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Abstract: Potato is an important food and cash crop in eastern Ethiopia including Oda Bultum District. However, there is
no information on the role of blended NPSB fertilizer required to produce tuber yield and tuber quality traits. A field
experiment was conducted in Oda Bultum District, under rainfed during 2018 cropping season, with the objectives of
assessing the effects of blended NPSB fertilizer rates on yield-related traits and tuber yield of potato varieties and to
estimate the cost-benefit of the application of blended NPSB fertilizer in potato production. The treatments consisted of two
potato varieties (Bubu and Gudanie) and six rates of NPSB (0, 100, 150, 200, 250 and 300 kg NPSB ha™') fertilizer. The
experiment was laid out as a Randomized Complete Block Design in a 6 x 2 factorial arrangement and replicated three
times. Analysis of variance revealed that the two main factors; blended NPSB and variety had a significant effect on all
traits except that fertilizer and variety had a non-significant effect on days to 50% emergence. Interaction of blended NPSB
fertilizer and variety had a significant effect on total tuber number/hill, average tuber weight, total and marketable tuber
yields (t ha™). Gudanie variety emerged, flowered and matured earlier than Bubu. Early flowering of the crop was observed
in a plot which did not receive fertilizer while the application of NPSB fertilizer delayed flowering and maturity of plants
that received highest rates NPSB fertilizer (200, 250 and 300 kg ha™). The highest total tuber number hill™ (16.00) was
obtained from Gudanie variety at the application of 200 kg ha™ NPSB fertilizer. The highest proportion of small size tubers
were obtained from plots than received no fertilizer while the largest proportion of large size tubers were obtained from
plots that received 200, 250 and 300 kg ha™' NPSB fertilizer. The highest total and marketable tuber yields of 30.55 and
27.22 t ha™', respectively were obtained from Gudanie variety with the application of 200 kg ha™' NPSB fertilizer. Gudanie
had a significantly higher specific gravity (1.085g/cm’), tuber dry matter (21.98%) and starch content (15.82%) while plants
produced tubers with highest specific gravity, tuber dry matter and starch content due to the application of 200 kg ha™
NPSB fertilizer. Moreover, the highest net benefit of 116,330.24 Birr ha™ with 4066% marginal rate of return were obtained
from growing of Gudanie variety with the application of 200 kg ha™ NPSB plus 100 kg ha" urea fertilizer that could be
recommended for production of potato in the study area.

Keywords: Marginal Rate of Return, Marketable and Total Tuber Yield, Tuber Specific Gravity, Dry Matter Content

after wheat, maize and rice with annual production of 314.1
million tones cultivated on about 18.1 million hectares of
land [1]. Potato is regarded as a high-potential food security
crop because of its ability to provide a high yield of high-
quality product per unit input with a shorter crop cycle [2].

1. Introduction

Potato (Solanum tuberosum L.) is one of the most
important food crops in many countries of the world. In
volume of production, it is the fourth most important crop
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It is a major part of the diet of half a billion consumers in
the developing countries [3]. Potato is an important food
and cash crop in Eastern and Central Africa, playing a
major role in national food security and nutrition, poverty
alleviation and income generation, and; provides
employment in the production, processing and marketing
sub-sectors [4].

Potato has been introduced in to Ethiopia in 1859 by a
German Botanist called Schimper. Since then, potato has
become an important tuber crop in many parts of Ethiopia
and it ranks first among root and tuber crops both in a
volume of production and consumption followed by cassava,
sweet potato, and yam where smallholder farmers are the
major producers as food, and cash crop (central statistical
agency [5]. Furthermore, in Ethiopia root and tuber crops
covered nearly 1.63% of the area under all “meher’ crops in
the country [5]. Potatoes, sweet potatoes and taro/godare
accounted for 29.84%, 22.91% and 19.72% of the total root
and tuber crop area cultivated, respectively.

In Ethiopia, potato production reached 9.689 million tons
from 69,610 hectares in 2017/18 cropping season as
compared to 974 thousand tons from 16,000 hectares in 2001
and the number of households growing increased from 1.15
million in 2001 to over 1.19 million in “meher” 2017/18 [5].
Despite high potential production environments and marked
growth, the national average potato yield in farmer’s field in
Ethiopia is only 13.92 t ha”, which is lower than the
experimental yields of over 38 t ha' done at Holeta
agricultural research center and the world average of 19 t ha™
[6].

Several factors limiting crop yields have been identified by
many researchers in Ethiopia; the major ones are lack of
stable well-adapted varieties, lack of knowledge in using
optimum nutrient supply in every area of production zone, an
insufficient supply of disease and insect pests’ tolerant
varieties [7]. Most Ethiopian soils lack most of the macro and
micro nutrients that are required to sustain optimal growth
and development of crops [8].

In Ethiopia, fertilizer use has increased notably since 1990
[9]. However, there is no related attainable yield increase,
especially in potato [10]. This may be due to the fact that
small scale farmers do not have the required resources to
make or purchase fertilizer and/or the farmers do not apply
the optimum amount of fertilizers rates, fertilizer types to
potato varieties to harvest maximum yield from their land
due to the absence of recommendation that best fit to their
specific area and production system [10]. Furthermore, the
highest biological and economical yield of potato was
obtained from combined application of 200 kg ha”' NPSB
and 92 kg ha” N for Belete variety at Badawacho District,
Hadiya Zone [11].

Chemical fertilizer sources in Ethiopian agriculture have
been limited to urea and Diammonium Phosphate (DAP)
over the past five decades. These types of fertilizers deliver
only nitrogen and phosphorus which may not satisfy the
nutrient requirements of the crops including potato in the

agricultural soils. In addition, Ethiopian soil lacks most of the
macro and micronutrients that are required to sustain optimal
growth and development of crops [12]. Consequently, the
yield of potato crops in Ethiopia is much lower than the
world average production per hectare [6]. However, soil tests
through the Ethio-SIS revealed that Ethiopian soils are
deficient in other micronutrients like B and others. This is
attributed to high soil erosion, removal of nutrients by crops,
and continuous cropping with no replenishment of nutrients,
and inadequate and unbalanced use of organic and inorganic
fertilizers [13].

The Eastern area of potato production in Ethiopia mainly
covers the Eastern Highlands, especially East Hararghe
Zone. In West Hararghe highland, Oda Bultum District is
one of the potatoes produces under rainfed and irrigation
system. However, the yield of potato is low due to the
absence of area and variety specific recommendation of
fertilizer rates and shortages of quality seed tubers are
among this many other major problems found in the area
(personal communication).

In the study area, absence of area and variety specific
recommendation of fertilizer rates and shortages of quality
seed tubers are the causes of a large proportion of small-sized
tubers production that can be categorized as unmarketable
tubers and low yield. On the other hand, the soils in the area
were identified to be deficient in blended fertilizer NPSB
fertilizer (18.9% N, 37.7% P,0s, 6.95% S and 0.1% B) which
is recommended to substitute DAP fertilizer in Oda Bultum
District [14]. In addition, this blended fertilizer is under
distribution to be applied for all crops. Since the growth,
yield and profitability of potato production is largely
influenced by the fertility status of the soil and variety
selection, so it is necessary to conduct research in the area to
identify variety and rate of fertilizer that meets the farmers’
interest to obtain high yield, tuber quality and profit from the
production of potato. Therefore, the present study was
conducted to assess the effect of blended NPSB fertilizer on
tuber yield, yield-related and tuber quality traits of potato
varieties, and to estimate cost-benefit of the application of
blended NPSB fertilizer at different rates for the production
of potato in Oda Bultum District.

2. Materials and Methods

2.1. Description of Experimental Site

The study was conducted under rain-fed conditions during
2018 main cropping season at Oda Baso “’Kebele” Farmer
Training Center (FTC) in Oda Bultum District, Eastern
Ethiopia. Oda Bultum is one of the District found in West
Hararghe Zone. It is located in the Eastern part of the country
362 km from Addis Ababa and 37 km from Chiro, Zonal
town.

Geographically, the experimental site is located at the
latitude of 8° 54’ 0’ > North and longitude of 40° 47° 10° ’
East (Figure 1), with an elevation of 1801 meters above sea.
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Figure 1. Map of study area.

The area has a mean annual minimum and maximum
temperature of 12.23°C and 24.73°C, respectively. During
the 2018/19 crop growing season, the total amount of rainfall
received was 1261.27 mm. However, the area received about
500.29 mm of total rainfall during the experimental period
(July to October 2018).

The Oda Bultum District has two rainy seasons; that is, a
short rainy season from the end of March to early May and a
main rainy season that extends from June to September. The
mean maximum temperature was about 27.69°C in March
month. The soil is clay in texture and slightly acidic with a
pH value of 6.27.

2.2. Treatments and Experimental Design

The treatments consisted of two improved potato varieties
(Bubu, and Gudanie) and six different rates of NPSB
fertilizer (0, 100, 150, 200, 250 and 300), plus 100 kg ha™
urea applied to all plots equally except control. Nutrients
amounts in each fertilizer treatment are presented in (Table
2). The experiment was laid out as a Randomized Complete
Block Design (RCBD) in a 2 x 6 factorial arrangement and
replicated three times per treatment. There were 12 treatment
combinations, which were assigned to each plot randomly.
The total number of plots was 36 and each plot had a gross
area of 16.2 m* with 3.6 m length and 4.5 m width. Each plot
contained six rows of potato plants, with each row
accommodating 12 plants with a total population of 72 plants
per plot at the spacing of 0.75 m and 0.30 m between rows
and plants, respectively. The spacing between plots and
adjacent blocks was 1 m and 1.5 m, respectively. Plants in the
two outer rows, as well as those at both ends of each row,
were not considered for data collection to avoid edge effects.

2.3. Experimental Procedure and Crop Management

The experimental field was cultivated from end of April to

mid July 2018 to a depth of 25 - 30 cm using oxen to fine soil
tilth. Ridges and plots were leveled manually. Medium-sized
and well-sprouted potato tubers were planted on ridges at the
specified spacing by placing one tuber per hill. The tubers
were planted on July 28, 2018 at the spacing of 75 cm
between rows and 30 cm between seed tubers. The blended
NPSB fertilizers at the specified rates were applied by
banding the granules at the depth of 5 cm below and around
the seed tuber at planting for blended NPSB fertilizer. All
blended NPSB fertilizer was applied at planting, while urea
fertilizer was applied in three splits (%4) at plant emergence,
(*2) at the first earthing up and the remaining (%) at the
initiation of tubers (at the start of flowering) as per the
recommendation. All urea applications were made at a time
when the soil moisture is not excessively high to avoid
leaching of N. All other cultural practices were followed as
per the recommendation for raising a successful crop.

2.4. Data Collection Measurements

Days to flowering were recorded when 50% of the plant
population attained the flowering stage. Plant height was
determined by measuring height from the base of the main
shoot to the apex at full blooming. Number of stems per hill
was recorded as the average stem count of five hills per plot
reached at flowering stage. Only stems arising from the
mother tuber were considered as main stems. [15]. Days to
physiological maturity was recorded when the leaves of 70%
of the plants in the plot turned yellowish. Tuber number and
yield were represented by taking the average of 16 hills per
plot.

2.5. Data Analysis

The data were subjected to analysis of variance (ANOVA)
using Gen-Stat release 16™ Edition software [16]. The result
interpretations were made following the procedure of Gomez
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and Gomez and means of significant treatment effects were
separated using the Fishers’ Protected Least Significant
Difference (LSD) test at 5% probability level of significance.

2.6. Partial Budget Analysis

The economic analysis was carried out by using the
methodology described in in which prevailing market prices
for inputs at planting and for outputs at harvesting were used
[17]. All costs and benefits were calculated on a basis in Birr.
The concepts used in the partial budget analysis were the
mean marketable tuber yield of each treatment, the gross
benefit (GB) ha™ (the mean marketable tuber yield for each
treatment) and the field price of fertilizers (the costs
purchasing of blended NPSB, application costs and cost of
tuber yield transportation to the nearer market).

3. Results and Discussion
3.1. Physico-chemical Properties of the Experimental Soil

The results of the pre-sowing composite soil sample
laboratory analyses indicated that the soil textural class of
experimental site was 24% silt, 51% clay and 25% sand
(Table 1). Thus, the texture of the soil was clay according to
textural classification system [18]. The texture indicates the
degree of weathering, nutrient, and water holding capacity of

the soil. Furthermore, the clay soil texture was suitable for
potato and other major crops production due to its good
ability to retain nutrients and available water. However, clay
soil has a high proportion of clay particles. It is the cause’s
two biggest drawbacks of soils as it swells when wet and
creating difficulty to till (heavy of soils) and cracks when dry
exposing the roots to the atmospheric elements [18].

The pH of the soil was almost slightly acidic (6.27),
according to the rating of [19]. This value falls in the pH
range that was very conducive for potato production as
normal optimum soil pH for production is from 5.2 - 6.5 [20].
Cation Exchange Capacity (CEC) of the soil was (43.82
meq/100g) which was very high according to the rating of
[21]. Therefore, there could be no limitation to the growth of
the potato crop in terms of this soil CEC. The total soil
nitrogen content of experimental soil was 0.15% which is
moderate according to [21].

The available phosphorus content of the soil was medium
(10.79 ppm) in accordance with the rating of [22]. Potato
needs a good supply of readily available phosphorus since
the root system is not extensive and does not readily utilize
less available P forms.

Available sulfur (10.77 ppm) and boron (0.60 ppm) were
low according to rating scale [23]. Thus, according to the soil
laboratory results, the soil of the study area was suitable for
the production of potatoes and other crops.

Table 1. Physical and chemical properties of the experimental site before-planting at Oda bultum district during in, 2018.

1. Properties (%) Result Rating References
Sand (%) 25 -

Silt (%) 24 -

Clay (%) 51 - -

Textural Class Clay - (USDA, 1987)
2. Chemical properties

pH (1: 2.5 H,0) 6.27 Slightly acidic Tekalign (1991)
Organic Matter /OM/ (%) 3.00 Medium Tekalign (1991)
Organic Carbon /OC/ (%) 1.74 Medium Tekalign (1991)
Carbon-Nitrogen ratio (C: N) 9.16 Very low Newey (2006)
CEC (meq/100 g soil) 43.82 Very high Murphy (2007)
Total Nitrogen /TN/ (%) 0.15 Medium Murphy (1968)
Available Phosphorus /P/(ppm) 10.79 Medium Cottenie (1980)
Available Sulfur /S/(ppm) 10.77 Low EthioSIS (2014)
Available Boron /B/(ppm) 0.06 Low EthioSIS (2014)

3.2. Phenology and Growth of Potato

Phenology of potato traits

Days to 50% tubers emergence was significantly (P<0.05)
influenced by variety, while the two main factors viz. variety
and blended NPSB fertilizer had highly significant (P<0.01)
effect on days to 50% flowering and days to 90% maturity.
The interaction of variety and blended NPSB fertilizer had a
non-significant effect on phenology of potato (Table 2).

Bubu had late emergence of tubers which took average
days of 12.33 after planting. This variety also had
significantly delayed days to 50% flowering (52.5 days after
planting) and maturity (108.72 days after planting) than
Gudanie variety. Early flowering (50.33 days after planting)
of the crop was observed in the plot which did not receive

fertilizer while the application of NPSB fertilizer delayed
both the flowering and maturity of the crop. The delayed
flowering of potato was observed in plots which received
300, 250 and 100 kg ha’ NPSB of fertilizer with non-
significant differences among the treatments effects. Plants in
plots which did not receive fertilizer and 100 kg ha” NPSB
fertilizer showed earliness of crop maturity while plants in all
other plots that received (150, 200, 250 and 300 kg ha™
NPSB) showed delayed maturity (Table 2). This may be
related to the availability of N found in the soil and that may
not show more difference among the treatments.

The difference in emergence and 50% days to flowering and
days to 90% maturity among the varieties may be explained by
differences in the genetic characteristics. This suggestion
supported by who reported a significant difference between
Gudanie, Belete and Jalenie varieties for days to 50%
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emergence of plants at Degam [24]. Similar reported shown
that increasing application from 0 to 350 kg NPSB ha™' did not
show significantly difference on 50% days to emergence of
potato [24]. The significant difference between two potato
varieties for flowering and maturity might be explained by
differences in the genetic characteristics. This suggestion
supported by who reported that Gudanie variety was early to
mature as compared to Bubu and Belete varieties [24].

The significant effect of higher rates of NPSB fertilizer on
delayed flowering of potato and the observed trend of
delayed maturity towards the application of higher rates of

NPSB fertilizer might be due to sufficient supply of nutrient
that promotes vegetative growth and delayed the crop in
attaining reproductive stage. These results are in agreement
with, who reported that application of NPS fertilizers delayed
flowering stage [26, 24]. In addition to these results, reported
that increased phosphorus application prolonged the days to
50% flowering [25]. Furthermore, application of nitrogen
fertilizer at higher rates enhanced vegetative growth by
helping the plant to absorb sunlight and produce
carbohydrates, but delayed the production of reproductive
part and thereby maturity [26].

Table 2. Effects of variety and blended NPSB fertilizer rates on the phenology of potato at Oda bultum distrct during 2018.

Treatment Traits

Variety Days to 50% emergence Days to 50% flowering Days to 90% maturity
Bubu 12.33° 52.50° 108.72%
Gudanie 11.50° 51.22° 105.58°
LSD (5%) 0.37 0.72 0.81
NPSB fertilizer (kg ha™)

0 12.16 50.33¢ 105.10°
100 12.00 51.67% 106.21*
150 11.50 51.83%° 107.20
200 12.00 51.50% 108.01*
250 11.83 52.83% 108.13?
300 12.00 53.00° 108.51*
LSD (5%) NS 1.25 1.41

CV (%) 4.63 2.08 1.1

Means within column followed by the same letter (s) are not significantly different at 5% level of significance, LSD (5%) = Least significant difference at p=

0.05 and CV (%) = Coefficient of variation in percent
3.3. Growth of Potato Crop

Plant height and number of main stem

The variety and NPSB fertilizer had significant (P <0.01)
main effect on plant height and number of main stem per hill.
However, the interaction effect of the two factors was not
significant on plant height and main stem number (Table 3).

Bubu variety had tall plants (62.44 cm) and higher number
of main stems per hill (6.78) than Gudanie variety. Likewise,
Belete (6.52) and Gudanie (6.89) produced a significantly
different number of main stems per hill [25]. The differences
between varieties for plant heights and number of main stems
could be attributed by differences in genetic constitution of
the varieties. In addition, the difference in plant height and
main stem number among the varieties might be due to the
inherent genotypic variation [27].

Increasing the rate of NPSB fertilizer increased plant
height and main stem number per hill linearly. Application of
200, 250 and 300 kg NPSB ha™' fertilizer rates resulted in
significantly higher plant height and main stem number.
Increasing the rate of the fertilizer application from 0 to 300
kg NPSB ha™ increased the plant height and of main stems
number per hill by 18.58% and 100%, respectively (Table 3).
The highest plant height (64.83cm) and main stem number
(8.33 hill™") were obtained from the application of 300 kg ha™
NPSB fertilizer while the shortest plants (54.67cm) and main
stem number (4.16 hill'") were registered at the unfertilized
plot. However, the mean of plant height and main stem
number were not statistically different among treatments 200,

250 and 300 kg ha™' NPSB fertilizer application this might be
due to effect of N found in the soil which did not showed
varies among the treatment.

The significantly tallest plants and highest number of main
stems were observed towards the application of higher rates
of NPSB fertilizer that might be ascribed to the increased
availability of nitrogen in the soil for uptake by plant roots,
which might have sufficiently enhanced vegetative growth
through increasing cell division and elongation. Moreover,
other studied reported that plant height is increased with
increasing application of NPSB fertilizer from 0 to 350 kg ha®
' [24]. This might be presence of boron in the blended
fertilizer nutrient source might significantly increased plant
height due to its important role in the cell division and
nitrogen absorption from the soil, enhancing plant growth
ultimately increased plant height. Similarly, other research
work reported that increasing the rate of phosphorus from nil
to 230 kg P,Os ha™ resulted in highly significant increases in
plant height [28]. It might be the presence of boron and sulfur
in the blended fertilizer nutrient source also significantly
increased plant height due to its important role in the cell
division and nitrogen absorption from the soil, enhancing
plant growth ultimately increased plant height.

In addition to these, the current investigation is also
consistent with the other findings reported that significantly
increased stem number per hill with increasing the level of
lime and NPS fertilizer application [29]. Moreover,
increasing application of NPSB fertilizer rates from 0 to 350
kg NPSB ha was increased the main stem number of potato
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from 4.99 to 6.48 per hill, [24]. This might be related to the
fact that a synergistic effect of the combined application of N

and P promoting good root system, strong stem and good
growth.

Table 3. Effects of varieties and NPSB fertilizers on potato plant height and number of main stems, at Oda bultum distrct in 2018.

Treatment Traits

Varieties Plant height (cm) Main stem number (hill")
Bubu 62.44° 6.78
Gudanie 58.92° 6.06°
LSD (5%) 1.15 0.41
NPSB fertilizer (kg ha™)

0 54.67¢ 4.16°
100 58.58% 5.32°
150 60.67% 5.33°
200 61.07* 7.64°
250 63.67" 7.66
300 64.83° 8.33"
LSD (5%) 4.08 0.72
CV (%) 53 8.6

Means within column followed by the same letter (s) are not significantly different at 5% level of significance, LSD (5%) = Least significant difference at p=

0.05 and CV (%) = Coefficient of variation in percent

3.4. Yield Components and Tuber Yield

Total tuber number and average tuber weight

The analysis of variance showed that the main effect of
blended NPSB fertilizer and variety and their interaction
effect had a significant effect (p<0.01) on total tuber number
per hill and average tuber weight (Table 4).

The total tuber number per hill and average tuber weight (g
tuber) were increased with increasing rates of NPSB from zero
t0 200 and 0 to 300 kg ha™ for both potato varieties, respectively
(Table 4). However, increasing the NPSB supply beyond 200 kg
NPSB level did not significantly influence the total tuber
numbers per hill produced by the potato crop. Similarly, in both
varieties, the lowest total tuber number per hill was obtained
from plots that did not receive fertilizer. The highest total tuber
number per hill (16.00 hill"") and tuber weight (72.33g tuber)
were obtained from the treatment combination of varieties
Gudanie and Bubu for the application of 200 kg and 300 kg
NPSB ha' rate, respectively (Table 4). However, the lowest
total tuber number per hill (7.87 tuber hill") was recorded from
Bubu variety with the unfertilized plot.

The results indicated that optimum rate of NPSB for
maximum total tuber number was attained at 200 kg NPSB
ha for Gudanie and thus it was not agronomically necessary
and beneficial to increase the rate of the fertilizer further.

Furthermore, this may be indicated that the increased N rate
might have an inhibitory effect on tuber initiation process
which increased haulm development but reduced tuber
initiation. Therefore, results of the present study clearly
indicated that increasing potato tuber number and mean tuber
weights of potato varieties is possible up to certain level of
NPSB fertilizer application rate.

Generally, the average tuber weight of potato increased as
the rate of NPSB fertilizer increased. However, the maximum
total tuber number per hill was attained up to 200 kg NPSB
ha™'. The results of this study showed that the importance of
NPSB application to maximize the total tuber number per hill
should be kept at a moderate rather than at high rates. This
result is in line with the other studied noted that the highest
total tuber number per hill was obtained from 250 kg NPSB
ha™' [24]. Similarly, increasing the rate of the blended NPS
fertilizer application from nil to 100 kg ha™ significantly
increased the total tuber number per hill by about 23% [25].
The increment of average tuber weight in response to the
increased supply of blended NPSB fertilizer 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.

Table 4. Interaction effects of variety and blended NPSB fertilizer rates on total tuber number per hill and average tuber weight of potato at Oda bultum

distrct, during in 2018.

Total tuber number (tuber hill)

Average tuber weight (g tuber™)

Blended NPSB

Varieties
fertili ha!
ertilizer (kg ha™) Bubu Gudanie Bubu Gudanie
0 7.87° 10.20¢ 56.00¢ 44.67°
100 10.00¢ 12.20° 61.00° 59.07
150 12.33¢ 12.20° 63.29% 61.00°
200 14.06° 16.00* 67.33° 66.00°
250 13.40% 13.20% 67.83% 66.37°
300 13.13% 13.04 > 72.33% 66.67°
LSD (5%) CV (%) 1.58 7.61 473452

Means within column and rows of each traits followed by the same letter are not significantly different at 5% level of significance, LSD (5%) = Least

significant difference at p= 0.05 and CV (%) = Coefficient of variation in percent
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Distribution of tubers into size categories

Analysis of variances revealed that percentage of small
and medium tuber size were significantly (p<0.01) by the
main effect of variety and NPSB fertilizer, while large tuber
size did not affected by the main effect of variety, while the
interaction of both factors is non-significant on all tuber size
proportion (Table 5). From the main factors, Bubu variety
had the highest medium and large tuber size was recorded
with 37.27% and 31.96%, respectively. Whereas, the highest
small tuber size (35.35g tuber) was produced by the variety
Gudanie. This may be due to the higher number of tubers as
well as characteristics of variety adaptability or establishment
effects of the other growth attributes. This study is in
agreement with other research reported that the lowest value
was obtained from Bubu variety [30].

The proportion of small-sized potato tubers significantly
decreased by 53.67 to 19.94% with increasing rates of the use
of mineral 0 to 300 kg NPSB ha fertilizers, respectively.
Thus, increasing application of blended NPSB fertilizer from
0 to 250 and 0 to 300 kg ha™ significantly increased the
percentage of medium and large tuber size from 29.83 to
42.97% and 16.50 to 39.87%, respectively (Table 8). On the
other hand, increasing application of blended NPSB fertilizer

from 0 to 250 and 0 to 300 kg ha™ significantly increased the
percentage of medium and large tuber size by about 44% and
141.63%, respectively. However, at higher rates of 200, 250
and 300 kg NPSB ha' fertilizer application did not
significant differences observed in the proportion of medium
and large-sized tubers. But there is no statistical difference
from 200 to 300 kg NPSB ha” (Table 5). This shows that
increasing the rate of NPSB did not vigorously affect this
parameter of the plant.

The result is in agreement with other studied who have
demonstrated that increased phosphorus application from 46
to 138 P,0s kg ha' increased the proportion of large and
medium-sized tubers produced in the range between 49.42 to
53.72% and 36.62 to 41.26%, respectively [31]. Furthermore,
other scholars observed that the largest proportion of small-
sized tubers was obtained at the application of unfertilized
plots. Moreover, other scholar observed 34.32 to 37.53%
increase of medium size tubers of potato as the NPSB
application increased from 0 to 200 kg ha” [12]. The
improvement in the size of the potato tubers in response to
the application of fertilizers could be ascribed to improved
nutrient status and physicochemical property of the soil in the
area.

Table 5. Main effects of variety and NPSB fertilizer rates on tuber size proportion of potato grown at Oda bultum during 2018.

Treatment Traits

Variety Small tuber size (%) Medium tuber size (%) Large tuber size (%)
Bubu 30.77° 37.27° 31.96
Gudanie 35.35° 34.89° 29.77
LSD (5%) 3.02 221 NS
NPSB fertilizer (kg ha™)

0 53.67° 29.83¢ 16.50°
100 42.99° 30.28¢ 26.74°
150 36.19° 34.83° 28.98°
200 24.66% 38.35% 36.13*
250 20.91¢ 42.97° 36.99*
300 19.94¢ 40.20® 39.87°
LSD (5%) 5.23 3.82 5.32
CV (%) 13.4 9.0 14.6

Means within column followed by the same letter (s) are not significantly different at 5% level of significance, LSD (5%) = Least significant difference at p=

0.05 and CV (%) = Coefficient of variation in percent

Marketable, unmarketable  tuber  number  and
Unmarketable tuber yield

Marketable tuber number was significantly (P < 0.01)
influenced by the main effects of variety and NPSB fertilizer,
but not by their interaction effect (Table 6). Unmarketable
tuber number hill”! significantly (P < 0.01) influenced by
NPSB fertilizer, but the main effect of variety did not show
significance influence on unmarketable tuber number.

Gudanie had higher marketable and unmarketable tuber
number of 9.36 and 3.35 tuber hill”, respectively (Table 6).
This may be due to genetic differences between the varieties
in photosynthesis and dry matter accumulation. Other report
indicated that genetic differences among potato varieties play
a role in their ability to produce high solids [32].

Marketable tuber number was increased up to 200 kg
NPSB ha' rate and beyond it was decreased. Whereas the

trend of unmarketable tuber was in opposite direction to as

increasing application of NPSB fertilizer which decreased
from zero to 300 kg NPSB ha”' fertilizer application.
Increasing the rate of the fertilizer application from 0 to 200
kg NPSB ha™, increased marketable tuber number by about
130%, however, unmarketable tuber number was decreased
by 39.16%. The highest marketable tuber numbers (12.08
tuber hill"") was obtained at 200 kg NPSB ha™. Whereas, the
lowest unmarketable number (2.86 tuber hill"') was obtained
for the application of 300 kg NPSB ha™' (Table 6). Whereas,
the lowest marketable tuber number (5.05 tuber hill'") was
recorded form unfertilized plot.

The highest marketable tuber numbers obtained by
application of higher rate fertilizer might be the higher rate of
nitrogen because nitrogen can activate the vegetative growth
development and also associated with a decrease in the
number of small size tubers due to increase in the weight of
individual tubers. In addition to other studied reported that
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the application of NPSB fertilizer from 0 to 350 kg NPSB ha
"increased the number of marketable tuber by 46% [24]. The
high and lowest number of unmarketable tubers was
observed for the control treatment and highest rates of
fertilizer application, respectively. This may be due to the

phenomenon that phosphorus increased the above-ground
biomass via photosynthesis and net assimilation processes
and no re-absorption evidently took place from the tubers,
leading to increased tuber size and weight so the tuber could
be marketable.

Table 6. Effects of variety and blended NPSB fertilizer rates on yield components at Oda bultum distrct, in 2018.

Treatment Traits

Variety ll:/ilﬁ_l;;{etable tuber number (tuber Unmarketable tuber number (tuber hill") Unmarketable tuber yield (t ha™)
Bubu 8.51° 3.31 3.17°
Gudanie 9.36% 3.59 3.68°
LSD (5%) 0.65 NS 0.38
NPSB fertilizer (kg ha™)

0 5.05° 3.98° 438
100 7.16° 3.96" 3.96"
150 8.60° 3.83¢ 3.95°
200 12.08° 3.05° 3.00°
250 10.36° 2.98° 2.95%
300 10.31° 2.86° 2.30°
LSD (5%) 1.13 0.70 0.66
CV (%) 10.7 17.3 16.45

Means within column and rows of each traits followed by the same letter (s) are not significantly different at 5% level of significance, LSD (5%) = Least

significant difference at p= 0.05 and CV (%) = Coefficient of variation in percent

Variety, Bubu had the lowest unmarketable tuber yield
(3.17 t ha'), while Gudanie variety had the highest
unmarketable tuber yield (3.68 t ha'). The significant
difference between varieties for unmarketable yield may be
due to adaptability, crop maturity, and the inherent ability of
potato varieties in producing unmarketable tubers per plant.
Similarly, other studied reported that Gudanie and Jalenie
varieties produced significantly higher unmarketable tuber
yield [33]. Furthermore, increasing NPSB blended fertilizer
from 0 to 300 kg NPSB ha™' decreased unmarketable tuber
yield from 4.38 to 2.30 t ha™'. The highest unmarketable tuber
yield (4.38 t ha') was obtained from control plot (no
fertilizer applied) which was par with 100 and 200 kg ha™
NPSB fertilizer applied, whereas the lowest unmarketable
tuber yield (2.30 t ha™) was recorded from plot treated by
300 kg NPSB ha' and it was statistically par with 250 kg
NPSB ha™ (Table 6).

Moreover, variety and nitrogen had a significant effect on
unmarketable tuber yield of potato that increasing the
nitrogen level decreased the unmarketable tuber weight up to
100 kg N ha' [34]. Similarly, other study reported that
increasing the rate of blended NPS fertilizer from nil to 100
kg ha™ significantly decreased the unmarketable tuber yield
[25].

3.5. Tuber Yields

Marketable and total tuber yields

The analysis of variance showed that the main effect of
blended NPSB fertilizer and variety, as well as their
interaction had significantly (P< 0.05) influenced marketable
and total tuber yields (Table 7). However, unmarketable tuber
yield of potato was significantly (P < 0.01) influenced by the
main effect of variety and fertilizer but not by their
interaction.

Increasing the rate of blended NPSB fertilizer from nil to
200 kg ha™ increased marketable and total tuber yield. The
application of blended NPSB fertilizer increased marketable
and total tuber yield (ton ha™) in both potato varieties as
compared to growing of varieties without fertilizer
application. Increasing blended NPSB fertilizer rates from 0
to 200 kg ha™ increased marketable tuber yield of Bubu and
Gudanie by about 7.83 and 11.89 t ha', respectively,
whereas, it increased total tuber yield of Bubu and Gudanie
7.73 and 10.22 t ha™, respectively (Table 7). Increasing the
rate of the fertilizer application beyond 200 kg ha™ did not
significantly increase the marketable and total tuber yields of
both varieties. Thus the highest significant marketable yield
(27.22 t ha') and total tuber yield (30.55 t ha') were
recorded from Gudanie variety at 200 kg NPSB ha
application, while, the lowest marketable (14.67 t ha™) and
total yield (18.43 t ha™") were obtained from unfertilized plots
of Bubu variety.

The difference in yield among this varieties and blended
NPSB fertilizer 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 that affect yields
(soil, climatic, genetic and management practices) the rate of
nitrogen was increased from 100 to 150 kg N ha’, the
marketable tuber yields of Gudanie, Jalenie and Zengena
significantly increased [35].

The increase in total tuber yield in response to the
increased application of the combined NPSB fertilizers might
be due to the increased photosynthetic activity and
translocation of photosynthetic product to the root, which
might have helped in the initiation of more stolen on potato
[36]. Similarly, the NPSB application beyond 200 kg ha™ did
not bring significant yield advantage [12]. In the current
experiment, NPSB application beyond 200 kg ha™ did not
bring significant yield advantaged.



American Journal of Bioscience and Bioengineering 2021; 9(1): 21-32

29

Table 7. Interaction effects of blended NPSB fertilizer and variety on marketable tuber yield and total tuber yield of potato at Oda bultum distrct during, in

2018.

Marketable tuber yield (t ha™) Total tuber yield (t ha™)
Treatment NPSB fertilizer (kg ha™) Variety

Bubu Gudanie Bubu Gudanie
0 14.67¢ 15.33¢ 18.43° 20.33¢"
100 17.50% 19.21%¢ 21.20%f 23.45%de
150 19.16>¢ 18.80¢ 21.82%%f 23.03%4
200 22.49° 27.22° 26.16° 30.55°
250 22.50° 23.12% 25.00°¢ 25.89%
300 21.33% 22.72% 24.07%% 25.22%
LSD (5%) 455 4.18
0% 13.2 10.4

Means within column and rows of a variable followed by the same letter are not significantly different at 5% level of significance, LSD (5%) = Least
significant difference at p= 0.05 and CV (%) = Coefficient of variation in percent

3.6. Tuber Quality Related Parameters

The variety and NPSB fertilizer had significant (P<0.05)
effect on specific gravity, tuber dry matter and starch
contents of potato. However, the interaction effect of blended
NPSB fertilizer and variety did not show significant effects
on all tuber quality related traits (Table 8). From the main
effect of variety, the higher specific gravity (1.085), tuber dry
matter content (21.98%) and tuber starch content
(15.82g/100g) were measured from Gudanie than Bubu
variety (Table 8).

Increasing the rates of NPSB fertilizer application from 0
to 200 kg ha™' increased the specific gravity, tuber dry matter
content and tuber starch content, however, the interaction
effect of blended NPSB fertilizer and variety did not show
significant effects on all tuber quality related traits (Table 8),
while further increase in the fertilizer rate did not bring a
significant increase in these traits. Similarly, tuber starch
content of the potato significantly improved by increased
NPSB from 0 to 100 kg ha™', while beyond this rate the effect
was non-significant.

Table 8. The main effect of varieties and blended NPSB fertilizers rates on specific gravity, tuber dry matter content and starch content of the potato at Oda

bultum distrct during 2018.

Treatment Traits

Varieties Specific gravity of tuber (g/cm®) Tuber dry matter content (%) Tuber starch content (g/100g)
Bubu 1.081° 21.20° 15.19°
Gudanie 1.085° 21.98° 15.82°
LSD (5%) 0.0020 0.75 0.61
NPSB fertilizer (kg ha™)

0 1.076° 20.17¢ 13.64°
100 1.082° 21.27% 15.29*
150 1.087%® 22.65% 16.04°
200 1.088° 22.96" 16.31°
250 1.086™ 21.82%¢ 15.92°
300 1.085%® 21.58% 15.82°
LSD (5%) 0.0035 1.30 1.06
CV (%) 0.3 5.42 5.6

Means with in column in each trait and treatment followed by the same letter (s) are not significantly different at 5% level of significance, LSD (5%) = Least
significant difference at p= 0.05 and CV (%) = Coefficient of variation in percent

The highest specific gravity (1.088), tuber dry matter
content (22.96%) and tuber starch content (16.31g/100g)
obtained from 200 kg NPSB ha'. However, the lower
specific gravity, tuber dry matter content and tuber starch
content (1.076), (20.17%) and (13.64g/100g) were obtained
from the control plots, respectively. On the other hand,
specific gravity again reverted to statistically the same value
as observed at the 150 to 300 kg NPSB ha™ fertilizer rates
which can be probably associated with the increased stored
assimilates in potato tubers with higher rates of NPSB
fertilizer. This may be related to the availability of plant
nutrient N and P found in the soil which may not affect

strongly the traits.

Moreover, significant increase of specific gravity of potato
tubers with the increased fertilizer rates, whereas also
reported the highest specific gravity of tuber (1.094) of
Gudanie variety due to the application of 100 kg NPS ha™
fertilizer rates [22]. However, this results disagreement with
other finding that specific gravity was not significantly
affected by the application of blended NPSB fertilizer [24].
Therefore, increasing the rate of the mineral fertilizer beyond
200 kg NPSB ha' decreased tuber specific gravity.
Furthermore, the specific gravity of potato was highly
significantly influenced by NPS fertilizer rates.
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The highest tuber dry matter content (21.98%) was
recorded for Gudanie variety, while the lowest tuber dry
matter (21.20%) was obtained from Bubu variety. This might
be due to the genetic difference between the varieties. In line
with the result, Belete and Gudanie varieties produced tubers
with higher tuber dry matter content than Bubu variety [30].

The increase of tuber dry matter with increasing up 200 kg
NPSB application rates observed in the present study is
probably the results of accumulation and partitioning of more
assimilates in tubes as indicated by the findings of various
researchers [38]. On the same manner, the present finding is
in agreement with other, study reported that increasing
application of blended fertilizers of 100% to 200% NPSB
with N adjustment increased tuber dry matter linearly as
compared to control treatment [26].

The present result appeared to be inconsistent with this
finding of study reported that the chemical constituents of
potato tubers like starch contents were increased with
increasing the NPK levels [39]. In general, potato varieties
with a starch content of 13% and above are the most
preferred for processed products [40]

3.7. Partial Budget Analysis

The result of the partial budget analysis revealed that the

maximum net benefit of Birr 11633024 ha' with an
acceptable marginal rate of returns (MRR) of 4066% was
obtained from Gudanie variety that received the application
of 200 kg ha" blended NPSB fertilizer on (Table 9). The
results of the study indicated that varieties and blended
NPSB fertilizers had given promoting benefit over the
control. The application of blended NPSB fertilizer for the
production of tubers from both varieties had MRR above
100% but the maximum MRR (%) was obtained from
Gudanie followed from Bubu variety with the application of
200 kg ha' blended NPSB fertilizer.

Based on this result, 200 kg blended NPSB ha” and
variety Gudanie and Bubu resulted in highest adjustable
marketable tuber yield 24.49 and 20.24 t ha, respectively
were profitable to the farmers in the study area. The
identification of a recommendation is based on a change
from one treatment to another if the marginal rate of return of
that change is greater than the minimum rate of return.
Therefore, the Gudanie variety at different rates of blended
fertilizer meets the acceptable minimum rate of return to
farmers’ recommendation through the best recommendation
to maximize the net benefit to the farmer; therefore the
highest net benefit was recorded on Gudanie variety at 200
kg NPSB ha™.

Table 9. Partial budget and marginal rate of return analysis for effects of blended NPSB fertilizer rates and varieties at at Oda bultum distrct during 2018

cropping season.

No Blende:i NPSB i Unadjusted 1 Adju?ted Mrkyld Total variables Gross Income Net Income MRR
Trt (kg ha™) Mrkyld (tha™)  (tha’) Cost (ETB) (ETB) (ETB) (%)
1 0 B 14.67 13.20 1584 66015 62846.6 0

2 0 G 15.33 13.80 1656 68985 67329.4 606
3 100 B 17.50 15.75 3500 78750 75250 530
4 100 G 19.21 17.29 3685 86445 82760.3 406
5 150 B 19.16 17.24 4379 86220 81840.7 D

6 150 G 18.80 16.92 4340 84600 80259.6 D

7 200 B 22.49 20.24 5649 101205 95556.1 1169
8 200 G 27.22 24.50 6160 122490 116330 4066
9 250 B 22.50 20.25 6154 101250 95096.4 D

10 250 G 23.12 20.81 6304 102240 95936.2 556
11 300 B 21.33 19.20 7260 95975 88715 D

12 300 G 22.72 20.45 7327 104040 96713 1194

Where, Blended NPSB cost = Birr 12.6 kg blended NPSB, blended NPSB fertilizers application cost, Birr 3.5 kg of blended NPSB, Application cost of
blended NPSB fertilizers 5 persons 100 kg ha™', each 70 ETB day™, Cost of tuber yield transportation to the near market 120 Birr ton™ and Price of tuber yield
5 Birr kg Mrkyld = Marketable tuber yield, MRR (%) =Marginal rate of return and D=Dominated treatment, B=Bubu, G= Gudanie.

4. Summary and Conclusion

The results of analysis of variance indicated that Gudanie
variety took a shorter time for tuber emergence, flowering
and maturity than Bubu variety. Gudanie variety was grown
with the application of 200 kg ha and Bubu variety at 300
kg ha™! NPSB of fertilizer produced significantly the highest
total number of tubers and average tuber weight, respectively.
Gudanie variety had significantly higher number of
marketable tuber (hill'"). The application of 200 kg ha™
NPSB of fertilizer produced significantly the highest number
of marketable tuber though mean values had non-significant
difference with the application of 250 and 300 kg ha™' NPSB

of fertilizer.

The highest marketable tuber yield (27.22 t ha') was
recorded for Gudanie in response to the application of 200 kg
NPSB ha™' and the lowest marketable tuber yield (14.67 t ha”
" was recorded for the Bubu variety with no NPSB
fertilization. With the same trend, the highest total tuber yield
(30.55 t ha') was recorded for Gudanie in response to the
application of 200 kg NPSB ha” and the lowest total tuber
yield (18.43 t ha™") was recorded for the Bubu variety with no
NPSB fertilization.

The application of 200 kg ha™ NPSB plus 100 kg ha' urea
fertilizer with the combination of variety Gudanie had
produced highest mean values for most of growth traits, yield
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components and tuber quality related traits. Moreover, the
partial budget analysis revealed that the maximum net benefit
of 116330.24 Birr ha” with marginal rate of returns (MRR)
of 4066% was obtained from the treatment combination of
Gudanie variety and blended 200 kg ha' NPSB fertilizer
application plus 100 kg ha™' urea. Therefore, it can be
concluded that 200 kg ha™' blended NPSB fertilizer rates and
Gudanie variety can be provisionally recommended for
potato growers in the study area.
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