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Abstract: The field experiment was conducted to determine the effect of integrated use of organic and inorganic
fertilizers on growth and tuber yield of potato (Solanum tuberosum L.). The treatment consists of anintegrated
use of organic and inorganic source fertilizer. The treatments included ten selected combinations of organic and
inorganic nutrient sources, including vermicomposting, compost, nitrogen (N) and phosphorus (P). The design
was randomized complete block with three replications. Results showed that potato yield and yield components,
were significantly affected by the application of organic and inorganic fertilizer sources. The highest total tuber
yield of 32.2 ton ha  was obtained from the applications of 75 % Rec NP +25 % vermicompost based on the1

recommended N equivalent and of the recommended N and P fertilizers, followed by 29.3 ton ha  due to the1

application of the full recommended inorganic N and P fertilizers. The highest marketable tuber  yield  of 28.5
ton ha was obtained from the applications of 75% recommended NP with 25 % vermicompost based on the1

recommended N equivalent. Therefore, potato growers can exercises accompanying inorganic fertilizer with
organic nutrients is the most suitable opportunity to maximize the production of potato for smallholder farmers
to make their food security sustainable.
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INTRODUCTION opportunity for resource-poor farmers to generate

Potato (Solanum tuberosum L.) is one of the most crop  that   can   mature   within  short   period   of  time.
important  food  crops  in  many countries  of  the world. It contains practically all essential dietary constituents
In volume of production, it is the fourth most important like carbohydrates, essential nutrients, protein, vitamins
crop in the world after wheat, maize and rice with annual and minerals [5]. Potato production has been considered
production  of  314.1 million  tons  cultivated  on about as the first priority compared to other food crops because
18.1 million hectares of land [1]. Potato is regarded as a of its contribution to food security, income generation
high-potential food security crop because of its ability to and its utilization in different forms [3].
provide a high yield of high-quality product per unit input The gap between the production potential and the
with a shorter crop cycle [1]. It is a major part of the diet current national production average could be attributed to
of half a billion consumers in the developing countries [2]. many and complex biotic, abiotic and human factors [6].
In Ethiopia, potato (Solanum tuberosum L.) has promising Production constraints that have contributed to the
prospect in improving the quality of the basic diet in both limited production of potatoes in Ethiopia include low soil
rural and urban areas. It is an important crop for fertility soil and poor soil management practices [7, 8].
smallholder farmers in Ethiopia, serving both as a cash Low soil fertility in general and deficiency of Nitrogen (N)
crop and food security crop [3]. It is one of the root crops and Phosphorus (P) in most Ethiopian soils in particular
widely grown in the country because of increasing is the most important constraint limiting potato
demand and emerging markets that have provided a great production  in  Ethiopia  [9, 10]. The authors reported that,

additional income as stated [3, 4]. It is a short duration
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the soil fertility decline is attributed to continuous research has been done on the combined effects of
cropping, reduced crop rotation, removal of nutrients chemical and organic fertilizer requirement. Therefore, this
together with the harvested crops, reduced use of animal study was initiated with the objective of evaluated the
manure and crop residues due to their use as a fuel, which effect of integrated nutrient management on yield and
should be added to the soil and erosion coupled with low yield components of potato and soil physiochemical
inherent fertilit. properties.

The integrated nutrient management is a strategy that
incorporates both organic and inorganic plant nutrients to MATERIALS AND METHODS
attain higher crop productivity, prevent soil degradation
and thereby help meet future food supply needs due to The experiment was conducted in Welmera, Ada’a
positive complementarities [11]. The use of both organic Berga and Ejere districts of West Shewa Zone of Oromia
and inorganic fertilizers responds positively to improve National Regional State for three consecutive cropping
output markets and crop prices. The profitability of seasons (2017 -2019). The experiment site is located at 090
alternative nutrient input sources depends not only on 03' N latitude and 380 30' E longitude, 30, 40 and 60 km
yield gains but also on market condition s. many studies west of Addis Ababa, respectively, at an altitude of about
have found that the poor farmers’ inability to access 2400 m above sea level (Fig. 1). The mean annual rainfall
mineral fertilizers have adverse consequences on soil of the study area was 1100 mm, of which about 85% falls
fertility and incomes [12]. from June to September and the rest from March to May.

The combined use of organic and inorganic inputs According to Holetta Agricultural Research Center
saves about 50% of the cost of inorganic nitrogen Meteorological Report, the mean annual temperature was
fertilizer on its own [13, 14]. Integrated use of soil about 14.3°C, with the mean maximum and minimum
management technologies had reduced considerable temperatures of 21.7°C and 6.9°C, respectively and means
quantity of inorganic fertilizers and saved costs invested relative humidity of 60.6% (16). The environment is
for  chemical fertilizers  in  potato  production  [15]. seasonally humid and the major soil type is Nitisols [17].
Farmers in the study area are aware of the response of The experiment was laid out in RCBD with three
potato and other related crops to applied nutrients and replications. Urea (46-0-0) and TSP was used as source of
raise the crop in the homesteads using cattle manure, N and P. TSP fertilizer was applied as basal application at
household waste etc. However, they do not know the rate planting and N in urea was applied in split form. Both
of manure and its combined effect with inorganic fertilizers organic sources materials were applied three weeks before
(nitrogen and phosphorus0 for high production of the planting. The rate of both organic sources was calculated
crop  [11].  So  far,  no   information   is   available   and  no based on recommended inorganic N fertilizer equivalence.

The field experiment was comprised ten (10) treatments

1 Negative (o) 6 50 % Recommended NP +50 % vermicompost

2 100 % Recommended NP 7 75 % Recommended NP +25 % vermicompost

3 100 % vermicompost 8 75 % Recommended NP +25 % compost

4 100 % compost 9 50 % Recommended NP +50 % compost

5 25 % Recommended NP +75 % vermicompost 10 25 % Recommended NP +75 % compost

Table 1: Result of laboratory analysis of vermicompost and compost before application

Parameter Vermicompost (%) Compost (%)

pH 7.3 6.93

Total N (%) 1.03 0.82

Available P (%) 0.63 0.51

Exchangeable K (%) 2.63 2.42

Organic matter (%) 5.56 5.42
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Fertilizer  (Inorganic):  Nitrogen  in  the  form of Urea Specific Gravity of Tubers (g cm ): To determine the
(46% N) and phosphorous in the form of triple specific gravity, tubers of all size categories weighing
superphosphate (46% P O ) were used as source of N and about two kilograms were randomly taken from each plot,2 5

P, respectively. washed with water. The sample was then first weighed in

Vermicompost and Compost: Well prepared gravity was then determined using the following formula
vermicompost and compost were used. Then their pH, N, [24].
P, K and organic matter contents were analyzed in the
laboratory to determine the rate of application of Specific Gravity = Weight in air
eachtreatment, which was based on recommended N Weight in air--Weight in water
equivalent rate for the test crop before application.

Data Collection and Analysis: Composite surface soil randomly selected from each plot and weighed at harvest.
samples were collected from experimental fields (0-20 cm The  tubers  were  then  sliced  and dried in an oven at
depth) before treatment application. Similarly, soil samples 65°C for about 72 hrs until a constant weight is obtained.
were also collected after harvest of the crop from each The dry weight was recorded and the dry matter percent
plot and then composited by replication to obtain one calculated [25].
representative sample per treatment. The collected
samples were analyzed for the determinations of, soil Dry matter (%) = Weight of sample after drying (g) X100%
texture, pH, organic carbon (OC), total N, available P and Initial weight of sample (g)
exchangeable k. Soil particle size distribution/ texture were
analyzed using the Bouyoucos hydrometer method [18]. Statistical Analysis: Differences between  treatments
The pH of the soil was measured in 1:2.5 (weight/ volume) were determined by analysis of variance (ANOVA) using
soil to water ratio using a glass electrode attached to SAS software  [26].  Treatment means were compared
digital pH meter [19]. Soil organic matter was determined using least significant differences (LSD) at the 5% level of
by wet oxidation method as described by Bray and Kurtz significance.
[20]. Total nitrogen was determined by using Kjeldahl
method as described by Jackson [21] and available RESULTS AND DISCUSSION
phosphorus was determined by using the Bray II method
Bray and Kleinkopf et al.[22] and exchangeable K and was Effects of Organic and Inorganic Nutrient Use on Soil
determined from the same extract with flame photometry Chemical Properties: Soil chemical properties such as
[23]. pH, organic carbon (OC), N, P and k measured before

Growth Parameters: Average stems number per plant: the higher pH, total nitrogen (TN) and organic carbon (OC)
actual numbers of main stems per hill were recorded as the were recorded from full dose application of compost
average stem count of five hills per plot at 50% flowering. (Table 3). The lowest soil pH, organic carbon (OC), N, P
Only stems that emerged independently above the soil as and k were recorded from the negative control. According
single stems were considered as main stems. Stems to Ferdous et al. [27] indicate that integrated application
branching from other stems above the soil were not of organic and inorganic nutrient sources has a significant
considered as main stems. improvement in the condition of the soil and yield

Plant Height (cm): Was measured by taking five
randomly reselected plants per plot as the distance in cm Effect of Organic and Inorganic Fertilizer on Growth
from the soil surface to the top most growth point of Parameters: The analysis of variance showed that
aboveground at full maturity. growths parameters, total tuber number and marketable

Total Tuber Number: This was counted as the sum of integrated application of organic and inorganic fertilizer
marketable and unmarketable tubers from the net plot. except Plant height.

Marketable Tuber Yield (ton ha ): Included marketable Stem Number: Although stem density is one of the most1

and healthy tubers with size categories greater than 25 g. important  yield  components  in  potato, the results of the

3

air and then re-weighed suspended in water. Specific

Tuber Dry Matter Content (%): Five fresh tubers were

planting and after harvesting. The result showed that

productivity.

tuber number, were significantly (P < 0.01) influenced by
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Table 2: Soil Physico- chemical properties of the experimental site before planting
Soil texture Soil chemical properties
--------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------
Clay (%) Silt (%) Sand (%) pH (H O) OC (%) TN (%) Available P (ppm) Exch.k (meq/100)2

70.12 12.23 17.65 4.76 1.12 0.10 7.63 0.28

Table 3: Physico- chemical soil properties of the experimental site after harvesting
Value of soil parameters
------------------------------------------------------------------------------------------------------------------------

Treatments pH (H O) OC (%) TN (%) Available P (ppm) Exch.k (meq/100)2

Negative (o) 4.56 1.13 0.12 7.62 0.24
100 % recommended NP 4.82 1.12 0.18 7.23 0.23
100 % vermicompost 5.22 1.23 0. 22 12.13 0.38
100 % compost 5.28 1.56 0.24 11.3 0.43
25 % recommended NP +75 % vermicompost 5.21 1.32 0.21 9.56 0.39
50 % recommended NP +50 %vermicompost 5.13 1.46 0.18 8.96 0.35
75 % recommended NP +25 % vermicompost 4.86 1.54 0.16 9.34 0.41
75 % recommended NP +25 % compost 4.92 1.42 0.14 10.23 0.42
50 % recommended NP +50 % compost 4.78 1.63 0.22 10.10 0.37
25 % recommended NP +75 % compost 4.87 0.20 15.02 11.23 0.36

Table 4: Effect of organic and inorganic fertilizer on potato growths parameters
Fertilizer rate (kg ha ) Stem number per hill Plant height  (cm) Number of stand count1

Negative (o) 2.13b 36.9 28.0b
100 % Rec NP 2.45ab 34.33 31.0ab
100 % VC 2.60ab 39.7 30.67ab
100 % compost 2.67ab 37.0 32.3ab
25 % Rec NP +75 % VC 2.53ab 34.4 28.67b
50 % Rec NP +50 % VC 2.67ab 34.2 30.0ab
75 % Rec NP +25 % VC 2.8ab 35.13 31.0ab
75 % Rec NP +25 % comp 2.33 b 37.93 30.0ab
50 % Rec NP +50 % comp 3.13a 36.47 31.34ab
25 % Rec NP +75 % comp 2.8ab 36.67 33.67a
LSD (0.05) 0.76 NS 4.94
CV (%) 16.98 14.78 9.26
Note: Means of the same letter within a column are not significantly different at 5% level of significance. NS, non-significant at P < 0.05 probability level;
LSD, least significant difference; CV, Coefficient of Variation

present study showed that the influences of organic and recommended NP with 75 % compost while, the lowest
inorganic fertilizer on stem number. The highest (2.8) stem (28.0) was recorded from the treatment that had not
number /stem density) was recorded from application of received external nutrients applications (Table 4).
75 % Rec NP +25 % vermicompost (Table 4).

Plant Height (cm): Application of integrated organic and Yields of Potato
inorganic fertilizer had no a significant effect on plant Marketable Tuber Number: Marketable tuber number
height (Table 4). The tallest plants were obtained in the was highly significant (p<0.01) and affected by integrated
response to applying the full dose (100%) of application of organic and inorganic nutrients (Table 5).
vermicompost based on N equivalency. The lowest plant The highest marketable tuber yield was recorded in the
height was recorded under the control treatment. treatment that received the combination of 75%

Stand Count at Flowering: The analysis of variance based on N equivalent. While, the lowest marketable tuber
revealed that stand count at flowering was highly yield was recorded in the treatment that not received
significant (P< 0.001) due to combined organic and fertilizers. The possible reason for the increment of
inorganic fertilizer application. The highest (33.67) stand marketable tuber yield might be due to external combined
count was recorded from the response of 25 % application of organic and inorganic fertilizer [27].

Influence of Organic and Inorganic Fertilizer on Tuber

recommended NP with 25% recommended vermicompost
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Table 5: Effect of organic and inorganic fertilizer on tuber yield of potato

Fertilizer rate (kg ha ) Marketable Tuber Yield (ton ha ) Total Tuber Yield (ton ha ) Specific gravity Dry matter (%)1 1 1

Negative (o) 13.4d 17.4d 1.022c 22.2b
100 % Rec NP 25.7ab 29.3ab 1.028cb 22.6b
100 % VC 14.99d 20.4cd 1.036b 23.06ab
100 % compost 15.1d 19.5cd 1.032b 23.12ab
25 % Rec NP +75 % VC 18.6cd 24.2bcd 1.048ab 22.81b
50 % Rec NP +50 % VC 18.7cd 25.0abcd 1.042ab 22.84b
75 % Rec NP +25 % VC 28.5a 32.2a 1.054a 23.28a
75 % Rec NP +25 % comp 18.4cd 23.0bcd 1.046ab 23.08ab
50 % Rec NP +50 % comp 19.7bcd 24.0bcd 1.044ab 23.11ab
25 % Rec NP +75 % comp 23.2abc 27.1abc 1.037b 23.02ab
LSD (0.05) 5.7 6.9 0.12 0.28
CV (%) 33.6 32.8 1.22 1.52

Note: Means of the same letter within a column are not significantly different at 5% level of significance. NS, non-significant at P < 0.05 probability level;
LSD, least significant difference, CV, Coefficient of Variation.

Total Tuber Yield: Total tubers numbers were provides valuable organic matter to help improve soil
significantly affected by combined application of organic physico-chemical properties and increase the activity of
and inorganic fertilizer (Table 5). The results showed that beneficial soil microbes [34, 35].
increasing the combined rate of 75 % Recommended NP
with 25 % vermicompost based on N equivalent nutrients CONCLUSIONS
markedly increased tuber yields. The result was supported
with the findings [28]. As reported by this author's The results of the present study confirmed that the
application of organic fertilizer number of tuber integrated use of 75 % recommended NP with 25 %
production and might be attributed to the role of raising vermicompost fertilizers significantly improved potato
the organic content of soil. The highest and most tuber yield as compared to the use of each fertilizer source
significant tuber production (marketable and total tuber separately, thus potentially reducing the cost of
yield) was found from the plots treated with combination production. The option of prepared75 % of the
of 75% of the recommended inorganic (NP) fertilizers with recommended inorganic fertilizers with the application of
25% vermicompost, while, the lowest one was recorded in 25 % vermicompost, as observed in the present study
the control (without addition of external nutrients). must be a great benefit to those farmers with sufficient

As the results indicated from Table 5, as combination producing vermicompost. Furthermore, the integrated
of organic and inorganic fertilizer increasing total tuber approach has a long-term benefit in that it also improves
number and, marketable were highly increased, this is due the physico-chemical properties of the soil for sustainable
to potato high responsive when compared to other tuber crop production.
crops  [8,  29]. The  increased marketable tuber yields due
to integrated use of NP and vermicompost for tuber might Funding: The field research reported in this paper was
be related to the increment of soil micro and macro financed by the Ethiopian Institute of Agricultural
nutrients and its availability to the crop for comfort of Research (EIAR).
abortion [28, 30].

The results of this experiment also confirmed the Competing Interests: The authors declare that they have
observations [31, 32] who reported that integration of no competing interests.
organic and mineral NP fertilizers sustains crop
production due to positive interaction and ACKNOWLEDGEMENT
complementarities between them. The results recorded
from these findings confirm the study [33] who reported The authors appreciate the soil fertility research team
that who suggested that organic and inorganic mineral of Holeta Research Centre for implementation of the
inputs cannot be relieved completely by one another and experiment. We would also like to thank the staff of Soil
are both required for sustainable crop production. Laboratory of Holeta Research Center for their assistance
Separately from providing nutrients, vermicompost in managing soil analysis.
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