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A semistructured questionnaire based on the commodity system assessment methodology (CSAM) was used to determine
postharvest losses in vegetable amaranths (VA). Fifty producers and retailers were randomly selected from five and four major
VA producing areas and markets, respectively, and interviewed. Data obtained were subjected to descriptive statistical analyses.
The survey revealed that absence of laws, regulation, incentives, and inadequate technical information affected the production of
VA. The utmost preproduction challenge was poor quality seeds with poor seed yield (35%), low viability (19%), and nontrueness
(46%). It was noted that some cultural practices including planting pattern and density, irrigation, and fertiliser use had effects on
postharvest losses. Some postharvest practices used were cleaning with water, trimming, sorting, and grading. Usually the produce
was transported to marketing centers by cars and motor cycle trailers. Generally poor temperature management after harvest was
a big challenge for the postharvest handling of VA. The potential of vegetable amaranths as a commodity in the study area can
be enhanced by providing the necessary institutional support, incentives, and use of good management practices along the value
chain. An interdisciplinary approach and quantification of losses along the chain are recommended for any future study.

1. Introduction

In Ghana, it is estimated that about 20-50% of vegetables
produced are lost due to preharvest and postharvest factors,
including cultural practices (e.g., fertilisation, water supply,
and harvesting method) and poor postharvest handling [1, 2].
In developing countries (e.g., Benin), postharvest losses in
vegetable amaranths can be as a high as 79-89.5% due to
damage and decay [3, 4] resulting from poor handling and
storage facilities [5].

Commodity systems assessment methodology (CSAM) is
a postharvest loss assessment procedure that was originally
developed and modified over years [6, 7]. This method
evolved as a result of the perceived need for a systematic
approach to identify, prioritize, and resolve postharvest
problems from planning to product distribution to ensure
that all factors affecting a given commodity are considered
along the value chain. The CSAM covers two major aspects
of the value chain, preharvest (preproduction and produc-
tion) and postharvest (harvesting and marketing) [6, 7].

An important feature of this methodology is that, with 26
components (Figure 1), it permits an analysis of a whole
commodity system, thus facilitating the identification and
prioritization of problems throughout the system. The CSAM
was employed to assess postharvest losses of about 16 crops
including leafy vegetables in South Asia (India) and sub-
Saharan Africa (Benin, Ghana, and Rwanda) and for other
crops worldwide as a first step towards the reduction of food
losses and improve the efficiency and productivity of the
value chain of these commodities [7, 8].

Amaranths (Amaranthus spp. L.) are widely grown in the
tropics as one of the most important leafy vegetables in the
lowlands of Africa and Asia but have a short postharvest
shelf life of 1-2 days [9]. Grubben and Denton [10] noted the
economic value of amaranths as the main African leafy veg-
etable ranking high in terms of quantity and area under cul-
tivation. They are recognized as an easy-to-grow, extremely
productive, and nutritious vegetable and probably the highest
yielding leafy vegetable in the tropics. The protein, vitamin
A, vitamin C, calcium, iron, and zinc content in the leaves
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F1GUre 1: Components of the CSAM [6, 7].

per 100 g edible portion are 3.2-4.6 g, 1.7-5.7 mg, 36-64 mg,
270-582mg, 2.4-8.9mg, and 0.7-1.5mg, respectively [11].
Their excellent nutritional values make them important for
human nutrition, both in rural areas for home consumption
and as cheap green vegetable in cities [10]. It was also noted
by Osei-Kwarteng et al. [12] as the indigenous leafy vegetable
(ILV) with the highest market share in Tamale metropolitan
area. The above qualities enhance their potential for nutrition
sensitive agriculture and therefore the need for systematic
analysis of the postharvest losses of vegetable amaranths.
Moreover, ILVs that are adapted to the agroecological zones
of Northern Ghana are to be promoted towards food secu-
rity, eradication of malnutrition, and poverty reduction. A
simplified survey was conducted to assess the contribution of
the preproduction, production, postharvest, and marketing
activities on the postharvest losses of vegetable amaranths.
The output from the CSAM will synthesize information
which can be used to improve the value chain of vegetable
amaranths and food security in the study area.

2. Material and Methods

The survey was conducted in Tamale (Figure 2), the northern
regional capital of Ghana, which lies between latitude 9°15'
and 9°05'N and longitude 0°45" and 1°0'W and at an altitude
of 185 m above sea level and its suburban areas. The investiga-
tion was conducted between May and June 2012. Two separate
semistructured questionnaires based on the components of
the commodity systems assessment methodology [CSAM,
[6]] were used in interviewing 50 producers and 50 retailers
of vegetable amaranths. Simple random sampling technique
[13] was used in selecting the respondents for the sur-
vey. This study concentrated on preharvest (preproduction
and production) and postharvest (postharvest handling and

International Journal of Agronomy

marketing) components of the CSAM for the assessment
of losses in vegetable amaranth production. The selected
respondents were from five major vegetable producing areas
(Datoyili, Bulpiela, Gumbihini, Manguli, and Sangani) and
four major markets (Tamale Central, Lamashegu, Kukuo, and
Aboabo markets; Figure 2).

Some of the issues considered in the survey instrument
were (i) preproduction: relative importance of the crop, gov-
ernmental policies, relevant institutions, facilitating services,
producer/shipper organizations, environmental conditions,
and availability of planting materials; (ii) production: farmers’
general cultural practices, pest and diseases, preharvest treat-
ments, and production cost; and (iii) postharvest: harvest,
grading, sorting and inspection, postharvest treatments,
packaging, cooling, storage, transport, delay or waiting,
agroprocessing, market intermediaries, market information,
consumer demand, and exports. However the study did not
quantify the losses within the product value chain.

Data obtained from the survey were subjected to descrip-
tive statistical analyses using the Statistical Package for Social
Sciences (version 17.0) software.

3. Results and Discussion

3.1. Preproduction. Vegetable amaranth is the most cultivated
indigenous vegetable in Tamale metropolitan area as reported
by Osei-Kwarteng et al. [12]. The reasons why producers
cultivated vegetable amaranths included high demand (33%),
high profit (32%), low initial capital (25%), and fast growth
(20%). The importance of the crop is further deepened by
its relative contribution to the local diet and livelihoods of
the people. These are corroborated by the report of Ngugi et
al. [14] which stated that, in urban centers in Kenya, there is
high demand for African indigenous vegetables (AIVs) due
to their nutritional and medicinal values.

The survey noted the nonexistence of laws, regulation, or
incentives supporting the production of vegetable amaranths
due to the fact that (1) they are relatively less important
in the crop production system in Ghana and consequently
ignored by development and government agencies [15], (2)
there is less research focus [15], and (3) information on the
quantities cultivated and their urban demand structure is
inadequate [16, 17] since they are minor crops that contribute
little to the livelihoods and nutrition of people. Shackleton
et al. [18] reported that policies on ALVs are absent or
weak in sub-Saharan Africa (SSA) countries because they
are a subset of agricultural crops and are considered under
general agricultural policies. They can only have specific
policy considerations when their advantages are evident by
numerous research [18]. Hence, it is not surprising to find
an absence of policy on vegetable amaranths in Ghana in
spite of their high market share among the indigenous leafy
vegetables in the Tamale metropolitan area [12]. Moreover,
relevant government and nongovernment agencies work on
major mandated crops or principal fruits and vegetables such
as tomatoes, pepper, onions, okra, and eggplant. A review
on the food and agriculture policies in Ghana a decade ago
confirmed lack of comprehensive national policy document
on underutilized plant species including amaranths [19].
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FIGURE 2: Map of Tamale metropolitan area showing major vegetable producing areas and markets.

However, the study showed that the support from nongovern-
mental organizations (NGOs) is noteworthy as producers
(24%) cited the German Technical Service (GIZ) for tech-
nical support whiles less of that came from the Ministry
of Food and Agriculture (4%). In the Upper East Region
(Bongo district), the World Vision International provided
extension support for indigenous leafy vegetables (ILVs)
production while Adventist Development and Relief Agency
(ADRA), Catholic Diocese and Action Aid Ghana, supported
infrastructure development (dams) for the production of
ILVs including vegetable amaranths [15]. TRAX Ghana also
trained ILV's farmers in the Bongo district on soil and water
conservation technologies [15]. The support given by the
NGOs is based on the importance (commercial potential) of
ILVs including amaranths to the livelihoods of the people in
the communities.

Results from the investigation also indicated that pro-
ducers obtained seeds from either the local market (35%)
or their own farms (65%). However, it was noted that the
quality of the seeds was not reliable due to poor seed yield
(35%), low viability (19%), and being not true to type (46%).

Similarly, in Upper East Region 10-80% of the farmers
obtained seeds for ILVs including amaranths from the market
[15] and our findings on amaranth seeds corroborate their
observation. Hence farmers suggested that the availability
of quality seeds will moderate this challenge. The source
of seeds for amaranth production affirms the existence of
two parallel seed systems in Ghana (traditional/informal
and formal) [20]. Absence of improved and standard seeds
for ILVs including amaranths was also observed in the
South African Development Community region (Tanzania,
Zambia, and Botswana) [17] and Kenya [21]. Generally, the
nonexistence of improved seeds for the cultivation of African
ILVs is a major challenge to the broad production of ILVs in
Africa including Ghana, as farmers use their own seed from
unselected planting materials mostly without any quality
and standard criteria and technical supervision [20, 21].
Additionally, farmers own and purchased seeds which may be
poorly handled at storage and consequently affect the vigour
and germination percentage [20]. These seed constraints
indicate the need for research and improvement of seed
sources or delivery system [19] for vegetable amaranths.



The environmental and other constraints that were rec-
ognized by the producers as affecting the quality of their
produce included insect damage (48%), water shortage (6%),
low soil fertility (18%), and low yields (28%). Producers
could not identify the type of insect pest that damaged their
produce but reported holes in the leaves which reduced the
quality of leaves. ILVs are reported to be tolerant to local pest
and disease [22] and in Southeast Asia [23] amaranths are also
noted to have no serious insect pest, disease, and nematodes
[24] attack. However, there is an expected pest build-up in hot
and humid climates when an intensive monoculture is regu-
larly practiced [18]. Moreover, in some West African coun-
tries insect pests and disease have been found on amaranths
[23]. Hence in regular production, producers must practice
safe and effective integrated pest management methods [22]
before or after production to reduce postharvest loses. An
avoidable loss of 20% in vegetable amaranths was estimated in
Kenya as caused by insect pests [22]. Inadequate water supply
during production induces flowering and reduces the leave
yield in vegetable amaranth [25]. Vegetable amaranths do best
on fertile well-drained deep soils although they are adapted to
a variety of soils including marginal soils [25].

3.2. Production. The study revealed that all the producers
were conversant with production practices that affect produce
quality. They listed planting density and pattern, weed, pest
and disease control, irrigation, and fertiliser use as familiar
practices. They also observed insect pests that made holes in
the leaves. This knowledge is based on the experience gained
over the years. Conversely, they could not identify viral and
fungal infections. Previous reports on the postharvest losses
of 16 commodities including leafy vegetables showed that
farmers used some production practices that increased the
challenges of postharvest quality and losses of these crops
[26]. Vegetable amaranths are usually grown commercially
as a sole crop and intercropped with food crops in home
gardens [27]. Most farmers plant at a density of 180 plants/m?
for single harvest by uprooting the whole plant but a plant
density of 100 plts/m? is strategic for good quality produce. If
the desire is several harvests during the season then vegetable
amaranths should be planted at 20 plts/m? [27]. Generally
good cultural practices specific for vegetable amaranths
are recommended for good quality produce at harvest for
immediate consumption or further handling.

Ninety-two percent (92%) of the producers harvested
themselves in the morning by cutting with sharp knives or
by uprooting. Harvesting with sharp knives avoids severe
abrasions or bruises that occur with blunt knives which
opens up entry points for microorganisms and hastens the
rate of produce decay [7] while physical damage causes 3-
4 times more moisture loss than undamaged produce [8].
Other types of equipment used during harvesting include
baskets, basins, sacks, and fiber and fertiliser bags. Majority
of farmers (54%) used the number of nodes and branches as
an indicator of maturity. Additional determinants of maturity
were plant height (27%) and canopy spread (19%). Vegetable
amaranths can be harvested between 30 and 55 days after
sowing at a height of 60 cm when leaves are young and slender
[25]. Harvesting at the right physiological age prevents the
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rapid loss of quality of the produce, since at the appropriate
harvest maturity, leaves are less prone to moisture loss and
subsequent wilting [8]. Leafy vegetables harvested at early
hours (0400 hrs) and late hours (2000 hrs) contained higher
water potential which reduces the rate of water loss. More-
over, produce harvested late in the day has high sugar levels
due to the photosynthesis in the day [8]. At late harvesting,
leafy vegetables become fibrous and lose their tenderness [7].
Poor packaging materials such as baskets, basins, and sacks
easily make the produce prone to damage from bruises and
further allow entry of microorganism during transport and
storage. Additionally, leafy vegetables are easily stressed in
such packaging material during storage and transport [7].

3.3. Postharvest. 'The postharvest practices used by farmers
were cleaning (66%), trimming (34%), and cooling either
under shady trees in the ambient air (25%) or with cool
water (75%) at ambient temperature. The problem with
cooling under ambient air conditions is that temperature
increases within the piled produce with time. In this case,
the respiration rate of the piled produce increases resulting
in water and weight loss and thus reduces the market value
[8]. Cooling of produce is done immediately after harvest
on farms. Two basins of cool water are used for washing the
produce after harvesting; roots are washed in the first basin
and the harvested shoots are washed in the second basin.
Subsequently cool water is sprinkled on the day’s harvest and
stacked in containers for transportation. Washing all produce
in the same basin may contaminate the produce with soil
or plant pathogens which will facilitate postharvest diseases
[8]; hence for good sanitation practices, produce should be
washed in clean water. At the market, produce is also cooled
again by sprinkling water on display. Unsold produce is
also sprinkled with water to maintain the freshness for the
next day. In spite of the above cooling practices, stacking
or piling of produce in containers (woven baskets and
pans) during transport or storage renders the whole practice
ineffective. Temperature management after harvesting is to
avoid a high ambient temperature which reduces the quality
of produce and the market value after harvest [8]. The high
mean day time temperatures (28-43°C [28]) of the Tamale
metropolitan area demand a good cooling system for the
harvested produce.

Retailers stored produce in their stalls, while producers
stored produce either at shady places (46%) or in their
kitchen or hut (54%) at ambient temperature. In these storage
situations the produce experiences fluctuating temperature
which affects the stability of the quality and acceptability of
the produce by the consumers. Freshly harvested vegetable
amaranths can be maintained at a temperature of 0-2°C
and relative humidity of 95-100% for 14 days [29]. Vegetable
amaranths packaged under modified atmospheric conditions
(active bags) and stored at 5°C at 75% relative humidity could
be stored for 23 days with about 55% retention of ascorbic acid
compared to the control sample stored at room temperature
(25°C) [5].

Middlemen transports produce by using cars (57%) and
motorcycle trailers (motor king in Ghana; 43%). Produc-
ers transports produce by either head porting (34%) or



International Journal of Agronomy

motorcycle trailers (65%). During transport fresh produce is
stressed by packing them tightly so as to have more room for
more produce. Nevertheless the atmospheric conditions (e.g.,
high temperature and low relative humidity) during transport
also increases the respiration rates which result in weight loss
of the produce as tissues lose turgor and succulence [30].

Delay in transporting produce to marketing centers can
be at least 2 hours (43%) and a maximum of 6 hours
(36%). Fifty-eight percent (58%) of middlemen registered
delay in transportation. Delays were attributed to vehicular
breakdown (30%), heavy rains (16%), and sheer delay by
drivers, retailers, and producers (54%). Because harvested
produce are transported under high ambient temperatures
and also piled, such delays are to be avoided.

Retailers were very particular about grading and sorting
in the market for better pricing. This indicates that the
consumers are not only particular about price but also
some standard for quality produce [7]. Thirty-two percent
of retailers stated the inadequacy of labour for grading and
sorting when they have large volumes of produce, while
68% did not see that as a problem because they are sorted
and graded by themselves. Few (6%) of handlers (6%) are
well trained in sorting and grading but the retailers first
demonstrate how their hired labour should do the activity.

There was no processing method for harvested produce
other than the drying and grinding of dried leaves in the
study area. Drying is not mostly done because consumers
have preference for fresh produce for their soups and sauces.
All actors emphasized the urgent need for simple innovative
agroprocessing methods during the glut period. Traditional
drying in the sun can be improved by using affordable
solar drying methods which avoid possible incomplete or
uneven drying that allows microbial growth and prevents
loss of nutritional quality (vitamins and minerals) [30, 31].
Processing freshly harvested vegetable amaranths can reduce
postharvest losses of about 20-50% within the value chain
[31]. Processing methods such as solar drying and freeze
drying are recommended for the upgrading of vegetable
amaranths into supermarkets in Tamale.

Twenty percent of retailers indicated that they are able to
handle produce for 2 days while the majority (80%) can do
so in a day because of the perishable nature of the amaranth
leaves. Vegetable amaranths displayed in the market have
a short postharvest shelf life due to the hot environmental
conditions and no cooling facilities.

Packaging materials for transport and storage of produce
are basins (30%), baskets (28%), polyethylene bags (26%), and
sacks (16%) which are not highly conducive for the purpose.
Therefore the need for an appropriate packaging material will
protect the produce from damage, preserve the quality, and
enable good ventilation to avoid the accumulation of heat
and/or unwanted gases in the produce [29].

3.4. Marketing. Seventy-six percent of retailers indicated that
producers set prices at the beginning of the production period
to ensure that price per unit weight is similar throughout
the production area. This implies that producers are well
organized and take decisions that make them benefit from
their produce. Producers do not have any formal means of

getting market information other than visiting the markets
themselves. However, they are mostly informed on trends
and consumer demand in the market by the retailers and
middlemen who mostly come to their farms to harvest
purchased plots or harvestable produce. Retailers also decide
on market prices from the prevailing farm gate price.

Retailers (64%) indicated that consumers preferred the
produce bundled while 36% desired loosely packed portions.
Out of the retailers who indicated consumer preference for
bundled produce, 52% observed that consumers normally
like smaller bundle sizes compared to 48% who like bigger
bundles. Fresh dark green leaves were much preferred.
The smaller bundle sized produce is mostly for home or
household use while the bigger bundle sized produce is for
commercial cooking purposes. Bigger bundle sized produce
is more prone to postharvest losses as there is less air
circulation within the produce because it is mostly piled in
basins or baskets during sales.

Almost all retailers (98%) expressed unmet demand and
oversupply of produce in some occasions. Unmet demands
occurred during the dry season when produce is scarce due to
water shortage (33%) and pest and diseases (35%). Thirty-two
percent of retailers had excess supply of the produce in the wet
season resulting in cheaper farm gate prices but maintained
their prices and rather increased the size of the bundles for
the same price. This suggests the need to process into other
forms to avoid losses in the wet season. Consumers rather
looked out for high quality produce (undamaged and dark
green) during the wet seasonal glut. Producers confirmed
that amaranth leaves are not exported; as such there is no
existing regulation on its trade. Producers, marketers, and
consumers of vegetable amaranths wished that there could be
simple postharvest treatments. Nevertheless, they preferred
nonchemical and inexpensive treatments.

4. Conclusion

The study assessed the contribution of current practices on
postharvest losses of vegetables amaranths using a commod-
ity system assessment methodology in the Tamale metropolis,
Ghana. Our investigation revealed absence of laws, regu-
lation, and incentives for vegetable amaranth production.
There is also deficiency in quality seed for production since
seeds are mostly obtained from the producer’s field and open
markets and not subjected to any standard quality criteria.
Producers had a fair understanding of the influence of some
cultural practices (e.g., planting pattern and density, weed,
pest and disease control, irrigation, and fertiliser use) on
postharvest losses. Further, produce is transported at ambient
temperature to market centers by cars or motorcycle trailers.
Retailers are particular in grading and sorting of the produce
to enhance pricing.

There are observed challenges at all stages of the product
chain and the potential of vegetable amaranths as a com-
modity in the study area can be enhanced by providing the
necessary institutional support and incentives. This work
provides first-hand information for development planners
and government and nongovernment institutions that are
seeking to improve a popular indigenous leafy vegetable in



urban communities such as the Tamale metropolitan area.
Finally, the quantification of losses at each level of the chain
is recommended.
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