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Abstract: In Ethiopia, potato is one of the most economically significant crops since they are a source of both food and
income, coupled with relatively short growing season, and widely adaptable and cultivated tuber crops. Many studies carried
out in the country shows that the low tuber yield of potato is due to inadequate and blanket fertilizer applications, particularly
recently introduced blended fertilizers, and improper variety selection for various agro-ecological zones. Due to genotypic
diversity, potato yield differed between locations and seasons as well as in response to the rates at which blended fertilizers
were applied. Improved potato varieties produced the highest tuber yield as compared to local cultivars due to genetic variation
in nutrient utilization and their tolerance to late blight disease, one of the most common potato diseases. The potato is a high
nutrient feeder that uses a substantial amount of nutrients per unit of time due to its shallow and underdeveloped root systems.
In all parts of the country, increasing the rate at which blended fertilizers like NPS, NPSB, and NPSZnB are applied can
maximize potato production. Nonetheless, the majority of farmers are understood the importance using fertilizers and planting
improved varieties can have on yields. However, because of high cost of fertilizers, they do not use it as a recommendation,
and they do not use varieties that are appropriate for their regions and the seasons. Therefore, the application of optimum
fertilizer and use of improved varieties can maximize the production of potato for smallholder farmers to make their food
security sustainable.
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about 70% of the arable land of the country [41]. However,
currently productivity of potato is very low (13.28 t ha™") as
compared to world average (21.77 t ha™) [16]. There are
different reasons for lowering the productivity of potato. The
major reasons are lack of good quality tuber seed, inadequate
application of fertilizer, inappropriate variety selection, pests
and disease [10]. Especially, variety and fertilizer have a
great role on potato tuber yield. There are different varieties
of potato including old cultivars (local) that farmer’s plant.
However, locally produced potatoes are low in tuber yield
and poor in quality as compared to the improved varieties.
Improved varieties are good in drought tolerance, late blight
resistance, yield potential, marketability, food value and
storage quality [19]. Potato plant require both macro and
micronutrients for proper growth and development, due to
this blended fertilizers (NPS, NPSB, NPSBCu, NPSCu and
NPSZnBCu) contains those elements like N, P, S, B, Zn and
Cu satisfy crop nutrient requirement. Adequate application of
nutrient enhances many aspects of plant physiology,

1. Introduction

Potato (Solanum tuberosum L.) is the most important
vegetable crop in Solanaceae family originated in South
America, and was first cultivated in the Andes in the vicinity
of Lake Titicaca near the present border of Peru and Bolivia
[24, 25]. Tt is the fourth most important food crop after wheat,
maize and rice [23], and globally consumed more than three
billion peoples. In addition, it is among the most important
food security crop recommended by FAO (Food and
Agriculture Organization) [6] because of its ability to provide
a high yield with a high quality per unit input with a shorter
crop cycle.

In Ethiopia, potato is most economically important crop as
a source of food and income coupled with relatively short
growing period and wider adaptability [42]. Among African
countries, it has suitable climatic and edaphic conditions for
potato production, particularly in highland areas that covers
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including the fundamental processes of photosynthesis,
flowering, tuber formation and bulking [5]. Therefore,
appropriate variety selection to the environment and adequate
fertilizer application are the means to maximize tuber yield.
The objectives of this paper are review on production status
of potato and response of varieties to blended fertilizers.

2. Literature Review
2.1. Potato Production in Ethiopia

Potato was first introduced to Ethiopia in 1858 by a
German botanist, Schimper [32] and it is rapidly becoming a
popular which occupies relatively largest area compared to
other vegetable crops and produces more food per unit area
and time compared to cereal crops [45]. Currently, potato is
an important food and cash crop for Ethiopian farmers; hence
it is grown in various parts of the country for local
consumption and regional export [30].

Potato production has increased considerably through the
twentieth century in Ethiopia. In 1975, the area of cultivation
was estimated to 30,000ha with an average productivity of
about 5t ha' [18]. According to the authors, the area
allocated to potato in Ethiopia increased from 50,000
hectares by the mid of 1980°s to 160,000 hectares in the early
2001’s. Currently, the annual production of potato in Meher
season is around 1,141,871.73 tons from 85,988.43 hectares
of land with the productivity of 13.28 t ha™ [13]. An upward
trend in potato production might be partly due to the
continuing increase in population and subsequent decline in
the average farm holdings which forced the implementation
of improved technologies for the production of potato.

Potato cultivation is possible due to the country's
diversified agro-climatic conditions, which cover about 70%
of the arable land of country's [41]. Potatoes are cultivated in
rain feed and irrigation systems by both small scale farmers
and commercial producers. The major potato producing
regions of FEthiopia are Oromia, Amhara and Southern
Nations, Nationalities and Peoples (SNNP) in the order of
production levels [13]. About 85,988.43 ha of land are under
potato cultivations in Ethiopia where Oromia Region is the
leading followed by Amhara and SNNPR with production of
502,791.90; 395,429.50 and 222,477.70 tons, respectively.
Potato is predominantly produced in Oromia Regional States
(44.03%), Amhara (34.63%) and SNNP (19.28%) and the
remaining is produced by other Regions [13].

2.2. The Importance of Blended Fertilizers (Nutrients) for
Potato Production

Blended fertilizer is the mechanical mixture of two or
more granular fertilizer materials which may contain nitrogen
(N), phosphorus (P), sulfur (S), boron (B) and other essential
plant nutrients [8]. Application of balanced fertilizers is the
basis to produce more crop output from existing land under
cultivation [5]. Previous fertilizer research in Ethiopia has
mostly concentrated on nitrogen (N) and phosphorus (P)
fertilizer sources under varied soil types and climatic

conditions, with very little work on other key macro and
micronutrients (K, S, Fe, Zn, B, etc).

Understanding the plant nutrient requirement of a specific
area is critical to increasing crop yield and productivity on a
long term basis. Fertilizers are an effective exogenous source
of plant nutrients [3], since plant development and crop
production require a sufficient and balanced supply of
nutrients to improve productivity by maximizing plant
nutrient uptake. According to several researches, chemical
fertilizers are the most important nutrient sources for
increasing crop productivity [3]. This indicates that the actual
amount of fertilizer to apply depends on soil fertility, crop
variety and the variety's fertilizer efficiency. In addition to N
and P, recent soil inventory data from Ethiopian Soil
Information System (EthioSIS) revealed other nutrients
including S, B, and Zn are deficient in most Ethiopian soils.
Therefore, currently Agricultural Transformation Agency
recommends using different blended fertilizers in different
parts of the country to satisfy crop nutrient requirements [7].

2.2.1. Role of Nitrogen on Potato Production

Nitrogen is one of the most yield limiting nutrients for
crop production in the world, and it also applied in the largest
quantity for most annual crops to increase yield both in
quantity and quality [26]. Efficient use nitrogen is important
for the economic sustainability of cropping systems. In a
temperate climate, usually 50% of N applied is effectively
used by plants, while a considerable part is lost by leaching
and contaminates ground and surface waters [15].

Higher nitrogen levels are linked to greater foliage,
increased photosynthetic activity, and tuber translocation [27].
However, an excess of this nutrient in relation to other
nutrients such as P, K, and S leads to excessive stolon and
leaf growth, delayed leaf maturation, tuber differentiation,
extended tuber bulking period, and ultimately reduced yield
and tuber dry matter [22]. Whereas a lack of nitrogen inhibits
the growth of all plant organs, roots, stems, leaves, and
flowers, resulting in reduced plant growth, yellowing, and
low fruit and seed harvests. Shortage of N also restricts tuber
size due to reduced leaf area and early defoliation [22].

2.2.2. Role of Phosphorus on Potato Production

Phosphorus is one of the most essential mobile
macronutrients that have an impact on root growth, plant
vigor, flowering and plant production. It is important
especially during the reproductive stage of plants [11].
Phosphorous is an important component of energy transfer
chemicals (ATP), DNA molecules, the genetic information
system, cell membranes, and phospho-proteins [12].

Phosphorus plays significant role in physiological and
biochemical reactions such as photosynthesis, conversion of
sugar into starch [38]. The increase in tuber dry matter
content in response to increasing the rate of phosphorous
application signify that it is an important nutrient for
enhancing production of photo-assimilate and starch storage
in tubers. Application of P has a great role on tuber set,
numbers and size of tubers, marketable tuber yield [46].
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2.2.3. Role of Sulfur on Potato Production

Sulphur is a vital nutrient for life and essential for plant
growth due to synthesis of proteins, vitamins containing
amino acids and associated with nitrogen metabolism for
chlorophyll formation [47] and it accumulates 0.2 to 0.5% in
plant tissue on dry matter basis. The increase in growth and
yield of potato with application of sulfur can be explained
with increased metabolic activities, photosynthesis, and
assimilation and bulking rate [36]. On the other hand,
decrease in tuber dry matter, starch and essential amino acids
particular cystine and leucine with sulfur deficiency. Sulfur
deficiency may also result poor utilization of nitrogen,
phosphorus, potash and a significant reduction of catalase
activities at all age of plants. Moreover, sulfur has direct
effect on soil properties as it may reduce soil pH which may
improve the availability of micro elements such as Fe, Zn,
Mn and Cu [39].

2.2.4. Role of Boron on Potato Production

Boron is a micronutrient that is required for optimal plant
growth and development. It is involved in many plant
processes such as cell wall synthesis, sugar transport, cell
division, cell development, auxin metabolism, good
pollination and fruit set, seed development, synthesis of
amino acids and proteins, nodule formation in legumes and
regulation of carbohydrate metabolism. Boron deficiencies
occur over a much wide range of soils and crops than
deficiencies are found most often in light soils, low organic
matter contents and high soil pH levels [29].

Availability of boron in soil is affected considerably by
soil pH. Most boron compounds are soluble at low pH,
however if rainfall is considerable, B is lost down the profile
via leaching in sandy soils with low pH. It is usually found in
organic matter in soil surface, and when the B concentration
declines in the profile, a bushy plant with droopy leaves
develops [31]. Boron fertilization increased the number of
tubers as well as the production of potatoes [34]. Potato
plants require balanced amounts of macronutrients and
micronutrients such as boron, sulphur, zinc, and manganese
to increase productivity [37].

2.3. Varietal Differences in Potato Growth and Yield
Parameters

Potato varieties differ in terms of growth, development,
and overall yield performance, as well as the shape, size, and
weight of their tubers. According to many researches, there is
a significant difference in days to emergence among potato
cultivars [2]. These variations is probably because of the
varieties inherent characteristics like dormancy of tubers also
as sprouting, fertilizer rate and storage conditions in relation
to environmental conditions [1].

Different researchers have reported that improved varieties
of potato longer in plant height than local variety. According
to [43], Gudanie variety was significantly longer in height
compared to Guasa, Jalenie and Degemegn varieties. The
genetic differences among varieties influence the number of
main stems as well as sprouts or eyes on the tubers.

Consistently, [33] reported that variety significantly
influenced stem number as Gudanie variety produced
maximum stem number per hill compared to Jalenie and
local varieties due to a greater number of sprouts observed in
Gudanie variety at planting. The difference in stem number
among the varieties was explained by the genetic variability
and adaptation history of the varieties [35].

Many authors reported that different potato varieties had
different potential in tuber yield across locations and seasons.
Generally, tuber yields of improved varieties produced higher
than local (farmer) variety [4]. The differences in marketable
and unmarketable, and total tuber yields are generally related
to their differences in genetic makeup and tuber sizes of the
potato varieties [35].

2.4. Growth and Yield Response of Potato to Blended
Fertilizers

Growth and tuber yield of potato is influenced by types
and rates of applied fertilizer which observed by the findings
of different researchers. According to [21, 44] reported,
increasing the application rates of blended fertilizers can be
delay days to flowering and maturity of potato might due to
sufficient supply of nutrient that promotes vegetative growth
and delayed reproductive stage of crops. Furthermore, higher
phosphorus application extended days to flowering of potato
[14], and application of nitrogen fertilizer at higher rates
enhanced vegetative growth by helping the plant to absorb
sunlight and produce carbohydrates, but delay the production
of reproductive part and thereby maturity [40].

According to many researchers, increasing application rate
of blended fertilizers increased plant height and main stem
number per hill linearly. With fertilizer treatment rates
ranging from 0 to 350 kg NPSB ha”', plant height and main
stems number per hill increased by 18.58% and 100%,
respectively [21], and also the application rates of blended
NPSB fertilizer increased from 0 to 350 kg ha™', number of
main stems increased from 4.99 to 6.48 per hill [20]. These
could be attributed that increased nitrogen and boron
availability in the soil for uptake by plant roots, which could
have resulted in higher cellular division and elongation,
resulting in increased vegetative growth [21].

Tuber number per hill and average tuber weight of potato
increased with increased blended fertilizers rates according to
different findings. These might be due to more fast growth,
more foliage and increase in leaf area due to a higher supply
of phosphorous containing fertilizer which may have induced
the formation of bigger tubers thereby resulting in higher
average tuber weight. However, application of blended
fertilizers should be kept moderately rather than insufficient
and maximum application to maximize number of tubers that
prevent nutrient translocation to the vegetative parts [21, 20]

According to [44] findings, increased application rates of
blended fertilizers (NPS, NPSB and NPSZnB) as well as
DAP can be increased marketable yield, but it decreased
unmarketable tuber yield. The increment of marketable tuber
yield in the response to increasing application rates indicated
that the crop require the essential or important nutrients for
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growth and development. The more growth, more foliage and
increased leaf area and the higher supply of phosphorous
containing fertilizer, which induced formation of total tuber
number and bigger potato tubers thereby leading to higher
marketable tuber yield.

2.5. Interaction Effect of Varieties and Blended Fertilizer
on Growth and Yield of Potato

Different investigators have been reported that growth and
yield as well as tuber quality of potato is affected by varieties
with blended fertilizers. Days to flowering, days to maturity,
plant height, leaf area index, marketable tuber yield, total
tuber yield, tuber dry mater and tuber specific gravity of
different varieties are responded positively with increasing
application rates of different blended fertilizers [9, 28]. The
combinations of improved varieties and optimum application
of blended fertilizers shows good performance in growth and
yield performance as compared to unfertilized and local
varieties of potato plants.

The interaction effects of varieties and blended fertilizers
on tuber yield might be related to their genetic makeup in
the efficient utilization of inputs like nutrients, which is one
of the four major categories of the factors (soil, climatic,
genetic and management practices). According to the
finding of [21] report, total tuber yields of Gudanie and
Bubu varieties where increased in response to increasing
application rates of NPSB fertilizers as compared to their
respective unfertilized plots, which might be the role of
fertilizers in enhancing photosynthetic activity and
translocation of photosynthetic product to the root, which
could have helped in the initiation of more stolen on
potatoes varieties. Generally, all potato varieties have a
positive response for tuber yields with increasing levels of
blended fertilizers rates at different location [28, 9].
Furthermore, the rates of nitrogen increased from 100 to
150 kg N ha”', the marketable tuber yields of Gudanie,
Jalenie and Zengena significantly increased [17].

3. Summary and Conclusion

Potato is one of the most widely cultivated vegetable crops
in midland and highlands of Ethiopia. Yield and productivity
of potato in Ethiopia are far below the world average yield.
Among different factors, lack of improved tuber seed,
inappropriate variety selection and nutrient management are
the key factors affecting crop productivity. To enhance potato
productivity, variety selection and nutrient management have
to be the primary role of the producers. Different researches
conducted in Ethiopia show that application of nutrient has a
positive relation to producing a higher yield of potato. The
experiments confirmed that adequate application of blended
fertilizers increases potato production. The productivity of
potato also improves by selecting improved varieties and
variety specific to location and season. Therefore, application
of adequate nutrient and appropriate variety selection are the
options to maximize production and productivity of potato.

Therefore, from these review the following points are

suggested as a future line of work:

1) The researcher should be evaluate the effect of different
types and rates of blended fertilizers on different
varieties of potato at different location and season.

2) Awareness should be done for potato producers about
the advantage of using variety specific recommendation
rates over using only as a general rate and fertilizer type
for all potato varieties, and its effect on the production
and productivity of potato.
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