 ± 0.43 6.99 < 0.001 *** 

%DM (As fed) 21 33 26 33 26.6 ± 3.6 30.07 ± 3.4 -2.98 0.0052 ** 

Ash (%) 6.86 8.2 5.6 7.3 7.28 ± 0.4 6.32 ± 0.43 6.99 < 0.001 *** 

CP (%) 6.83 8.99 4.7 8.4 8.08 ± 0.6 5.84 ± 1.05 7.89 < 0.001 *** 

EE (%) 1.61 2.06 1.4 1.7 1.69 ± 0.1 1.54 ± 0.06 4.82 < 0.001 *** 

TDN (%) 76.4 81.1 71 80 78.8 ± 1.4 75.38 ± 2.6 4.99 < 0.001 *** 

CF (%) 30.9 36.6 30 38 32.8 ± 1.6 32.11 ± 2.1 1.14 0.2612  

NDF (%) 49 69.9 51 71 58.1 ± 8.8 59.54 ± 7.2 -0.55 0.5841  

ADF (%) 24.2 37.9 27 40 30.4 ± 4.6 32.79 ± 4.5 -1.59 0.1213  

Note: * for p<0.05, ** for p<0.01, and *** for p<0.001 

3.2. Comparison of Forage Species Between 

Trained and Untrained Smallholder Dairy 

Farmers 

The study’s results, in Table 2, show that all three forage 

species: Guatemala, Elephant and Congo grasses recorded sig-

nificantly higher biomass yields under trained farmers com-

pared to their untrained counterparts. For instance, Congo 

grass had yields of 7.38 t DM ha-1 under trained management 

versus 6.05 t DM ha-1 for untrained farms (P<0.001). Elephant 

grass and Guatemala grass also showed significant yield dif-

ferences (p<0.01) and (p<0.001), respectively, indicating a 

positive influence on biomass accumulation. 

In terms of nutritional quality, trained farmers’ forage con-

sistently had higher crude protein (CP) content. For example, 

Elephant grass showed 8.15% CP versus 5.25% CP for un-

trained farmers (p<0.001), while Congo and Guatemala 

grasses also recorded significantly higher CP under trained 

farmers (p<0.001 and p<0.01, respectively). 

Acid detergent fibre (ADF) was significantly lower in Ele-

phant grass managed by trained farmers (29.21% against 

34.00%; p<0.05), indicating better digestibility. However, no 

significant differences were found in neutral detergent fiber 

across all species (p values >0.4). Lastly, ash content, repre-

senting mineral availability, was significantly higher across all 

three forage species on trained plots (p <0.01 to p<0.001), re-

flecting better soil management practices. 

Table 2. Comparison by forage species between trained and untrained smallholder dairy farmers. 

Variables Grass 

Mean 

df t-value p-value Sig. 

Trained Untrained 

Biomass Guatemala 6.97 6.40 6.09 4.96 < 0.001 *** 

 Elephant 7.48 6.52 9.85 3.95 < 0.01 ** 

 Congo 7.38 6.05 9.97 5.22 < 0.001 *** 

ADF Guatemala 31.67 32.90 10 -0.37 0.7215  

 Elephant 29.21 34.00 6.17 -2.49 < 0.05 * 

 Congo 30.30 31.46 8.80 -0.44 0.6703  

NDF Guatemala 60.46 60.78 -0.06 10 0.9542  

 Elephant 59.69 61.04 8.07 -0.27 0.7910  
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Variables Grass 

Mean 

df t-value p-value Sig. 

Trained Untrained 

 Congo 54.03 56.80 9.97 -0.81 0.4352  

Minerals Guatemala 6.97 6.40 6.09 4.96 < 0.01 ** 

 Elephant 7.48 6.52 9.85 3.95 < 0.01 ** 

 Congo 7.38 6.05 9.97 5.22 < 0.001 *** 

Crude protein Guatemala 8.44 7.16 9.83 3.53 < 0.01 ** 

 Elephant 8.15 5.25 7.99 11.31 < 0.001 *** 

 Congo 7.65 5.11 6.51 13.21 < 0.001 *** 

Note: * for p<0.05, ** for p<0.01, and *** for p<0.001 

3.3. Multivariate Analysis of Pasture 

Productivity and Quality 

Multivariate analysis of variance (MANOVA) (Table 3) re-

vealed that training, season, and farm size significantly af-

fected pasture productivity and nutritive quality. Training and 

season both were highly significant (p <0.001), while farm 

size had a significant but lesser effect (p<0.01). Household 

size and income levels showed marginal significance (p <0.1), 

and sex had no statistically significant influence. 

These findings indicate that training and seasonal dynamics 

play a dominant role in shaping pasture outcomes, with land-

holding size also influencing the level of benefit realised. 

Table 3. Multivariate tests on biomass, digestible crude protein, total digestible nutrients, mineral contents, and DM as fed. 

Characteristic Df Test stat F-value Num Df Den Df Pr(>F)  

Training 1 0.7773 15.3559 5 22 < 0.001 *** 

Season 1 0.8720 29.9666 5 22 < 0.001 *** 

Sex 1 0.1485 0.7672 5 22 0.5833  

Household size 2 0.5606 1.7917 10 46 0.0891 . 

Farm size levels 2 0.8217 3.2076 10 46 < 0.01 ** 

Income levels 2 0.5783 1.8712 10 46 0.0744 . 

Note: * for p<0.05, ** for p<0.01, and *** for p<0.001, Df for degree of freedom, Dn for denominator, Nm for numerator. 

4. Discussion 

This study demonstrates that structured pasture manage-

ment training substantially improved forage biomass produc-

tion and nutritive value among smallholder dairy farmers in 

Muheza District. Rather than simply increasing farmers’ 

knowledge, the training appears to have enhanced the imple-

mentation of improved agronomic practices such as timely 

planting and harvesting, appropriate fertiliser and manure ap-

plication, rotational grazing, weed control and improved for-

age management. These practices collectively improve pas-

ture establishment, nutrient uptake, and herbage accumulation, 

resulting in greater biomass production. Similar findings were 

reported by Ndah [1], who showed that farmer training, insti-

tutional support, and access to extension services significantly 

increased adoption of improved forage technologies among 

smallholder dairy farmers in Tanga Region, Tanzania, leading 

to better forage productivity. 

The significantly higher crude protein, ether extract, total 

digestible nutrients, and ash contents observed in forage from 

trained farmers indicate improved nutritional quality resulting 

from better pasture management. Adequate crude protein is 

essential for maintaining rumen microbial activity, feed intake, 

and milk production, while higher mineral concentrations re-

flect improved soil fertility management and nutrient cycling. 
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Comparable observations were reported by Mteta [3], who 

found that improved Pennisetum purpureum cultivars man-

aged under recommended agronomic practices produced 

higher biomass together with superior nutritional composition 

suitable for dairy cattle production under Tanzanian condi-

tions. 

The consistently higher ash content across all forage species 

suggests that training encouraged improved soil fertility man-

agement through appropriate manure application and other 

soil improvement practices. Improved soil fertility enhances 

plant nutrient uptake, resulting in increased mineral accumu-

lation within forage tissues. Similar conclusions were reached 

by Hays [16], who demonstrated that manure and biochar 

amendments significantly improved soil chemical properties 

and promoted forage growth and quality by enhancing nutrient 

availability. 

Although untrained farmers recorded higher dry matter per-

centages, this likely reflects more mature forage at harvest ra-

ther than better forage quality. As forage plants mature, mois-

ture contents decline while structural carbohydrates increase, 

reducing digestibility and feeding value. In contrast, trained 

farmers were more likely to harvest forage at the recom-

mended growth stage, thereby maintaining higher concentra-

tions of digestible nutrients despite lower dry matter content. 

The absence of significant differences in neutral detergent 

fibre and acid detergent fibre for most forage species suggests 

that structural fibre composition is influenced more strongly 

by species characteristics and physiological maturity than 

management alone. Nevertheless, the lower acid detergent fi-

bre observed in elephant grass under trained management in-

dicates improved digestibility resulting from better harvesting 

practices and plant growth management. Similar conclusions 

were reported by Chand [17], who emphasised that improve-

ments in forage nutritive value are achieved through integrat-

ing forage genetics with appropriate agronomic management 

rather than management practices alone. 

The multivariate analysis further demonstrated that training, 

season, and farm size significantly influenced pasture produc-

tivity and nutritive quality. Season effects were expected be-

cause rainfall, temperature, and soil moisture directly influ-

ence forage growth, nutrient accumulation, and biomass pro-

duction. Comparable findings were reported by Gobena [18], 

who observed considerable season and agroecological varia-

tion in dry matter yield, crude protein concentration, digesti-

bility, and fibre fractions among indigenous forage grasses. 

These results reinforce the importance of season-specific pas-

ture management strategies for maintaining forage availability 

throughout the year. 

Farm size also significantly influenced pasture productivity, 

suggesting that farmers with larger landholdings have greater 

opportunities to establish improved forage plots, practice ro-

tational grazing, and allocate land for forage conservation. 

Such management flexibility enhances the effectiveness of 

training interventions because farmers possess sufficient land 

resources to implement recommended practices. Similar ob-

servations were made by Rogers and Halvorson [19], who em-

phasised that effective rangeland management depends not 

only on technical knowledge but also on access to land re-

sources and supportive institutional environments that enable 

sustainable pasture management. 

The marginal effects of household income and household 

size indicate that, although socioeconomic conditions influ-

ence technology adoption, structured training can partially re-

duce these constraints by improving farmers’ technical capac-

ity and decision-making. Furthermore, the absence of signifi-

cant sex differences suggests that both male and female farm-

ers can benefit equally from well-designed training pro-

grammes when they receive comparable access to extension 

services and technical support. 

Overall, these findings strongly support the Diffusion of Inno-

vation Theory, which proposes that innovations are more readily 

adopted when users perceive clear relative advantages, compara-

bility with existing farming systems, ease of implementation, op-

portunities for experimentation, and observable benefits. The su-

perior biomass production and improved forage quality achieved 

by trained farmers provide visible evidence of these advantages, 

thereby encouraging wider adoption of improved pasture man-

agement practices among neighbouring farmers. The study there-

fore demonstrates that structured farmer training represents an ef-

fective pathway for improving pasture productivity, forage qual-

ity, and ultimately the sustainability of smallholder dairy produc-

tion systems in Tanzania. 

5. Limitations of the Study 

This study has several limitations. First, the forage analysis 

was based on a relatively small sample of 18 pasture plots, 

which may limit the statistical power to detect small differ-

ences among groups. Second, the cross-sectional study design 

allows assessment of associations but does not establish causal 

relationships between training and pasture productivity. Third, 

the study was conducted only in Muheza District; therefore, 

the findings should be generalized to other regions with cau-

tion. Finally, farm-specific management factors, including soil 

fertility, pasture age, grazing intensity, fertilizer application, 

and irrigation practices, were not fully controlled and may 

have influenced the observed differences in pasture productiv-

ity and nutritive value. Future studies should employ larger 

sample sizes, longitudinal designs, and include multiple 

agroecological zones to validate and extend these findings. 

6. Conclusion 

The study evaluated the impact of farmer training on pas-

ture productivity and nutritional value among smallholder 

dairy farmers in Muheza District, Tanzania. It examined dif-

ferences in biomass yield and forage quality between trained 

and untrained farmers, and how training status, seasonality, 
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and socioeconomic characteristics influence pasture outcomes. 

The findings show that structured training significantly 

improves pasture productivity and forage quality. Trained 

farmers consistently recorded higher biomass yields and bet-

ter nutritional parameters, including crude protein, total di-

gestible nutrients, ether extract, and mineral content, com-

pared with untrained farmers. The study also concludes that 

training is crucial in enabling farmers to adopt improved pas-

ture management practices such as timely harvesting, ferti-

lizer application, and weed control, which are essential for 

sustainable livestock production. Seasonal variation and 

land size further influence forage performance, underscoring 

the need for adaptive pasture management and land-use plan-

ning. 

Finally, the study supports Diffusion of Innovation Theory 

(DIT), confirming that knowledge transfer through structured 

training promotes the adoption of innovations. This, in turn, 

leads to measurable improvements in pasture productivity and 

quality, thereby enhancing the livelihoods of smallholder 

dairy farmers. 

7. Recommendations 

Based on the findings of this study, it is recommended that 

agricultural extension services and development partners in 

Tanzania should prioritise scaling up structured training pro-

grammes on improved pasture management, given their 

proven impact on forage biomass and nutritive value. These 

initiatives should be expanded beyond Muheza District, with 

curricula emphasising practical, season-specific strategies to 

mitigate dry-season feed gaps. Crucially, training must be sup-

ported by robust institutional frameworks that facilitate access 

to inputs, technical follow-up, and favourable policies incen-

tivising the adoption of improved forage species. Continued 

research is also vital to monitor long-term impacts and adapt 

training to evolving climatic challenges, ultimately enhancing 

the resilience and profitability of smallholder dairy farmers 

nationwide. 
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