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Abstract

Optimizing plant density and seed tuber sizes are the most important agronomic management practices in seed
production of potato due to their effects on seed cost and seed tuber yields. A field experiment was conducted
under irrigation during in 2014 at Holetta, Ethiopia with the objective of elucidating the effect of varied plant spacing
and seed tuber sizes on seed tuber yield production. The results of analysis of variance (ANOVA) indicated that
seed tuber size and plant spacing significantly (P< 0.05) influenced on average tuber weight, number of tubers and
tuber yield in each seed size categories, seed tuber costs. Highest tuber yield were obtained at closer plant spacing
and from medium and large seed tuber sizes whereas the lowest tuber yield were obtained at wider plant
spacing and from small seed tuber sizes. The highest numbers of tubers were obtained from large seed tuber sizes
and plants grown at closer plant spacing of 50 x 20, 50 x 30 and 60 x 20cm produced highest tuber number. Plant
spacing 60 x 20 cm and medium-sized tubers (35-45mm) led to the production of the highest seed tuber yield and
appropriate for seed tuber yield production by considering better income, seed saving and intercultural operations.
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INTRODUCTION

Potato is graded as a high potential food security and cash crop because of its ability to provide a high yield of
high quality product per unit input with a shorter crop cycle (mostly < 120 days) compared to major cereal crops
(Berga et al., 1992, Adane et al., 2010). Ethiopia has possibly the greatest potential for potato production and 70
percent its arable land mainly in highland areas above 1500m believed suitable for potato production (Endale and
Gebremedhin, 2001 and Gebremedhin et al., 2008). Although Ethiopia is endowed with suitable climatic and
edaphic conditions the annual production of potato in Ethiopia is low (about 932,701 tons ) and the national average
yield is 13.799 tons/ha, which is very low compared to the world’s average of 32.564 tons/ha (FAOSTAT, 2017).

Seed potato is one of the most important ingredients for successful potato production (Lacha et al., 2012). A
reliable supply of good quality seed is crucial to the development of the potato subsector. Availability of seed
remains one of the main constraints to the large scale adoption of research-bred or research-derived improved
varieties (Lutaladio et al., 2009). Seed tuber size is an important factor to decide the seed per unit area because it
affects total yield and graded or marketable tuber yields, particularly small tuber size increasing with increased
size of the mother tuber (seed). The other dimension of interest for determining plant population and use of
optimum spacing is the high seed rate required in potato production associated cost of seed which may account for
up 50% of total production cost (Gebremedhin ef al., 2008).

A number of production problems that account for such low yields are unavailability and high cost of seed
tubers, lack of well adapted cultivars, inappropriate agronomic practices, diseases, insect pests and inadequate
storage (Bereke, 1994). The optimizing of plant density is one of the most important agronomic practices of potato
production, because it affects seed cost, plant development, yield and quality of the crop (Bussan ef al., 2007). The
overall potato seed quality is affected by purity, genetic quality, health, size, physical damage and physiological
age (Adane et al., 2010).

In all areas of Ethiopia, there is no separate plot and management for ware and seed potato production. Mostly,
potato tubers are sorted into ware and seed immediately after harvest (Adane ef al., 2010). For most potato
producers seed potato is usually considered as the by-product of ware potato. Among the Ethiopian smallholder
farmers in all areas, it is a common practice to save tubers for seed that are too small and inferior to be sold for
consumption (Mulatu et al., 2005, Gildemacher et al. 2007 and Adane et al., 2010).

Potato seed tuber size and plant spacing in central Ethiopia in particular and in the country in general has not
been given much emphasis in production higher seed tuber yields of appropriate seed tuber size and considering
seed costs. Therefore, the objective of this study was to determine optimum tuber size and plant density for
maximum tuber seed production and to evaluate cost and return among different tuber sizes.

MATERIALS AND METHODS
The study was conducted under irrigation during the year 2014 cropping season in off season at Holetta central
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highlands of Ethiopia. Holetta is situated at an altitude of 2400 meters above sea level at 9° N latitude and 38°29'E
longitude, and is located 40km West of Addis Ababa along the Ambo road. The average annual maximum and
minimum temperature is 22.1 C° and 6.2C° respectively. The soil type in the area is predominantly Nitosol which
is characterized with average organic matter (AOM) content of 1.8%, Nitrogen 0.17%, Phosphorous 4.55ppm and
Potassium 1.12 Meq/100gm of soil and pH 5.24 (HARC, 2004).

The treatments consisted of four tuber seed sizes in millimeter (mm) (25-34, 35-45, 46-55 and >56 mm) and
five plant spacing (75 x 30 cm, 60 x 30 cm, 60 x 20 cm, 50 x 30 cm and 50 cm x 20 cm). The experiment was laid
out as a completely randomized block design (RCBD) in a factorial arrangement and replicated three times per
treatment.

Data were subjected to analysis of variance (ANOVA) using the General Linear Model of the SAS statistical
package (SAS, 2007) version 9.1. All significant pairs of treatment means were compared using the Least
Significant Difference Test (LSD) at 5% level of significance.

Data Collection and Measurement

Pre-planting: Average tuber size (mm) and Average weight of tuber (g), tuber number and yield in each seed tuber
sizes, Gross average tuber yield (kgha') (AVY), Adjusted yield (ADY), Gross field benefit (GFB), Total cost,
and Net benefit (NB).

Data were subjected to analysis of variance (ANOV A) using the General Linear Model of the SAS statistical
package (SAS, 2007) version 9.1. All significant pairs of treatment means were compared using the Least
Significant Difference Test (LSD) at 5% level of significance. Partial budget analysis was conducted as indicated
in CIMMYT (1988) training manual.

Results and Discussion
Pre-planting data of experimental materials: Pre-planting data for seed tubers that average tuber weight (g) was
increased as tuber size increased. Large seed tuber sizes (>56mm) had the highest weight of tubers which was
higher than 25-34mm, 35-45mm and 46-55mm by about 84.16,68.66 and 47.37%, respectively. Average tuber
weight increased when seed tuber sizes also increased from small to large seed tuber sizes (table 1). The pre-
planting data for seed tubers showed that average tuber size of tubers increased as tuber size increased. Average
tuber size showed the increased trend towards the large seed tuber size where seed tubers size >56mm had highest
average tuber size greater than 25-34mm, 35-45mm and 46-55mm by about 53.1,37.6 and 21.2%, respectively.
Table 1. Pre-planting data of experimental materials in each seed tuber sizes category

Pre planting data

Tuber size Average tuber size (mm) Average Tuber weight (g)
25-34mm 29.25 26.92
35-45mm 39.00 44.62
46-55mm 49.25 83.33

>56mm 62.5 158.33

Average tuber weight (g): From the analysis of the variance, seed tuber sizes and plant spacing showed highly
significant difference (P< 0.01) on average tuber weight (Table 2). Highest average tuber weight
(119.61g) was recorded for plants grown from 35-45mm seed tuber sizes and at 75 x 30 cm plant spacing
treatment combinations this might be due to medium seed tuber sizes produced of optimum number of
stems and wider plant spacing had less resource competitions they get high potential of resources whereas
lowest average tuber weight (55.91g) was obtained at 50 x 20 cm plant spacing and >56mm seed tuber
sizes treatment combinations. The present result agreed with the finding of Berga et al. (1992) that
average tuber weight decreased with an increase in mother tuber size. Similarly, Zabihi-Mahmoodabad
et al. (2010) reported that increase in density probably causes the increase in competition between and
within plants and hence, leads to decrease in availability of nutrients to each plant and consequently,
results in decline of mean tuber weight. The production of higher average tuber weight at wider plant
spacing as compared to closer plant spacing was also reported by other authors (Bussan et al., 2007,
Gulluoglu and Arroglu, 2009 and Harnet et al., 2014).
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Table 2. Average tuber weight as influenced by the interaction factors of plant spacing and seed tuber size
Plant spacing

Tuber size 75x 30 cm 60 x 30 cm 60 x 20 cm 50 x30 cm 50x 20 cm
>56mm 84.63¢ 76.86¢d 66.69defg 63.36fgh 5591h
46-55mm 104.35b 76.44cd 71.09defg 69.93defgh 65.74efgh
35-45mm 119.61a 105.16b 76.99cd 72.92def 66.99defg
25-34mm 75.69cde 74.57cde 69.16efgh 62.06gh 63.75fgh
LSD/5%/ 11.55

CV/%/ 9.03

Means followed by the same letter(s) within a row and column are not significantly different at 5 % level of
significance. LSD = least significant difference, CV = coefficient of variation

Yield and number of Seed Tubers in Different Seed Size Categories

Yield and number of large seed tuber size (>56mm): The analysis of variance result showed that Belete variety
was significantly (P<0.05) influenced in producing number and yield of large seed tuber size due to plant spacing
and seed tuber size, but the two factors did not interact to influence the parameter (Table 3). The results showed
maximum number and yield of large tuber size 144491 and 12.82 t ha™! were obtained from plants spaced at 60 x
30 cm whereas the lowest number and yield of large seed tuber size were obtained at plant spacing of 60 x 20 cm
and 50 x 30, respectively. Plants spaced at 60 x 30 cm did not produce number of tubers and yields of large seed
tuber size statistically different than plants spaced at 75 x 30 cm. Generally, numbers and yield of large tuber size
per hectarewere increased as plants spaced wider than plants grown in narrower plant spacing. This might be due
to the slight competition between plants for nutrients and growth factors that increased photosynthesis efficiency
of plants and increased seed tuber sizes. This result agreed with the findings of Tesfaye ef al. (2013) who reported
that highest number of large tuber sizes was recorded at wider plant spacing due to minimum competition of plants,
absorbed sufficient available resources and increased their photosynthesis efficiency that ultimately increased
number of large seed tubers. Similarly, Gebremedhin ef al. (2008) reported that more number of tubers with size
grades of 30-40mm and >50mm diameter were obtained from 60 cm and 75 c¢m inter-row spacing, respectively.

Based on the result the maximum number and yield of large seed tuber size 122363 and 12.28 t ha"'were

obtained when 46-55mm and 35-45mm seed tuber sizes were used as planting materials, respectively whereas the
lowest number and yield was recorded from small seed tuber size (25-34mm) were used as planting materials
(Table 3). This due to medium size seed tubers produced optimum number of stems per tuber than large seed tuber
size which had less resources competition between plants which lead to the production of high number and yield
of large seed tuber sizes. Similarly, medium seed tuber sizes had high food reserves than small seed tuber size
which led to produce high number and yield of large tuber sizes. This result agrees with the finding of Lung’aho
et al. (2007) who reported that too big seed tubers will result in the production of too many stems and tubers,
which will compete for growth factors in the soil and become too small. Thus, such tubers will be unmarketable
for use as either ware or seed potato. On the other hand, too small seed tubers will have small number of stems,
which will produce only a few tubers, thereby reducing yield.
Yield and number of medium seed tuber size (46-55mm): Plant spacing and seed tuber size had highly
significantly (p<0.01) influenced on number and yield of medium seed tuber sizes, but the two factors did not
interact to influence on numbers and yield of medium seed tuber sizes (Table 3). Significantly highest number and
yield of medium seed tuber sizes 214167and 12.37 t ha'' were obtained at 50 x 20 cm and 60 x 30cm plant spacing,
respectively whereas the lowest number and yield of medium seed tuber size was obtained at 75 x 30 cm and 50 x
30 cm plant spacing, respectively (Table 3). Plant spacing of 50 x 20 cm plant spacing did not statistically
difference with 60 x 30 cm, 60 x 20 cm and 50 x 30 cm plant spacing to produce high number and yield of medium
seed tuber sizes. When plant density increased the number of medium seed tuber sizes increased. However, this is
reversed when high yield of medium seed tuber sizes produced where plants grown at wider plant spacing produced
high yield of medium seed tuber sizes than plants at closer plant spacing. This might beat closer plant spacing had
high number of hills per unit area which lead to produce higher number of medium seed tuber sizes than wider
plant spacing. On the other hand at closer plant spacing there could be strong competition between plants for
nutrients and growth factors which lead to produce low yield of medium seed tuber sizes. This study agreed with
Wiersema, (1987) results who reported that the number of tubers produced depends on the completion of among
stems for growth factors, at lower stem densities competition is less, which results a greater tuber number of per
stem, but also in a smaller number of tubers per unit area.

The result showed that maximum number and yield of medium seed tuber sizes 223659 and 12.83 t ha'! was
obtained when large (>56mm) and medium (46-55mm) seed tuber sizes, respectively were used as planting
materials (Table 3). Large seed tuber sizes (>56mm) did not statistically difference with 46-55mm and 35-45mm
seed tuber size to produce high number and yield of medium seed tuber sizes. Number of medium tuber seed sizes
increased when increasing seed tuber sizes from small to large seed tuber sizes. This due to large and medium seed

62



Journal of Natural Sciences Research WWWw.iiste.org
ISSN 2224-3186 (Paper) ISSN 2225-0921 (Online) DOI: 10.7176/INSR LR}
Vol.9, No.3, 2019 “s E

tuber sizes had high number of eyes per tuber and had high probability to produced high number of main stems
per hill than small seed tuber size which lead to produce high number medium seed tuber sizes. Similarly, large
and medium seed tuber sizes had higher food reserves than small seed tuber sizes which lead to produce high yield
of medium seed tuber sizes. This result consistented with Rajadurai (1994) reported that more tubers were formed
from larger seed tubers and the number increased from small seed size to large seed size. Similarly, Khalafalla
(2001) reported that large seed size gave more number of tubers/plant than small seed sizes.

Yield and number of medium seed tuber sizes (35-45mm): Plant spacing and seed tuber size had significantly
(p <0.05) affected numbers and yield of medium seed tuber sizes (Table 3). The result showed that plants grown
at 50 x 20 cm plant spacing produced 242667 and 11.82 t ha! number and yield of medium seed tuber sizes
whereas low number and yield of medium seed tuber sizes 157157 and 6.51 t ha'was recorded at 75 x 30 cm plant
spacing (Table 3). Plant spacing of 50 x 20 cm did not statistically difference with plant spacing of 60 x 20 cm and
50 x 30 cm to produce numbers of medium seed tuber sizes. At closer plant spacing produced high number and
yield of medium seed tuber sizes than wider plant spacing. This due to closer plant spacing there could be high
competition of resources between plants for nutrients and growth factors which lead to produce high numbers and
yield of medium seed tuber sizes. This result agreed with Tesfaye e al. (2013) who reported that the highest
number of medium sized potato tubers was obtained at closer plant spacing had higher competition among plants
for resources. The highest number of medium seed tuber sizes (35-45mm) was obtained at 60 x 20 cm, 50 x 30 x
30 cm and 50 x 20 cm plant spacing. Therefore, from the results of this study, it appears that plant spacing of 60 x
20 cm is appropriate for seed tuber production by considering better seed saving and intercultural operations.
Accordingly, for seed potato production, the results of this are consistented with the established recommendation
given by EARO (2004). Endale and Gebremedihen (2001) also indicated that decreasing row width below 60cm
can bring in cultural problems in addition to almost doubling the seed rate cost.

Significantly maximum number and yield of medium seed tuber sizes (35-45mm) 236652 and 10.7 t ha™!,

respectively was obtained when large seed tuber size (>56mm) used as a planting material whereas the lowest
number and yield of medium seed tuber sizes were obtained from small seed tuber size (Table 3). This due to large
seed tuber size produced high number of stems per tuber than medium and small seed tuber sizes which had high
resource competitions between plants which lead to produce high number and yield of medium seed tuber sizes
(35-45mm). This result agreed with Khalafalla (2001) reported that large seed size gave more number of
tubers/plant than small seed sizes. Similarly, Berga ef al (1992a) reported that tuber number increased significantly
with increase seed tuber size. The highest numbers of medium seed tuber sizes (35-45mm) were obtained from
large (>56mm) and medium (35-45mm and 46-55mm) seed tuber sizes. Therefore, from the results of this study,
it appears that a medium seed tuber size (35-45mm) is appropriate for seed tuber production by considering
production cost. Accordingly, for seed potato production, the results of the present investigation were consistent
with the established recommendation given by EARO (2004).
Yield and number of small seed tuber sizes (25-34mm): the analysis of variance showed that the main factors
of seed tuber size and plant spacing had highly significantly (p<0.01) influenced on yield of medium tuber size,
but the two factors did not interact to influence the number and yield of small seed tuber sizes. Maximum number
and yield of small seed tuber sizes 210833 and 4.63 t ha™!, respectively was recorded at plant spacing of 50 x 20
cm whereas lowest number and yield of small seed tuber sizes 74722 and 1.49 t ha™! was obtained at plant spacing
of 75 x 30 cm. At closer plant spacing produced high number and yield of small seed tuber sizes than wider plant
spacing. This due to closer plant spacing there could be strong competition between plants for nutrient and growth
factors which lead to produce high number and yield of small seed tuber sizes. This result agreed with the finding
of Berga et al. (1992a) reported that total number and seed sizes numbers (smaller tubers) increased with closer
spacing. Similarly, Tesfaye et al. (2013) reported that the highest number of small tubers was obtained at closer
plant spacing whereas the lowest number of small potato tubers was found at wider plant spacing.

Significantly high number and yield of small seed tuber sizes 175926 and 10.7 t ha’!, respectively was
obtained from large seed tuber size (>56mm) whereas lowest number and yield of small seed tuber size was
recorded from small seed tuber sizes (Table 3). When increased the seed tuber sizes from small to large seed tuber
sizes yield and number of small seed tuber sizes also increased. This due to large seed tuber sizes produced high
number of stems per tuber than medium and small seed tuber sizes which had high competition of resources
between stem (tubers) which lead to produced high number and yield of small seed tuber sizes. This result agreed
with the results reported by Rajadrai (1994) that number of tubers per plant increased with increasing seed tuber
size and large size seed tubers produced significantly more number of tubers.
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Table 3. Yield (t ha!) and Number of different seed tuber sizes as influenced by plant spacing and seed tuber size
Parameter
Spacing >56mm 46-55mm 35-45mm 25-34mm
Number Yield Number Yield Number Yield Number Yield
75cmx30cm | 139278ab | 12.54a  146741b 11.66ab | 157157b 6.51d 74722¢ 1.49¢
60cmx30cm | 144491a 12.82a | 205278a 12.37a 180370b 7.28d 98148c 2.04c¢
60cmx20cm | 106667¢ 9.58b 205278a 11.65ab | 241111a 10.43b | 185833ab | 3.91ab
50cm x 30cm 114722¢ 8.71b 201167a = 9.24c 231389a 8.99¢ 165833 b | 3.40b
50cmx20cm | 117583bc | 9.21b 214167a 10.25bc | 242667a 11.82a | 210833a 4.63a
LSD (5%) 22733 1.47 24296 1.75 31141 1.34 26873 0.84
Tuber size
>56mm 122363b 9.37b 223659 a | 12.14ab | 236652a 10.70a | 175926a 3.77a
45-55mm 149556a 11.10a | 207185a 12.83a 213356a 9.33b 148370b 3.25ab
35-45mm 147333a 12.28a | 203926a | 10.69b 209185ab | 8.26bc | 127481b 2.55b
25-34mm 78941c 7.54¢ 143333 b | 8.47c 182963 b | 7.72¢ 136519b 2.81b
LSD (5%) 20333 1.32 21731 1.56 27853 1.19 24036 0.75
CV (%) 22.08 16.84 15.11 19.16 17.90 17.97 22.11 32.77

Means followed by the same letter(s) within a column in each factor are not significantly different at 5 % level of
significance. LSD= least significant difference, CV= coefficient of variation.

Partial Budget Analysis: The highest marketable tuber yield 389.70, 385.40 and 384.20qt ha™! was obtained at
60 x 30 cm plant spacing and medium seed tuber sizes (35-45mm), 60 x 30 cm plant spacing and large seed tuber
sizes (>56mm) and 50 x 20 cm plant spacing and large seed tuber size (>56mm) treatment combinations,
respectively. Similarly, highest profit or gain 57551 was obtained at plant spacing of 60 x 30 cm and medium seed
tuber size (35-45mm) treatment combinations whereas the lowest income -13574 birr was obtained from large
seed tuber sizes (>56mm) and plant spacing of 50 x 20 cm treatment combinations (Table 4).

On this study showed that potato production at closer plant spacing of 50 x 20 cm and 60 x 20 cm by using
large seed tuber size (>56mm) is not profitable than other seed tuber sizes and plant spacing treatment
combinations (Table 4). In general, from the cost benefit analysis; the production cost increased with increasing
in seed tuber size, hence resulting low economic return. The high net gain from above mentioned treatments could
be mainly attributed used medium seed tuber sizes while the low net gain was attributed used large seed tuber size.
Based on yield and income or gain, plant spacing 60 x 30 cm under seed tubers size of 35-45mm are recommended
for potato production over than other seed tubers size and plant spacing combinations farmers can use to maximize
their income or gain instead used the other seed tuber sizes and plant spacing.

Table 4. Interaction of seed tuber size and plant spacing on economic analysis of marketable tuber yield

spacing Tuber size Seed Seed cost  AvY (qtha AdY Total Net gain
(qt ha") (Birr) D) (qt ha") income (Birr)
75cm30cm >56mm 73.54 36770 326.2 293.58 58716 21946
46-55mm 39.07 19535 3454 310.86 62172 42637
35-45mm 26.46 13230 303.2 272.88 54576 41346
25-34mm 12.56 6280 257.8 232.02 46404 40124
60 cm x 30 cm >56mm 99.7 49850 385.4 346.86 69372 19522
46-55mm 40.96 20480 349.6 314.64 62928 42448
35-45mm 25.19 12595 389.7 350.73 70146 57551
25-34mm 15.69 7845 235.4 211.86 42372 34527
60 cm x 20 cm >56mm 137.88 68940 367.4 330.66 66132 -2808
46-55mm 73.26 36630 346 311.4 62280 25650
35-45mm 37.78 18890 347.8 313.02 62604 43714
25-34mm 23.54 11770 258.3 232.47 46494 34724
50 cm x 30cm >56mm 110.31 55155 324.7 292.23 58446 3291
46-55mm 58.61 29305 336.1 302.49 60498 31193
35-45mm 39.69 19845 320.6 288.54 57708 37863
25-34mm 18.83 9415 214.2 192.78 38556 29141
50 cm x 20 cm >56mm 165.46 82730 384.2 345.78 69156 -13574
46-55mm 73.72 36860 359.8 323.82 64764 27904
35-45mm 45.34 22670 329.2 296.28 59256 36586
25-34mm 28.25 14125 230.3 207.27 41454 27329

(AY ha")=Gross average tuber yield and (AdY ha'!) =adjusted yield
During experimental period the price of seed 500 ETBqt ™! and selling price during harvesting was 200 ETBqt™".
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SUMMARY AND CONCLUSION:

The present study revealed that plant spacing of 60 x 30 cm, 60 x 20 cm and 50 x 20 cm resulted in the production
of higher marketable number and tuber yield than the other spacing. However, the amount of seed to cover a given
area has to be considered the spacing of 60 x 30 cm more appropriate than the other two spacing’s for ware potato
production. Similarly, for seed production 60 x 20 cm plant spacing was more appropriate seed tubers by
considering better seed saving and intercultural operations. Large (>56mm) and medium (46-55mm) seed tuber
sizes produced maximum marketable tuber yield but medium seed tuber sizes (35-45mm) were appropriate seed
production by considering the result of partial budget analysis.
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