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Abstract
In a time of extremely high population growth, loss of arable land and climate change effects, food
security issue is becoming more and more important. Thus, improving the food security of smallholder
farmer is a major concern particularly in developing country. In this regard potato is one of the important
cash crops which contributes for food security and reduce poverty among smallholder farmers in the
developing countries like Ethiopia. However, the productivity of the crops is constrained by the limitation
of soil macronutrient. Therefore, this research was conducted with the aim to improve potato productivity
through intensive and economical uses of soil macronutrients. A factorial combination of four soil macro
nutrients and three potato varieties were used in a Randomized Complete Block Design with three
replications. The result revealed that soil macronutrients and potato variety had signi�cantly in�uenced
on phenology and growth components. Interaction effects of soil macro-nutrients and variety had also
signi�cantly affected total and marketable tuber yield of potato. The marginal rate of return of 7,370%
was obtained from the Wabi variety with the application of 200 kg ha − 1 soil macro-nutrients (NPS
fertilizer). Therefore, growing the Wabi variety of potato at 200 kg/ha of soil macro-nutrients resulted in a
high productivity and economic returns of the crop.

Introduction
Potato (Solanum tuberosum L.) is one of the most productive food crops in terms of yields of edible
energy and good quality protein per unit area per unit time (Jessie, 2017). It is regarded as a high
potential food security crop because of its ability to produce high yield and quality product per unit input
with a shorter crop cycle (mostly < 120 days) than major cereal crops (maize) (Adane et al., 2010; Israel et
al., 2012).

The annual world and African production of potato during 2018 was about 368.2 and 26 million tons,
respectively (FAOSTAT, 2020). Ethiopia is endowed with great potential for potato production majorly due
to the good climatic and edaphic conditions for its production and productivity (Endale et al., 2008). In
Ethiopia, about 9.245 million tons of potato is produced from 70,362 ha during 2019/20 cropping season
(FAOSTAT, 2020) and can potentially be grown on about 70% of arable land (CSA, 2010). However, its
average yield in African is very low (6 to 12 t ha− 1) compared to Europe and North America (35–45 t ha− 

1) (CIP, 2017) and speci�cally in Ethiopia, it is 7.97 tons ha− 1 (CSA, 2016) which is far below the potential
of the crop (CIP, 2017).

As it was reported by Samuel (2017), the low production and productivity of potato in Ethiopia is due to
the use of substandard agronomic practices including suboptimal amount and types of fertilizers, and
use of substandard quality tubers, and shortage of improved and adaptable cultivars. CIP (2017) and
Kefelegn et al. (2012) also reported that inappropriate agronomic practices, shortage of seed tubers of
improved potato varieties, depletion of soil nutrient, moisture stresses, diseases and insect pests are the
major constraints of potato production in Ethiopia. Thus, the low productivity of potato in Ethiopia is
majorly due to the low soil fertility and varietal difference (Mekides et al., 2020).
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Potato demands high levels of macro and micro soil nutrients due to its poorly developed and shallow
root system (Dechassa et al., 2003). Potatoes have relatively shallow root zones and lower tolerance for
water stress compared to other crops, therefore irrigation may be required where rainfall is limited
(Makani et al., 2013). It is also characterized as a strict requirement of balanced soil nutrient (Ahmed et
al., 2015).The crop produces much more dry matter by taking large amounts of nutrients per unit time,
which generally most of the soils are not able to supply (Islam et al., 2013). Thus, low soil fertility is one
of the limiting factors to sustain potato production and productivity in Ethiopia (Zelleke et al., 2010).

Ethiopian farmers have been relying only on blanket recommendations of 165 kg ha− 1 of urea and 195
kg ha− 1 DAP without considering the fertility status of the soil, the environment and the type of varieties
used (Tewodros, 2014). However, Ethiopian soils lack most of the macro (NPS) and micro (Cu, B and Zn)
nutrients (EthioSIS, 2014). Thus, the Ethiopian government has distributed blended NPS fertilizer in the
crop production system since 2013 (MoANR, 2013).

Mekides et al. (2020) reported the signi�cant improvement of Belete and Local potato varieties with 55.5:
89.7:16.52 kg ha− 1 of NPS fertilizer rate. Similarly, Alemayehu and Jemberie (2018) reported that,
application of 272 kg ha− 1 NPS fertilizer on Belete variety recorded the longest plant height (64.8 cm) and
the highest (9.3) stem numbers per hill. Gebremeskel (2016) and Yayeh et al. (2017) have also observed
an increasing trends in growth of cabbage, onion and garlic by application of NPS fertilizer. Positive
results on potato productivity were also reported by Alemayehu and Jemberie (2018) with increasing
levels of soil macronutrients (NPS).

The positive in�uence of soil macronutrients have been also reported on various vegetable crops (Yayeh
et al., 2017). Thus, to increase the productivity of potato, introducing the high yielding varieties with
intensive and economical soil macronutrients is very important.

Materials And Methods

Description of the Study Area
The experiment was conducted at Agarfa, ATVET College during 2021. The area is located at 7° 16' 0" N
to 7° 22' 30" N Latitude and 39° 51' 0" E to 39° 57' 0" E Longitude with altitude 2330 m above sea level
and 455 km away from Addis Ababa in the south eastern part of the country. The experimental area is
characterized as a sub-humid type of tropical climate. The average annual rainfall of the area based on
the 21 years meteorological data is 829.4 mm. The site has a bimodal rainfall distribution hence; the area
has two growing seasons as short rainy season and main rainy season. The short rainy season starts in
January and ends in April. Main rainy season starts in mid-June and extends to late October. The mean
annual temperature is 15.2oC and the mean maximum and mean minimum temperature of the area are
24.75oC and 7.1oC, respectively.
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Experimental Materials, Treatments and Design
Three improved potato varieties (Belete, Gudane and Wabi) were used as experimental material in the
study area. Those varieties were released by different Agricultural Research Centers. Two factors of
(fertilizer and potato varieties) with three replications were used in the experiment where the �eld was laid
out factorialy in Randomized Complete Block Design (RCBD). Macro nutrients of 0, 100, 150 and 200 kg
ha-1 with three potato varieties (Belete, Gudane and Wabi). The experiment has 12 treatments with three
replications and each replication consists of 12 plots corresponding to the 12 treatment combinations.
Each treatment combination was assigned randomly to the experimental units within a block. A uniform
plot size of 3m x 3 m (9 m2) was used for each unit with a total experimental area of 564 m2. The space
between each plot was 1m and the blocks were separated by 1.5 m. 

Experimental Procedures and Field Managements
Uniform size, diseased free and uniformly sprouted tubers of three potato (Belete, Gudene and Wabi)
varieties were collected from Sinana Agricultural Research Center. Land was plowed four times by oxen.
Following the usual tillage practice the experimental �eld was conventionally prepared before planting on
April, 2021 and it took three to four months to complete the research work till its �nal harvesting date
August 28/2021. Ridges were made at a recommended spacing of 75 by 30 cm uniformly throughout the
experimental plot. The experiment had four ridges per plot with 10 plants per row. Planting was done at 5
cm depth. Plot size was 3 m X 3 m= (9 m2).   There were a total of 36 plots. NPS fertilizer treatment was
applied based on the treatment-wise level and the recommended level of nitrogen (138 kg/ha) was
applied uniformly for all plots to satisfy the nitrogen de�ciency in NPS fertilizer. Recommended earthling
up and other agronomic practices were done accordingly at the appropriate time and level. Disease was
protected by chemical fungicide application for early blight and late blight (Ridomil MZ 63.5% WP at the
rate of 2 Kg/ha and Mancozeb at the rate 3 kg/ha) (EARO, 2004).

 

Physico-chemical Properties of the Experimental Site soil

Soil sample was taken at a depth of 0-30 cm from randomly selected spots in a W-shaped pattern across
the experimental �eld before planting using auger. The collected soil sample was composited and
prepared for analysis to determine the physicochemical properties of experimental site soil. The soil
samples were analyzed at an appropriate soil laboratory for soil texture, total nitrogen, pH, organic matter,
available phosphorus, and cation exchange capacity (CEC). Total nitrogen was determined according to
Tekalign et al. (1991) classi�cation; the soil pH was measured using Olson II methods (Olsen et al., 1954);
organic carbon was determined by the method of (Booker, 1991) classi�cation and the available
phosphorus was measured using Olson II methods (Olsen et al., 1954); Cation exchange capacity (CEC)
was determined by Landon (1991) method. 
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Table 3. Physico-Chemical properties of the experimental site soil
Parameter Values Rating References 
Sand % 20.96    
Silt  %  36.28    
Clay %  42.76    
Textural Class Clay loam    
Available phosphorus ( mg kg-1) 22.23 Medium  
Available Sulfur ( mg kg-1) 14.5 Low  
Total N 0.15 Low  
OC % 1.82 Low  
pH            6.04 Slightly acidic  
OM % 2.96 Medium  
EC (ds/m) 0.19 Low  
CEC [Cmol (+) kg-1 soil] 21.7 Medium  

Where N=Nitrogen, OC%=Percent of Organic carbon, pH=Power of hydrogen, EC = Electrical conductivity,
OM%=percent of organic matter, CEC=Cation exchange capacity, Cmol = Centimole

Data Collection

Phenological Data
Days to emergence, �owering and maturity were recorded when 50 % of planted tubers emerged and
produced �owers and when 90 % of the plants of different treatments (each plot) were ready for harvest,
respectively. The days were counted from emergence to maturity of the crop or 50% above ground is
failed to the ground and color change. 

Growth and physiological parameters
Plant height (cm) was measured from the �ve randomly selected plants in each plots at 50% �owering.
Number of leaves per hill was measured by counting from the �ve randomly selected plants in each hill.
Leaf area (cm2) was determined by the product of leaves width and leaf length from �ve randomly
selected plants and multiplied by a constant value of 0.674. Whereas, leaf area (LA) was measured
according to Sakllova (1979) cited by Djilani and Senoussi (2013). The �ve randomly selected plants in
central rows that arose from the ground was counted and converted as number of stems per hill and
biomass was measured at physiological maturity. 

Yield and yield components
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Marketable tuber yield (t ha-1) was measured by selecting average weight of tubers which were free from
diseases, insect pests and above 20 g tubers from �ve randomly taken plants and the rest was recorded
as unmarketable tuber yield (t ha-1). Whereas, total tuber yield/ha was recorded by adding the weights of
marketable and unmarketable tubers. The number of tubers which were free from diseases, insect pests,
and tubers of having above 20 g from �ve plants in the three middle rows was computed as marketable
tuber number /hill and the rest were measured as unmarketable tuber number / hill. Whereas, total tuber
number hill-1 was determined by adding up the number of marketable and unmarketable tubers per hill.
Harvest index was determined as the ratio of dry weight of tubers to the total dry biomass. 

Quality parameters
The proportional number of tubers size categories was measured according to Lung’aho et al. (2007) and
recorded as tuber size distribution. Whereas, tuber dry matter content (%) and speci�c gravity as
measured based on the methods developed by CIP (2007).

 𝐃𝐫𝐲 𝐦𝐚𝐭𝐭𝐞𝐫 (%) = 𝒘𝒆𝒊𝒈𝒉𝒕 𝒐𝒇𝒔𝒂𝒎𝒑𝒍𝒆 𝒂𝒇𝒕𝒆𝒓 𝒅𝒓𝒚𝒊𝒏𝒈 (𝒈) x 100

                                𝑰𝒏𝒊𝒕𝒊𝒂𝒍 𝒘𝒆𝒊𝒈𝒉𝒕 𝒐𝒇𝒔𝒂𝒎𝒑𝒍𝒆 (𝒈) 

𝐒𝐩𝐞𝐜𝐢𝐟𝐢𝐜 𝐠𝐫𝐚𝐯𝐢𝐭y=      𝐰𝐞𝐢𝐠𝐡𝐭 𝐢𝐧 𝐚𝐢𝐫 (𝐤𝐠) X 100

                              𝐰𝐞𝐢𝐠𝐡𝐭 𝐢𝐧 𝐚𝐢𝐫 (𝐤𝐠) − (𝐰𝐞𝐢𝐠𝐡𝐭 𝐢𝐧 𝐰𝐚𝐭𝐞𝐫)

Partial Budget Analysis
Simple partial budget analysis was made for economic analysis of optimum NPS rates with appropriate
potato varieties described by CIMMYT (1988). Net return (Birr ha–1) and cost bene�t ratio were calculated
by considering the sale prices of potato and cost of fertilizers and labor for all �eld activities done. Thus,
the economic gains of the different treatments were calculated to estimate the net returns and the cost of
cultivation, after considering the cost of fertilizer NPS, labor and the income from total potato tubers for
economic analysis. Hence, total variable costs (TC), gross bene�ts (GB) and net bene�ts (NB) were
calculated (CIMMYT, 1988). For each pair of treatments, marginal rate of return [MRR (%)] was calculated
as the ratio of the difference in higher net bene�t to lower bene�t over the difference in higher total costs
that vary to lower costs and expressed in percent. Thus, the treatment which was non-dominated and
having a MRR of greater or equal to 50% with the highest net bene�t was taken to be economically
pro�table.

Data Analysis 
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The parameters considered in this study were subjected to analysis of variance using General Linear
Model of GenStat 16th edition (GenStat, 2016) and mean separation was made based on least
signi�cance difference at 5% probability level.

Results And Discussion

Phenological parameters of potato

Days to 50% emergence
The overall range of number of days to emergency was 12 − 15 days; this was statistically signi�cant at
p ≤ 0.01. NPS rates of 200 kg/ha delayed the days to emergency (14.22 days) and it was statistically
similar with 150 kg/ha of NPS rates, whereas control treatment (0 NPS) produced early emergency (12.89
days) of potato plants (Table 4). These could be due to the interaction of the mineral fertilizer and
temperature/storage conditions.

According to Struik (2007), higher temperatures increased gibberellic acid production (GA), in addition to
mineral fertilizer, particularly nitrogen which also promotes gibberellic acid and thus increased the rate of
emergence. Morena et al. (1994) also reported that the emergence of potato tubers was affected by
storage conditions and physiological age of the seed tubers rather than being disciplined by the fertility
status of the land.

Guadane (13.16) and Wabi (13.42) took shorter days to emerge and it was delayed in Belete variety
(14.08) (Table 4). Variation in emergency might be governed by the genetic factors of the plant through
its nutrient supply. This suggestion was supported by Degam (2016) who reported a signi�cant
difference between Gudanie, Belete and Jalenie varieties for days to 50% emergence of potato plants.
Different cultivars had different capacity to store food and to provide an optimal supply of carbohydrate
for the emerging seedling of embryo. The result is in agreement with the �ndings of Abubaker et al.
(2011) who reported that the genetic variation could be attributed to the emergency difference among
varieties. Lung’aho et al. (2007) stated that younger tubers took longer times to emerge from the soil.

Days to 50% �owering
The maximum NPS fertilizer rates (200 kg/ha) took 56.67 days and it was followed by NPS rates of 150
kg/ha. The control and 100 kg/ha NPS fertilizer rates treatment took 54.44 days to �owering (Table 4).
The signi�cant difference among the treatments might be attributed to the characteristics of nitrogen and
phosphorus nutrients which enhanced vegetative growth of the crop and prolonged days required to
attain 50% of �owering. In line with this, Alemayehu et al. (2015) and Biruk (2018) have also reported that
increasing nitrogen and phosphorus fertilization levels signi�cantly delayed days required reaching
�owering in potatoes. The higher rates of N from higher rates of NPS fertilizer might have a positive
effect to stimulate growth and prolonged vegetative phase thus, delaying the reproductive phase of
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plants (Tisdale et al., 2003). Similarly, Israel et al. (2012) reported that increased phosphorus application
prolonged the days to 50% �owering.

The maximum days required to reach 50% �owering (56.75 days) was recorded from the Belete variety.
The shortest day to 50% �owering (54.25 days) was recorded from the Gudane variety and it was
statistically similar with Wabi (Table 4). This might be due to the difference in environmental adaptability
among varieties and the indicators of the traits that are mostly controlled by genetic factors. The result
supported by Arega et al. (2007) who reported that day to �owering is highly dependent on gene factors
and governed by many environmental factors, mainly temperature and light. Early �owering of varieties
may indicate the beginning of tuberization at an early stage (Carrie et al., 2014). Bradshaw (2007) also
reported that a genetic difference is the cause for difference in �owering among the difference in variety.
The number of days required for �owering is one of the important parameters for potato farmers due to
the fact that it enables the grower to forecast its harvesting scheme and marketing plan (Khalafalla,
2001).

Table 4
Effects of NPS fertilizer rates and potato variety on days to emergence, days to �owering

and day’s maturity

NPS (kg ha− 1) Days 50% emergence Days to 50% �owering Days 90% maturity

0 12.89c 54.44b 94.78c

100 13.33bc 54.44b 96.22b

150 13.78ab 56ab 97.44a

200 14.22a 56.67a 98a

LSD (5%) 0.51 1.60 1.2

Variety      

Belete 14.08a 56.75a 104.83a

Gudane 13.17b 54.25b 82.83c

Wabi 13.42b 55.17b 102.17b

LSD (5%) 0.44 1.39 1.04

CV (%) 3.83 2.96 1.27

Means followed by the same letters in the same across all rows and columns followed by the same letter
(s) are not signi�cantly different at 5% level of signi�cance (LSD)

Days to 90% maturity
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A day to maturity for potatoes is de�ned as the number of days from emergence to when 90% of the
plants reached harvest accompanied with senescence of the haulms. The maximum days to attain days
to 90% maturity (98 days) was recorded from application of 200 kg ha− 1 NPS fertilizer rates and it was
statistically similar with 150 kg/ha NPS fertilizer rates. The shortest days (94.778 days) to maturity was
recorded from the control treatment (Table 4). Increased rate of nitrogen stimulated haulm growth
prolonged the growing period and delayed tuber formation (crop maturity). Therefore, a crop with more
nitrogen will mature later in the season than a crop with less nitrogen because late growth (maturity) is
related to excessive haulm development while early tuber growth (maturity) is related to less abundant
haulm growth (Mulubrhan, 2004). The delayed maturity of plants in response to the application of the
blended NPS fertilizer at higher rates might be due to the effect of nitrogen contained in the fertilizer
which may have stimulated plant growth, enlarged leaves and tubers but delayed �owering and maturity.
This suggestion is in agreement with Tantowijoyo and Van de Fliert (2006) who reported that the
application of nitrogen fertilizer at higher rates enhances vegetative growth by helping the plant to absorb
sunlight and produce carbohydrates but delayed the production of reproductive part and thereby delayed
maturity. The results of the present study are generally in agreement with the �ndings of various
researchers where increasing fertilizer rates, including NPS prolonged days to �owering and maturity of
different vegetable crops including potato in different agro-ecologies (Gebremeskel, 2016; Mekashaw,
2016).

Variety days to maturity was delayed 104.83 days) in Belete variety and the earliest was recorded from
Gudane (82.83 days), whereas Wabi is matured in between the two (Table 4). The result is supported by
the �ndings of Getachew et al. (2016) who reported early maturation of Gudane compared to Belete
varieties. This result is also supported by the �ndings of Abera et al. (2018), and Alemayehu and
Jemberie (2018).

Growth parameters of potato

Plant height (cm)
The longest plant height (80.06 cm) was recorded by the application of 200 kg ha− 1 NPS fertilizer and it
was followed by 150 kg/ha NPS fertilizer rates. The shortest plant height (65.15 cm) was recorded from
the control treatment (unfertilized plot). Increasing the rate of NPS fertilizer rates enhanced plant height
of potato (Table 5). The result revealed that application of 200 kg ha− 1 NPS fertilizer rates signi�cantly
in�uenced plant height of potato. The signi�cant increase in plant height in NPS fertilizer could be due to
the fact that nitrogen is considered as one of the major limiting nutrients in plant growth and promotes
the formation of chlorophyll which in turn resulted in higher photosynthetic activity, vigorous vegetative
growth and taller plants. Phosphorus is also required in large quantities in shoot and root tips where
metabolism is high and cell division is rapid. Sulfur promotes the formation of chlorophyll, higher
photosynthetic activity, vigorous vegetative growth and taller plants. The current investigation is also
consistent with the �ndings of Alemayehu et al. (2015) and Biruk (2018) who indicated that plant height
increased with increasing amounts of nitrogen fertilizer in potatoes. Gezahegn (2011) has also reported
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that plant height increased in response to increased application rate of N and P fertilizers, which could be
related to the role of nitrogen in promoting vegetative growth and that of phosphate in favoring leaf
expansion and stem elongation. Similarly, Israel et al. (2012) have found that increasing application of
nitrogen and phosphorus signi�cantly increased plant height.

The longest (79.74 cm) and shortest (65.71 cm) plant height was recorded from the Belete and Gudane
varieties, respectively. The Wabi (75.79 cm) variety was shorter than Belete and taller than Gudane
(Table 5). The differences between varieties for plant heights might be attributed by differences in genetic
constitution of the varieties and quality of material used. The current investigation is also consistent with
the �ndings of Eaton et al. (2017) who indicated the variations in plant height among varieties were most
probably due to plant genetics and quality of plant materials used. These results also agree with the
�nding of Bekele (2018) that variation among plant height was observed due to the ample food provided
and/or due to varietal differences that could be associated with their canopy structure or other growth
habit for varieties.

Leave number per hill
The maximum number of leaves per hill (445.48) was recorded from 200 kg ha− 1 of NPS fertilizer rates
and it was followed by 150 and 100 kg/ha of NPS rates. The smallest number of leaves per hill (399.78)
was recorded from the control plot (Table 5). The increased leaf number per hill with increasing NPS
fertilizer could be due to the contribution of NPS fertilizer for above-ground biomass (leaves). This result
is inconsistent with the �ndings of Yayeh et al. (2017) who reported an increase in leaf number per hill as
rates of NPS fertilizer application increased on vegetable crops. The combined application of NPS and
compost resulted in higher photosynthetic activity and chlorophyll synthesis which seemed to have a
favorable effect on the number of leaves per plant in Maize (Sisay and Adugnaw, 2020).

The maximum leaf number per hill (445.42) was recorded from the Belete variety and it was statistically
similar with Wabi. The minimum leave number per hill was recorded (402.36) from the Gudane variety.
This might be due to the genetic difference of plants which contributes to the production of many stems
per hill and thereby produces signi�cantly different leaf numbers among the potato variety. Similarly,
Masarirambi et al. (2012) and Zebenay (2015) in their study in Zimbabwe and at central highlands of
Ethiopia, respectively also reported that numbers of leaves were signi�cantly in�uenced by plant density
and seed size due to variety. Leaf number was signi�cantly and positively correlated with days 50%
emergence, days to 50% �owering, days to physiological maturity and plant height (Appendix Table 2).
This might be due to the increasing level of NPS in favorable soil conditions for plants to increase the
above-ground biomass (leaf number) which resulted in increase the number of branches and plant height
consequently prolonged in days to 50% �owering and maturity.
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Table 5
Effects of NPS fertilizer rates and potato variety on plant height, leaf number per hill, leaf area, leaf area

index, stem number per hill and above ground dry biomass
NPS (kg/ha) PH (cm) LNH− 1 LA (cm2) LAI SNPH AGBM (g)

0 65.15c 399.78b 17.54c 3.13c 6.87c 94.89d

100 72.2b 429.02ab 18.18bc 3.4c 7.36c 113.36c

150 77.58a 437.82a 19.68b 3.85b 8.09b 123.29b

200 80.06a 445.48a 21.99a 4.33a 8.89a 143.17a

LSD (5%) 4.50 31.05 1.79 0.44 0.54 6.55

Variety            

Belete 79.74a 445.42a 22.51a 4.44a 8a 138.04a

Gudane 65.71c 402.36b 15.91c 2.83c 7.37b 96.03c

Wabi 75.79b 429.02ab 19.62b 3.78b 8.03a 121.96b

LSD (5%) 3.90 26.87 1.55 0.38 0.47 5.68

CV (%) 6.25 7.46 9.48 12.1 7.12 5.65

PH, LNH− 1, LA, LAI, SNPH, AGBM, LSD and CV stands for plant height, leaf number per hill, leaf area,
leaf area index, stem number per hill and above ground dry biomass. Means across all rows and
columns followed by the same letter (s) are not signi�cantly different at 5% level of signi�cance
(LSD)

Leaf area
The highest (21.99 cm2) and the lowest (17.54 cm2) leaves area was recorded from 200 and 0 kg ha− 1 of
NPS fertilizer rates, respectively, while the other treatments were in between the two (Table 5). The result
further indicated that, as the rates of NPS fertilizer increased up to optimal level, leaf area increased
which plays a vital role in absorption of solar radiation thereby contributing for growth, yield and yield
components of the crop. The result is in line with the �ndings of Assefa et al. (2015) who reported an
increment of leaf area and leaf area duration with increased NP rates. Similarly, Tariku et al. (2018) also
reported that the increased rate of NPS fertilizer application signi�cantly increased leaf area in barley.
According to Israel et al. (2012) and Mulubrhan, (2004), application of nitrogen fertilizer resulted in
excessive development of haulm. Similarly, Zelalem et al. (2009) have found that increased application
of nitrogen rate signi�cantly increased leaf area of potato.

With regard to variety, signi�cantly maximum leaf area (22.51 cm2) were obtained from Belete variety and
the minimum leaf area (15.91 cm2) were obtained from Gudane variety (Table 5). This might be due to
different genotypes having different genetic character and having different growth habits. According to
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Paul (2007) the number of initially available (�rst order) stems have a role in increase in leaf number and
position on the plant which is important for rate of leaf area increase.

Leaf area Index
The highest leaf area index (4.33) was recorded from 200 kg ha− 1 NPS fertilizer rate. The lowest (3.13)
leaf area index was recorded from control treatment and it was statistically similar with 100 kg/ha of
NPS rates (Table 5). The increased leaf area index might be due to the improved soil property by NPS
fertilizer resulting in expanded leaf size thereby planting covered large space which gives an increase in
LAI. Increased leaf area could be attributed to the development of above ground biomass with the
expanded leaves produced in response to nitrogen (Firew, 2014). Vaezzadeh and Naderidar (2012) also
reported that organic and inorganic fertilizer expanded the leaf area index. This result is also in line with
the �ndings of Bewket (2019) who reported that increasing the rate of organic and inorganic fertilizer
increased leaf area index.

It is also evident from Table 5 that maximum (4.44) leaf area index at variety Belete was noted followed
by Wabi variety (3.78), while the minimum (2.83) leaf area index was achieved at Gudene variety. The
result of this study indicates that some of the cultivars differed in leaf area index possibly due to genetic
differences, which was in�uenced by environment. This �nding is corroborated by the results of a study
conducted by Putz (1986). Allen et al. (1992) also reported that leaf area index can vary widely according
to growing conditions and variety. Dhital et al. (2009) also found that young and fully expanded leaves
led to better tuberization in potato cultivars than the very young or very old leaves with less leaf area
index.

Stem number/hill
The highest stem number per hill (8.89) was attained at 200 kg ha− 1 NPS rates and the lowest was (6.87)
recorded from the control plot. Increasing the rates of NPS fertilizers, signi�cantly increased stem number
per hill (Table 5). This result is consistent with the �ndings of Jembrie et al. (2017) who reported that
increasing application of NPS fertilizer rates increased the main stem number of potatoes. Singh et al.
(2016) and Alemayehu and Jemberie (2018) reported that nitrogen with Sulfur fertilizer resulted in a
signi�cant and maximum number of stems per plant. This also conforms to that of Niguse (2016) who
reported that application of P and K fertilizers signi�cantly increased stem number per hill. However,
Alemayehu and Jembere (2018) pointed out that, application of 281.75 kg ha− 1 NPS blended fertilizer
which is more than this experiment.

The highest (8.03) stems number per hill was recorded from the Wabi variety and it was statistically
similar with the Belete variety. The lowest (7.37) stems number per hill was recorded from the Gudene
variety (Table 5). This difference could be due to the inherent variations in the number of buds per tuber
of cultivars. The number of stems relate to numbers of branches and numbers of leaves which
contributes to photosynthesis potential. An increase in absorption of solar radiation can ensure a higher
photosynthesis potential and promote synthesis and accumulation of reserve carbohydrates in the potato
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tuber which has a positive effect on the �nal tuber yield (White et al., 2007). Different scholars reported
that the stem number is the re�ection of different factors, such as storage condition (Islam, 2006),
physiological age of the seed of the variety and tuber size. The number of stems per plant had direct
relation with the number of sprouts per tuber not on the treatment applied (Abebe et al., 2010) and the
sprouts are the function of the number of eyes on tubers. The result is also in agreement with the �ndings
of Frezgi (2007) who reported that the number of stems per hill was not in�uenced by plant density rather
it is in�uenced by cultivar.

Above ground dry biomass
The highest above ground dry biomass (143.17 g) was attained at the rate of 200 kg ha− 1 NPS and the
lowest was (94.89 g) recorded from the control treatment (Table 5). Biomass yield increment in response
to NPS treatment indicates that all nutrients could in�uence biomass production and partitioning to the
different parts of the potato plant. This result conformed to the �ndings of the White et al. (2007) who
reported a signi�cant increment in dry matter yield of potato as N application increased. The increment of
dry matter yield per plant was also more apparent in plants from the applied fertilizer which is probably
due to less competition among the plants for nutrients. The �ndings of Millard and Marshall (1986) also
noted that a signi�cant increment in canopy dry matter yield of potato as N application increased
supports the results obtained in this study. The results of the present study clearly indicated that
application of NPS fertilizer increased biomass yield of potato varieties which are in line with the �ndings
of various researchers (Sharma and Arora, 1987).

Table 5 clearly showed that Belete variety gave the highest above ground dry biomass (138.04 g) and it
was followed by Wabi (121.96 g), whereas Gudene variety gave the smallest (4.23 cm) above ground dry
biomass. The difference of varieties in all dry biomass yields is associated with the difference in the
genetic makeup of the potato varieties. This type of result has also been observed by Mekides et al.
(2020) who reported that dry biomass yields are associated with genetic make-up differences among
potato varieties.

Yield and yield components of potato parameters

Total Tuber Number hill− 1

The highest total tuber number per hill (48.16) was recorded from the maximum NPS fertilizer rate (200
kg/ha) and it was followed by 150 and 100 kg/ha of NPS rates with the total tuber number per hill of
42.83 and 37.1, respectively, whereas the control treatment (0 NPS) gave smallest (27.84) tuber number
per hill (Table 6). The increase in the total tuber number per hill with an increase in NPS rate could be due
to the fact that N can trigger the vegetative growth for more photo-assimilate production, while P
enhances the development of roots for nutrient uptake. In agreement with the present �nding, the authors
of Zamil et al. (2010) and Israel et al. (2012) have reported a signi�cant marketable and total tuber
number increment in response to N and P fertilizer application. In line with this Sharma (2015) reported
that, application of N, P and S signi�cantly increased the number of tubers set per unit area. Singh et al.
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(2016) and Alemayehu and Jemberie (2018) also reported that nitrogen with sulfur fertilizer produced a
signi�cant and maximum number of stems per plant. According to Ababiya (2018), increasing the rate of
the blended NPS application from nil to 200 kg ha− 1 signi�cantly increased the average tuber number per
hill by about 28.57%.

The maximum total tuber number per hill (40.86) was recorded at Belete variety. However, it was
statistically at par with the Wabi variety with a result of 39.53, whereas the lowest total tuber number per
hill was recorded from the Gudene variety (36.56). The variation may be attributed to the difference in
genetic potential among potato varieties (Table 6). Stolen and tuberilization processes are affected by
genetic makeup and environmental factors (Bekele, 2018). Similarly, Sharma et al. (2015) and Alemayehu
and Jemberie (2018) also reported signi�cant variation in tuber yield of different potato varieties.
Getachew et al. (2016) reported signi�cant differences among potato genotypes in their number of tubers
per plant due to genetic variation.

Marketable tuber number /hill
The highest marketable tuber number per hill (43.96) was recorded from 200 kg/ha of NPS fertilizer rates
followed by 150 and 100 kg/ha of NPS rates. The lowest marketable tuber number per hill was recorded
from control treatment. Marketable tuber number per hill increased from control plot to maximum NPS
rate (200 kg ha− 1) accordingly. In this experiment, NPS fertilizer rate increases marketable tuber size by
16.12% (Table 6). This might be due to different rates of fertilizer applications having different
marketable yields. Increase in marketable tuber numbers per hill was due to the application of nitrogen,
sulfur and phosphorus was associated with a decrease in number of the small-sized tubers and increase
in the weight of individual tubers. The application of 180 kg N along with 50 kg S increased the number
of marketable tubers by 43% (Singh et al., 2016). From the �ndings of Daniel et al. (2008) the possible
reason for increased marketable tuber number per hill might be due to the application of organic and
inorganic fertilizer. This result is in agreement with the �ndings of Israel et al. (2012) and Alemayehu et
al. (2015) who reported that application of nitrogen and phosphorus signi�cantly increased marketable
tuber and total tuber number. Similarly, Zelealem et al. (2009) also reported that increases in the rates of
NPS and urea fertilizers signi�cantly increased tuber number per potato plant.

The Belete variety had recorded the highest marketable tuber number per hill (35.96) and the lowest
marketable tuber number per hill (32.08) was recorded from the Gudane variety (Table 6). This variation
is due to genetic differences among varieties. According to Fikre, (2012) genetic differences among
potato varieties play a role in their ability to produce high solids. The variation in total yield of potato
genotypes may be due to differences in response to the growing environmental factors. This is in
agreement with �ndings of other authors, who reported that tuber yield differences among genotypes
were attributed both to the inherent potential of genotypes and growing environment as well as to the
interaction of genotype x environment (Habtamu et al., 2016).

Unmarketable tuber number / hill
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The maximum unmarketable tuber number per hill (5.44) was recorded from the control plot. The lowest
unmarketable tuber number per hill (4.21) was recorded from the maximum (200 kg/ha) NPS fertilizer
treatment and it was statistically similar with 150 and 100 kg/ha of NPS fertilizer treatment. The result
further explained that with increased NPS rates from 0 to 200 kg/ha, unmarketable tuber number per hill
was decreased (Table 6). This result is in line with the �ndings of Biruk (2018) who reported the lowest
unmarketable tuber numbers per hill from the highest NPS fertilizer rate. Similar result was also reported
by Solomon et al. (2019) who reported that the increased application rate of NPS fertilizer results in lower
numbers of unmarketable tuber numbers as compared to unfertilized treatment.

Harvest index
The maximum harvest index (0.33 g) was recorded from the highest fertilizer treatment (200 kg ha− 1)
and it was statistically similar with 150 kg/ha of NPS fertilizer rates. The lowest harvest index (0.21 g)
was recorded from an unfertilized plot (Table 6). The possible reason could be due to the effect of
phosphorus in increasing tuber production of the potato than the vegetative part. This result was agreed
with the �ndings of Shiferaw et al. (2015) who reported that increase in the rate of N, P and S led to
higher harvest indices. Similarly, Israel et al. (2012) found that, increasing application of N and P rate
increased harvest index of potato. This result is confronted with the �ndings of Ezzat et al. (2011) who
reported that as N level increases, the dry matter percentage decreased, which in turn reduced tuber dry
matter percentage by increasing tuber water content which leads to reduced harvest index. The yield
increment in response to nitrogen application might be due to the production of high carbon assimilates
thereby giving high yield in spite of harvest index value and also might be due to proportional increment
of total tuber and biomass yields (Israel et al., 2012).

Maximum harvest index (0.29 g) was recorded from Belete and Wabi potato varieties, while the minimum
harvest index (0.26 g) was obtained from Gudene variety (Table 6). It probably could be attributed to the
increase in leaf area coverage of the soil surface until su�cient light became trapped for optimally
enhanced productions of photo assimilation. Ronald (2005) who revealed that the highest density
increased leaf area index, possibly indicating potential partitioning of assimilates for vegetative growth.
Leaf area index indicates the level of photosynthesis and accumulation of starch for partitioning to tuber
at the end of the growing season. Leaf area index can vary widely according to growing conditions and
variety which is in agreement with the report of Allen et al. (1992).
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Table 6
Effects of NPS fertilizer rates and potato variety on total tuber number

hill− 1, marketable tuber number hill− 1, unmarketable tuber number hill− 1

and harvest index

NPS(kgha− 1) TTNH− 1 MTNH− 1 UNMTNH− 1 Harvest index

0 27.84d 22.4d 5.44a 0.21c

100 37.1c 32.44c 4.66b 0.27b

150 42.83b 38.22b 4.61b 0.30ab

200 48.16a 43.96a 4.21b 0.33a

LSD (5%) 1.97 1.95 0.48 0.03

Variety        

Belete 40.86a 35.96a 4.91 0.29a

Gudane 36.56b 32.08b 4.56 0.26b

Wabi 39.53a 34.73a 4.72 0.29a

LSD (5%) 1.71 1.69 NS 0.03

CV (%) 5.17 5.82 10.34 12.28

Means across all rows and columns followed by the same letter (s) are not signi�cantly different at 5%
level of signi�cance (LSD)

Total tuber yield (t/ha)
Increasing the rate of NPS fertilizer from nil to 200 kg ha− 1 increased total tuber yield signi�cantly. Higher
total tuber yield per hectare (41.7) was scored from Belete at 200 kg ha− 1 of NPS fertilizer and lower total
tuber (23.1) per hectare was scored from Gudane variety which was unfertilized plot. Total tuber yield of
Belete was increased by 17.1%, Gudane was increased by 14.57% and Wabi was increased by 15.85%
from unfertilized plot to fertilizer application up to 200 kg ha− 1 (Table 7).

The higher total tuber yields were obtained from potato which was supplied with all NPS fertilizer rates as
compared with control. This variation might be due to the increasing rate of fertilizers the tuber yields.
The probable reason for increased tuber yield with increasing sulfur levels might be attributed to its role in
better partitioning of the photo-assimilates in the shoot and tubers (Sud and Sharma, 2002). According to
the report of Mahmoodabad et al. (2010) and Sharma and Arora (1987), increment of nitrogen fertilizer
rate resulted in more tuber yield but excessive rate of nitrogen (250 kg ha− 1) and decreased the total
number of tubers per unit area and yield, since high amount of nitrogen encourage vegetative growth
more than tuber growth. Increasing in total tuber yield with increasing rates of blended NPSZnB fertilizer
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was due to the positive effect of both nitrogen and phosphorus on total tuber weight (Israel et al., 2012).
This is probably attributed to the improvement in conditions that enhanced vegetative growth of the
aerial parts and, hence, translocation of photosynthate into the storage parts (Alemayehu et al., 2015).

This variation might be due to storage of photosynthetically matter in the tubers and also may be due to
the cultivar having inherent genetic variation on tuber bulking among potato varieties.

This result also agrees with the work of Levy and Veilleux (2007), who suggested that the duration and
rate of tuber bulking vary, among varieties and depends on environmental conditions. These results were
similar with other researchers who reported that total tuber yield was signi�cantly varied by variety
(Kumar et al., 2007). Similarly, Sharma (2015), Sharma et al. (2011) and Alemayehu and Jemberie (2018)
reported signi�cant variation in tuber yield of different potato varieties. In addition to the genetic makeup
of the varieties, differences in tuber size, plant spacing and others could have contributed to the observed
yield variations among-varieties and environments (Masarirambi et al., 2012).

Table 7
Interaction effects of NPS fertilizer rates and potato variety

on total tuber yield
Variety NPS kg ha− 1

0

100 150 200

Belete 24.6fg 30.12cd 37.52b 41.7a

Guadne 23.1g 27.03ef 31.09c 37.67b

Wabi 24.78fg 27.91de 36.13b 40.63a

LSD (5%) 2.77      

CV (%) 5.01      

Means across all rows and columns followed by the same letter (s) are not signi�cantly different at 5%
level of signi�cance (LSD)

Marketable tuber yield (t ha− 1)
Plants grown without fertilizer application produced the lowest marketable (18.76 t ha− 1) from Gudane
variety and the highest marketable (36.74 t ha− 1) tuber yields were produced from Belete variety by
application of 200 kg ha− 1 (Table 8). Wabi was recorded (34.67 t ha− 1) at 200 kg ha− 1 NPS fertilizer rate
application which was statically similar with the Belete variety. This variation might be due to application
of different rates of fertilizers. Increasing the rate of blended NPS fertilizer from zero to 200 kg ha− 1

increased marketable tuber yield signi�cantly. The result shows that marketable tuber yields increased
signi�cantly when the blended NPS rate was increased. This result is consistent also with those of
Jemberie et al. (2017) and Alemayehu et al. (2018) who reported that the application of NPS fertilizer at
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the rate of 272 kg ha− 1 resulted in the production of the highest marketable tuber yield (47.02 t ha− 1) of
potato. The result is also in line with that of Getachew et al. (2016) who reported that the maximum
marketable yield was obtained in response to the application of 100 kg ha− 1 blended NPKSZ and the
lowest recorded from unfertilized plots. Similarly, Ababiya (2018) and Bewket (2019) have reported that
higher marketable tuber yield of potato crop was obtained from application of blended fertilizers at
increased rates.

Solomon et al. (2019) reported that the lowest unmarketable tuber yield was obtained from potato plants
that received a higher rate of blended fertilizer that contains sulfur, while the highest value was recorded
for plots that did not receive fertilizers. Zelalem et al. (2009) and Israel et al. (2012) also reported that N
and P fertilization signi�cantly in�uenced productivity of potato measured in terms of marketable and
total tuber yields. Similarly, total tuber yield and marketable tuber yield increased signi�cantly as the rate
of sulfur increased, probably due to sulfur’s role in the synthesis of sulfur containing amino acids,
proteins, energy transformation, activation of enzymes which in turn enhances carbohydrate metabolism
and photosynthetic activity of plant with increased chlorophyll synthesis Israel et al. (2012).

This variation might be due to genotype variation among varieties. In agreement with the present
�ndings, a signi�cant difference in total and marketable tuber yield among potato varieties was reported
by Berhanu and Tewodros (2016) and Habtamu et al. (2016). These results were in line with other
researchers who reported that marketable tuber yield was signi�cantly varied by variety (Kumar et al.,
2007). Accordingly Habtamu et al. (2016) reported a signi�cant variation was observed between potato
varieties for their total tuber number per hill, marketable, unmarketable and total tuber yield in t ha− 1.

Marketable tuber yield increment was found to be strongly and positively associated with days to 50%
emergence, days to 50% �owering, days to physiological maturity (leaf number, plant leaf area, and leaf
area index, above ground biomass, Stem number, plant height, total tuber number, marketable tuber
number, harvest index and total tuber yield.

Table 8
Interaction effects of NPS fertilizer rates and potato variety

on marketable tuber yield
Variety NPS kg ha− 1

0

100 150 200

Belete 19.68de 25.21c 30.8b 36.74a

Guadne 18.76e 21.38d 26.83c 32.75b

Wabi 19.05de 21.37d 27.2c 34.67ab

LSD (5%) 2.60      

CV (%) 5.25      
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Means across all rows and columns followed by the same letter (s) are not signi�cantly different at 5%
level of signi�cance (LSD)

Unmarketable tuber yield (t ha− 1)
Table 9 explained that maximum unmarketable tuber yield (4.1 t ha− 1) was recorded from the unfertilized
plot (0 kg/ha NPS). The minimum unmarketable tuber yield (2.83 t ha− 1) was recorded from the
maximum NPS fertilizer rates (200 kg/ha) and it was statistically similar (3.09 t ha− 1) with 150 kg/ha of
NPS rates.

Unmarketable tuber yield was decreased by 1.27% when the NPS fertilizer rates application increased
from 0 to 200 kg ha− 1 fertilizer rates. The decrease in the level of phosphorus might have decreased the
growth of above ground biomass, tuber growth which leads to reduced tuber size and thereby contributes
to the high unmarketable tuber yield. The increase in unmarketable tuber yields of potato plants was also
observed with decreasing fertilizer rates as indicated by the �ndings of Zelealem et al. (2009) which is in
line with the �ndings of the present study. Similarly, highly and positively association results were
reported between the proportions of small sized tuber yield with unmarketable tuber yield (Helen, 2011).
Bekele (2018) showed that variation among genotypes of non-marketable yield could be attributed to
their genetic make-up. Zelealem et al. (2009) also pointed out that genotype differences signi�cantly
contributed to unmarketable tuber yield.

Table 9
Effects of NPS fertilizer rates and potato variety on

unmarketable tuber yield

NPS kg ha− 1 Unmarketable tuber yield (tha− 1)

0 4.1a

100 3.36b

150 3.09bc

200 2.83c

LSD (5%) 0.5

Variety  

Belete 3.12

Gudane 3.46

Wabi 3.46

LSD (5%) Ns

CV (%) 14.91
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Ns stand for non-signi�cant at 5% level of signi�cance. Means across all rows and columns followed by
the same letter (s) are not signi�cantly different at 5% level of signi�cance (LSD)

Potato Quality Parameters

Speci�c gravity
The highest speci�c gravity (1.076) was recorded at the maximum NPS fertilizer (200 kg ha− 1) and the
lowest speci�c gravity was (1.025) recorded from unfertilized plots (Table 10). This could probably be
due to its association with the increased stored assimilates in potato tubers with higher rates of NPS
fertilizer. Silva et al. (2014) described that speci�c gravity is an important trait, because it is directly
related to the dry matter content of the tubers. Higher speci�c gravity provides higher processing yield,
less fat absorption, better texture without affecting the taste of the �nal product.

The result further explained that with increasing NPS fertilizer rates from 0 to 200 kg/ha the speci�c
gravity increased by 5%. The result is in agreement with the �ndings of Zelealem et al. (2009) and
Tesfaye et al. (2013) who reported signi�cantly increased speci�c gravity of potato tubers with the
increased fertilizer rates. Similarly Ahmed et al. (2015) also reported that growth and quality of potato
were affected by the combination of both sources of fertilizers. In contrast to the current �ndings Bewket
(2019) reported that application of the maximum dose of inorganic and organic fertilizer resulted in
lowest tuber speci�c gravity. According to Bekele (2018), the speci�c gravity of tubers was signi�cantly
affected by blended NPSZnB fertilizer and highly signi�cantly affected by cattle manure.

Dry matter contents
The maximum dry matter content of potato (27.51%) was recorded from the maximum NPS fertilizer
treatment (200 kg/ha) and the minimum dry matter content (21.54%) was obtained from the controlled
treatment (unfertilized plot), whereas the other treatments were in between the two (Table 10). This is
probably associated with the in�uence of N on gibberellin biosynthesis and other phyto-hormonal
activities which have direct in�uence on plant growth and dry matter accumulation. This might be
attributed to high NPS dose which results in high NPS use e�ciency and dry matter accumulation in
tubers (Gawronska et al., 1984). The highest dry matter and starch content were accumulated in potato
tubers fertilized with mineral not organic fertilizers (Strimumar and Ockerman, 1990). Another study
indicated that, increase in NP fertilizer might have enhanced growth components by promoting the dry
matter accumulation Najm et al. (2010).

On the data, Belete variety produced the highest dry matter content (25.85%) and Gudane variety recorded
the lowest with a value of 24.21%, whereas Wabi recorded in between the two (Table 10). Higher dry
matter percentage recorded at cultivar that had maximum LAI, it might be the capacity to prepare more
photosynthesis and able to produce more assimilates and it is the channeled to sinks and also the
inherent genetic differences among the potato varieties in the production of dry matter (total solids)
contents of tubers. Dry matter is a varietal character; however, growing location, season, climatic
conditions and cultural practices greatly affect the accumulation of dry matter in tubers, a dry matter
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content of more than 20% is considered ideal for making chips (Saran and Chhabra, 2014). The present
result is in concur with the �nding of Tekalign and Hammes (2005) who reported that signi�cant variation
among potato cultivars with respect to total dry matter content was observed. Dry matter of potato tubers
is genetically controlled and in�uenced by environmental conditions during growing season and storage
temperature (Saran and Chhabra, 2014). Bekele (2018) showed that Variation among genotypes of non-
marketable yield, marketable and quality could be attributed to genetic make-up.

Table 10
Effects of NPS fertilizer rates and
potato variety on speci�c gravity

and dry matter contents of potato

NPS kg-1 SG DMC (%)

0 1.025d 21.54d

100 1.05c 24.74c

150 1.06b 26.38b

200 1.08a 27.51a

LSD (5%) 0.01 1.19

Variety    

Belete 1.050 25.85a

Gudane 1.056 24.21c

Wabi 1.051 25.07b

LSD (5%) Ns 0.93

CV (%) 1.28 3.63

Ns, SG and DMC stand for non-signi�cant, speci�c gravity and dry matter content. Means across all rows
and columns followed by the same letter (s) are not signi�cantly different at 5% level of signi�cance
(LSD)

Potato tuber size distribution
As the rate of blended NPS rates increased, large tuber size increased by 35.06%, medium tuber size
increased by 26.26% but small tuber size decreased by 35.55% at highest rates of 200 kg ha− 1

application (Table 11). This indicates that phosphorus is a critical nutrient in determining tuber size of
potato varieties. This could be due to the interaction of the mineral fertilizers and re-absorption of stored
food from tubers because of fast growth of aboveground biomass due to nitrogen fertilizer. This is due to
the presence of relatively better nutrient supply which results in production of large and medium tuber
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production. This could be due to supply of nutrients to potato crop resulting in luxuriant growth, more
canopies and leaf area for a function of photosynthesis which helped in producing larger tubers, hence
resulting in higher yields Mulubrhan (2004) and Israel et al. (2012). This result also agrees with the
results reported by Kumar et al. (2007) that the production of large sized tubers and medium sized tubers
increased due to less competition for nutrients and moisture. This may be attributed to the enhanced
metabolic role the nutrient plays in tuber cell growth and development (Marschner, 1995). Alemayehu et
al. (2015) and Frezgi (2007) have also noted that nitrogen application increased the quantity of larger
size tubers and total yield.

Gudane had the highest small tuber size (32.25%) but Belete had the lowest small size (26.04%) as
compared to both Gudane and Wabi varieties. Wabi had the highest medium tuber size (52.71%) but
Gudane had the lowest medium tuber size (43.64%). Belete had the highest large tuber size (50.15%) but
Wabi had the lowest large tuber size (35.8%) but it had statically the same with Gudane variety. 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 and variations among varieties might be due to the inherent
characteristics of the cultivars used. This result was in line with this study, Berhanu and Tewodros (2016)
and Habtamu et al. (2016) reported that tuber size distribution varied with varieties. Also, in con�rmation
with the �ndings of Patel et al. (2008) and Kumar et al. (2007) who reported that maximum yield of small
size tubers may be due to higher number of tubers as well as varietal character, adaptability or
establishment effects of the other growth attributes.
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Table 11
Effects of NPS fertilizer rates and potato variety

on tuber size distribution

  Tuber size distribution

Fertilizer rates Small Medium Large

0 49.43a 35.1d 21.71d

100 31.88b 48.37c 38.49c

150 20.32c 52.42b 47.6b

200 14.37d 61.36a 58.26a

LSD (5%) 4.49 3.92 4.43

Variety Small Medium Large

Belete 26.04b 51.65a 50.15a

Gudane 32.25a 43.64b 38.59b

Wabi 28.71ab 52.71a 35.8b

LSD (5%) 3.89 3.4 3.83

CV (%) 15.84 8.14 10.92

Means across all rows and columns followed by the same letter (s) are not signi�cantly different at 5%
level of signi�cance (LSD)

Partial Budget Analysis
Partial budget is a method of organizing experimental data and information about the costs and bene�ts
of various alternative treatments (CIMMYT, 1988). Therefore, partial budget analysis was made to �nd
out the exact rate of return that the farmers gain to their investment with changing the existing cultural
practices by the new alternative practices. The non-dominated treatments were shown through their
dominance over others in the sense that the treatment combinations showed higher net bene�ts with the
same or lower level of variable costs.

Marginal rate of return of the three non-dominated combinations of NPS and potato varieties (Wx200,
Bx200 and Gx200) was carried out to �nd out the relative pro�tability of the promising treatment
combinations. Accordingly, the MRR attained at a combination of Bx200, Wx200 and Gx200 were 7370%,
5840% and 5820%, respectively (Table 6). The maximum MRR of 7370% was obtained when the
treatment combination was shifted from Gx200 to Wx200 and the highest (308430 ETB ha− 1) net �eld
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bene�t was also recorded on this treatment combination (Wx200). Moreover, the treatments combination
of Wx200 gave the maximum marketable tuber yield of potato (Table 12).

The highest marginal rate of return (MRR) of 7370% followed by 5840 were obtained from Wabi and
Belete varieties received with 200 kg ha− 1 NPS fertilizer, respectively (Table 6). The results indicated that
the farmers could obtain a minimum and maximum of 12.1 and 73.7 Birr, respectively from Gudane and
Wabi varieties when farmers cost 1 Birr for purchasing fertilizer. As per, CIMMYT (1988) the minimum
acceptable MRR for farmers is 100%. Thus, the MRR obtained at Bx10, Bx150, Bx200, Wx100, Wx150 and
Wx200 combinations was above the minimum acceptable marginal rate of returns. Therefore, the
combination of Wabi variety with 200 kg/ha NPS fertilizer had the highest marketable tuber yield (34.67
t/ha) and the highest net bene�t (308430 ETB ha− 1) together with an acceptable MRR might be taken as
pro�table and can be temporarily recommended for the test area.

Table 12
Partial budget analysis for quality tuber production of potato varieties as affected by NPS fertilizer rates
Treatments MTY(kg ha− 1) Adj.MTY(kg ha− 1) GB(ETB) TVC(ETB) NB MRR%

Bx0 19068 17161.2 171612 0 171612 -

Bx100 25210 22689 226890 1800 225090 2971

Bx150 30800 27720 277200 2700 274500 5490

Bx200 36740 33066 330660 3600 327060 5840

Wx0 19051 17145.5 171459 0 171459 D

Wx100 21370 19233 192330 1800 190530 1060

Wx150 27200 24480 244800 2700 242100 5730

Wx200 34670 31203 312030 3600 308430 7370

Gx0 18760 16884 168840 0 168840 D

Gx100 21380 19242 192420 1800 190620 1210

Gx150 26830 24147 241470 2700 238770 5350

Gx200 32750 29475 294750 3600 291150 5820

Where, Blended NPS cost = 18 Birr kg-1, Field price of potato during harvesting = Birr 10 birr kg-1, MTY 
= Marketable tuber yield, Adj.MTY = Adjusted Marketable tuber yield, GB = Growth Bene�t, TVC = Total
variable cost, NB = Net bene�t, MRR (%) = Marginal rate of return and D = Dominated treatment,
Belete,G = Gudane, W = Wabi

Summary And Conclusion
Potato is one of the most productive food crops in terms of yields of edible energy and good quality
protein per unit area per unit time. Productivity of potato demands high levels of macro and micro
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nutrients due to its poorly developed and shallow root system. Therefore, this research was conducted to
determine the effect of blended NPS fertilizer rates on growth, yield and quality of potato varieties at
Agarfa, Bale Zone, and South Eastern Ethiopia. Three potato varieties, namely Belete, Gudane and Wabi
were used in this experiment in the 2021 cropping season as experimental material. Four rates of blended
NPS fertilizer (0, 100, 150 and 200 kg ha-1) were used. The experiment was tested in factorial
arrangement in randomized block design with three replications. Belete and Gudane varieties are well
adaptable to varying climatic conditions and have yield variation across the region also resistant to late
blight diseases at their optimum agro ecological conditions. Wabi is a newly released variety, high yield
and well resistant to late blight diseases.

 

The main effects of NPS fertilizer rates and potato varieties revealed signi�cant differences on days to
50% emergence, days to 50% maturity, plant height, leaf area, leaf area index, stem number, total tuber
number per hill, marketable tuber number per hill, Unmarketable tuber number, harvest index, speci�c
gravity, dry matter content, tuber size distributions. 

 

The interaction effects of NPS fertilizer rates and potato varieties were signi�cant on total tuber yield and
marketable tuber yield.  Highest total tuber yield per hectare (41.7) was recorded from Belete at 200 kg ha-

1 of NPS fertilizer and lower total tuber (23.1) per hectare was scored from Gudane variety which was
unfertilized plot. Total tuber yield of Belete was increased by 17.1%, Gudane was increased by 14.57 %
and Wabi was increased by 15.85% from unfertilized plot to fertilizer application up to 200 kg ha-1. The
highest marketable (36.74 t ha-1) tuber yields were produced from Belete variety by application of 200 kg
ha-1. Wabi was recorded (34.67 t ha-1) at 200 kg ha-1 NPS fertilizer rate application which was statically
similar with the Belete variety.

 

Partial budget analysis of the present study revealed that the combination of Wabi variety with 200 kg/ha
NPS fertilizer resulted in a higher net �eld bene�t of 308430 Ethiopian birr ha-1 which was obtained from
an acceptable MRR of 7370%. These �ndings have to be con�rmed through further research across more
locations and years to ascertain the consistency of the recommendation.
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