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Population density and seed tuber is an important agronomic management practices in the production
of potato (Solanum tuberosum L.). However, potato farmers in Ethiopia often use random population
density and tuber sizes, which contribute to the low yield of the crop. Thus the objective of this study is
to review effect of population density and tuber size on yield components and yield of potato. The result
of this review shows that the highest plant height and main stems number was found in wider spacing
and in medium to large tuber size. In the same way, the number of tuber per plant, average tuber weight
and marketable yield increased when potatoes are planted in medium intra row spacing (60 x 30) and
using medium (35 to 45 cm) to large (45 to 55 cm) tuber size. However, total tuber number/ha and
unmarketable yield increased in closer spacing and medium (35 to 45 cm) tuber size. Thus according to
the review to increase total yield and marketable yield, it is better to use medium plant spacing (60 x 30

cm) and medium-sized tubers (35 to 45 mm).
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INTRODUCTION

Potato (Solanum tuberosum L.) is one of the most widely
grown tuber crops in the world and contributes
immensely to human nutrition and food security (Miguel,
1985; Steven, 1999; Karim et al., 2010). It is the most
important vegetable crop, constituting the fourth most
important food crop in the world (Mattoo, 2006; Douches,
2013). Potato is one of mankind's most valuable food
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crops and mainstay in the diets of people in many parts
of the world (Struik and Wiersema, 1999). Potato is one
of the economically most important tuber crops in
Ethiopia that play key roles as a source of food and cash
income for small farmer holders; and it is endowed with
suitable climatic and endemic conditions for potato
production. However, the national average yield is very
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low (8.2 t ha'l) compared to the world’s average
production (17.67 tha'l) (FAO, 2010). The major
production problems that account for such low yield are
unavailability and high cost of tuber seeds, lack of well
adapted cultivars, poor agronomic practices, diseases,
insect pests, inadequate storage, transportation and
marketing facilities (Tekalign, 2005).

Tuber size and population density is one of the most
important constraints limiting potato production in
Ethiopia. Larger seed and closer spacing up to a certain
limit increase the yield of tubers per unit area. The yield
increases with a decrease in spacing (Banarjee et al.,
1988). However, the optimal planting density differs
depending on the environmental conditions, cultivars and
soil fertility. On the other hand, planting large seed tubers
is advantageous under certain circumstances such as
unfavorable soil and weather conditions .As plant density
increases, there is a marked decrease in plant size and
yield per plant. This effect is due to increased inter-plant
competition for water, light and nutrients. Therefore the
objective of this review is to assess the effect of potato
tubers size and population density on yield component
and yield of potato.

EFFECT OF PLANT POPULATION AND TUBER SIZE
ON PLANT HEIGHT

Plants grown at wider plant spacing of 75 x 30 cm had
the highest plant height (77.48 cm) higher than the
heights of plants grown at the spacing of 60 x 20 cm, 50 x
30 cm, and 50 x 20 cm by about 8.33, 8.4 and 15.47%,
respectively (Zebenay, 2015). According to Bikila et al.
(2014) the tallest plant height was observed when the
inter row spacing and intra row spacing increase from
60x20 to 80x40 respectively. This may be due to better
availability of nutrients, water and sun light since plants in
wider spacing have less competition and grow more
shoot; however, densely populated plants show intensive
competition which leads to decrease in plant height.
Wider intra row spacing resulted in reduction in plant
height and in closer inter row spacing the highest plant
height was observed. This is due to the presence of
higher competition for sunlight among plants grown at
closer intra row spacing (Tesfaye et al., 2013). Similar
results obtain by Ashwani et al. (2013) showed that
planting at wider intra row spacing resulted in reduction in
plant height. In general, the plant height of the potato
crop increases when plants are planted in closer intra row
spacing due to competition for sunlight. In other words,
when plants are planted in wider intra row spacing the
same result may be obtained due to the plant getting
enough mineral, water and sunlight.

Regarding the tuber size, the maximum plant height
(75.39 cm) was obtained from large seed tuber sizes
(>56 mm) whereas shorter plant height was obtained

from small seed tuber size .Large seed tuber sizes (>56
mm) produced the tallest plants which was higher than
medium (35 to 45 mm) and small (25 to 34 mm) seed
tuber sizes by about 4.9 and 8.9%, respectively. The
variation in plant height might be due to the higher food
reserves in tubers with larger size than small and medium
seed tuber sizes (25 to 34 and 35 to 45 mm) which
enhanced vegetative growth of the plant including the
height of the plant (Zebenay, 2015).

EFFECT OF PLANT POPULATION AND TUBER SIZE
ON MAIN STEM NUMBER

Planting densities of 4.17, 4.44, and 5.56 resulted in
significantly highest number of main stems than the
planting densities of 6.67 and 8.00 plant m™ (Alemayehu
et al., 2015,). In other findings, numbers of main stems
were not influenced by plant population (Beukema and
Van, 1990). However, stem number increased as a result
of either by planting smaller tuber size or more tuber
number per unit area per plant (Sturz et al., 2003). Young
seed has a few sprouts that emerge slowly and hence
produces a few main stems (Pavek and Thornton, 2009).
The presence of internal inhibition limits sprouting at both
the distal and dorsal ends of young seed tubers. Large
size seed tubers produce more stems than small ones.

Number of stems produced by seed tubers planted at
60x30cm spacing was significantly higher at a spacing of
60x20 cm (Rajadurai, 1994). The seed tuber size had
significant (P< 0.01) influence on number of main stem
per hill. Plants grown from large seed tuber size
produced higher number of main stems per hill than other
seed tuber sizes. The highest number of main stems per
hill (5.69) was recorded from large seed tuber size which
significantly exceeded that of 46 to 55, 35 to 45 and 25 to
34 mm seed tuber sizes by about 40.84, 57.62 and
82.37%, respectively. Plants grown from large seed tuber
size (>56 mm) produced highest number of stems per hill.
The seed tuber size affects the growth of the crop due to
large tubers having more number of buds. Higher number
of bud per tuber produces more number of main stems
(Zebenay, 2015).

EFFECT OF PLANT POPULATION AND TUBER SIZE
ON TUBER NUMBER PER PLANT

The highest number of tuber per plant (10.93) was
recorded at the wider intra row spacing 40 cm whereas
the lowest number of tuber per plant (6.7) was obtained
at closer spacing 10 cm (Table 1). This is because in
wider intra row spacing there is minimum competition
among plants for space and resource and better
exposure for light; this results in increased number of
tuber per plant (Tesfaye et al., 2013). Number of tuber
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Table 1. Means for tuber number, total yield, marketable yield and unmarketable yield as affected by intra row spacing.

Tuber number
Treatment

Total tuber yield Marketable tuber yield Unmarketable tuber yield

(count hill'™) (t ha™) (t ha™) (t ha™)
Intra row spacing (cm)
10 6.70 34.43 18.27 16.16
20 8.43 31.49 21.71 9.74
30 10.56 30 23.54 6.46
40 10.93 26.09 21.19 4.89

Source: Tesfaye et al. (2012).

per plant increases with increasing seed tuber size and
planting space. Large size seed tuber produces
significantly more number of tubers over small. Tuber
number per plot increases with increasing seed tuber
size. However, the difference in tuber numbers between
small and medium size seed tubers was not significant
(Rajadurai, 1994).

Plants grown from large seed tuber size produced high
total tuber number per hill whereas small seed tuber size
produced low total tuber numbers per hill. Large seed
tuber size (>56 mm) significantly exceeded in producing
total number of tubers than that of 46-55, 35- 45 and 25-
34 mm by about 12.47, 20.55 and 26.30%, respectively.
Total tuber number per hill produced from 46-55 mm
seed tuber size is not statistically and significantly
different with 35-45 mm seed tuber size. Plants grown at
closer plant spacing of 50 x 20 cm produced highest total
tuber number per hill higher than plants spaced at 60 x
20 and 75 x 30 cm by about 11.27 and 12.18 %,
respectively. However, total tuber number per hill
produced at 50 x 20 cm plant spacing has no statistically
significant difference with 60 x 30 cm and 50 x 30 cm
plant spacing. The production of total number of tubers
per hill increased as plants grown at narrow plant spacing
and decreased at wider plant spacing. This might be due
to the higher number of plants produced at closer plant
spacing than plants at wider spacing which led to the
production of highest number of total tubers per hill
(Zebenay, 2015). Tuber numbers were significantly
affected by plant population density, with the highest
density plants having a lower number of tubers per plant
(Michael et al., 2011).

EFFECT OF PLANT POPULATION AND TUBER SIZE
ON AVERAGE TUBER WEIGHT (G)

Maximum average tuber weight (119.61 g) was recorded
for plants grown from medium seed tuber size (35 to 45
mm) and planted at wider plant spacing (75 x 30 cm); the
lowest average tuber weight (55.91 g) was obtained at
closer plant spacing (50 x 20 cm) and large seed tuber
size (>56 mm). Plants grown from medium seed tuber

size (35 to 45 mm) across all plant spacing had maximum
average tuber weight than other seed tuber sizes. Plants
at wider spacing grown from medium seed tuber sizes
gave maximum tuber weight than plants grown at other
plant spacing and from seed tuber sizes. When plant
density increased the weight of tubers decreased in all
seed tuber sizes except in plants grown at plant spacing
of 50 x 20 cm and from small seed tuber size (25 to 34
mm). The production of tubers with higher weight when
medium seed tuber size (35 to 45 mm) was used as
planting material with wider space (75 x 30 cm) might be
due to the production of optimum number of stems with
lesser competition for resource between plants compared
to small and large seed tuber sizes planted at closer plant
spacing (Zebenay, 2015).

EFFECT OF PLANT POPULATION AND TUBER SIZE
ON TOTAL TUBER YIELD /HA

Increasing the planting density from 4.44 to 8.00 plants
m? significantly increased total tuber number/ha. The
highest tuber yield per hectare was obtained at closer
spacing of 10 cm whereas the lowest was obtained at
wider intra row spacing of 40 cm. The wider intra row
spacing yield per hectare was reduced due to the
insufficient number of plant grown per hectare compared
to plant grown at closer intra row spacing per hectare.
The maximum yield was obtained at closer plant spacing
than wider plant spacing. This might be attributed to
efficient use of available soil nutrients and other growth
factors in plants grown at closer plant spacing than wider
plant spacing. The increased vyield at higher densities
might be due to the ground being covered with green
leaves earlier (earlier in the season, light is intercepted
and used for assimilation), fewer lateral branches being
formed and tuber growth starting earlier (Zebenay, 2015).

As shown in Table 2, narrow spacing increases the
hectare yield and decreases the yield per plant. The
highest yield was obtained with large size seed tuber (45-
55 cm) planted in narrow spacing (60 x 20cm). However,
the combination of large size seed tuber and narrow
spacing produce many small side size tubers of low
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Table 2. Effect of seed tuber size and planting space
on tuber yield /ha.

Planting space

Tuber size
60x20cm 60x30cm 60x50 cm
15-30 mm 24.43 20.89 17.20
30-45 mm 24.22 24.89 20.88
45-55 28.45 24.37 21.23

Source: Rajadurai (1994).

market value (Rajadurai, 1994).

The highest yield was obtained from 65 cm inter row
spacing; whereas the lowest yield was recorded at 80 cm
inter row spacing. Regarding the intra row spacing the
higher total yield per hectare was obtained from 20 cm
intra row spacing. As intra row spacing increased from
20-35 cm, total tuber yield decreased from 37.54 to 29.38
t/ha. Intra -row spacing of 35 cm showed lower total tuber
yield. It was clearly evident from the result that the yield
of seed tuber per hectare increased with decreasing plant
spacing. The increased yield was attributed to more
tubers produced at the higher plant population per
hectare although average tuber size decreased because
of increasing inter plant competition at closely spaced
plants leading to more unmarketable tuber yield. At closer
spacing, there is high number of plant per unit area which
brings about an increased ground cover that enables
more light interception, consequently influencing
photosynthesis (Harnet et al., 2014). Yield performance
(kg/ha) was greatest at the medium density level (90 by
30 cm), followed by plants established at 90 by 45 cm.
Reducing the intra-row spacing from 45 to 30 cm
significantly (p<0.05) increased plant population and
subsequently increased the yield (kg/ha) performance.
Tuber yield was significantly (p< 0.05) affected by plant
density as plants planted at 90 by 30 cm exhibited
highest yield performance compared to those planted at
90 by 15 cm and 90 by 45 cm (Michael et al., 2012).

EFFECT OF PLANT POPULATION AND TUBER SIZE
ON MARKETABLE TUBER YIELD /HA

Effect of row spacing and seed type on yield found that
those plants grown from large seed pieces produced
higher marketable yield at the widest spacing (Robert et
al., 2015). The highest marketable tuber vyield was
obtained in response to planting the tubers at the spacing
of 60 x 30 cm whereas the lowest marketable tuber yield
was recorded at the spacing of 50 x 30 cm plant spacing.
Plant spacing of 60 x 30 cm produced higher marketable
yield than 50 x 30 cm and 75 x 30 cm plant spacing by
about 12.04 and 9.53%, respectively. Similarly,
marketable tuber yield produced at 60 x 20 cm and 50
x20 cm exceeded that of 50 x 30 cm plant spacing by

about 8.65 and 8.72%, respectively. Plant spacing of 60 x
30 cm, 60 x 20 cm and 50 x 20 cm produced marketable
tuber vyield per hectare without significant difference
(Zebenay, 2015).

The highest marketable yield was obtained at the wider
intra row spacing of 30 cm whereas the lowest was
obtained at closer spacing of 10 cm. At wider intra row
spacing due to presence of minimum competition, plants
absorbed the sufficient available resource and
intercepted more light. This increased their
photosynthesis efficiency for higher photo assimilation
production and ultimately resulted in increased more
marketable tuber yield (Tesfaye et al., 2013). According
to Alemayew et al. (2015) increasing the planting density
from 4.44 to 6.67 plants m™ significantly increased total
and marketable tuber yield by 5.21 and 4.67 t/ha.

EFFECT OF PLANT POPULATION AND TUBER SIZE
ON UNMARKETABLE TUBER YIELD /HA

The highest unmarketable yield was obtained at the
closer intra row spacing of 10 cm whereas the lowest was
obtained at closer spacing of 40 cm (Table 1). This is due
to presence of higher competition between plants in
closer intra row space (Tesfaye et al., 2013). The highest
unmarketable tuber yield was obtained at closer plant
spacing (50 x 20 cm) whereas the lowest unmarketable
tuber yield was recorded at wider plant spacing (75 x 30
cm). the closer spacing of 60 x 20 cm and 50 x 30 cm
would need more seed tubers than the spacing of 60 x 30
cm, the latter spacing (60 x 30 cm) would be more
profitable. The highest unmarketable tuber yield was
E)roduced at the highest planting density of 8.00 plants m
, and exceeded the unmarketable tuber yield obtained at
the lowest planting density of 4.17 plants m™ by 0.863
t/ha (Alemayew et al., 2015). Generally, plants grown at
closer spacing produced high unmarketable tuber yield
than plants grown at wider plant spacing. Increasing plant
density also increased the yield of unmarketable tuber
yield. Closer plant spacing increased competition of
plants for growth factors due to high number plant per
unit area than wider plant spacing which led to producing
high number of under size tubers which was high
unmarketable tuber yield (Zebenay, 2015).

CONCLUSION

This review revealed that plant spacing of 60 x 30 cm and
medium (35 to 45 mm) to large (45 to 55mm) seed tuber
sizes resulted in the production of higher marketable
tuber yields and higher tuber yield/ha. Even if using
medium (35 to 45 mm) to large (45-55 mm) seed tuber
sizes resulted in higher production, considering the
income of the user, using medium seed tuber sizes (35 to
45 mm) with plant spacing of 60 x 30 cm is appropriate.



CONFLICT OF INTERESTS

The authors have not declared any conflict of interests.

REFERENCES

Alemayehu T, Nigussie D, Tamado T (2015). Response of Potato
(Solanum tuberosum L.) Yield and Yield Components to Nitrogen
Fertilizer and Planting Density at Haramaya, Eastern Ethiopia.
Journal of Plant Sciences 3(6):320-328.

Ashwani S, Vinod K, Pandey KK (2013). Effect of intra-row spacing on
the production behavior of potato mini tubers under protected
conditions. American Journal of Potato Research 40(2):173-175.

Banarjee MK, Samdyan JS, Hooda DS, Tong DS (1988). Effect of cut
seed size, gibberelic acid spacing on growth and yield of seed potato
cv. Kufri Chandramukhi. Haryana Journal of Agronomy 4:128-130.

Beukema HP, Van der Zaag DE (1990). Introduction to Potato
Production. Wageningen, Netherlands. Available via:
http://edepot.wur.nl/411163

Bikila A, Derbew B, Aduga D (2014). Effects of inter and intra row
spacing on potato (solaanum tuberosum L.) seed and ware tuber
seedling emergency and establishment at Bako, Western Ethiopia.
Journal of Agronomy 13(3):127-130.

Douches DS (2013). Breeding and genetics for the improvement of
potato (Solanum tuberosum L.) for yield, quality and pest resistance.
Available at: http://potatobg.msu.edu/program moverview.shtm

Food and Agriculture Organization (FAO) (2010). Organization data of
statistics. Rome, ltaly. Available at: http://faostat.fao.org/site/567/.

Harnet A, Derbew B, Gebremedhin W (2014). Effects of inter and intra
row spacing on seed tuber yield and yield components of potato
(Solanum tubersoum L.) at Ofla Woreda, Northern Ethiopia. African
Journal of Plant science 8(6):285-290.

Karim MR, Hanif MM, Shahidullah SM, Rahman AHMA, Akanda AM,
Khair A (2010). Virus free seed potato production through sprout
cutting technique under net-house. African Journal of Biotechnology
9(4): 5852-5858.

Mattoo AK (2006). Genetic improvement of solanaceous Crops: Potato.
US department of agriculture Beltsville agricultural research center
Beltsville, USA. Available at: https://www.crcpress.com/Genetic-
Improvement-of-Solanaceous-Crops

Migue, C (1985). Production and Utilization of Potatoes in the World.
Academic press, London, UK.

Pavek MJ, Thornton RE (2009). Planting depth influences potato plant
morphology and economic value. American Journal of Potato
Research 86(1):56-67.

Nasir and Akassa 323

Rajadurai S (1994). Effect of seed tuber size and planting spacing on
growth, yield and tuber size distribution of potato. Journal of the
National Science Council of Sri Lanka.

Steven DJ (1999). Multiple signaling pathways control tuber induction in
potato. Plant Physiology 119:1-8

Struik PC, Wiersema SG (1999). Seed potato technology. Wageningen
Pers, Wageningen, the Netherlands 383 p.

Sturz AV, Arsenault W, Chistie BR (2003). Red clover potato cultivar
combination for improved potato yield. Journal of Agronomy 95:1089-
1092.

Tekalign T (2005). Response of potato to paclobutrazol and
manipulation of reproductive growth under tropical conditions. PhD
thesis pp. 2-3.

Tesfaye G, Derbew B, Solomon T (2013). Combined effects of plant
spacing and time of earthing up on tuber quality parameters of potato
(solanum tuberosum L.) at Degem district, North Showa zone of
Oromia regional state. Asian Jouurnal of Crop Science 5(1):24-32,
41.

Zebenay D (2015). Influence of Seed Tuber Size and Plant Spacing On
Yield and Quality of Potato (Solanum Tuberosum L.) In Holeta,
Central Ethiopia. MSc thesis pp. 7-13.



