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The current study was aimed at assessing selected soil properties of forage gardens and perceptions of
small-holder dairy farmers to newly introduced improved forage in Southern highlands, Tanzania. A
total of 101 respondents were randomly sampled and interviewed on the issues relating to
management, preferences, and adoption challenges of different pasture varieties. Some surveyed
households (38) were purposefully chosen for soil sampling and analysis, since they had pasture plots
>256 m” (~0.1 acres) and established Brachiaria hybrid, cv Cayman and cv Cobra, as well as Pennisetum
purpureum cv Ouma and cv ILRI 16835 in their plots at the time of this survey. Results showed that total
soil nitrogen was sufficient, exchangeable potassium was on the borderline between medium and low,
and available phosphorus was below the required amount for optimum pasture production. The soil in
some farms was acidic (pH<5.5) which could inhibit phosphorus uptake and other cations availability.
Little land was allocated for pasture cultivation and household income from dairy production was
moderate. It was concluded that improving access to planting materials and dairy marketing could
encourage farmers to intensify pasture and dairy production, hence, improving pasture farms’ soil
condition and their livelihoods.

Key words: Sustainable dairy production, pasture perception, pasture production challenges, pasture pests,
soil fertility, soil pH.

INTRODUCTION

Dairy farming involves the keeping of livestock such as
goat, cattle and water buffalo for milk production. It
provides income, food, employment and supports
livelihoods of over 150 million small-holder dairy farmers

*Corresponding author. E-mail: safieimteta@hotmail.com.

worldwide (FAO, 2010; Hawkins et al., 2021). Small-
holder dairy farmers in the tropics and sub-tropics are
faced with a shortage of high-quality feedstuffs needed to
meet the nutritional requirements of high-producing dairy
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cattle. The shortage is attributed to low herbage yields of
predominantly native forage species contributed by low
genetic potential, seasonal rainfall patterns, and poor soll
properties (Ruvuga et al., 2021; Boote et al., 2022).

Farmers have been using nutrient dense agricultural
by-products such as maize bran and oilseed cakes as
dairy cattle feed in a time of amplified feed shortage.
These feeds are expensive and limited because of
competition from other animals following changes in their
eating habits, e.g. consuming whole grain or hulled maize
(Asimwe et al., 2015; Ekpa et al., 2019). Other potential
feed sources are crop residues e.g. rice straws, maize
stovers and wheat straws, which have poor nutritional
quality despite their abundance (Nazli et al., 2018; Wei et
al., 2018). Introducing improved, high-yielding pasture
varieties and addressing soil fertility issues could alleviate
feed shortage thus improve dairy productivity and
ultimately livelihoods of dairy farmers (Hawkins et al.,
2021; Kavana et al., 2021).

Climate-Smart Dairy Project (CSDP) was incepted in
2018 by International Centre for Tropical Agriculture
(CIAT) aiming to improve pasture production and feeding
strategies among small-holder dairy farmers in Southern
highlands where most small-holder dairy farmers are
located in Tanzania (Michael et al., 2018). The project
provided site-specific pasture solutions to participating
farmers, which could lead to sustainable intensification of
dairy cattle production (CIAT, 2017). Farmers were
supplied with different varieties of Brachiaria hybrid
(Cayman and Cobra) and Pennisetum purpureum (Ouma
and ILRI 16835) which have records of high biomass
yields and good nutritional values compared to native
forage species (Maass et al., 2015; Negawo et al., 2017;
Ohmstedt and Mwendia, 2018). These pasture species
were expected to alleviate feed shortage, increase dairy
production, improve livelihoods and reduce greenhouse
gas emissions per unit of land and milk produced
(Hawkins et al., 2021).

Mutimura and Everson (2012) and Apolinario et al.
(2017) mentioned that forage growth, biomass yield, and
their nutritional value are positively influenced by soil
physical and chemical properties. Optimum forage
metabolism and growth are determined by the soil's
ability to supply essential nutrients such as nitrogen,
phosphorous, potassium, and other trace mineral
elements. Also, soil physical properties such as aeration
and water retention determine suitability of soil for plant
growth. These soil properties are affected by routine
pasture harvesting or grazing with inappropriate fertilizer
application, hence causing exhaustion of available soll
nutrients for pasture growth or nutrient loss through
leaching.

The current study was conducted to describe the dairy
cattle production and evaluate smallholder dairy farmers’
management of improved pasture species and the
challenges they faced in Southern Highlands, Tanzania.
It also aimed to assess the soil properties of established

pasture plots in the highlands. It is expected that results
from the current study could provide crucial information
needed when planning to upscale improved pasture
species elsewhere. Also, it could provide policy and
decision makers with insights when planning strategies
aiming to improve dairy production in African highlands.

METHODOLOGY
Description of the study areas

The study was conducted in Mufindi (8- 9°S, 30- 36°E), Njombe
(8°8°- 9°8°S, 33°5°-35°8°E) and Rungwe (8°30°- 9°30°S, 33°- 34°E)
districts in Southern highlands, Tanzania. The districts have an
altitude of 1700 to 2200 m above sea level (a.s.l) for Mufindi, 1600
to 1800 m a.s.| for Njombe and 1700 to 2400 m a.s.| for Rungwe.
The highlands climate is humid with rainfall ranging from 1000 to
1600 mm, 1200 to 1600 mm and 2500 to 3500 mm while the mean
annual temperature is 18, 15 and 18°C for Mufindi, Njombe and
Rungwe districts, respectively. The vegetation is characterised by
forests both natural and planted, scattered bushes and temperate
grasslands with well drained acrisols and volcanic soil (pumice),
and mountainous topography (National Bureau of Statistics, NBS
and Njombe District Council, NDC, 2016, 2017; United Republic of
Tanzania, URT, 2018). The main economic activity in the districts is
agriculture which includes both crop -cultivation and animal
husbandry. The districts were selected for the current study due to
their long dairy farming history and presence of Climate-Smart
Dairy Project (CSDP) activities since 2018. Two wards were
selected per district during data collection, namely Igowole and
Mtwango (Mufindi), Ikuna and Kichiwa (Njombe), and Kiwira and
Lufingo (Rungwe) (Figure 1).

Study design and data collection

Stratified random sampling was used to select responding
households and only farmers who were part of the project were
involved. A total of 101 respondents (31% female and 69% males)
were sampled randomly out of 345 individuals who fitted the
sampling criteria. Sixteen farmers were sampled on average from
each ward and an open-ended questionnaire was used to collect
data whereby respondents were asked questions on land
allocation, dairy production, pasture management, pasture
preferences and challenges limiting pastures adoption. Head of
selected household was interviewed most of the time but in their
absence during household visit another household member i.e
spouse was interviewed. Sampled households gave verbal consent
and agreed to participate in the study.

Out of the 101 households surveyed, 38 were deliberately
chosen for soil sampling and analysis with the presumption that
they were dedicated pasture farmers. Since, they had >256 m?
(~0.1 acres) pasture plot and established Brachiaria hybrid cv
Cayman and cv Cobra, as well as P. purpureum cv Ouma and cv
ILRI 16835 at the time of the survey. These improved forage
species were initiated by Climate Smart Dairy Project (Korir et al.,
2021). Soil sampled households were 12 in Mufindi, 15 in Njombe
and 11 in Rungwe. Fertilizer usage and agronomic practices of 38
households were obtained from CSDP extension officers in order to
describe farm management practices. The soil was sampled from
the respective pasture plot using 0.25 m x 0.25 m quadrat and a
soil auger. The quadrat was thrown randomly six times on sampled
plot to identify the sampling spot and a soil auger was used to
collect soil samples at 0 to 20 cm (top-soil) and 21 to 50 cm (sub-
soil) depths. The two depths were selected because top-soil covers
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Figure 1. Map showing selected wards for households’ interview in Southern highlands, Tanzania.

Source: NBS (2012)

the rooting zone of most pasture species, while sub-soil shows
potential soil nutrients which are not available to cultivated pasture.
The sample soil collected from each soil depth was mixed
thoroughly with its counterpart from other sampling spots within the
same pasture plot to obtain a composite sample. About 500 g of
soil was taken from the respective soil depth composite sample,
labelled and sent to the laboratory for analysis.

Upon arrival at the laboratory, respective soil samples were air-
dried at room temperature for one week and were sieved using a 2
mm screen. Soil particle sizes in the respective soil samples were
analysed using hydrometer as per Beretta et al. (2014) procedures.
Soil pH was taken by pH meter in a mixture of soil-water
suspension (1:2.5) and 1 N KCI at ratios 1:2.5. Total nitrogen (TN)
was analysed using the Kjeldahl method as described by Nelson
and Sommer (1982) and available phosphorus (P) was analysed
using Bray methods as described by Okalebo et al. (2002) since
sampled soil was acidic. Atomic Absorption Spectrophotometer was
used to measure exchangeable calcium (Ca”") and magnesium
(Mg") while a flame photometer was used to determine
exchangeable sodium (Na") and potassium (K) concentrations
(Hendershot et al., 1993).

Data analysis

Household interviews and soil data were analysed using the
Statistical Package for Social Sciences (SPSS, version 20 for
Windows) and Statistical Program R (version 4.0.1), respectively.
Household data were coded and categorised into their respective

districts and were analysed for the frequency and mean.
Household’s means and frequencies among the districts were
compared using an independent sample t-test and Pearson Chi-
square test at a 95% confidence interval. Soil pH, TN, available P’
exchangeable cations (K*, Ca®*, Mg" and Na") and particle sizes
(clay, silt and sand) were analysed using ANOVA type Il mixed
effect model: Y = Soil depthgixeqy + Districtrixeay + Soil
depth*DistriCtgieq) + Wardrandsom) + Residual error. Tukey’s method
was used for mean soil parameters comparison between soil
depths and among districts. The differences were declared
significant at p<0.05 and the results were presented as mean +*
standard error (SE). The mean soil pH was categorised according
to Booker Tropical Soil Manual (Landon, 1991). Top-soil fertility was
categorised using the same manual and TN, available P~ and
exchangeable K were used so as to assess soil suitability for
pasture cultivation.

RESULTS
Socio-economic characteristics

Most respondents had formal education (95%) and many
households in Rungwe (74%) compared to Mufindi (37%)
relied on crop cultivation as the primary source of income
while mixed farming was the main source of income in
Njombe (40%). Dairy production was very important for
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Table 1. Household and herd structures (mean) among interviewed households (n=101) in Southern

Highlands, Tanzania.

District

Njombe (n=35)

Rungwe (n=35) Mufindi (n=31)

Household structure (mean number)
Female (0-17 years)

Male (0-17 years)

Female (18-45 years)

Male (18-45 years)

Female (46-60 years)

Male (46-60 years)

Female (>60 years)

Male (>60 years)

Household size

Herd structure (mean number)
Bulls

Cow

Heifer

Steers

Female calves

Male calves

Herd size

1.3 1.6 1.0
1.2 1.2 1.1
0.9 15 0.9
0.7 1.2 0.7
0.3 0.5 0.5
0.3 0.4 0.5
0.1 0.1 0.2
0.1 0.1 0.2
5.0% 6.5° 5.2°
0.3 0.4 0.4
1.4° 2.5° 15°
0.7 1.0 0.8
0.4 0.3 0.2

0.5%° 0.4% 0.9°
0.2? 0.3%° 0.6°
3.5 4.8 4.4

Mean in the same row with different letters were statistically different.

Source: Study

household income in Njombe (66%) and Mufindi (51%)
while most households in Rungwe (74%) thought it was
of moderate importance. There were statistical
differences (p<0.05) in household size among districts
whereby it was larger in Rungwe (6.5 people) compared
to the other two districts. The household structure did not
vary among the districts as shown in Table 1.

Dairy cattle and pasture management

Interviewed households kept improved cattle dairy breeds
(Bos taurus) such as Friesian and Jersey and these cattle
were mostly zero grazed. The number of cows and
calves (both female and male) differed statistically among
districts (p<0.05, Table 1). Rungwe had the highest cow
number (2.5) while it had the lowest number of female
calves (0.4) and the intermediate number of male calves
(0.3) per household compared to the other two districts.
There were statistical differences (p<0.05) in land size
allocated for forage cultivation among districts. Land
allocated for pasture cultivation was bigger in Njombe
(0.45 ha) compared to Rungwe (0.12 ha) and Mufindi
(0.12 ha). Crop cultivated and timber areas also differed
among districts as shown in Figure 2.

The main cultivated improved pasture species were
Brachiaria hybrid cv. Cayman, Brachiaria hybrid cv.
Cobra, P. purpureum cv. Ouma and P. purpureum cv.
ILRI 16835 and Chloris gayana (Rhodes). However,
Brachiaria hybrid varieties were cultivated by most

farmers (75%) in the area and 41% of surveyed farmer
cultivated the combination of Brachiaria (Cayman and
Cobra), ILRI 16835, Ouma and Rhodes. These forage
species were grown as pure stand except for a few
farmers (19%) who intercropped grass with legumes
(Desmodium intortum) or cultivated them with timber or
fruit trees e.g. avocado. According to key informants,
farmers were weeding using hand hoes, used fertilisers in
their pasture plots and harvested forage after about 40
days’ regrowth period.

Respondents preferred improved pasture species
because they resulted in high milk production (31%), had
a high regrowth rate after harvesting (20%) and were
highly palatable, that is, easily eaten by cattle (18%).
Other preferred pasture qualities are presented in Figure
3. Respondents mentioned lack of awareness (62.5%),
planting materials (20.8%) and poor establishment rate
(16.7%) as major challenges that limited wider adoption
of improved pasture species.

It was also observed during household’s interview that
some unfenced pasture plots were grazed and there
were banana weevil (Cosmopolites sordidus) look-alike
beetles (Figure 4) which attacked the roots of Brachiaria
hybrids varieties in Kichiwa ward, Njombe district.

Soil management and condition

There were differences in soil physical and chemical
properties between soil depth and among districts (Table
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Figure 2. Mean land size allocated for pasture, crop and timber production per household in study area in
Southern Highlands, Tanzania.
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Figure 4. Banana weevil (Cosmopolites sordidus) look alike beetles (A) found in soil with affected dead roots of
Brachiaria hybrid varieties (B) in Kichiwa ward, Njombe district.
Source: Study

2). Soil particle size, pH, TN, available P and
exchangeable Na varied with depth whereby sand, TN,
available P and exchangeable Na were higher in top-soil
than sub-soil for Mufindi and Rungwe districts except for
clay and pH which was higher in sub-soil than top soil in
the same districts. Furthermore, the Rungwe district had
lower clay but higher exchangeable K, silt and sand in the
two soil depths compared to Mufindi and Njombe
districts. Soil pH in two soil depths was acidic (soll
pH<5.5) in all districts except for Rungwe which was
medium (5.6 and 5.9 for top and sub-soil, respectively).
Secondary data obtained from the agricultural extension
officer showed that farmers were using a combination of
inorganic (urea) and organic (manure) fertilisers on their
pasture plots.

Soil fertility varied among districts’ top-soil,
exchangeable K was on borderline (0.2 Cmol+/kg) of
medium and low values in Mufindi and Njombe while it
was medium for Rungwe (0.6 Cmol+/kg). Available P was
categorised as adequate for pasture cultivation in Mufindi
(8.7 mg/kg) but it was deficient in Njombe (2.9 mg/kg)
and Rungwe (0.03 mg/kg) while TN was medium (0.2-
0.3%) in all district.

DISCUSSION
Dairy and pasture management

Results showed that farmers in the study area were
keeping improved dairy cattle breeds and were cultivating
improved pasture species. Pasture cultivation among
respondents showed the importance of improved forage
species as feed resources and their potential to meet the
high nutritional requirements of dairy cattle. The dairy
breeds kept e.g. Friesian and Jersey have high milk
yields and selected pasture species could maintain or

improve dairy production in African highlands sustainably
(Maleko et al., 2019; Notenbaert et al., 2020; Hawkins et
al., 2021; Mekonnen et al., 2022). Cows number in the
current study (1.4 to 2.5 per household) was in the lower
end of 1.8 to 6.1 cows per household reported among
smallholder dairy farmers in Tanzania and Ethiopia (Swai
and Karimuribo, 2011; Hailemariam et al., 2022). The
variation between current and former studies is attributed
to levels of household engagement in dairy farming as
was indicated by land allocated for pasture cultivation in
Figure 2. Farmers acknowledge that improved pasture
led to increased milk yield, had high regrowth rate and
were palatable (Figure 3). These selection criteria
indicated good dairy management among respondents
and they are well justified as selected pasture varieties
were bred for high biomass yields and good nutritional
values (Maass et al., 2015; Negawo et al.,, 2017,
Ohmstedt and Mwendia, 2018).

Studied dairy farmers were weeding and harvesting
their forage at 40 days after re-growth which was within
25 to 45 days but shorter than the 60 to 75 days rotation
recommended for improved pasture varieties during rainy
and dry seasons, respectively (Ohmstedt and Mwendia,
2018). The 40 days rotation is explained by the long rainy
period (up to 9 months) in the studied area (Koskikala et
al.,, 2020), hence farmers experienced prolonged rainy
season. It could also be because at the younger stage
pastures are highly digestible and have higher water
soluble carbohydrates to meet the energy requirement of
dairy cattle (Calvache et al., 2020). Some farmers (19%)
were inter-cropping grass legume by mixing D. intortum
with selected pasture varieties. This practice is well
substantiated since D. intortum is compatible with
selected pasture varieties hence reducing possible inter-
species competition for light and soil nutrients (Mwangi
and Wambugu, 2003; Negawo et al., 2017). The lack of
wider grass legume inter-cropping practices in the



Table 2. Soil physical and chemical properties (mean

households (n=38) in Southern Highlands, Tanzania.

Mteta et al.

+ standard error) among selected

Soil depth District

P Mufindi (n=12) Njombe (n=15) Rungwe (n=11)
Clay (%)
Top soil 39.3 +2.1%* 43.4+2.1° 155+2.2°
Sub-soil 453 +2.1*° 478 +2.1° 18.9+2.2°
Silt (%)
Top soil 11.6 + 2.0 8.7 £2.0° 27.9+2.0°
Sub-soil 11.0 + 2.0 9.1+2.0° 26.9 +2.0°
Sand (%)
Top soil 49.3 +1.8%* 479+1.9% 56.8 + 1.9°
Sub-soil 43.8+1.8*° 432+1.9% 54.4 +1.9°
pH
Top soil 54+0.1 52+0.1 5.6 +0.1*
Sub-soil 5.4 +0.1%° 52+0.1% 5.9+0.1"°
Total Nitrogen (%)
Top soil 0.26 + 0.06* 0.16 + 0.06 0.33 +0.06*
Sub-soil 0.20 + 0.06° 0.12 +0.06 0.26 + 0.06°
Phosphorus (mg/kg)
Top soil 87+17* 29+18 0.03+1.8
Sub-soil 22+17° 0.8+1.8 0.04+1.8
Potassium (Cmol+/kg)
Top soil 0.22 +0.05% 0.19 + 0.05% 0.56 + 0.06"
Sub-soil 0.16 + 0.05% 0.15+0.05% 0.60 + 0.06"
Calcium (Cmol+/kg)
Top soil 51+1.7 0.9+ 1.7 3.3+ 1.7
Sub-soil 39+17 0.8+1.7 3.1+1.7
Magnesium (Cmol+/kg)
Top soil 0.6+0.1 0.3+0.1 0.5+0.1
Sub-soil 0.5+0.1 0.2+0.1 0.6+0.1
Sodium (Cmol+/kg)
Top soil 0.03 +0.02 0.04 +0.02 0.08 +0.02*
Sub-soil 0.03 +0.02 0.04 + 0.02 0.04 + 0.02°

Means in the same row and column with different letters and symbols were statistically different.

Source: Study

studied area denied farmers a potential cheap source of

respondents could affect

dairy production

893

the

protein since selected pastures have lower protein than
the amount required by improved dairy cattle breeds
(Salah et al., 2014; Maass et al., 2015; Maleko et al.,
2019). Also, lack of farmers’ awareness, planting
materials, and poor germination as mentioned by

highlands. This is because farmers would have to use
alternative feedstuffs such as agricultural by-products or
crop residues (Asimwe et al., 2015; Criscioni and
Fernandez, 2016). These feedstuffs could increase dairy
production costs or lower productivity which will affect



894 Afr. J. Agric. Res.

farmers’ livelihoods and food security.

Low awareness on existing improved pastures as was
mentioned by 62.5% of respondents is attributed to
inadequate livestock extension service which limits
education and technology transfer to farmers (Cadilhon et
al., 2016; Kilelu et al., 2017). There was upscaling of
pasture cultivation from initial CSDP farmers whilst more
dairy farmers in the area used improved pasture
stems/cuttings to establish their own plots. Lack of
planting materials and poor establishment rate are due to
the recent introduction of selected pasture varieties and
lack of proper pasture seeds supply which forced
adapting farmers to use cuts from established plots as
was also reported by Kizima et al. (2014) and Bhatt et al.
(2020). There is a need to involve private actors in
pasture seeds marketing to ensure technologies transfer
to targeted farmers as was done through dairy innovation
platforms elsewhere in Tanzania (Rao et al., 2019; Twine
et al., 2019).

Improved pasture varieties were attacked by banana
weevil (Cosmopolites sordidus) look-alike beetle in
Kichiwa ward, Njombe district (Figure 4). There have
been reports of banana weevil infestation in Tanzanian
southern highlands before (Nsemwa, 1991; Mwaitulo et
al., 2011) but it is the first time similar species was
noticed affecting forage in the area. Although it was not
mentioned as the major challenge since it was seen in
one district, it was recommend that further studies to
identify it and its life cycle be done before upscaling
susceptible pasture variety in the whole area as there
were no active interventions currently done to effectively
control this pest.

Soil condition

Dairy farmers in this study were using organic and
inorganic fertilizers regularly on their pasture plots. This is
due to high biomass yield and regular pasture harvest
hence the need to replenish utilised soil nutrients.
Exchangeable potassium concentration was higher in
Rungwe top and sub-soil (0.56 and 0.60 Cmol+/kg,
respectively) compared to other districts. The variation is
due to differences in soil types whereas soil in Rungwe
was volcanic (andosols) which is young and rich in
exchangeable potassium (Lubis et al., 2021; Rajmi et al.,
2021) while that in Njombe and Mufindi was acrisols
which are old and weathered (Abera and Wolde-Meskel,
2013). Use of fertilisers could have influenced the soil
particle size and contributed to exchangeable potassium
variations. Njombe and Mufindi had high clay particles
(Table 2) than Rungwe whilst clay is known to bind K
hence render it non-exchangeable or structural (Akbas et
al., 2017; Shakeri and Abtahi, 2018). Also, simultaneous
use of inorganic fertiliser and manure as mentioned by
the extension officer added organic matter which binds K*
to soil and led to K'leaching to sub-soil (Rosolem and

Steiner, 2017; Bader et al., 2021). The results further
reveal that available P in Njombe and Rungwe was <8
mg/kg required to support optimum pasture yield
(Landon, 1991). Therefore, there is a need to investigate
the relation between fertilisers used and available
Phosphate and exchangeable potassium in the studied
areas as they are essential for energy metabolisms in
plants, stress response, nitrogen use and nutrient
transport (Xu et al., 2020; Sardans and Pefiuelas, 2021).
It is also imperative to evaluate on-farm pasture growth
so as to determine the effects of these soil nutrients on
yields.

The observed higher pH in sub-soil (5.9, p<0.05)
compared to top-soil (5.6) in Rungwe could be due to
leaching of exchangeable bases, that is, Na', Mg®, Ca
and K and their subsequent deposition in sub-soil as the
result of heavy rainfalls (2500-3500 mm/year) in the
district. Soil pH was very acidic in Njombe (5.2) and
Mufindi (5.4) which is known to bind phosphates to the
soil, reduce nitrification as the result of arrested bacterial
activities and limit the absorption of some exchangeable
cations which could reduce growth performance (Landon,
1991). It is difficult in the current study to establish clearly
how established pastures were affected by soil pH but
selected pasture varieties are known to be tolerant to
acidic soils (Ohmstedt and Mwendia, 2018). Moreover,
the lack of N, P and K" differences between two soil
depths except for TN in Rungwe showed the presence of
essential plant nutrients in sub-soil which are not utilised.
Farmers can utilise these nutrients by planting deep
rooted fodder trees e.g. Calliandra species which could
provide protein rich feedstuffs (Mwangi and Wambugu,
2003). It seems farmers in the study area are already
aware of this as some of them were cultivating pasture
with other woody plants, that is, timber and avocado
trees. There has been increased changes in land use as
farmers are diversifying their income and engaging in the
cultivation of multiple farm products (Sanga et al., 2021).

Land allocation

Most farmers had set aside less land for pasture
production than for crop and timber production in the
studied area (Figure 2). This could be because of high
productivity of improved pasture species and the small
number of cows per household (Table 1). Also, the
presence of communal grazing areas and the use of crop
residues might have limited land allocated for pasture
production (Rao et al., 2015). In Rungwe, dairy farming
was perceived to be less important as source of
household income probably resulting from low milk prices
which act as a disincentive to adopt forage technologies.
Thus some respondents have switched to other lucrative
ventures such as avocado and timber plantation (Juma et
al., 2019; Kalinga et al., 2019).

Such attitudinal shift in Africa emanate from market



force and increasing number of contract farming schemes
on different cash crops and horticultural products with a
promise to capture export markets (West and Haug,
2017; Ncube, 2020; Nsimbila, 2021). In this regard dairy
farmers must re-establish or strengthen the existing
formal dairy value chain through a dairy marketing hub,
as has been done in eastern and northern Tanzania
(Cadilhon et al., 2016; Kilelu et al., 2017). This could lead
to high economic return and encourage farmers to
increase managerial intensification of their pasture plots
in order to increase dairy productivity.

Conclusion

Farmers were cultivating different improved pasture
varieties and applied fertilizers on their established
pasture plots which were supposed to maintain soil
nutrients. Soil results, indicated that soil conditions were
not sufficient to support optimum pasture production
despite fertilizer uses. Pasture plot sizes were least
compared to areas set for other activities probably and
some farmers mentioned that dairy income was of
moderate importance hence small area was allocated for
pasture. There is a need to promote farmers’ access to
planting materials in order to encourage intensive pasture
management which will enhance food security and
improve livelihoods among smallholder dairy farmers.

CONFLICT OF INTERESTS

International Centre for Tropical Agriculture (CIAT) which
funded this project developed improved pasture varieties
that were assessed in this study.

REFERENCES

Abera G, Wolde-Meskel E (2013). Soil Properties, and Soil Organic
Carbon Stocks of Tropical Andosol under Different Land Uses. Open
Journal of Soil Science 03(03):153-162. Available at:
https://doi.org/10.4236/0jss.2013.33018

Akbas F, Gunal H, Acir N (2017). Spatial variability of soil potassium
and its relationship to land use and parent material. Soil and Water
Research 12:202-211. Available at: https://doi.org/10.17221/32/2016-
SWR

Apolinario VO, Dubeux JB, Lira MA, Mello AL, Santos MF, Muir JP, de
Freitas EV (2017). Nitrogen and Grazing Affect Napier Grass Leaf
Litter Biomass and Decomposition. Agronomy Journal 109:2982-
2987. Available at: https://doi.org/10.2134/AGRONJ2017.06.0308

Asimwe L, Kimambo AE, Laswai GH, Mtenga LA, Weisbjerg MR,
Madsen J, Mushi DE (2015). Growth performance and carcass
characteristics of Tanzania Shorthorn Zebu cattle finished on
molasses or maize grain with rice or maize by-products. Livestock
Science 182:112-117. Available at:
https://doi.org/10.1016/j.livsci.2015.11.001

Bader BR, Taban SK, Fahmi AH, Abood MA, Hamdi GJ (2021).
Potassium availability in soil amended with organic matter and
phosphorous fertiliser under water stress during maize (Zea mays L)
growth. Journal of the Saudi Society of Agricultural Sciences 20:390-
394. Available at: https://doi.org/10.1016/J.JSSAS.2021.04.006

Beretta AN, Silbermann AV, Paladino L, Bassahun D, Musselli R,

Mteta et al. 895

Garcia-lamohte A (2014). Soil texture analyses using a hydrometer:
modification of the Bouyoucos method. Ciencia e Investigacion
Agraria 41:263-271. Available at: https://doi.org/10.4067/S0718-
16202014000200013

Bhatt A, Batista-Silva W, Gallacher DJ, Pompelli MF (2020).
Germination of Cenchrus ciliaris, Pennisetum divisum, and panicum
turgidum is seasonally dependent. Botany 98:449-458. Available at:
https://doi.org/10.1139/cjb-2019-0194

Boote KJ, Adesogan AT, Balehegn M, Duncan A, Muir JP, Jr JCBD,
Rios EF (2022). Fodder development in sub-Saharan Africa: An
introduction. ~ Agronomy  Journal 114:1-7.  Available at:
https://doi.org/10.1002/agj2.20924

Cadilhon JJ, Pham ND, Maass BL (2016). The Tanga Dairy Platform:
Fostering Innovations for more Efficient Dairy Chain Coordination in
Tanzania. International Journal on Food System Dynamics 7:81-91.
Available at: https://doi.org/10.18461/IJFSD.V712.723

Calvache I, Balocchi O, Alonso M, Keim JP, Lépez | (2020). Water-
soluble carbohydrate recovery in pastures of perennial ryegrass
(Lolium perenne |.) and pasture brome (bromus valdivianus phil.)
under two defoliation frequencies determined by thermal time.
Agriculture 10:1-12. Available at:
https://doi.org/10.3390/agriculture10110563

CIAT (2017). Climate-smart Dairy Systems in East Africa through
Improved Forage and Feeding Strategies | CIAT [WWW Document].
CIAT | The International Center for Tropical Agriculture. Available
at:https://ciat.cgiar.org/ciat-projects/climate-smart-dairy-systems-in-
east-africa-through-improved-forage-and-feeding-strategies/

Criscioni P, Fernandez C (2016). Effect of rice bran as a replacement
for oat grain in energy and nitrogen balance, methane emissions, and
milk performance of Murciano-Granadina goats. Available at:
https://doi.org/10.3168/jds.2015-9472

Ekpa O, Palacios-rojas N, Kruseman G, Fogliano V, Linnemann AR
(2019). Sub-Saharan African maize-based foods-processing
practices, challenges and opportunities. Food Reviews International
35(7):609-639. Available at:
https://doi.org/10.1080/87559129.2019.1588290

Food and Agriculture Organizatio (FAO) (2010). Status and Prospects
for Smallholder Milk Production A Global Perspective. Rome, Italy.

Hailemariam SE, Tezera BT, Engidashet DH (2022). Husbandry
practices and constraints of smallholder dairy production in Dilla
Zuriya district, Gedeo Zone, Ethiopia. Heliyon 8(3):e09151. Available
at: https://doi.org/10.1016/J.HELIYON.2022.E09151

Hawkins J, Yesuf G, Zijlstra M, Schoneveld GC, Rufino MC (2021).
Feeding efficiency gains can increase the greenhouse gas mitigation
potential of the Tanzanian dairy sector. Scientific Reports 11(1):1-5.
Available at: https://doi.org/10.1038/s41598-021-83475-8

Hendershot WH, Lalande H, Duquette M (1993). Soil Reaction and
Exchangeable Acidity, in: Carter, M.R. (Ed.), Soil Sampling and
Methods of Analysis. Lewis Publishers, Boca Raton pp. 141-145.

Juma |, Fors H, Hovmalm HP, Nyomora A, Fatih M, Geleta M, Carlsson
AS, Ortiz RO (2019). Avocado Production and Local Trade in the
Southern Highlands of Tanzania: A Case of an Emerging Trade
Commodity from Horticulture. Agronomy 9:749. Available at:
https://doi.org/10.3390/AGRONOMY9110749

Kalinga AS, Kangalawe RYM, Lyimo JG (2019). Drivers of Livelihoods
Diversification in Rungwe District. J. Sustain. Dev. 12, 86. Available
at: https://doi.org/10.5539/jsd.v12n4p86

Kilelu C, Klerkx L, Omore A, Baltenweck I, Leeuwis C, Githinji J (2017).
Value Chain Upgrading and the Inclusion of Smallholders in Markets:
Reflections on Contributions of Multi-Stakeholder Processes in Dairy
Development in Tanzania. European Journal of Development
Research 29:1102-1121. Available at:
https://doi.org/10.1057/S41287-016-0074-Z/TABLES/3

Kizima JB, Mtengeti EJ, Nchimbi-Msolla S (2014). Seed yield and
vegetation characteristics of Cenchrus Ciliaris as influenced by
fertilizer levels, row spacing, cutting height and season. Livestock
Research for Rural Development 26(8):148.

Korir J, Ordoéfiez L, Hoogenboom G, Boote K, Birthe P, Nyawira SS
(2021). Simulating forage yields and soil organic carbon under
Brachiaria hybrid cv. Cayman in Tanzania with the CROPGRO
perennial forage model. CIAT Publication.

Koskikala J, Kisanga D, Kayhkoé N (2020). Biophysical regions of the



896 Afr. J. Agric. Res.

Southern Highlands, Tanzania: regionalization in a data scarce
environment with open geospatial data and statistical methods.
Journal of Maps 16:376-387. Available at:
https://doi.org/10.1080/17445647.2020.1761061

Landon JR (1991). Booker Tropical Soil Manual: A Handbook for Soil
Survey and Agricultural Land Evaluation in the Tropics and
Subtropics, 2nd ed. Routledge, New York and London.

Lubis RL, Juniarti, Rajmi SL, Armer AN, Hidayat FR, Zulhakim H,
Yulanda N, Syukri IF, Fiantis D (2021). Chemical Properties of
Volcanic Soil After 10 Years of the Eruption of Mt. Sinabung (North
Sumatera, Indonesia). InlIOP Conference Series: Earth and
Environmental Science 757(1):012043. IOP Publishing. Available at:
https://doi.org/10.1088/1755-1315/757/1/012043

Maass BL, Midega CA, Mutimura M, Rahetlah VB, Salgado P, Kabirizi
JM, Khan ZR, Ghimire SR, Rao IM (2015). Homecoming of
Brachiaria: Improved Hybrids Prove Useful for African Animal
Agriculture. East African Agricultural and Forestry Journal 81:71-78.
Available at: https://doi.org/10.1080/00128325.2015.1041263

Maleko D, Mwilawa A, Msalya G, Pasape L, Mtei K (2019). Forage
growth, yield and nutritional characteristics of four varieties of napier
grass (Pennisetum purpureum Schumach) in the west Usambara
highlands. Tanzania. Scientific African 6:00214. Available at:
https://doi.org/10.1016/j.sciaf.2019.e00214

Mekonnen K, Bezabih M, Thorne P, Gebreyes MG, Hammond J, Adie A
(2022). Feed and forage development in mixed crop—livestock
systems of the Ethiopian highlands: Africa RISING project research
experience. Journal of Agronomy 114:46-62. Available at:
https://doi.org/10.1002/AGJ2.20853

Michael S, Mbwambo N, Mruttu H, Dotto MM, Ndomba C, Da Silva M,
Makusaro F, Nandonde S, Crispin J, Shapiro B, Desta S, Nigussie K,
Negassa A, Gebru G (2018). Tanzania livestock master plan. Nairobi,
Kenya.

Mutimura M, Everson T (2012). On-farm evaluation of improved
Brachiaria grasses in low rainfall and aluminium toxicity prone areas
of Rwanda. International Journal of Biodiversity and Conservation
4:137-154. Available at: https://doi.org/10.5897/1JBC10.121

Mwaitulo S, Haukeland S, Seethre MG, Laudisoit A, Maerere AP (2011).
First report of entomopathogenic nematodes from Tanzania and their
virulence against larvae and adults of the banana weevil
Cosmopolites sordidus (Coleoptera: Curculionidae). International
Journal of Tropical Insect Science 31(3):154-161. Available at:
https://doi.org/10.1017/S1742758411000294

Mwangi DM, Wambugu C, (2003). Adoption of forage legumes: The
case of Desmodium intortum and Calliandra calothyrsus in central
Kenya. Mwangi DM, Wambugu C. Adoption of forage legumes: the
case of Desmodium intortum and Calliandra calothyrsus in central
Kenya. Tropical Grasslands 37(4):227-238.

Nazli MH, Halim RA, Abdullah AM, Hussin G, Samsudin AA (2018).
Potential of feeding beef cattle with whole corn crop silage and rice
straw in Malaysia. Tropical Animal Health and Production 50(5):1119-
1124. Available at: https://doi.org/10.1007/s11250-018-1538-2

National Bureau of Statistics (NBS) (2012). Shapefiles — Level one and
two. www.nbs.go.tz

National Bureau of Statistics (NBS), Njombe District Council (NDC)
(2016). Njombe District Socio-economic Profile.
https://njombedc.go.tz/storage/app/media/uploaded-
files/Njombe%20DC%20S.E.%20Profile.pdf

National Bureau of Statistics (NBS), Njombe District Council (NDC)
(2017). Rungwe District Council:  Socio-Econimic  Profile.
https://rungwedc.go.tz/storage/app/media/uploaded-files/rungwe-dc-
profile.pdf

Ncube D (2020). The Importance of Contract Farming to Small-scale
Farmers in Africa and the Implications for Policy: A Review Scenario.
The Open Agriculture  Journal 14(1). Available at:
https://doi.org/10.2174/1874331502014010059

Negawo AT, Teshome A, Kumar A, Hanson J, Jones CS (2017).
Opportunities  for Napier Grass (Pennisetum  purpureum)
Improvement Using Molecular Genetics. Agronomy 7:28. Available
at: https://doi.org/10.3390/AGRONOMY7020028

Nelson DW, Sommer LE (1982). Total Carbon, Organic Carbon and
Organic Matter. Methods of Soil Analysis, Part 2. Chemical and
Microbiological Properties, 2nd ed. ASA-SSSA, Madison.

Notenbaert A, Groot JCJ, Herrero M, Birnholz C, Paul BK, Pfeifer C,
Fraval S, Lannerstad M, McFadzean JN, Dungait JAJ, Morris J, Ran
Y, Barron J, Tittonell P (2020). Towards environmentally sound
intensification pathways for dairy development in the Tanga region of
Tanzania. Regional Environmental Change 20(4):1-4. Available at:
https://doi.org/10.1007/S10113-020-01723-5/FIGURES/2

Nsemwa LTH (1991). Problems of banana weevil and nematodes in the
Southern Highlands of Tanzania. Fruits 46:541-542.

Nsimbila PM (2021). Determinants of Contract Farming Adoption and its
Impact on Productivity of Smallholder Cotton Producers in Tanzania.
International Journal of Social and Administrative Sciences 6(2):55-
69. Available at:
https://doi.org/10.18488/JOURNAL.136.2021.62.55.69

Ohmstedt U, Mwendia S (2018). Tropical Forages Factsheets, CIAT.
International Center for Tropical Agriculture (CIAT). Cali. CO. 11 p.

Okalebo JR, Gathua KW, Woomer PL (2002). Laboratory Methods for
Soil and Plant Analysis: A Working Manual. TSBF, Nairobi, Kenya.

Rajmi SL, Gusnidar G, Lubis RL, Ginting FI, Hidayat FR, Zulhakim H,
Armer AN, Yulanda N, Syukri IF, Fiantis D (2021). Improving Volcanic
Soil Chemistry after the Eruption of Mt. Sinabung, North Sumatera in
2020. In IOP Conference Series: Earth and Environmental Science
757(1):012042. I0P Publishing. Available at:
https://doi.org/10.1088/1755-1315/757/1/012042

Rao EJO, Mtimet N, Twine E, Baltenweck |, Omore A (2019). Farmers’
preference for bundled input—output markets and implications for
adapted dairy hubs in Tanzania-A choice experiment. Agribusiness
35:358-373. Available at: https://doi.org/10.1002/AGR.21565

Rao IM, Peters M, Castro A, Schultze-Kraft R, White D, Fisher M, Miles
JW, Lascano Aguilar CE, Blummel M, Bungenstab DJ, Tapasco J
(2015). LivestockPlus: The sustainable intensification of forage-based
agricultural systems to improve livelihoods and ecosystem services in
the tropics. CIAT Publication. Available at:
https://hdl.handle.net/10568/68840

Rosolem CA, Steiner F (2017). Effects of soil texture and rates of K
input on potassium balance in tropical soil. European Journal of Soil
Science 68(5):658-666. Available at:
https://doi.org/10.1111/EJSS.12460

Ruvuga PR, Wredle E, Nyberg G, Hussein RA, Masao CA, Selemani IS,
Sangeda AZ, Krongvist C (2021). Evaluation of rangeland condition
in miombo woodlands in eastern Tanzania in relation to season and
distance from settlements. Journal of Environmental Management
290:112635. Available at:
https://doi.org/10.1016/j.jenvman.2021.112635

Salah N, Sauvant D, Archimede H, (2014). Nutritional requirements of
sheep, goats and cattle in warm climates: A meta-analysis. Animal
8:1439-1447. Available at:
https://doi.org/10.1017/S1751731114001153

Sanga F, Liwenga ET, Haulle E (2021). Land-use Dynamics in Lupila
Ward of Makete District in Southern Highlands of Tanzania: Journal
of Land and Rural Studies 10(1):124-144. Available at:
https://doi.org/10.1177/23210249211051117 10, 124-144.

Sardans J, Pefiuelas J (2021). Potassium control of plant functions:
Ecological and agricultural implications. Plants 10(2):419. Available
at:  https://doi.org/10.3390/plants10020419

Shakeri S, Abtahi SA (2018). Potassium forms in calcareous soils as
affected by clay minerals and soil development in Kohgiluyeh and
Boyer-Ahmad Province, Southwest Iran. Journal of Arid Land
10(2):217-232. Available at: https://doi.org/10.1007/S40333-018-
0052-8

Swai ES, Karimuribo ED (2011). Smallholder dairy farming in Tanzania:
Current profiles and prospects for development. Outlook on
Agriculture 40(1):21-7.

Twine EE, Rao EJO, Baltenweck I, Omore AO (2019). Are Technology
Adoption and Collective Action Important in Accessing Credit?
Evidence from Milk Producers in Tanzania. The European Journal of
Development Research 31(3):388-412. Available at:
https://doi.org/10.1057/S41287-018-0158-Z/TABLES/7

United Republic of Tanzania (URT) (2018). Mufindi District Council Five
Years Strategic Plan 2016/2017-2020/2021.

Wei M, Chen L, Lian XM, Chen ZQ, Yan PS (2018). Energy and protein
requirements for maintenance of Southern Yellow cattle fed a corn
silage or straw-based diet. Livestock Science 207:75-82.



West JJ, Haug R (2017). The vulnerability and resilience of smallholder-
inclusive agricultural investments in Tanzania. Journal of Eastern
African Studies 11(4):670-691. Available at:
https://doi.org/10.1080/17531055.2017.1367994 11, 670-691.

Xu X, Du X, Wang F, Sha J, Chen Q, Tian G, Zhu Z, Ge S, Jiang Y
(2020). Effects of Potassium Levels on Plant Growth, Accumulation
and Distribution of Carbon, and Nitrate Metabolism in Apple Dwarf
Rootstock Seedlings. Frontiers in Plant Science 11:904. Available at:
https://doi.org/10.3389/FPLS.2020.00904/BIBTEX

Mteta et al.

897



