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EFFECTS OF INTEGRATED NUTRIENT MANAGEMENT ON 

POTATO GROWTH, YIELD, YIELD COMPONENTS AND 

PHYSICO-CHEMICAL PROPERTIES OF SOIL, HARAMAYA 

WATERSHED, EASTERN ETHIOPIA 

 

ABSTRACT 

 
Potato is an important food security and cash crop in eastern Hararghe Zone. However, 

the productivity of the crop is constrained by low soil fertility and poor fertilizer 

management practices. Therefore, a field experiment was conducted at Haramaya 

watershed in Haramaya District, Eastern Ethiopia; during the 2014 using irrigation. The 

main objective of the study was to assess the effects of integrated nutrient management on 

potato growth, yield and yield components and selected physico-chemical properties of 

soils. The treatments were three rates of farmyard manure (0, 5, 10, t ha
-1

), three rates of N 

(0, 55.5, 111 kg N ha
-1

), and three rates of phosphorus (0, 46, 92 kg P2O5 ha
-1

). The 

experiment was laid out as a randomized complete block design in (RCBD) in a factorial 

arrangement with three replications. The results showed that the effect of integrated use of 

organic and inorganic fertilizer had significant influence on plant height, above ground 

biomass, day to maturity, total tuber yield, average tuber number/hill, average tuber 

mass/hill, marketable tuber number and tuber dry matter yield. The highest marketable 

tuber yields of 38.65 t ha
-1

 followed by 36.24 t ha
-1

 were obtained in response to a 

combined application of farm yard manure, N and P at the rates of 10t FYM ha
-1

+111 kg 

N ha
-1

+92 kg P2O5 ha
-1

and 10 ton FYM ha
-1

+ 111 kg N ha
-1

+46 kg P2O5 ha
-1

, respectively. 

The marketable and total tuber yields were positively and significantly correlated with all 

growth and yield components studied but negatively and significantly correlated with the 

number of main stem/hill, unmarketable tuber yield. Application of farm yard manure with 

N and P increased soil organic matter, available P and total N contents of the soil by 

5.31%, 30.1%, and 2.5%, respectively. But, application of P and N was alone no any 

significant effect on the fertility status of the soil after crop harvest. Soil bulk density was 

reduced and porosity was increased in response to the combined application of farm yard 

manure, N and P at the rates of 10t FYM ha
-1

+ 111 kg N ha
-1

+ 46 kg P2O5 ha
-1

. Economic 

analysis also revealed that the highest net returns of 102878.18 Birr ha
-1 

was obtained in 

response to the combined application of farm yard manure , N and P at the rates of 10 t 

FYM ha
-1

+111 kg N ha
-1

+92 kg P2O5 ha
-1 

but  the lowest net return was obtained from the 

control plot. In conclusion, application of farm yard manure with , N and P not only 

significantly improved the fertility status of the soil, but also productivity and profitability 

of the crop.  

 

Keywords: farm yard manure; inorganic fertilizer; marketable tuber yield. 

  



 

 
 

1. INTRODUCTION 

 

Potato (Solanumtuberosum L.) is an important food and cash crop in eastern and central 

Africa. It greatly contribute in national food security and nutrition, poverty alleviation and 

income generation, and provides employment in the production, processing and marketing 

sub-sectors (Lung‟aho et al, 2007).  

 

The annual production of potato in Ethiopia is low (about 784993.4 tons) and the national 

average yield is 11.76 tons ha
-1 

(CSA, 2014), which is very low compared to the world‟s 

average yield of 16.4 tons ha
-1

and that of other potato producing countries of the world 

such as New Zealand (50 tons ha
-1

), Netherlands (44.7 tons ha
-1

), USA  (44.6 tons ha
-1

) 

(FAOSTAT, 2010). There are several causes for the low yield of the crop in the country 

among which depleted soil fertility, poor agronomic practices, and diseases and pests are 

the main ones (Gildemacher et al., 2009). Soil nutrients are being depleted in Ethiopia 

because of, soil erosion, leaching, removal by crops, low external input of nutrients, as well 

as absence of crop residue incorporation for restoration of soil fertility (Tilahun et al., 

2001). 

 

Ayalew and Dejene (2011) stated that, declining soil fertility is one of the most significant 

constraints to increased food production in Ethiopia. The essential plant nutrients, N and P 

are of the deficient nutrients in many soil of Ethiopia (Murphy, 1968). Whereas,most 

cultivated soils of Ethiopia are poor in their organic matter (OM) content due to low 

amount of organic materials applied to the soil and complete removal of the biomass from 

the field (Yihenew, 2002). 

 

Blanket rates of the fertilizers had been used for over 15 years before detailed fertilizer 

trials were done at Holeta Research Centre on Nitosol in 1988 and 1989 for N and P using 

a medium maturing variety named Sisay (Gebremedhin et al., 2008). The research results 

of centre showed that application of 165 kg urea and 195 kg DAP/haled to the production 

of a high yield of about 3.0 ton ha
-1

 on that particular soil type. Since that time onwards, 

these rates of nitrogen and phosphorus in the form of Urea and DAP (165 kg urea and 195 

kg DAP/ha), which amount to 110 kg N ha
-1

 and 90 kg P2O5/ha, respectively, have been  
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formulated to be used as recommended rates for potato production on Nitosol of Holeta, in 

the central highlands of Ethiopia (Anonymous, 2004). The same rates of the mineral 

fertilizers have been blanket-used for potato production across most parts of the country 

regardless of soil and environmental conditions for more than 20 years. 

 

Most, if not all, farmers in eastern Ethiopian highland produce crops either by applying 

chemical NP fertilizers or farmyard manure (FYM) on their fields. Current blanket 

recommendation of 111 N kg ha
-1

 was recommended by (Tilahun et al., 2015) for the 

variety Bubu in Eastern Hareghe of Haramaya district. The same recommendation of 111 

N kg ha
-1

 and 92 P2O5 were given by (Anonymous, 2004) and this recommendation has 

been used for different researches (Tsegaye et al., 2014) and potato producers since then. 

Although they apply chemical fertilizers and FYM unbalanced, sub-optimal and ill-timing 

of application prevails in the area. Consequently, farmers are obtaing low yields of the 

crops than what they could achieve. Nowadays, it is realized that inappropriate soil fertility 

management is among the major constraints to crop production in the area and special 

attention was given to halt the problem. Soil fertility depletion in the region is highly 

aggravated by different interrelated factors such as continuous cultivation, absence of crop 

rotation, complete residue removal from the fields, soil erosion, inadequate supply of 

nutrients and ill-timings of fertilizers application are very common in the area. The use of 

inorganic fertilizers to alleviate the problem of low soil fertility for sustainable crop 

production in, Haramaya areas, however, limited its by high costs and unreliable 

availability of inorganic fertilizers; even the few farmers who use fertilizers cannot afford 

recommended rates. 

 

Soil nutrient depletion on smallholder farms has been cited as the biophysical root cause of 

the declining food production in Africa (Sanchez et al., 1996). Continuous cultivation of 

arable land without nutrient inputs resulted in degraded soils, accelerated soil erosion, 

depletion of soil nutrient reserves, reduced soil organic matter contents, damage soil 

physical structure, and, subsquently reduced crop productivity (Esilaba et al., 2000). The 

soil fertility depletion problem could be overcomed if the removal of nutrients with 

harvests and other losses would be replaced.  

 

Sustainable food production to feed the ever-increasing human population is a critical issue 

today. In order to feed the growing population, agricultural production has to grow at least 
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3-4 % per annum (Greenland and Nabha, 2001) .this can be achieved either by bringing 

more land ( i.e,. area expansion) or by increasing productivity by per unit of land (i.e., 

intensification). The first option has been less feasible due to land shortage. The remaining 

feasible option to increasing productivity per unit area is through improved soil fertility 

management accompanied with the use of crop varieties and better agronomic practice 

(Sanchez et al., 1997). However, in many place framers continue mining soil nutrients 

without adequate replenishment (Ryan and Spencer, 2001).   

 

The experiment conducted in Kenya showed that well decomposed FYM can be used in 

combination with inorganic fertilizers to improve soil fertility and potato tuber yield in 

small holder farms (Muriithi and Irungu, 2004). Shanward et al (2001), also reported that 

combination of N and P fertilizer each at 50 kg/ha with FYM at 5 t/ha increased yields 

significantly. 

 

Over-reliance on use of chemical fertilizers has been associated with declines in some soil 

properties and crop yields over time (Hepperly et al., 2009) and significant land problems, 

such as soil degradation due to over exploitation of land and soil pollution caused by high 

application rates of fertilizers and pesticide (Singh, 2000).This further justifies the need to 

use organic fertilizers. Animal manure is commonly used on higher value commodities 

such as potato, coffee and vegetables (Freeman and Coe, 2002; Shapiro and Sanders, 

2002). As with manure ,farmers have shifted toward promising innovations, if using new 

green organic systems or integration of organic and mineral fertilizer on to high 

commodities such as potato and vegetables (Place et al .,2002).  

 

Fertilizer efficiency has become more important in cropping systems for environmental as 

well as economic reasons; however, the smallholder farmer is poorly resourced and unable 

to invest in soil fertility inputs, particularly mineral fertilizers. It is necessary to seek 

cheaper, eco-friendly, that improve soil properties and can substitute nutrient requirement 

of crops partially, affordable and less risky soil fertility management practices, So that, 

need to develop low cost input technology to get higher production from intensive 

cropping in addition from maintaining soil fertility. Prativa and Bhattarai (2011) reported 

that, the integration of organic in combination with inorganic fertilizers was found 

significant in improving the overall plant growth, yield and soil macro-nutrient status than 

the sole application of either of these nutrients. 
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The integrated nutrient management paradigm acknowledges the need for both organic and 

inorganic mineral inputs to sustain soil health and crop production due to positive 

interaction and complementarities between them (Sanchez and Jama,2000;Vanlauwe et 

al.,2002a). It is a strategy that incorporates both organic and inorganic plant nutrients to 

attain higher crop productivity, prevent soil degradation and thereby help meet future food 

supply needs. 

 

Integrated soil fertility management is application of soil fertility management 

practices, and the knowledge to adapt these to local conditions, which maximize 

fertilizer and organic resource use efficiency and crop productivity (Sanginga and 

Woomer, 2009).  

 

It is, therefore, against this background that this study was proposed with the following 

objectives to: 

 

 Investigate the effects of integrated nutrient  management on growth and yield of 

potato, and 

 Evaluate effects of integrated nutreint management on selected physico-chemical  

properties of soils. 
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2. LITERATURE REVIEW 
 

2.1 The Potato Plant 

 

The potato is an herbaceous annual that grows up to 100cm tall and produces a tuber – also 

called potato so rich in starch. The potato belongs to the Solanaceae – or “nightshade”– 

family of flowering plants, and shares the genus Solanum with at least 1000 other species, 

including tomato and eggplant. Recent research indicates that S. tuberosum is divided into 

two, only slightly different, cultivar groups: Andigenum, which is adapted to short day 

conditions and is mainly grown in the Andes, and Chilotanum, the potato now cultivated 

around the world (FAO, 2009). 

 

Potato is traditionally grown from tubers, but it also can be grown from other vegetative 

organs such as stems or sprouts, and also from true seed (FAO, 2010).  As the potato plant 

grows, its compound leaves manufacture starch that is transferred to the ends of its 

underground stems (or stolons). The stems thicken to form a few or as many as 20 tubers 

close to the soil surface. The number of tubers that actually reach maturity depends on 

available moisture and soil nutrients. Tubers may vary in shape and size, and normally 

weigh up to 300 g each. The tuber is an underground modified swollen stem that serves as 

a storage and reproductive organ (FAO, 2009). 

 

2.2.Importance of Potato 

 

Potato is a preferred crop in achieving this goal especially in developing countries due to 

its high nutritional value, adaptability to diverse environments and high yield potential per 

unit area and time. Out of the four major food crops (rice, wheat, potato and maize), potato 

has the best potential for yield increases (Fengyi, 2008). Increasing population has resulted 

in reduction of arable land, and this coupled with climate change and instability together 

with frequent occurrences of natural disasters, have made food security as a crucial issue in 

the world. Hence, increased food supply and availability has become a priority in the 

world‟s development agenda.  

 

The potato is already an integral part of the global food system. It is the world‟s number 

one non-grain food commodity, with production reaching a record 325 million tonnes in 

2007. Potato consumption is expanding strongly in developing countries, which now 
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account for more than half of the global harvest and where the potato‟s ease of cultivation 

and high energy content have made it a valuable cash crop for millions of farmers. At the 

same time, the potato – unlike major cereals – is not a globally traded commodity. Only a 

fraction of total production enters foreign trade, and potato prices are determined usually 

by local production costs, not by the vagaries of international markets. It is, therefore, a 

highly recommended food security crop that can help low-income farmers and vulnerable 

consumers ride out extreme events in world food supply and demand (FAO, 2009). 

 

It is a staple food that supplies the energy and nutritional needs of more than a billion 

people worldwide. Potato cultivation and post-harvest activities constitute an important 

source of employment and income in rural areas and for women in developing countries. It 

can be used as a food security crop, as a cash crop, as animal feed, and as a source of starch 

for many industrial uses. In honor of its versatility, nutrition and emerging status in the 

developing world, the United Nations named 2008 the International Year of the Potato 

(FAO, 2009). The International Year of the Potato (IYP) in 2008 was a celebration of one 

of humanity‟s most important and universally loved staple foods. The potato produces 

more nutritious food more quickly, on less land, and in harsher climates than any other 

major crop – up to 85 percent of the plant is edible human food, compared to around 50 

percent in cereals. Potato is rich in carbohydrates, making it a good source of energy. It has 

the highest protein content (around 2.1 percent on a fresh weight basis) in the family of 

root and tuber crops, and protein of a fairly high quality, with an amino-acid pattern that is 

well matched to human requirements. Potato is also very rich in vitamin C – a single, 

medium-sized potato contains about half the recommended daily intake – and contain a 

fifth of the recommended daily value of potassium (FAO, 2009). The potato is the world‟s 

most important tuber vegetable with a vital but often underappreciated role in the global 

food system 

 

The potato crop is ideally suited for places where land is limited and labour is abundant, 

conditions that characterize much of the developing countries. Moreover, the potato is a 

highly productive crop. It produces more food per unit area and per unit time than wheat, 

rice and maize. Potato‟s short growth cycle also adds its value to securing food availability 

at household level by improving farm productivity through permitting double crop 

production per annum. As Kabira et al. (2006) also indicated that, potato plays an 
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important role in national food and nutrition security, poverty alleviation, and income 

generation and provides employment in production to consumption continuum. 

 

2.3. Integrated Nutrient Management 

 

Combined application of chemical fertilizer and organic manures has assumed great 

importance nowadays to maintain as well as sustain a higher level of soil fertility and crop 

productivity (Shalini et al.,2002). Prativa and Bhattarai (2011) reported that, the integration 

of organic manures in combination with inorganic fertilizers was found significant in 

improving the overall plant growth, yield and soil macro-nutrient status than the sole 

application of either of these nutrients.However, for successful nutrient management we 

must be able to describe the role of the various plant nutrients which are essential for 

growth and yields and understand the nutrition processes of plants. It is a strategy that 

incorporates both organic and inorganic plant nutrients to attain higher crop productivity 

prevent soil degradation.  

 

Inorganic fertilizers becoming very costly and their imbalanced use deteriorate soil 

Physico-chemical environment. At the same time large quantities of random organic 

sources of nutrients are not exploited in crop productions. These organic sources of 

nutrients are cheaper, ecofriendly, improve soil properties and can substitute nutrient 

requirement of crops partially. It has been acknowledged that organic and inorganic 

mineral inputs cannot be substituted entirely by one another and are both required for 

sustainable crop production (Vanlauwe et al., 2000; Place et al., 2003). According to 

Shalini et al.(2002), application of organic manure with inorganic fertilizer significantly 

increased growth and vigor of the plants over application of inorganic fertilizers alone.The 

experiment conducted at Kenya showed that well decomposed farmyard manure can be  

used in combination with inorganic fertilizers to improve soil fertility and potato tuber 

yield in small holder farms (Muriithi and Irungu, 2004). 

 

Integrated nutrient management also aims at improving the efficiency of the nutrients that 

are applied. Other studies reported that SOC and soil total N were increased with organic 

and inorganic soil amendments (Goyal et al., 1999). Tolanur (2002), also reported that 

cation exchange capacity, exchangeable calcium, available nutrients N, P, K and Zn were 

increased significantly with organic materials in conjunction with inorganic materials. 
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Romero-Limma, et al., (2000) also found that the combination of mineral and organic 

fertilizers improves the quality of potatoes and that heavy mineral fertilization reduces the 

biological value of proteins in tubers. Similarly, Ring-Xaing et al. (2001) reported that 

reasonable application of inorganic and organic fertilizer decreased soil bulk density, 

increased soil moisture, soil fertility,growth o f maize and promoted maize grain quality.  

 

 For sustainable crop production, several researchers have demonstrated the beneficial 

effect of combined use of chemical and organic fertilizers to mitigate the deficiency of 

many secondary and micronutrients in fields that continuously received only N, P and K 

fertilizers for a few years, without any micronutrient or organic fertilizer. A field 

experiment was conducted by Chand et al. (2006) for seven years continuously to evaluate 

the influence of combined applications and organic and chemical fertility buildup and 

nutrient uptake in a mint (Menthaarvensis) and mustard (Brassica juncea) cropping 

sequence. 

 

To reduce the use of agrochemicals, among them the fertilizers, and increase the yield and 

quality of the product, an alternative is the use of organic fertilizer in low doses, 

complemented with mineral fertilizer to meet the nutrient requirements of the crop. The 

result of a large numbers of experiments on manure and fertilizers conducted in several 

countries reveal that neither chemical fertilizer alone, nor organic sources used exclusively, 

can sustain the productivity of the soils under highly intensive cropping system (Singh and 

Yadav, 1992).Similarly, Mollah et al. (2011) stated that sustainable crop production could 

be possible through the integrated use of organic manure and chemical fertilizers. 

Moreover, INM reduces erosion, improves water infiltration, soil aeration and plant root 

growth and also it minimizes the risk of downstream flooding (Smaling, 1993).  

 

The effects of organic fertilization and combined use of chemical and organic fertilizer on 

crop growth and soil fertility depends on the application rates and the nature of fertilizers 

used. In general, the application rates of organic fertilizer mostly are based on crop N need 

and estimated rates of organic fertilizer N supply, but do not consider the amount of P and 

K provided with organic fertilizer. However, the N/P ratio of organic fertilizer usually is 

significantly lower than the N/P uptake ratio of the crop. Therefore, basing organic 

fertilizer on N supply typically results in P addition in excess of the crop‟s need. 
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2.3.1. Integrated use of organic and inorganic fertilizer 

 

Soil organic and inorganic fertilizers are important for agricultural sustainability because of 

their possible beneficial effects on soil properties and long-term soil productivity. Several 

studies have been conducted to assess the effects of soil organic and inorganic fertilizers on 

soil properties and crop yields, and different agronomic and environmental outcomes have 

been observed depending on the specific agro-ecosystem (Saha et al., 2008). Among the 

benefits of maintaining or increasing SOM are increased soil water-holding capacity, 

improved soil structure for root growth and drainage, accelerated rates of nutrient cycling 

(Garcia-Gil et al., 2000), and higher content of soil nutrients over a longer period of time, 

increased CEC, and greater soil biological activity (Woomer et al., 1994). These changes 

in soil properties improve soil quality and the long-term sustainability of agro-ecosystems 

(Gupta et al., 1994). Because of its high water holding capacity, SOM has particular 

importance in sandy soils since it improves soil water availability for plants and water 

storage (Tester, 1990; Rawls et al., 2003). 

 

Inorganic and organic fertilizers applied together are of importance to agricultural 

sustainability mostly for their significant effect on soil productivity as well as on soil 

properties. Numerous studies reported that combinations of soil organic with soil inorganic 

fertilizers are more beneficial for soil properties and crop production than either fertilizer 

applied alone. 

 

2.3.2. Response to integrated use of farm yard manure and inorganic on soil fertility 

and potato growth 

 

Farmyard manure is a heterogeneous composted organic material consisting of dung, crop 

residue, and/or household sweeping in various stages of decomposition (Motavalli, P.P.; 

Singh, R.P.; Anders, 1994).Numerous studies reported that combined application of 

inorganic fertilizers with Farmyard manure substantially increased both quantity and 

quality of potato (Teklu et al., 2004; Tolessa, 1999). The author also reported that the 

decision whether to apply the full dose of recommended rate of the N and P or the reduced 

rates depends on various socio economics factor such as the efficiency, profitability, 

affordability, and availability of the fertilizers. The experiment conducted at Kenya showed 

that well decomposed farmyard manure can be used in combination with inorganic 

fertilizers to improve soil fertilizers to improve soil fertility and potato tuber yield in 
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smallholder farms (Muriithi and Irungu, 2004). Farmyard manure is mostly available and 

produced in farms, and is an important organic resource for agricultural production in 

livestock based farming systems in many countries including semi-arid regions of 

India.(Motavalli, P.P.; Singh, R.P.; Anders, 1994). 

 

Thus, there is a lot of potential for use of farmyard manure in the fertilizer schedule of rice 

and to reduce total dependence on inorganic fertilizers. The same authors also reported that 

considering cost of inorganic fertilizer and its negative effects on the environment, reduced 

usage at half the recommended rates combined with half rates of farmyard manure is 

feasible option friendly to the farmers, soil and environment. The experiment conducted at 

Kenya showed that well decomposed farmyard manure can be used in combination with 

inorganic fertilizers to improve soil fertility and potato tuber yield in small holder farms 

(Muriithi and Irungu, 2004). Shanward et al (2001) revealed that combination of N and P 

fertilizer each at 50 kg/ha with farmyard manure at 5 t/ha increased yields significantly. 

Similarly Shalini et al (2002) reported that application of inorganic fertilizer combined 

with farmyard manure at half rates and farmers practice also resulted in more vigorous 

plant growth compared to applying farmyard manure alone.  

 

 

2.3.3. Effects of Integrated Nutrient Management on selected Physico-Chemical 

Properties of Soil. 

 

Soil fertility is a function of its physical, chemical and biological properties on which we 

have to have not only qualitative but also quantitative information to formulate the 

appropriate fertility management programs. According to Mesfin (1980), extensive 

research is required on the physical, chemical and biological properties of Ethiopian soils. 

Empirical solutions such as simply adding major plant nutrients to the soil and/or literature 

based research findings will not suffice. Incorporation of organic matter through farmyard 

manure has been shown to improve soil structure, water retention capacity, infiltration rate, 

hydraulic conductivity and decrease bulk density (Edmeades, 2003). Manures not only 

supply the important nutrients but also improve physical and chemical properties of the soil 

(Sharpley et al., 2004).Chemical fertilizers being crucial input for improving soil fertility 

have become an integral part of modern technology for crop production. There is no 

complete substitute of chemicals fertilizers (NFDC, 1997).  
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The integration of organic and inorganic sources of nutrients not only supplied essential 

nutrients but also some positive interaction with chemical fertilizers to increase their 

efficiency and thereby reduce environment hazards (Ahmad et al., 1996). Moreover, INM 

reduces erosion, improves water infiltration, soil aeration and plant root growth and also it 

minimizes the risk of downstream flooding (Smaling, 1993). Prativa and Bhattarai (2011) 

reported that, the integration of organic manures in combination with inorganic fertilizers 

was found significant in improving the overall plant growth, yield and soil macro-nutrient 

status than the sole application of either of these nutrients. 

 

Integrated nutrient management (INM) helps to improve the physico-chemical properties 

as well as biological properties of soils. According to Shalini et al. (2002), application of 

organic manure with inorganic fertilizer significantly increased growth and vigor of the 

plants over application of inorganic fertilizers alone. It is achieved through efficient 

management of all nutrient sources. Nutrient sources to a plant growing on a soil include 

soil minerals and decomposing soil organic matter, mineral and synthetic fertilizers, animal 

manures and composts, by-products and wastes, plant residue, and biological N-fixation 

(BNF) (Singh et al., 2002). 

 

Integrated soil fertility management implies the maintenance or adjustment of soil fertility 

and of plant nutrient supply to an optimum level for sustaining the desired crop 

productivity on one hand and to minimize nutrient losses to the environment on the other 

hand Tolanur (2002) also reported that cation exchange capacity, exchangeable calcium, 

available nutrients N, P, K and Zn were increased significantly with organic materials in 

conjunction with inorganic materials. Similarly, Ring-Xainget et al. (2001) reported that 

reasonable application of inorganic and organic fertilizer decreased soil bulk density, 

increased soil moisture, soil fertility, growth of maize and promoted maize grain quality. 

Romero-Limma, et al., (2000) also found that the combination of mineral and organic 

fertilizers improves the quality of potatoes and that heavy mineral fertilization reduces the 

biological value of proteins in tubers.  

 

Application of farm yard manure has long been recognized in agriculture as beneficial for 

plant growth and yield and the maintenance of soil fertility. Nutrient recycling by application 

of organic fertilizer is needed to replace nutrient removed by crop yield from fields in order 

to restore crop production potential of a soil. Increased soil organic matter (SOM) and 
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improved soil properties for crop growth (Hati et al., 2006; Saha et al., 2008), higher 

content of soil nutrients over a longer period of time, increased CEC, and greater soil 

biological activity (Woomer et al., 1994). Because of its high water holding capacity, SOM 

has Particular importance in sandy soils since it improves soil water availability for plants 

and Water storage (Tester, 1990; Rawls et al., 2003).  

 

The result of a large numbers of experiments on manure and fertilizers conducted in 

several countries reveal that neither chemical fertilizer alone, nor organic sources used 

exclusively, can sustain the productivity of the soils under highly intensive cropping 

system (Singh and Yadav, 1992). 

 

2.4. Experience of other countries on INM 

 

Many studies in different African countries have found that poor farmers‟ inability to 

access mineral fertilizers has adverse consequence on soil fertility. Kenyan farmers, for 

example often incorporate more than one nutrient source on their farms (Place et al., 2003). 

Freeman and Coe (2002) also found that 37 percent of farmers in the relatively drier zones 

of Kenya used both organic and mineral fertilizers. There are also cases of high adoption 

rates of organic and inorganic in areas of Nigeria (Adesina and Chianu, 2002) and 

Cameroon (Houdenkon, 2000). However, the relative adoption rates between organic and 

mineral fertilizers vary by location. The most striking case may be Rwanda where only 2 

percent of the plots received mineral fertilizers (Place et al., 2003). In the Western Kenyan 

highlands, more than two-thirds of farmers using mineral fertilizers also used animal 

manure (Place et al., 2002a). Farmyard manure is mostly available and produced in farms, 

and is an important organic resource for agricultural production in livestock based farming 

systems in many countries including semi-arid regions of India. The experiment conducted 

at Kenya showed that well decomposed farmyard manure can be used in combination with 

inorganic fertilizers to improve soil fertility and potato tuber yield in small holder farms 

(Muriithi and Irungu, 2004). (Motavalli, P.P.; Singh, R.P.; Anders, 1994) There are also 

selected cases of organic/mineral fertilizer systems such as in Malawi, where farmers use 

both organic and inorganic fertilizer. 

 

2.5. Soil Fertility Management 
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Integrated nutrient management (INM) is an approach that involves the management of 

both organic and inorganic plant nutrients for optimal production of cultivated crops, 

Several studies have been conducted to assess the effects of soil organic and inorganic 

fertilizers on soil properties and crop yields, and different agronomic and environmental 

outcomes have been observed depending on the specific agro ecosystem (Saha et al., 

2008). Soil fertility is the soil‟s native ability to supply nutrients for plants/crops which are 

required for normal growth, development and yield production. Some of the primary 

effects of use of organic fertilizers are increased soil organic matter (SOM) and improved 

soil properties for crop growth (Hati et al., 2006; Saha et al., 2008). Among the benefits of 

maintaining or increasing SOM are increased soil water-holding capacity, improved soil 

structure for root growth and drainage, accelerated rates of nutrient cycling (Garcia-Gil et 

al., 2000) and higher content of soil nutrients over a longer period of time, increased CEC, 

and greater soil biological activity (Woomer et al., 1994). This is usually done by adding 

fertilizers, manures and amendments to the soil but sometimes by supplying nutrients 

directly to the plant parts by means of sprays. Because of its high water holding capacity, 

SOM has particular importance in sandy soils since it improves soil water availability for 

plants and water storage (Tester, 1990; Rawls et al., 2003). 

 

Inorganic fertilizers are an important management input to achieve good crop yields 

especially in systems where soil resources are nutrient deficient and the main goal is to 

increase crop productivity (Haynes et al., 1998). The evidence is clear that the soils native 

ability to supply sufficient nutrients has decreased with the plant productivity levels with 

increased human demand for food. Inorganic fertilizer application modestly increased SOC 

(Kihanda et al., 2006; Saha et al., 2008) which was mainly attributed to increased biomass 

production that resulted in increased soil organic Carbon input from root and crop residues. 

One of the greatest challenges for our generation will be to develop and implement soil, 

water and nutrient management technologies that enhance the quality of soil, water and air.  

 

2.5.1. Effects of Organic Manures on Yield and Growth of Potato 

 

The use of organic manure as a fertilizer in less developed countries like Ethiopia has 

received much attention from economic point of view. Organic matter affects crop growth 

and yield, either directly by supplying nutrients, or indirectly modifying soil physical 

properties that can improve the root environment and stimulate plant growth (Kononova, 
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1961). Sikka (1982) also reported that application of FYM may contribute to an 

improvement in the efficiency of the phosphate application. This implies that the 

application of higher rates of compost is required to get the highest tuber yield provided 

that the availability of composting material and other prevailing conditions occur. 

 

Incorporation of organic matter through farmyard manure has been shown to improve soil 

structure, water retention capacity, infiltration rate, hydraulic conductivity and decrease 

bulk density (Edmeades, 2003). Maintenance of optimum soil physical conditions is an 

important component of soil fertility management. Sharma (1983) found a significant 

increase in plant height and number of leaves per plant with successive increase in the 

levels of fertilizers.  Further addition of 12 tonnes of FYM ha
-1

 along with fertilizer dose of 

60 kg N, 30 kg P2O5 and 30 kg K2O per ha significantly improved the growth characters 

over fertilizer applied alone. Plants can only use nutrients that are in an inorganic form. 

Manure N and P are present in organic and inorganic forms, and are not totally available to 

plants. 

 

When crop improvements with manure were greater than those attained with commercial 

fertilizer, response was usually attributed to manure supplied nutrients or to improved soil 

conditions not provided by commercial fertilizer (CAST, 1996). Organic fertilizers were 

regarded as important, but it was realized that organic fertilizers would not be available in 

sufficient amounts to increase food production drastically (Place et al., 2003).  

 

Manure improves the physical condition of the soil and increases P and biological activity 

(Sommerfeldt and Chang, 1985; Chang et al., 1990; CAST, 1996). The organic matter, 

total N and micronutrient content of the surface soil are increased as a result of manure 

application. The manure requirements for most of the crops are high, ranging from 5 to 20 

tons of fresh manure ha Manure, when applied, will be mineralized gradually and nutrients 

become available. This is presumably related to the effect of manure on the physical 

properties of soil as well as its role in plant nutrient supply. Bationo and Mokwunye (1992) 

also noted that the addition of organic materials either in the form of manures or crop 

residues has beneficial effects on the soils chemical and physical properties. 

 

Organic fertilizers were regarded as important, but it was realized that organic fertilizers 

would not be available in sufficient amounts to increase food production drastically (Place 
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et al., 2003). According to Shalini et al., (2002), application of organic manures increased 

uptake of N, P and K over application of inorganic fertilizers alone. Koppen and Eich 

(1993) noted that K and P deficiencies were reduced when farmyard manure was applied, 

and with rising pH values, the Mn content of the soil declined. It is also well known that 

the use of farmyard manure can reduce nutrient deficiency in soils. The result of several 

long-term experiments in different cropping systems also revealed that, long-term 

sustainability of productivity in intensive cropping system could be achieved only through 

integration of inorganic and organic source of nutrients. 

 

2.5.2. Effects of Farmyard Manure on Yield and Growth of Potato 

 

Farmyard manure (FYM) is among the important soil amendments to which farmers have 

access in mixed farming systems. The wide spread use of farmyard manure greatly 

depends, among others, on proper application methods, which increase the value, reduce 

costs, and enhance effectiveness (Teklu et al., 2004). In addition to its nutrient supply, 

farmyard manure improves the physic-chemical conditions of soils. Of all field crops, the 

potato has the best response to farmyard manure (Beukema and van Der Zaag, 1990). 

Although the macro and microelements applied to the potato field contribute to soil 

fertility, the soil improving effect of organic matter is often considered to be of major 

importance. Prasad and Sinha (1981) found that application of FYM (15 t/ha) in 

conjunction with nitrogen, phosphorus and potassium (60:60:40 kg/ha) increased the 

accumulation of available phosphorus and potassium. However, yield-increasing trend was 

observed with increasing application of FYM, which is in agreement with the findings of 

Assefa (1998) who obtained increased maize yield with increased application of farm yard 

manure. Animal manures are valuable sources of nutrients and the yield-increasing effect 

of manure is well established. 

 

Sikka (1982) also reported that application of FYM may contribute to an improvement in 

the efficiency of the phosphate application. The author also revealed that there was 

significantly increase in total nitrogen, available phosphorus and potassium content of the 

soil with increases in FYM levels from 8 to 24t/ha. Similarly, Jayaprakash (2001) reported 

that significantly higher grain yield of maize was recorded due to application of organics; 

compost and FYM at the rate of 2t/ha and 10t/ha. The author also asserted that the higher 
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grain yield of maize due to application of FYM and compost was attributed to significantly 

high growth and yield components. 

 

Increased yields of cereal and other crops due to application of FYM have been reported by 

Hegde (1998). Tolessa (1999) also reported that application of FYM in maize significantly 

increased nitrogen, phosphorus and potassium status of the soil as compared to inorganic 

fertilizers application. According to Beukema and  van Der Zaag (1990) the crop benefits 

from the application of FYM not only from the amounts of nitrogen, phosphorus and 

potassium it contains but also from its improving effects on the tilth and the moisture 

retaining properties of the soil. 

 

2.5.3. Effects of Inorganic Fertilizers on Growth and Yield of Potato 

 

Inorganic fertilizers will remain a key component of soil fertility management and an 

essential element of any agricultural development strategy or plan to increase food 

production. Adequate fertilization program supply the amounts of plant nutrients needed to 

sustain maximum net returns (Leonard, 1986). In essence, fertilizers are used to make 

certain that soil fertility is not a limiting factor in crop production. Potatoes are gross 

feeders, requiring large quantities of fertilizers, partly on account of their limited and 

shallow root system and partly because they have to bulk up yield. However, intensive use 

of only chemical fertilizers without organic has created a number of problems which have 

significantly affected soil fertility and potato productivity (Shalini et al., 2002).The result 

of several long-term experiments in different cropping systems also revealed that, long-

term sustainability of productivity in intensive cropping system could be achieved only 

through integration of inorganic and organic source of nutrients. 

 

Various reports showed that use of inorganic fertilizers in the tropics had stagnated, and 

this was explained by poor marketing and inadequate profitability from inorganic fertilizer 

use (William, 1999). According to Muriithi and Irungu (2004), application of inorganic 

fertilizer in the form of DAP at the rates of 90 kg N/ha + 230 kg P2O5 significantly 

increased the vigor of the potato plants compared to the other treatment. The results also 

indicated that there were significant responses to application of inorganic fertilizer to the 

potato crop when compared to the use of FYM alone. Based on the evaluation of soil 

quality indicators, Dutta et al., (2003) reported that the use of organic fertilizers together 
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with chemical fertilizers, compared to the addition of organic fertilizers alone, had a higher 

positive effect on microbial biomass and hence soil health. 

 

A mineral element is considered essential to plant growth and development if the element 

is involved in plant metabolic functions and plant cannot complete its life cycle without the 

element. Usually the plant exhibits a visual symptom indicating a deficiency in specific 

nutrient, which normally can be corrected or prevented by supplying that nutrient (Tisdale 

et al., 1995).  

 

Inorganic fertilizers on the other hand, supply only nutrients and exert no beneficial effects 

on the soil's physical condition. Moreover, the continuous and unbalanced use of inorganic 

nutrients from the chemical fertilizers under intensive cropping system has been considered 

to be the main cause for stagnating or declining crop productivity (Guggari and 

Kalaghatagi, 2000). In certain cases, the addition of macronutrients may also be 

antagonistic to the uptake of one or other micronutrients. For example, Burleson et al. 

(1961) reported that under certain soil and climatic conditions, phosphorus induced Zinc 

deficiency may occur in irrigated maize. This may be due to a P-Zn antagonism with in the 

root. A similar antagonism may occur between K and Mg. Thus, unless there is a clear 

deficiency of a particular micronutrient in the soil, it should not be applied; otherwise this 

may very well induce toxic levels of certain micronutrients (Onwueme and Sinha, 1996) 

 

2.5.4. Effects of Integrated Nutrient Management on Growth and Yield of Potato 

 

Integrated plant nutrient management is an approach ecologically sound, economically 

viable and environmentally friendly. Integrated nutreint management (INM) system is  

management strategies of meeting nutritional requirement of the crops (cropping system) 

which is/are economically viable in short run and ecologically sustainable in long run. 

Various researches reported that supplementing the inorganic fertilizers with Farmyard 

manure substantially increased both quantity and quality of potato (Teklu et al., 2004; 

Tolessa,1999).The same authors also reported that  considering cost of inorganic fertilizer 

and its negative effects on the environment, reduced usage at half the recommended rates 

combined with half rates of farmyard manure is feasible option friendly to the farmers, soil 

and environment. Shanward  et al., (2001) reveled that combination of N and P fertilizer 

each at 50 kg/ha with farmyard manure at 5 t/ha increased yields significantly. 
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Therefore, Numerous studies reported that combinations of soil organic with soil inorganic 

fertilizers are more beneficial for soil properties and crop production than either fertilizer 

applied alone. For instance, in a cassava-based cropping system with application of organic 

and inorganic fertilizers, soil available P was increased and SOC was relatively stable 

(Ayoola, 2006). The basic objective of integrated nutrient use is to reduce the use of 

inorganic fertilizer in order to restore organic matter in soil, to enhance nutrient use 

efficiency and to maintain soil quality in terms of physical chemical and biological 

properties. Maintaining the balance between nutrients removed and added is one of the pre 

requisites of sustainable agricultures. 

 

Integrated use of chemical and organic fertilizer is required to supply and maintain soil 

fertility for sustainable crop production. As stated by Charreau (1991), higher crop yields 

are achieved with the same amount of nutrients when supplied through combined use of 

organic and inorganic fertilizers than mineral fertilizer alone. The integration of small 

amounts of inorganic P fertilizers and organic materials could meet the phosphorus 

requirements of crops for maximum yields (Murwira et al., 1995). Integrated plant nutrient 

management has now assumed great importance firstly, because of the negative nutrient 

balance and secondly, neither the chemical fertilizers alone nor the organic sources 

exclusively can achieve the production sustainability of soils as well as crops yields under 

highly intensive cropping system (Upadhyay, 1999). Organic manures with inorganic 

fertilizers were more effective in supplying nutrient to crop and consequently greater crop 

yield. 

 

2.6. Economic Values of Integeratd Nutreint Mangement 

 

Both organic and inorganic fertilizer use responds positively to improve output markets 

and crop prices (Murithi, 1998; Freeman and Coe, 2002). In term of profitability, evidence 

of positive returns is often found for integrated mineral organic system (Place et al., 

2002a). For example, the integration of manure and fertilizer on maize in Zimbabwe 

resulted in a return to labour of about $ 1.35 per day, while the best single fertilizer or 

manure treatment yielded only $0.25(Mekuria and Waddington, 2002). Numerous studies 

reported that combined application of inorganic fertilizers with Farmyard manure 

substantially increased both quantity and quality of potato (Teklu et al., 2004; Tolessa, 
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1999). The author also reported that the decision whether to apply the full dose of 

recommended rate of the N and P or the reduced rates depends on various socio economics 

factor such as the efficiency, profitability, affordability, and availability of the fertilizers.  

The profitability of alternative nutrient input sources depends not only on yield gains but 

also on market conditions; as underscored by generally grater use on higher valued 

commodities (Place et al., 2003). Many studies have found that the poor farmer‟s inability 

to access mineral fertilizers has adverse consequences on soil fertility and incomes. 
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3. MATERIALS AND METHODS 

 

3.1. Description of the Study Area 

 

The study was conducted at Haramaya watershed on community farm during the 2014 

cropping season in eastern Hararghe Zone in the Oromiya National Regional State 

(ONRS). The location of the site is about 510 km far from Addis Ababa 18 km from Harar 

town at 09°26´ N and 42°3´ E in the easterly direction (Fininsa, 2003). The average 

altitude of the research site is about 2004 meters above sea level. It is found in the semi-

arid tropical belt of eastern Hararghe Zone. The rainfall is erratic and uneven in 

distribution. The site has a bimodal rainfall distribution and is a representative of a sub 

humid mid-altitude agro-climatic zone. The short rainy season extends from March to 

April and whereas the long rainy season extends from June to October and the annual 

rainfall is 790 mm,  mean temperature is 16.8 °C with mean minimum and maximum 

temperature of 1.4 and 23.4 °C, respectively (Tana, et al., 2007 

 

The major surrounding land form is plateau and the experimental site is located at lower 

slope position. Rain-fed agricultural practices are the common land use types and 

sometimes the use underground water for vegetables production during drying season. The 

study was conducted on cultivated land under irrigation around a delineated irrigation farm 

boundary. The source of irrigation water was pond. The farming practices involve mixed 

type of cultivation of crop. The major arable crops in the area are sorghum (Sorghum 

bicolor (L.) Moench), Maize (Zea mays), khat (Catha edulisForsk) and vegetables. 

Farmers practise both intercropping and mono-cropping of these crops.  
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Figure 1.Location of Lake Watershed (Haramaya Watershed)  

 Source: The Participatory and Integrated Development of Lake Haramaya Watershed, 

(HU, 2014) 

3.2 Description of Experimental Materials 

3.2.1 Planting  

 

The effects of integrtaed nutrient management (INM) was investigated using potato as a 

test crop under irrigation. The improved variety named  Bubu, which was released by 

potato improvement program of the Haramaya University in 2006.. The variety is well 

known by farmers in the area for its high yield, late blight rust resistance, and good quality 

tubers. 

 

3.2.2 Fertilizer  

 

The fertilizer used for this experiment included urea, which is a source of nitrogen (46% 

N) and TSP, which is a source of both phosphorus (46% P2O5)  
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Farmyard manure: Goat manure was used as an organic fertilizer for the trial. The manure 

was collected from locally available goat dung from the farmers‟ field. The fresh goat 

manure was piled and stored for three months before application for decomposition. 

 

3.3. Treatments and Experimental Design 
 

The treatments consisted of three rates of nitrogen (0, 55.5, 111 kg N ha
-1

), three rates of 

phosphorus (0, 46, 92.kg P2O5 ha
-1

), and three rates of framyard manure (0, 5, 10 t ha
-1

). 

The experiment was laid out as a randomized complete blocking design (RCBD) in a 

fcatorial arrangement. Ecah tretament was replicated three times, and  assigned randomly 

to each plot. Each plot size was 3.75 m long and 3.0 m wide, and consisted  of  five rows, 

with ecah row containing 10 plants with a total of 50 plants per plot. Blocks were separated 

by a distance of 1.5 meters whereas plots were separated by a distance of 1m.  

 

3.4 Experimental Procedure 

 

The experimental field was prepared following the conventional farmers‟ practices. The 

field was ploughed by oxen three times before sowing. The sprouted tubers were  planted 

directly in rows with the spacing of 75 cm between rows and 30 cm between plants, in 

junaury 14, 2014. Urea and TSP were used as sources of N and P. The whole dose of TSP 

and half dose of Urea were applied at planting time by side application method and the 

remaining half dose of urea was applied one month after planting (at tuber initiation stage) 

using the split application method. Hand weeding was done when required, to keep the 

plots clean and free from weed competition. Weeding was done three times during the 

period of experimentation. Two weeks before harvesting, the haulms were cut and the crop 

was harvested in May 21, 2014 by digging when the soil moisture was optimum. Tubers 

were harvested from the medium 3 rows by leaving the plants growing in the two border 

rows and those growing at both ends of each row to avoid border effect and the tuber were 

harvested using traditional implements.  

 

3.5. Data Collection and Measurement 

 

The plants were picked at random from the middle three ridges and dug out. Five plants 

were selected randomly from the net plot area for recording observations on growth 
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performance and yield related parameters like tuber number per hill and tuber mass per hill 

and data were taken from the whole net plot for tuber yield. The detailed methodologies for 

collection of different data are shown below. 

 

3.5.1. Growth Parameters 

 

Days of emergence: was recorded when 50% of the plants in each plot sprouted and 

emerged.  

 

Days to maturity: Days to maturity was recorded when 50 % of the plants were ready for 

harvest as indicated by the senescence of the haulms. The days were counted from 

emergence to maturity of the crop. 

 

Plant height (cm): Plant height was measured as the distance in cm from the soil surface 

to the top most growth point of above ground at full maturity. Five plants were randomly 

tagged from the net plot area for recording the plant height. 

 

Total leaf area per hill: It was estimated using a portable leaf area meter (Model CI-202 

Area meter) and expressed as cm
2
 at 50 % flowering. 

 

Days to flowering: days to flowering was recorded when 50 % of the plant population in 

each plot produced flowers 

 

Number of main stem per hill: The actual number of stems per hill was recorded when 

50 % of the plants attained flowering stage and each seed tuber (hill) was counted from 

randomly selected five plants. 

 

 

Above ground biomass: This was recorded as dry weight of haulms (g) at physiological 

maturity. 

 

3.5.2. Yield and Yield Components 
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Average tuber number per hill: This was recorded as the actual number of tubers 

collected from each matured plant at harvest. 

 

Average tuber mass per hill: This was obtained by dividing the weight of tubers per plant 

by the number of tubers. 

 

Marketable and unmarketable tuber numbers: The tubers were counted as marketable 

and unmarketable based on their size category (more than 25 g I weight were considered as 

marketable). 

 

Total tuber number per plot: This was counted as the sum of marketable and 

unmarketable tuber from the net plot area of each plot. 

 

Marketable tuber yield: Marketable tubers included healthy tubers size categories greater 

than 25 g. 

 

Unmarketable tuber yield: unmarketable tubers included unhealthy and less than 25g size 

category. 

 

Total tuber yield: total tuber yield was recorded as the sum of marketable and 

unmarketable tuber yields. 

 

3.5.3. Quality Parameters; Tuber dry matter content (%): Five potato tubers were 

randomly selected from each plot, chopped into small (1-2 cm cubes), mixed thoroughly, 

and two fresh sub-samples each weighing 200g were taken for drying to a constant weight. 

Each sub-sample was placed in a paper bag and put in an oven at 70
o
C for 72 hours. Each 

sub-sample was immediately weighed and the mean recorded as dry weight. Percent dry 

matter content for each sub-sample was calculated based on the formula described by 

Bonierbale et al. (2006). 

 

 

 

 

3.6. Soil Sampling and Preparation 

 

 

Disturbed soil samples were collected randomly from 0-30 cm depth from the site, the soil 

sample collected from the entire area using a zigzag sampling technique. One kilogram of 
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disturbed soil samples was taken using Auger. Five soil sample were bulked to one 

composite sample before planting and after harvasting 27 soil sample were conducting soil 

chemical properties. 

 

The collected samples were properly labeled, packed, air dried and crashed at rare site. 

Then by grinding and allowed to pass through a 0.5 mm sieve. A Laboratory analysis was 

carried for the chemical properties of the soil including pH, Total Nitrogen (TN), Organic 

Matter (OM), Available Phosphorus, Exchangeable bases (Ca, Mg, Na and K), CEC, and 

micro nutrient on samples collected from the field.  

 

The pH of soil was measured potentiometrically using a pH meter in the suspension of 

1:2.5 soils to liquid ratio of distilled water and 1M KCl solution with combined glass 

electrode pH meter (Thomas, 1996). Organic carbon content was determined following the 

wet oxidation method as described by Walkley and Black (1934) and percent of OM was 

calculated by multiplying OC by 1.724. Total N content in the soil samples was determined 

titirimetrically following the Kjeldahal Procedures as described by Jackson (1958). 

Available P was determined by using Olsen method (Olsen et al., 1954) as outlined by 

Sahlemedhin and Taye (2000). The absorbance of the P extracted by Olsen method was 

measured using spectrophotometer after color development. Exchangeable bases (Ca, Mg, 

Na and K) were extracted with 1N NH4OAc at pH 7 (Van Reeuwijk, 1992).  

 

Farm yard manure was also analyzed for total N, P and K. The decomposed FYM was 

applied and incorporated in the soil two week before planting potato. Laboratory analysis 

of soil physical and chemical parameters were carried out at Haramaya University Soil 

Chemistry  Laboratory 

 

3.7. Soil Physical Properties  

 

In order to analysis textural soil sample were collected before planting and after harvesting. 

 

Soil texture was analyzed by the hydrometer method. Core soil samples were taken from 

the depth of 0-15 cm depth to determine the bulk density and porosity. A core sampler was 

used to collect the samples. A moisture content of the samples was determined following 
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the standard procedure as outlined by Blake and Hartge (1986). Porosity of the soil 

samples was determined using the procedure adopted by Vomocil (1965). 

 

 

Where in Ƥp= Particle density (2.65g/cm3); p b = bulk density (g/cm3) 

 

3.8. Economic Analysis 

 

The benefit-cost analysis of each treatment was computed by considering the total cost 

available for the respective treatment. Total cost including all the expenses for buying and 

applying such as transportation, application of organic resources since they was collect 

near the experimental plots and inorganic fertilizer cost and cost of labor and farm gate 

prices of the various inputs. The economic returns from the application of each treatment 

were calculated taking into account the total sales and total costs.  To estimate economic 

parameters price of tuber of each treatment (ETB/kg) (Ethiopia birra) was obtained from 

the prevailing local market at harvest and total sale from one hectare were computed. 

 

 The following points were considered during cost benefit analysis using Cost and benefit 

 Costs for all agronomic practices were uniform for all treatments.  

 Costs of labor and equipment were taken based on the prevailing rates of payment 

in the locality.  

 Costs return and benefit was calculated on hectare basis. Price of tuber per 

kilogram within locality. 

 

3.9. Statistical Analysis 

 

All soil and crop data were statistically analyzed by analysis of variance (ANOVA) using 

the Statistic Analysis System (SAS 2002) software package (version 9.1). To identify the 

differences between treatments, the treatment means were compared using Duncan‟s 

Multiple Range Test (DMRT) at 5% level of significance. 
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4. RESULTS AND DISCUSSION 

 
4.1. The Soil Physico-Chemical Properties 

 

The soil physical and chemical properties prior to treatments application are presented 

below (Table 1). Soil analysis results before planting revealed that soil texture class was 

sand clay loam; the pH of the soil was 7.94, which is moderately alkaline according to the 

rating of Tekalign (1991). For potato production the optimum soil pH is 6-7.8 (Frank, 

2003). Therefore, it slightly higher for growth and development of potato and for optimal 

production the pH have to be maintained at optimal range of 6 -7.8. Organic matter of the 

soil is 3.04%, which is medium according to the rating of Berhanu (1980), which indicates 

the necessity of adding more organic matter for optimum crop production. The total 

nitrogen was 0.13%, which is medium according to the rating of Bruce and Rayment 

(1982) and Tekalign (1991). The available P of the soil is 9.54 mg per kg soil which is in 

the low range according to the rating of Olsen et al. (1954). The CEC of soil is 21.6 

(cmolc/kg), which is medium according to the rating of Landon (1991). The exchangeable 

base and micro-nutrient content of the soil is high according to the rating of Landon 

(1991). Thus, the soil needs application of nitrogen and phosphorus. The chemical 

properties of the farm yard manure were determined and the result showed that its 

available P content was 31.9 mg per kg and total N content was 0.36 % (Table 1). 
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Table 1. Physico-chemical properties of the soil and farmyard manure prior to planting. 

 

Type 
pH  

(H2O) 

OM 

% 

TN 

% 

Avail. 

P(mg/kg) 

CEC 

(cmol/kg) 

Micro nutrient 

mg/kg 

Exchangeable 

baseCmol(+)/kg particle size 

 

Zn Fe Mn Na K Ca Mg sand silt clay class 

Soil  7.94 3.04 0.13 9.54 21.6 66.67 164 200 2.03 1.55 1.35 0.33 59 24 17 SCL 

FYM    -  - 0.36 31.9               -                              - 

       

-     -     -     -    -    -      -   -    -- 
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4.2. Soil Physical Properties after Harvast 

 

Table 2. Main effect of N and P2O5 fertilizers and farmyard manure on soil bulk density 

and total porosity. 

 

 
  Variable  Bulk density (gcm

-3
) Total porosity (%) 

Organic manure (FYM) 

  Control 1.33a 49.6c 

5 ton FYM ha 
-1

 1.28b 51.6b 

10 ton FYM ha 
-1

 1.24c 53a 

CV (%) 5.01 4.66 

SEM(±) 0.06 2.39 

Inorganic fertilizer N and P2O5 

 Control 1.31a 50.5b 

55.5 kg N ha 
-1

 1.3a 50.7b 

111 kg N ha 
-1

RDF 1.24b 52.9a 

CV (%) 5.01 4.66 

SEM(±) 0.06 2.39 

Control 1.28ab 51ab 

46 kg P2O5 ha 
-1

 1.26b 52a 

92 kg P2O5 ha 
-1

RDF 1.3a 50.7b 

CV (%) 5.01 4.66 

SEM(±) 0.06 2.39 

Means with similar letter within a column are not significantly different at 0.05 probability level, DMRT test, 

RDF=Recommended dose of fertilizer, FYM=Farm yard manure, N=Nitrogen, P2O5 = Phosphorus penta 

oxide.  

 

4.3. Bulk Density and Total Porosity 

 

The results indicated that the main effect of inorganic fertilizer (N and P) as well as 

organic fertilizer significantly influenced bulk density. The lowest bulk density (1.24 g 

cm
-3

) with highest porosity (53%) was obtained due to application of 111 kg Nha
-1

and 

10 ton FYM/ha while the highest bulk density (1.33 gcm
-3

) with lowest porosity of 

49.6% was obtained with no application of  FYM and N 
 
(Table 2). 

 

Bulk density is one of the major soil physical parameter used to evaluate the physical 

property of soils as it indicates the degree of compaction. When bulk density has 

increased beyond the critical level, the soil becomes so dense that roots cannot penetrate 

into the soil and root growth could be prevented. After application of organic manure, 
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soil bulk density was reduced. The average bulk density of soil in potato field trials after 

planting and treatment application varied from 1.16 to 1.51 g cm
-3

 (Table 3). Significant 

differences (P <0.05) were obtained among the mean bulk density values of the 

treatments. However, some of the results obtained were as compared to control, among 

all treatments (10 t FYM ha
-1

 + 55.5 kg Nha
-1

+92 kgP2O5ha
-1

), (10 tFYMha
-1

+ 111 kg 

Nha
-1

+ 46 kg P2O5ha
-1

), (10t FYM ha
-1

+ 111 kg N ha
-1

),  (5t FYM ha
-1

+ 111 kg N ha
-1

+ 

46 kg P2O5 ha
-1

), (5 t FYM ha
-1

+ 55.5 kg Nha
-1

+ 92 kg P2O5 ha
-1

) and ( 111 kg N ha
-1

) 

showed better results and had lower bulk density. From those results (10 t FYM ha
-1

+ 

55.5 kg N ha
-1

+ 92 kg P2O5 ha
-1

) showed the lowest result in bulk density (1.16 g/cm3) 

than control (1.24. g cm
-3

); and  followed by (10 t ha
-1

 FYM + 111 kg Nha
-1

+ 46 kg 

P2O5 ha
-1

) and (10 t FYM ha
-1

 + 111 kg N ha
-1

). The beneficial effect of FYM as was 

observed in the present study is in agreement with the findings of (Loganathan, 1990) 

and (Dubey et al., 1994). The highest BD (1.51 g cm
-3

) was recorded in (92 kg P2O5 ha
-

1
) followed by (55.5 kg N ha

-1
, 92kg P2O5 ha

-1
). These higher bulk densities in only 

fertilizer treated plots may be due to very low organic matter content in soil and 

formation of compact layer. It was also viewed by Islam et al. (2006). Mathur, (1997) 

reported that organic matter incorporation into soil decreased the bulk density from 1.46 

to 1.40 g cm
-3

 which confirms the present findings. 

 

Among all treatments, the highest pore space was found for 10 t FYM ha
-1

+ 111 kg N 

ha
-1

+ 46 kg P2O5 ha
-1

(56%) followed by10 t FYM ha
-1

+ 55.5 kg N ha
-1

+ 46kg P2O5 ha
-

1
and 10 t FYM ha

-1
+ 46 kg Nha

-1 
(55%). The lowest pore space was found for 46kg 

P2O5 ha
-1

(43%), followed by 55.5 kg N ha
-1

 + 92 kg P2O5 ha
-1 

(46%) (Table 3). The 

organic residues that are added to the soil undergo microbial decomposition and in this 

process, various organic products of decay like polysaccharides are released which act 

as strong binding agents in the formation of large and stable aggregates (Manickam, 

1993) which helps to improve the physical properties of the soil. Studies have also 

observed lower soil bulk density and improved soil porosity as a consequence of 

organic fertilizers application (Hati et al., 2006; Agbede et al., 2008); as reported by 

(Benbi et al.,1998), research found no significant effect on bulk density in soils 

receiving organic fertilizers combined with inorganic fertilizers this was disagree with 

present finding. 
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Table 3. Effect of integrated nutrient management on soil bulk density and total porosity. 

    No. Treatments Bulk density g/cm3 Total porosity (%) 

1 Control 1.24j 53.33d 

2 46 kg P2O5  ha
-1

 1.27h 52ef 

3 92 kg P2O5  ha
-1

 1.51a 43m 

4 55.5 kg  N ha
-1

 1.37d 48.33jk 

5 55.5 kg N ha
-1

+ 46 kg P2O5 ha
-1

 1.32f 50.33h 

6 55.5 kg N  ha
-1

 +92 kg P2O5 ha
-1

 1.44b 45.66l 

7 111 kg N  ha
-1

 1.24j 53.33d 

8 111 kg N  ha
-1

 1+ 46 kg P2O5 ha
-1

 1.36ed 48.66ij 

9 111 kg N  ha
-1

 + 92 kg P2O5 ha
-1

 1.26ih 52.33e 

10 5t  FYM  ha
-1

 1.27h 52ef 

11 5t FYM  ha
-1

 +46 kg P2O5 ha
-1

 1.3g 51gh 

12 5t  FYM  ha
-1

 + 92 kg P2O5  ha
-1

 1.3g 51gh 

13 5t FYM  ha
-1

 + 46 kg N  ha
-1

 1.4c 47.66k 

14 5t FYM  ha
-1

 +55 .5 kg N  ha
-1

 + 46 kgP2O5 ha
-1

 1.26ih 52.33e 

15 5t FYM  ha
-1

 + 55.5 kg N  ha
-1

 + 92 kg P2O5 ha-1 1.24j 53.33d 

16 5ton FYM  ha
-1

 + 111 kg N  ha
-1

 1.27h 52ef 

17 5tFYM  ha
-1

 + 111 kg N  ha
-1

 + 46 kgP2O5 ha
-1

 1.21k 54.33c 

18 5tFYM  ha
-1

 + 111 kg N  ha
-1

 + 92kg P2O5  ha
-1

 1.3g 51gh 

19 10t  FYM  ha
-1

 1.35e 49.33i 

20 10t FYM  ha
-1

 + 46 kg P2O5  ha
-1

 1.25ij 52.66de 

21 10t  FYM  ha
-1

 + 92 kg P2O5  ha
-1

 1.3g 51gh 

22 10t  FYM  ha
-1

 + 55.5 kg N  ha
-1

 1.26ih 52.33e 

23 10tFYM  ha
-1

 + 55.5kg N ha
-1

+ 46 kg P2O5  ha
-1

 1.29g 51.33fg 

24 10tFYM  ha
-1

 + 55.5kgN ha
-1

+92kg P2O5  ha
-1

 1.17m 55.66ab 

25 10t  FYM  ha
-1

 +111 kg N  ha
-1

 1.19l 55bc 

26 10tFYM  ha
-1

 +111kgN ha
-1

+46kg P2O5  ha
-1

 1.16m 56.33a 

27 10tFYM ha
-1

 + 111 kg N ha
-1

 + 92kg P2O5 ha
-1

 1.24j 53.33d 

 

CV (%) 0.76 0.84 

 

SEM(±) 0.0098 0.43 
Means with similar letter within a column are not significantly different at 0.05 probability level, DMRT test, 

RDF=Recommended dose of fertilizer, FYM=Farm yard manure, N=Nitrogen, P2O5= phosphorus penta 

oxide
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4.4. Soil Chemical Properties after Harvesting 

 

The result revealed that application of main effect of organic manure which have increasing trend on chemical properties of soil (OM, total 

nitrogen, available P, CEC, exchangeable bases like (K, Na, Ca and Mg) and micro nutrient (Mn, Zn, Fe Cu). However, application of inorganic 

fertilizer had no much short term effect on chemical properties of the soil (Table 4). 

 

Table 4. Main effect of N, P2O5 fertilizers and farmyard manure practices on chemical properties soil in the potato field trial site. 

 

    Exchangeable base(cmolc/kg) OM % TN % CEC Avail P Micro nutrient  mg/kg 

 Variable pH(H2O) Na K Ca Mg     (cmolc/kg) (ppm) Zn Fe Mn Cu 

Organic manure (FYM)                       

  Control 7.94 2.03 1.24 0.88 0.27 3.04 0.13 21.6 9.54 66.67 164 200 24.44 

5 t FYM ha
-1

 7.66 2.46 1.29 0.93 0.35 4.17 0.21 28.4 10.4 80 166 251.7 26.67 

10 t FYM ha
-1

 7.39 2.33 1.39 1.12 0.46 5.02 0.25 29.6 13.4 53.33 156 183.3 15.56 

Inorganic fertilizer (N)                       

  Control 7.94 2.03 1.24 0.88 0.28 3.04 0.13 21.6 9.54 66.67 164 200 24.44 

55.5 kg N ha
-1

 7.21 2.39 1.30 1.89 0.69 3.78 0.135 24.6 11.14 73.33 200 236.7 28.88 

111 kg N ha
-1

 7.68 2.49 1.29 0.98 0.42 4.09 0.196 28.6 14.27 66.67 196 248.3 33.33 

P2O5 fertilizer                        

  Control 7.94 2.03 1.24 0.88 0.27 3.04 0.13 21.6 9.54 66.67 164 200 24.44 

46 kgP2O5ha
-1

 7.76 2.23 1.49 1.62 0.28 3.47 0.13 25.2 10.91 66.67 184 230 24.44 

92 kgP2O5ha
-1

 7.8 2.28 1.55 1.49 0.49 3.54 0.15 25.8 12.59 80 192 251.7 28.89 
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Results of selected chemical properties soil analyzed in potato field trials after crop 

harvested revealed that the main effects of farm yard manure and inorganic fertilizers 

increased OM, CEC, available P and K, and total N content of the soil indicating that there 

is improvement of the fertility status of the soil after potato harvested (Table 5). The results 

indicated that the main effect of inorganic fertilizer (N and P2O5) as well as organic 

fertilizer improve chemical properties of soil by increasing their rating. Organic matter 

values are considered low if less than 4%, medium from 4% to 8%, and high if above 8% 

according to Berhanu (1980). OM content of the soil increased from low to medium at 

recommended dose of 10 ton FYM ha
-1

 and 111 kg N ha
-1 

(Table 5). Although it has 

showed an increase for the rest of main effect it didn‟t cross the rating of medium after 

application treatments. Benefits of organic matter in the soil include improved water and 

nutrient holding capabilities; better soil structure which enhances root growth and increases 

aeration. Total N was increasing trends was observed from (0.13) to (0.196) in the 

treatments that received recommended dose of Nitrogen (111 kg N ha
-1

) and FYM was 

increased from low (0.13) to medium (0.25). 

 

There was a slight increase in available P, CEC, and exchangeable cations of the soil with 

increasing FYM levels from (nil to 10 tha
-1

), respectively. Improvement in the soil 

properties with application of organic manure might be a result of build-up in the organic 

carbon, solubilisation of different organic nitrogenous compounds in to simple and 

available form, acidifying action of FYM on applied P at the time of decomposition 

making more P available, and reduction of K fixation (Seyed, 1998) 

 

The above soil test result revealed that the available P content of the soil as per the Olsen‟s 

method and based on the rating of Landon (1991) is in the low range for pre application of 

organic and inorganic fertilizer; however after application it became medium. The existing 

available soil P content in the experimental area where the soil sample was collected is 

adequate for the optimal crop production but not for control. Shivan (2000) also reported 

that application of organic material like FYM in combination with inorganic fertilizer 

improved soil chemical properties like, available P. 

 

The exchangeable potassium in the soil samples is high based on the rating by Metson 

(1961). Thus, potassium fertilizer application not required in the area where the soil sample 

was collected for optimum production. As per the analysis result the sodium concentration 
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in the given soil sample is very high if greater than two based on the rating by Metson 

(1961). Indicate problem of infiltration and water logging that need reclamation by calcium 

containing materials. And sodium deposited and reserved in the soil exchange complex 

from sediment deposit from the surrounding upper catchment.  Cation exchange capacity 

was increasing from medium to high based on the rating by Frank 1990, as rating is 

increasing. 

 

OM and clay content of soil was higher in the plots receiving 10t FYM ha
-1

 + 111 kg N ha
-

1
 + 92 kg P2O5 ha

-1 
(Table 6). The increase in OM and clay content may be attributed to 

application of organic manure and combined use of organic manure and inorganic 

fertilizer, consequently increase CEC which means OM and clay are directly related with 

each other. In the same way, Tolanur (2002) reported that CEC, available P, and organic 

matter significantly increased with organic manure in interaction with inorganic fertilizer. 

Integration of mineral N and P fertilizers with FYM resulted in an increase of the soil 

organic matter content and in addition to this benefit it achieved the highest yield. These 

results agree in line with the findings of Omar et al. (2000) and Singh et al. (2001).  
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Table 5. Interaction effects of N, P2O5 and farm yard manure on pH, Exchangable base and 

OM properties of soil 

 

  

pH 

Exchangeable 

base(cmolc/kg) 

  

  

OM% 

 

Treatment   Na K Ca Mg 

 1 
Control 

7.94 2.03 1.24 0.88 0.27 3.04 

2 
46 kg P2O5  ha

-1
 

7.76 2.23 1.49 1.62 0.29 3.47 

3 
92 kg P2O5  ha

-1
 

7.8 2.28 1.55 1.49 0.49 3.54 

4 
55.5 kg  N ha

-1
 

7.8 2.39 1.39 1.39 0.69 3.78 

5 
55.5 kg N ha-1+ 46 kg P2O5 ha

-1
 

7.25 2.41 1.45 1.29 0.67 3.94 

6 
55.5 kg N  ha

-1
 +92 kg P2O5 ha

-1
 

7.57 2.28 1.49 1.18 0.44 3.66 

7 
111 kg N  ha

-1
 

7.68 2.49 1.29 0.98 0.42 4.09 

8 
111 kg N  ha

-1
 1+ 46 kg P2O5 ha

-1
 

7.45 2.49 1.29 1.05 0.43 4.09 

9 
111 kg N  ha

-1
 + 92 kg P2O5 ha

-1
 

7.55 2.25 1.19 1.03 0.39 4.18 

10 
5t  FYM  ha

-1
 

7.66 2.46 1.29 0.93 0.36 4.17 

11 
5tFYM  ha

-1
 +46 kg P2O5 ha

-1
 

7.35 2.23 1.65 0.95 0.63 4.41 

12 
5t  FYM  ha

-1
 + 92 kg P2O5 ha

-1
 

7.51 2.36 1.6 1.08 0.65 4.27 

13 
5ton FYM  ha

-1
 + 46 kg N  ha

-1
 

7.7 2.25 1.71 0.98 0.6 4.45 

14 
5t FYM  ha

-1
 +55 .5 kg N  ha

-1
 + 46 kgP2O5 ha

-1
 

7.12 2.55 1.49 1.19 0.61 4.57 

15 
5t FYM  ha

-1
 + 55.5 kg N  ha

-1
 + 92 kg P2O5 ha

-1
 

7.14 2.49 1.34 0.96 0.58 4.2 

16 
5t FYM  ha

-1
 + 111 kg N  ha

-1
 

7.14 2.39 1.7 1.29 0.67 4.29 

17 
5tFYM  ha

-1
 + 111 kg N  ha

-1
 + 46 kgP2O5 ha

-1
 

7.35 2.49 1.34 0.91 0.59 4.23 

18 
5tFYM  ha

-1
 + 111 kg N  ha

-1
 + 92kgP2O5 ha

-1
 

7.25 2.25 1.34 0.95 0.53 5.12 

19 
10t  FYM  ha

-1
 

7.39 2.33 1.39 1.12 0.46 5.02 

20 
10t FYM  ha

-1
 + 46 kg P2O5  ha

-1
 

7.35 2.31 1.45 1.52 0.46 5.17 

21 
10t  FYM  ha

-1
 + 92 kg P2O5  ha

-1
 

7.37 2.49 1.29 1.39 0.69 5.18 

22 
10t  FYM  ha

-1
 + 55.5 kg N  ha

-1
 

7.38 2.28 1.55 1.49 0.69 5.2 

23 
10tFYM  ha

-1
 + 55.5kgN ha

-1
+ 46 kgP2O5  ha

-1
 

7.38 2.52 1.39 1.47 0.66 5.22 

24 
10tFYM  ha

-1
 + 55.5kgN ha

-1
+92kgP2O5  ha

-1
 

7.38 2.54 1.4 1.37 0.69 5.23 

25 
10t  FYM  ha

-1
 +111 kg N  ha

-1
 

7.61 2.52 1.55 1.05 0.65 5.21 

26 
10tFYM  ha

-1
 +111kgN ha

-1
+46kgP2O5  ha

-1
 

7.75 2.52 2.06 1.31 0.69 5.24 

27 
10tFYM ha

-1
 + 111kgN ha

-1
 + 92kgP2O5 ha

-1
 

7.21 2.71 2.53 1.67 0.71 5.31 
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Table 6. Interaction effects of N, P2O5 and farm yard manure on selective chemical 

properties of TN, CEC, P, Zn, Fe, Mn and Cu. 

 

 

 

 

 

  
TN 

% CEC Av.P 

Micro 

nutrient(mg/kg) 

  

  

  

 

Treatment 

 

(cmol/kg) (mg/kg) Zn Fe Mn Cu 

1 Control 0.13 21.6 9.54 66.7 164 200 24.44 

2 46 kg P2O5  ha
-1

 0.13 25.2 10.91 66.7 184 230 28.89 

3 92 kg P2O5  ha
-1

 0.15 25.8 12.59 80 192 251.7 24.44 

4 55.5 kg  N ha
-1

 0.135 28.6 11.14 73.3 200 236.7 28.88 

5 55.5 kg N ha-1+ 46 kg P2O5 ha
-1

 0.21 27.2 16.5 60 196 255 24.45 

6 55.5 kg N  ha
-1

 +92 kg P2O5 ha
-1

 0.22 30 17.7 60 200 236.7 24.44 

7 111 kg N  ha
-1

 0.196 28.6 14.27 66.7 196 248.3 33.33 

8 111 kg N  ha
-1

 1+ 46 kg P2O5 ha
-1

 0.23 27.4 11.7 73.3 216 251.7 33.33 

9 111 kg N  ha
-1

 + 92 kg P2O5 ha
-1

 0.23 24.2 17.7 60 176 228.3 28.89 

10 5t  FYM  ha
-1

 0.21 28.4 10.4 80 196 251.7 26.67 

11 5t FYM  ha
-1

 +46 kg P2O5 ha
-1

 0.3 27.4 13.4 120 176 231.7 26.66 

12 5t  FYM  ha
-1

 + 92 kg P2O5 ha
-1

 0.33 28.8 13.3 80 232 251.7 33.33 

13 5t FYM  ha
-1

 + 46 kg N  ha
-1

 0.34 17.4 12.6 53.3 168 251.7 24.44 

14 5t FYM  ha
-1

 +55 .5 kg N  ha
-1

 + 46 kgP2O5 ha
-1

 0.41 31.2 12.4 107 192 230 26.66 

15 5t FYM  ha
-1

 + 55.5 kg N  ha
-1

 + 92 kg P2O5 ha
-1

 0.34 27.6 18.8 26.7 212 236.7 26.67 

16 5t FYM  ha
-1

 + 111 kg N  ha
-1

 0.3 30.4 13.9 33.3 180 235 24.44 

17 5tFYM  ha
-1

 + 111 kg N  ha
-1

 + 46 kgP2O5 ha
-1

 0.31 28.6 10.4 40 188 236 24.44 

18 5tFYM  ha
-1

 + 111 kg N  ha
-1

 + 92kgP2O5 ha
-1

 0.31 29.4 19.9 46.7 204 218 22.22 

19 10t  FYM  ha
-1

 0.25 29.6 13.4 53.3 156 183.3 17.78 

20 10t FYM  ha
-1

 + 46 kg P2O5  ha
-1

 0.23 29.2 18.4 60 176 233.3 15.56 

21 10t  FYM  ha
-1

 + 92 kg P2O5  ha
-1

 0.26 30.6 14.9 33.3 224 226.7 26.67 

22 10t  FYM  ha
-1

 + 55.5 kg N  ha
-1

 0.31 29.6 14.5 66.7 208 228.3 17.78 

23 10tFYM  ha
-1

 + 55.5kgN ha
-1

+ 46 kgP2O5  ha
-1

 0.31 28.6 13.8 46.7 176 225 22.22 

24 10tFYM  ha
-1

 + 55.5kgN ha
-1

+92kgP2O5  ha
-1

 0.29 29.2 18.2 26.7 216 233.3 28.88 

25 10t  FYM  ha
-1

 +111 kg N  ha
-1

 0.39 28.8 12.7 33.3 156 211.7 26.67 

26 10tFYM  ha
-1

 +111kgN ha
-1

+46kgP2O5  ha
-1

 0.34 30.2 20.5 46.7 180 206.7 28.88 

27 10t FYM ha
-1

 + 111kgN ha
-1

 + 92kgP2O5 ha
-1

 2.5 31.6 30.1 73.3 224 230 26.66 
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Total N, OM, available P and CEC of soil content of the soils increased due to various 

rates of organics in combination with inorganic sources of nutrients (Table 6 and 7). Some 

of the primary effects use of organic fertilizers increased soil organic matter (SOM) and 

improved soil properties for crop growth (Hati et al., 2006; Saha et al., 2008). Soil pH was 

decreased with application of FYM alone and when combined with fertilizer. This result 

agree with (Yaduvanshi, 2003) even reduction of soil pH when green manure or farmyard 

manure was used in alkaline soils. However; conflict with research that found increases in 

soil pH when farm yard manure (Clark et al., 1998). Soil reaction is the simplest and the 

most essential chemical parameter measured in soils. According to Gazey and Davies 

(2009), pH between 5.5 and 8 is considered ideal for plant growth. Thus, the pH values of 

the study area ideal for plant growth and availability of most of plant nutrient is good in 

this pH ranges but still need to add organic fertilizer. It has crucial role in determining 

several chemical reactions and that influencing plant growth by affecting the activity of 

soil microbes and altering the solubility and availability of most of the essential plant 

nutrients and particularly the micronutrients such as Fe, Zn, Cu and Mn (Miller, 2005). 

 

The increase in available P might be attributed to organic manure, which helped in 

releasing the higher amount of P from the soil and also SOM and total N were increased 

with organic and inorganic, may be used as combination of manure and chemical fertilizer 

resulted in consistent availability of NO3.  This result agrees with the finding of Wakene et 

al. (2002) in maize crop in Bako area. The total nitrogen content of the soil sample tested 

was very high for the treatments (10t FYM ha
-1

 + 111kg Nha
-1

 + 92 kg P2O5 ha
-1

) and (5 t 

FYM ha
-1

 + 55.5 kg N ha
-1

 + 46 kgP2O5 ha
-1

), respectively. Soil total N and Soil organic 

matter were increasing with increasing organic and inorganic fertilizers either alone or 

combined together. The same treatments gave significantly higher OM than the rest of 

treatment combinations. Application of organic and inorganic fertilizers, soil available P 

was increased and SOM was relatively stable (Ayoola, 2006). Similarly, available P of the 

soil was higher in treatments that received10 t FYM ha
-1

 + 111 kg Nha
-1

 + 92 kgP2O5 ha
-1

, 

followed by 10 t FYM/ha + 111 kg N ha
-1

 + 46 kgP2O5ha
-1

. Similar results were observed 

by Tolanur and Badanur (2003) in pigeon pea. It was also observed that application of 

RDF resulted in lower OM, available P as compared to other treatment combinations. The 

organic matter, CEC, and total N increased with application of inorganic fertilizer and also 

increased with integration use of organic manure and inorganic fertilizer (Table 6 and 7). 

In the same way, soil K increased significantly with application of FYM in combination 
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with fertilizers over the inorganic fertilizer alone. This finding is agree with the findings of 

many research work (Tolesa, 1999; Tolanur and Badanur, 2003; Swarp, 2000; Wakene et 

al., 2002). 

 

4.5. Days to Flowering and Maturity 

 

The results of the main effects of N, P fertilizers and farmyard manure with various levels 

and their interaction in relation to days of flowering, maturity and tuber dry matter yield 

are shown below (Tables 8 and 9). 

 

N and P significantly influence number of days to flowering of the crop. However, farm 

yard manure did not affect this parameter of the plant. Decreasing in days to flowering 

continued up to the highest level of both nutrient at 111 kg N ha
-1

 and 92 kgP2O5ha
-1

) or 

when fertilizer application supply was raised from 55.5 kg N ha
-1 

to 111 kg N ha
-1

 and 46 

kg P2O5 ha
-1

 to 92 kg P2O5 ha
-1

. The highest value for days to flowering was recorded at the 

control treatment which is lowest rate of nutrient, and higher number of days to flowering 

obtained for plants in the highest rate of treatment of organic manure.  

 

The combination of different rates of inorganic fertilizers (111 kg N ha
-1 

and 92 kg P2O5 ha
-

1
) with various levels of FYM was significantly influence days to flowering.Thus, the 

lowest day to flowering was attained and hastened significantly due to application of the 

highest rate (92 kg P2O5 ha
-1

), the lowest than the days to flowering obtained for plants in 

all treatment. This result is agreed with the findings (Marschner, 1995) Phosphorous 

promotes the development of the root system, flowering, seed formation and hastens 

ripening.  

 

111 kg N ha
-1

 and 92 kg P2O5ha
-1 

fertilizer application was significantly influence days to 

maturity of the crop. However, farmyard manure did not affect. The interaction of different 

rates of inorganic fertilizers with various levels of FYM have a significant effect on days to 

maturity.The reduced in day to maturity continued up to the highest level of the nutrient 

(111 kg Nha
-1

+ 92kg P2O5ha
-1

+10 ton FYM ha
-1

) (Table 9). It was the lowest day to 

maturity 105.33 was recorded due to application of full recommended dose of inorganic 

fertilizers (111 kg Nha
-1

+ 92 kg P2O5 ha
-1

) whereas in the control treatment in longest 

maturity period about 112.67 days was recorded. The results of the experiment agree with 
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the findings of Hegde and Dwivedi (1993) who reported that integration of organic manure 

with inorganic fertilizers fasten maturity period of the crop. 

 

Table 7. Main effects of N and P2O5 fertilizers and farmyard manure on days to flowering, 

days to maturity and tuber dry matter. 

Variable 

Days of 

flowering 

Days of 

maturity 

Tuber dry 

matter(t/ha) 

Organic manure (FYM) 

   Control 38.07 109.4 2.028b 

5 ton  FYM ha
-1

 37.88 109.07 2.94a 

10 ton FYM ha
-1

 38.11 109.04 2.86a 

CV (%) 4.67 1.46 28.81 

SEM(±) 1.77 1.59 0.75 

Inorganic fertilizer N, P2O5 

   Control 38.55a 109.96a 2.029b 

55.5 Kg N ha
-1

 38.18ab 109.48a 2.79a 

111 Kg N ha
-1

RDF 37.33b 108.07b 3.01a 

CV (%) 4.67 1.45 28.81 

SEM(±) 1.77 1.59 0.75 

Control 39.48a 109.81a 2.318b 

46kg P2O5 ha
-1

 37.62b 109.15ab 2.501b 

92kg P2O5 ha
-1

RDF 36.96b 108.56b 3.01a 

CV (%) 4.67 1.459 28.81 

SEM(±) 1.77 1.60 0.75 

Means with similar letter within a column are not significantly different at 0.05 probability level, DMRT test, 

RDF=Recommended dose of fertilizer, FYM=Farm yard manure N=Nitrogen, P2O5 kg/ha = phosphorus  

 

4.6. Tuber Dry Matter 

 

The result revealed that main effects of organic and inorganic fertilizer showed significant 

difference for tuber dry matter yield (Table 8). The treatment that received recommended 

dose of 111 kg N ha
-1

and 92 kg P2O5 ha
-1 

fertilizer significantly increased tuber dry matter 

yield. Similarly, the effect of 5 ton FYM ha
-1

 application on tuber dry matter yield was 

statistically significant compared to the control treatment. 
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Table 8. Effect of integrated nutrient management practices on days to flowering, days to 

maturity and tuber dry matter. 

  

Days to Days to  Tuber dry  

No. Treatment Flowering Maturity matter t ha
-1

 

1 Control 42.66a 112.67a 1.16e 

2 46 kg P2O5  ha
-1

 37.6b-d 111ab 1.105e 

3 92 kg P2O5  ha
-1

 37b-d 108.67bc 1.84ed 

4 55.5 kg  N ha
-1

 40ab 110.33a-c 1.82ed 

5 55.5 kg N ha-1+ 46 kg P2O5 ha
-1

 38.66bc 110a-c 2.14c-e 

6 55.5 kg N  ha
-1

 +92 kg P2O5 ha
-1

 37.33b-d 110a-c 2.458b-d 

7 111 kg N  ha
-1

 39bc 108.67bc 1.76de 

8 111 kg N  ha
-1

 1+ 46 kg P2O5 ha
-1

 35.66cd 108b-d 2.52b-e 

9 111 kg N  ha
-1

 + 92 kg P2O5 ha
-1

 34.66d 105.33d 3.438abc 

10 5t  FYM  ha
-1

 38.66bc 110a-c 2.487b-e 

11 5t FYM  ha
-1

 +46 kg P2O5 ha
-1

 37.66b-d 109.33bc 2.48b-e 

12 5t  FYM  ha
-1

 + 92 kg P2O5 ha
-1

 39bc 109bc 2.8a-d 

13 5t FYM  ha
-1

 + 46 kg N  ha
-1

 39bc 108.67bc 2.777a-d 

14 5t FYM  ha
-1

 +55 .5 kgN  ha
-1

 + 46 kgP2O5 ha
-1

 37.66b-d 109.67a-c 3.82ab 

15 5t FYM  ha
-1

 + 55.5 kg N  ha
-1

 + 92 kg P2O5 ha
-1

 36.33cd 109.33bc 3.11a-d 

16 5ton FYM  ha
-1

 + 111 kg N  ha
-1

 39bc 109.33bc 2.778a-d 

17 5tFYM  ha
-1

 + 111 kgN  ha
-1

 + 46 kgP2O5 ha
-1

 38b-d 108cd 2.789a-d 

18 5tFYM  ha
-1

 + 111 kg N  ha
-1

 + 92kgP2O5 ha
-1

 35.66cd 108.33bc 3.436abc 

19 10t  FYM  ha
-1

 39bc 109.67a-c 2.16c-e 

20 10t FYM  ha
-1

 + 46 kg P2O5  ha
-1

 38b-d 109.67a-c 1.77ed 

21 10t  FYM  ha
-1

 + 92 kg P2O5  ha
-1

 37.33b-d 109.67a-c 2.45b-e 

22 10t  FYM  ha
-1

 + 55.5 kg N  ha
-1

 39bc 110.33a-c 3.12a-d 

23 10tFYM  ha
-1

 + 55.5kgN ha
-1

+ 46 kgP2O5  ha
-1

 37b-d 109bc 2.44b-e 

24 10tFYM  ha
-1

 + 55.5kgN ha
-1

+92kgP2O5  ha
-1

 38.66bc 108b-d 3.439abc 

25 10t  FYM  ha
-1

 +111 kg N  ha
-1

 39bc 108.67bc 2.79a-d 

26 10tFYM  ha
-1

 +111kgN ha
-1

+46kgP2O5  ha
-1

 38.33bc 107.67cd 3.438abc 

27 10tFYM ha
-1

 + 111 kgN ha
-1

 + 92kgP2O5 ha
-1

 36.66b-d 108.67bc 4.15a 

 
CV (%) 4.47 1.42 29.89 

 
SEM(±) 1.69 1.55 0.78 

 
Means with similar letter within a column are not significantly different at 0.05 probability level, 

DMRT test, RDF=Recommended dose of fertilizer, FYM=Farm yard manure, N=Nitrogen, P2O5= 

phosphorus 
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The combination of different rates of inorganic fertilizer (N and P) with various level of 

farm yard manure (FYM) caused significant differences in tuber dry matter yield. 

Treatment that received recommended dose of organic and inorganic fertilizer (10 t FYM 

ha
-1

 + 111 N kgha
-1

 +92 kg P2O5 ha
-1

) gave significantly higher tuber dry matter yield 

(4.15t/ha) (Table 9). Bwembya and Yevokun (2001) also reported that combined use of 

organic manure increased the dry matter production than control plots. Treatments that 10 t 

FYM ha
-1

 + 111 N kg ha
-1

 +46 kg P2O5ha
-1

and 10 t FYM ha
-1

 + 55.5 N kgha
-1

 +92 kg P2O5 

ha
-1

and 111 N kg ha
-1

 +92 kg P2O5 ha
-1

also resulted in higher tuber dry matter production. 

The result revealed that interaction of organic manures with various rate of inorganic 

fertilizer could give better dry matter production than in organic and inorganic alone. The 

present finding is in conformity with the finding of Olani (2002) who reported that 

integrated nutrient supply increased dry matter yield of potato. 

 

4.7. Growth Components 

 

The results of analysis of variance for growth components of potato under interaction of 

organic and inorganic fertilizer are presented and discuss here below. 

4.7.1. Number of Main Stem 

 

The result showed that neither the main effect of inorganic fertilizer (N and P) nor that of 

organic (farmyard manure) application had not affected significantly on main stem number 

per hill (Table 8). 

 

In the some way, the interaction effects of different rates of recommended dose of 

inorganic fertilizers (N and P) with various level of FYM were non-significant (p<0.05) in 

(Table 9). The maximum number of main stem recorded was (8.25) in the plots received a 

dose of organic and inorganic fertilizer (10 t FYM/ha + 111 kg N ha
-1

 + 46 kgP2O5ha
-1

), 

which followed by a half dose of organic and inorganic fertilizer (5tFYM ha
-1

 + 55.5 kg 

Nha
-1

 + 46kg P2O5ha
-1

(8.24). Anand and Krishnappa (1989) also stated that the number of 

stems/ hill did not differ significantly due to the application of different levels of N, P2O5 

and FYM as well as their combination. In this study application of both organic and 

inorganic fertilizers had no any effect on the number of main stem of potato. 
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4.7.2. Plant Height 

 

The application of organic and inorganic fertilizers had significant for the main effects of 

plant height (Table 8). Plant height significantly increased from 89.63 to 91.39 cm when 

FYM supply was raised from 5 to 10 t ha
-1

. In the same way, plant height increased from 

88.11 to 92.43cm and from 89.27 to 90.11cm when   inorganic fertilizer supply was raised 

from 55.5 kg N ha
-1

- 111 kg N ha
-1

and 46 kg ha
-1 

- 92 kg P2O5 ha
-1 

respectively.  The plant 

height was grown in the treatment of 111 kg N ha
-1

, which
 
was higher than that in the 

control treatment and other main effect. The increase in plant height might be due to cell 

division and enlargement, which is stimulated by presence of nitrogen. These results were 

confirmed by Boateng et al. (2006) who advocated that increasing N level significantly 

increased plant height. 

 

Plant height was significantly influenced by the application of different rates of inorganic 

fertilizers (111 kg N ha
-1

and 92 kg P2O5ha
-1

) with different rate of farm yard manure 

(Table 8). This might be due to the positive effects of organic and inorganic fertilizer 

through adequate supply of all nutrients. The inorganic fertilizer in combined with 

application of FYM might have enhanced the decomposition of organic sources thus the 

increased supply of nutrients for increasing the cell division and elongation. This finding 

agreed with Shalini et al. (2002), who stated that the application of organic manure with 

inorganic fertilizer significantly increased growth and vigor of the plants over application 

of inorganic fertilizers alone. 

 

The tallest plants height (95.6cm) was recorded in the treatment 10 ton FYM ha
-1

combined 

with inorganic fertilizer (111 kg N ha
-1

and 92 kg P2O5 ha
-1

), compared with to all other 

treatments, followed by no application of FYM but had full doze of inorganic fertilizer 

(95.5 cm). The increase in plant height in the presence of inorganic fertilizer may be due to 

better availability of nutrients.  

 

It was observed that plants that received both organic and inorganic were significantly 

taller than those in height as compared to plants obtained in the control. The current 

experiment result corroborates the findings of Gonzalez et al. (2001) who reported that 

organic manure and inorganic fertilizer supplied all the essential nutrients at seedling stage 

resulting in an increase of measured variables like plant height. Bwembya and Yerovun 
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(2001) and Najm et al. (2010) also reported the combined effect of organic fertilizer and 

inorganic fertilizer on the plant height was significant. The increase in plant height might 

be due to more availability and up take of nutrients. Generally the result revealed that 

treatments that received both organic and inorganic fertilizer produced plants with taller 

height as compared to plants in controlled plot. 

 

Table 9. Main effect of N and P2O5 inorganic fertilizers and FYM practices on growth 

component of potato 

 

Variable Number of Plant height  Total leaf Above ground 

 

main stem (cm) area (cm
2
) biomass (g) 

Organic manure (FYM) 

    Control 7.69 85b 16.4c 196.99b 

5 t FYM ha
-1

 7.93 89.63a 17.034b 208.51ab 

10 t FYM ha
-1

 7.89 91.39a 17.9a 226.51a 

CV (%) 11.39 6.98 6.35 23.74 

SEM(±) 0.89 6.187 1.09 50.02 

Inorganic fertilizer N, P2O5 

    Control 7.69 85.46b 16.239c 186.01b 

55.5 kg N ha
-1

 7.86 88.11b 17.128b 206.11b 

111 kg N ha
-1

RDF 7.96 92.43a 17.969a 239.88a 

CV (%) 11.39 6.98 6.35 23.74 

SEM(±) 0.89 6.19 1.09 50.02 

control  7.71 86.64b 16.63b 205.05 

46 kg P2O5 ha
-1

 7.88 89.27ab 17.28a 205.63 

92 kg P2O5ha
-1

RDF 7.91 90.11a 17.42a 221.32 

CV (%) 11.39 6.98 6.35 23.74 

SEM(±) 0.89 6.18 1.08 50.02 

Means with similar letter within a column are not significantly different at 0.05 probability level, DMRT test, 

RDF=Recommended dose of fertilizer, FYM=Farm yard manure, N=Nitrogen, P2O5= phosphorus. 
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4.7.3. Above ground biomass 

 

The analysis of variance of main effects revealed that the use farmyard manure and N was 

significantly influence the above ground biomass of the crop, but P2O5 fertilizers did not 

affect this parameter of the plant (Table 10).Thus, the highest above ground biomass was 

attained at the highest rate of the nutrient, and was higher than the above ground biomass 

obtained for plants in the control treatment. The results indicated that inorganic fertilizer 

(N) increased the above ground biomass from 206.11g to 239.88g when the rates of 

nitrogen fertilizer raised from 55.5 kg N ha
-1

 to 111 kg N ha
-1

. This result is in conformity 

with the findings of Millard and Marshall (1986) who reported a significant increment in 

canopy dry matter yield of potato in response to increased nitrogen application. Similarly 

with Chowdahury et al. (2002) also observed that efficient use of inorganic fertilizer 

increased the above ground biomass. This increase in the above ground biomass with 

increasing rate of inorganic fertilizer could be attributed to the effect of N on vegetative 

growth. Ambecha (2002) reported similar results in case of sweet potato. 

 

The analysis of variance showed a highly significant effect of treatments on above ground 

biomass (Table 11). The results indicated that highest biomass (283.21g) was obtained 

from the combined application of organic and inorganic fertilizer 10 t FYM ha
-1

 + 111 kg 

N ha
-1

 + 92 kg P2O5 ha
-1

 followed by 10 t FYM ha
-1

 + 111 kg N ha
-1

 + 46 kg P2O5 ha
-1

 

(276.32g), which was significantly higher than the above ground biomass obtained in the 

control. However, the lowest above ground biomass was observed in the plot from control 

(109.45g). Similar results were reported by Ambecha (2002) in case of sweet potato. 
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Table 10. Effect of integrated nutrient management practices on Growth parameters of 

potato 

  

Number 

of  

Plant 

height 

Total leaf 

area 

Above 

ground 

No. Treatments 

main 

stem cm cm
2
 biomass (g) 

1 Control 7.48 65.7d 13.89f 109.45e 

2 46 kg P2O5  ha
-1

 7.66 82.46c 15.65e 190.56a-e 

3 92 kg P2O5  ha
-1

 7.82 88.2a-c 16.76b-e 213.02a-d 

4 55.5 kg  N ha
-1

 7.5 84bc 15.76e 179.75b-e 

5 55.5 kg N ha-1+ 46 kg P2O5 ha
-1

 7.8 86a-c 15.99de 213.77a-d 

6 55.5 kg N  ha
-1

 +92 kg P2O5 ha
-1

 7.73 86.2a-c 16.63c-e 180.94b-e 

7 111 kg N  ha
-1

 7.7 88.06a-c 17.09b-e 219.37a-d 

8 111 kg N  ha
-1

 1+ 46 kg P2O5 ha
-1

 7.68 88.66a-c 16.95b-e 218.98a-d 

9 111 kg N  ha
-1

 + 92 kg P2O5 ha
-1

 7.83 95.6a 18.86ab 247.02a-c 

10 5t  FYM  ha
-1

 7.73 86.4a-c 16.03de 185.16b-e 

11 5tFYM  ha
-1

 +46 kg P2O5 ha
-1

 7.7 85.5a-c 16.55c-e 139.94de 

12 5t  FYM  ha
-1

 + 92 kg P2O5 ha
-1

 7.88 88a-c 16.35c-e 228.73a-d 

13 5t FYM  ha
-1

 + 46 kg N  ha
-1

 7.84 87.4a-c 16.47c-e 241.53a-c 

14 5t FYM  ha
-1

 +55 .5 kg N  ha
-1

 + 46 kgP2O5 ha
-1

 8.24 92.5a-c 18.02a-d 235.51a-d 

15 5t FYM  ha
-1

 + 55.5 kg N  ha
-1

 + 92 kg P2O5 ha
-1

 7.83 86.33a-c 17.07b-e 207.77a-d 

16 5ton FYM  ha
-1

 + 111 kg N  ha
-1

 7.91 93.5ab 17.58a-e 206.84a-d 

17 5tFYM  ha
-1

 + 111 kg N  ha
-1

 + 46 kgP2O5 ha
-1

 8.2 93.73ab 17.5a-e 224.9a-d 

18 5tFYM  ha
-1

 + 111 kg N  ha
-1

 + 92 kgP2O5 ha
-1

 8 93.26a-c 17.71a-e 206.2a-d 

19 10t  FYM  ha
-1

 7.33 92.15a-c 17.2b-e 230.45a-d 

20 10t FYM  ha
-1

 + 46 kg P2O5  ha
-1

 7.77 90a-c 17.15b-e 173.32c-e 

21 10t  FYM  ha
-1

 + 92 kg P2O5  ha
-1

 7.83 90.7a-c 16.54c-e 203.48a-d 

22 10t  FYM  ha
-1

 + 55.5 kg N  ha
-1

 7.9 88.5a-c 17.43a-e 196.81a-e 

23 10tFYM  ha
-1

 + 55.5kgN ha
-1

+ 46 kgP2O5  ha
-1

 7.8 94.9a 19.26a 177.36c-e 

24 10tFYM  ha
-1

 + 55.5kgN ha
-1

+92kgP2O5  ha
-1

 8.1 87.06a-c 17.49a-e 221.54a-d 

25 10t  FYM  ha
-1

 +111 kg N  ha
-1

 7.93 93.86ab 18.22a-c 276.09ab 

26 10tFYM  ha
-1

 +111kgN ha
-1

+46kgP2O5  ha
-1

 8.11 89.6a-c 18.44a-c 276.32ab 

27 10tFYM ha
-1

 + 111 kgN ha
-1

 + 92kgP2O5 ha
-1

 8.25 95.6a 19.35a 283.21a 

 

CV (%) 13.26 6.09 6.11 22.81 

 

SEM(±) 1.02 2.32 1.02 6.98 

Means with similar letter within a column are not significantly different at 0.05 probability level, DMRT test, 

RDF=Recommended dose of fertilizer, FYM=Farm yard manure, N=nitrogen, P2O5=phosphorus 
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4.7.4. Total Leaf Area 

 

The result indicates farmyard manure was significant influence at on total leaf area of the 

crop.Thus, the highest total leaf area was attained at the highest rate of the nutrient in the 

treatment that received (10 ton FYM/ha), and was higher than the total leaf area obtained 

for plants in the control treatment. The result of the current experiment could probably be 

attributed to the beneficial effect integrated fertilizer use and the macro as well as micro 

nutrients supplied through FYM (Shaban and Omer, 2006) and increased availability of 

plant nutrients (Kundu et al., 2007). In the same way, significant difference was observed 

among different rate of inorganic fertilizers N (from 55.5 to 111 kg ha
-1

) and P2O5 (from 46 

to 92 kg ha
-1

) (Table 10). Nitrogen fertilizer increases the leaf area, which increases the 

amount of solar radiation intercepted, and consequently, increases dry matter production by 

different plant parts (Krishnappa, 1989). It increases potato yields by increasing the 

number of tubers formed (Kotsyuk, 1995), duration of tuber bulking, and nitrogen uptake 

by the plant (Martin, 1995). 

 

The effect of interaction of different rates of inorganic fertilizer (N and P2O5) with various 

rates of organic manure (FYM) showed a significant difference. Among the treatments 

maximum total leaf area was recorded (19.35cm
2
) in the treatment that received (10t FYM 

ha
-1

 + 111 kg N ha
-1

 + 92 kg P2O5 ha
-1

), followed by 10t FYM ha
-1

+ 55.5 kg N ha
-1

+ 46kg 

P2O5 ha
-1

 (19.26cm
2
) (Table 11) was significantly higher than the leaf area obtained in the 

control. Furthermore, the result of the current experiment was agreed with the finding of 

Matiwos (2011) who reported the integrated nutrient management practices significantly 

influenced total leaf area. The higher leaf area as a result of integrated use of organic and 

inorganic fertilizers might be due to the more availability and up take of nutrients or the 

release of considerable amounts of nutrients especially N for plant use. N is essential for 

chlorophyll and protoplasm formation (Bohloo et al., 1992). 

 

4.8. Yield and Yield Attributes 

 

The results of yield and yield attributes of potato under interaction organic and inorganic 

fertilizer are presented and discussed below. 
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4.8.1. Average tuber mass 

 

The finding indicated that the main effect of inorganic fertilizer both N and P was 

significantly influence average tuber mass. The recommended dose of inorganic fertilizer 

at 111 kg N ha
-1 

as well as 92 kgP2O5 ha
-1 

showed significantly higher average tuber mass 

compared to controlled treatments. The increase in average tuber mass continued up to the 

highest level of both inorganic fertilizer (111 kg N ha
-1

 and 92kg P2O5 ha
-1

 ) (Table 12). On 

the other hand, the application of farm yard manure had significant effect on average tuber 

mass; there was increase of average tuber mass with the increasing rates of FYM from nil 

to10 t ha
-1

. (Patricia and Bansal, (1999)., stated that the increase in average tuber mass 

with the supply of fertilizer nutrients could be due to more growth and higher supply of 

photo assimilates which helped in producing larger size tubers, hence resulting in higher 

yields. 

 

The highest average tuber mass (134.03 g/tuber) was obtained in the treatments that 

received10 t FYM ha
-1

+ 111 kg N ha
-1

+ 92 kg P2O5 ha
-1 

followed by application of (111 

kg N ha
-1

+ 92 kgP2O5 ha
-1

) inorganic fertilizers (105.5 g/tuber) which was significantly 

higher than that control (83.15 g/tuber) (Table 14). The result is agreed with the report of 

Matiwos (2011) who reported that integrated nutrient management practices significantly 

increased average tuber mass. (Kundu et al., 2007) also stated that a significant increase in 

tuber yield components with increasing organic manure and inorganic fertilizers might be 

due to higher nutrient availability, and uptake with higher rates of both fertilizer types and 

increased availability of plant nutrients, hence resulting in higher yields. Disagree with to 

the findings of the present study, Daniel (2007) found no significant influence of organic 

fertilizer application on average tuber mass. 
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Table 11. Main effect of N and P2O5 inorganic fertilizers and FYM practices on yield and yield attribute of potato 

Variable                Tuber numbers 

Average 

tuber 

Average 

tuber          Tuber yield (t/ha) 

Organic manure (FYM) Mar.  Unmar. Total Number mass (g) Mar.  Unmar. Total 

Control 347.29b 30.96b 378.25b 12.42b 95.24b 28.37b 1.69 30.07b 

5t FYM ha
-1

 385a 34.33ab 419.33a 13.97a 99.14ab 34.25a 1.85 36.11a 

10t FYM ha
-1

 388a 37.14a 425.14a 14.23a 101.12a 34.08a 1.92 36a 

CV (%) 9.68 22.74 9 9.46 9.26 9.1 30.35 8.66 

SEM(±) 36.14 7.77 36.692 1.28 9.12 2.93 0.55 2.95 

Inorganic fertilizer N, P2O5 

        Control 341.37c 32.33 373.7c 12.27c 95.25b 29.34b 1.8 31.14b 

55.5 kg N ha
-1

 379.63b 34.77 414.407b 13.82b 96.39b 33.21a 1.93 35.15a 

111 kg N ha
-1

RDF 399.29a 35.33 434.63a 14.53a 103.85a 34.16a 1.73 35.89a 

CV (%) 9.68 22.74 9 9.46 9.26 9.1 30.35 8.66 

SEM(±) 36.14 7.77 36.692 1.28 9.12 2.93 0.55 2.95 

Control 357.51b 35.59 393.11b 13.07b 94.68b 30.46b 1.7 32.17b 

46 kg P2O5 ha
-1

 370.7b 34.148 404.85b 13.4b 97.67b 32.5a 1.97 34.47a 

92 kg P2O5 ha
-1

 392.07a 32.70 424.77a 14.15a 103.14a 33.75a 1.79 35.54a 

CV (%) 9.68 22.74 9 9.46 9.26 9.1 30.35 8.66 

SEM(±) 36.14 7.77 36.69 1.28 9.12 2.93 0.55 2.95 
Means with similar letter within a column are not significantly different at 0.05 probability level, DMRT test, 

RDF=Recommended dose of fertilizer, FYM=Farm yard manure, N=Nitrogen, P2O5=phosphorus 
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4.8.2. Tuber Yield 

 

The finding indicated that the main effect of inorganic fertilizer (N and P) plus organic 

fertilizer significantly influenced average tuber number at (P < 0.05) on marketable and 

total tuber yield of Potato. However, it did not differ significantly affect unmarketable 

tuber yield due to the application of different levels of both organic and inorganic fertilizer 

as well as their interaction. 

 

Application of N and P significantly increased total tuber yield and marketable yield of 

Potato (Table 12). Increasing the level of applied N from 55.5 kg ha
-1

 to 111 kg ha
-1

 N ha
-1

 

increased total tuber yield from (31.14-35.89 t ha
-1

) and marketable (29.34 -34.16t ha
-1

). In 

the case of N where consistent and significant yield increment was observed with increase 

in the application of the nutrient, increase in the application N could be attributed to the 

effect of the nutrient on enhancing leaf growth and leaf surface area. In the same way, 

increasing P2O5 application from 46 kg ha
-1

 to 92 kg P2O5 ha
-1

 increased total tuber yield 

(32.17-35.54t ha
-1

) and marketable tuber yield (30.46-33.75t ha
-1

). With the increasing 

rates of FYM from 5t ha
-1

 - 10 t ha
-1

 significantly increased total tuber yield (from 30.07-

36t ha
-1

) as well as marketable tuber yield (from 28.37-34.08 t ha
-1

) (Table 12). 

 

Consistently yield--increasing trend was observed with increasing application of farmyard 

manure, which supports the findings of Assefa (1998) who obtained increased maize yield 

with increased application of farmyard manure. This indicated that the application of 

higher rates of farmyard manure is required to get the highest tuber yield provided that the 

ease of use of highly decomposed farm yard manure material and other prevailing 

conditions occur. The present finding is supported by (Repšiene et al.,(2006), who found 

that the application of FYM and mineral fertilizers gave a tuber yield increase of 61%, 

compared with the yield obtained using only mineral fertilizers. Moreover, (Jayaprakash, 

2001; Kang, 2004) who indicated that higher yield of crop due to application of FYM was 

attributed to significantly higher yield components.  

 

The integration of different rates of inorganic fertilizers (NP) with various rates of organic 

manures (FYM) showed a significant effect on both marketable and total tuber yield; 

whereas, unmarketable yield was statically not significantly. The application of different 

rate of inorganic fertilizers such as (N and P) along with different levels of organic 
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manures FYM significantly increased the marketable tuber and total tuber yield compared 

with plants that received no treatments. 

 

Total tuber yield also followed in same trend and it was also highest for those treatments 

which had shown highest marketable yield. This indicate that the application of higher 

rates of farm yard manure and inorganic fertilizer is required to get the highest tuber yield 

provided that the availability of organic and inorganic fertilizers. Fuchs et al. (1970) also 

reported that nutrients from mineral fertilizers enhance the establishment of crops while 

those from mineralization of organic manure promoted yield when both fertilizers were 

combined. This result agree with Sujith et al. (2001) who said that increase in yield of crop 

might be due to increased dry matter production and its distribution in plant parts.  

 

Tekalign and Hammes (2005) also reported that the assimilation of dry matter and its 

distribution within the plant are important processes determining crop productivity. The 

results of this experiment also confirms the addition of manure increases soil water holding 

capacity and this means that nutrient would be made available to crops where manure has 

been added to the soil (Costa et al., 1991).  

 

Average of all treatment indicated that application of the mixture of organic and inorganic 

fertilizers gave highest total tuber yield as well as marketable tuber yield more over the 

control.The highest total tuber yield (40.13 t ha
-1

) and marketable tuber yield (38.65 t/ha) 

was recorded with the combined application of10t FYM ha
-1

+ 111 kg Nha
-1

+ 92 kgP2O5ha
-

1 
followed by application of 10t FYM ha

-1
 +111 kg Nha

-1
+46 kgP2O5ha

-1
 total tuber yield ( 

38.49 tha
-1

) and marketable tuber yield (36.24 tha
-1

) which were significantly higher than 

that obtained marketable tuber yield in the control plot (21.01 tha
-1

) (Table 14). This 

further increase in marketable and total tuber yield of potato with combined application of 

both of FYM and inorganic fertilizer could be attribute favourable effects on yield 

components, like average number of tuber per hill, plant height, leaf area and dry matter 

production. Similar results were reported by Shanward et al. (2001) and by Teklu et al. 

(2004) who reported that organic manure alone is not sufficient for optimum yield of 

potato. The integrated use of organic and inorganic fertilizers though influenced the 

marketable tuber yield to a variable extent but the results of this experiment confirms the 

observations of Sanchez and Jam (2000) who reported that 'integration of organic and 

inorganic inputs sustained crop production due to positive interaction and 
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complementarities between them and also agree with the findings of Matiwos (2011) who 

reported significant increase in tuber yield components with increasing organic manure and 

inorganic fertilizers which might be due to higher nutrient availability and uptake with 

higher rates of both fertilizer types and increased availability of plant nutrients (Kundu et 

al., 2007). The result clearly revealed that the total yield and marketable yield of potato 

could be increased by the interaction of organic and inorganic fertilizer.  

 

4.8.3. Average Tuber Number 

 

The finding indicated that the main effect of inorganic fertilizer (N and P2O5) as well as 

organic fertilizer significantly influenced average tuber number at (P < 0.05) (Table 12). 

When application N fertilizer was raised from 55.5 to 111 kg N ha
-1

and application P2O5 

fertilizer was raised 46-92 kg P2O5ha
-1 

resulted a significant increase in the average tuber 

number. Average tuber number show a consistent increasing trend with increasing the level 

of N fertilizer. In agreement with the present finding, Sharifi (2005) reported that a 

significant increases in tuber numbers in response to increased levels of N application. 

Similarly, Jenkins and Mahamod (2003) observed that the number of tubers varied 

considerably as a result of N fertilization, and doubled when N level was increased to 

higher levels. 

 

The interaction effects of organic and inorganic fertilizer were significantly different on 

average tuber number (Table 13). Application of different rate of inorganic fertilizers (N 

and P2O5) along with different rate of organic manures significantly increased average 

tuber numbers compared with plants that received no treatments or control. The highest 

average tuber number (15.53) was recorded with the combined application of 5t FYM ha
-

1
+55.5 kg N ha

-1
+ 46 kg P2O5 ha

-1 
followed by application of 10t FYM ha

-1
+ 111 kg N ha

-

1
+ 92 kg P2O5 ha

-1 
total tuber yield (15.4) which were significantly higher than that 

obtained average tuber number in the control plot (9.8) (Table 14) The current experiment 

result agree with the findings of(Annad and Krishinapp, 1989) the increase in number of 

average tuber with the combined use of organic and inorganic fertilizer might be due to the 

increased photosynthetic activity and translocation of photosynthate to the root, which 

might helped in the initiation of more stolon in potato. Tuber number is also determined by 

the number of stems produced which in turn depends up on the tuber size and variety as 

reported by Ebwongu et al. (2001). 
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Table 12.Effect of integrated nutrient management on Tuber number and average tuber 

number of potato 

      

  

             Tuber Number 

Average 

Tuber 

NNo. Treatments Mark Unmark Total    Number 

1 Control 290.67f 30bc 320.67g 9.86i 

2 46 kg P2O5  ha
-1

 301ef 28.67bc 329.67g 10.13hi 

3 92 kg P2O5  ha
-1

 327.67c-f 30.33bc 358fg 11.93f-i 

4 55.5 kg  N ha
-1

 323.67def 30.33bc 354fg 11.8ghi 

5 55.5 kg N ha-1+ 46 kg P2O5 ha-1 341.33c-f 33.67bc 375e-g 12.5efg 

6 55.5 kg N  ha
-1

 +92 kg P2O5 ha-1 354.33b-f 33.67bc 388b-g 12.93b-g 

7 111 kg N  ha
-1

 349.33b-f 30.67bc 380d-g 12.66d-g 

8 111 kg N  ha
-1

 1+ 46 kg P2O5 ha-1 413.67ab 28.33bc 442a-d 14.73a-e 

9 111 kg N  ha
-1

 + 92 kg P2O5 ha-1 424a 33bc 457ab 12.6d-g 

10 5ton  FYM  ha
-1

 344c-f 34bc 378d-g 15.23ab 

11 5ton FYM  ha
-1

 +46 kg P2O5 ha-1 354b-f 34bc 388b-g 12.93b-g 

12 5ton  FYM  ha
-1

 + 92 kg P2O5 ha-1 387.67a-d 34.33bc 422a-f 14.06a-g 

13 5ton FYM  ha
-1

 + 46 kg N  ha
-1

 380.33a-d 31.66bc 412a-f 13.73a-g 

14 5t FYM  ha
-1

 +55 .5 kg N  ha
-1

 + 46 kgP2O5 ha
-1

 430.33a 35.67bc 466a 15.53a 

15 5t FYM  ha
-1

 + 55.5 kg N  ha
-1

 + 92 kg P2O5 ha
-1

 417.6ab 34.33bc 452abc 15.06abc 

16 5ton FYM  ha
-1

 + 111 kg N  ha
-1

 373a-d 35bc 408a-f 13.6a-g 

17 5tFYM  ha
-1

 + 111 kg N  ha
-1

 + 46 kgP2O5 ha
-1

 384a-d 36bc 420a-f 14a-g 

18 5tFYM  ha
-1

 + 111 kg N  ha
-1

 + 92kgP2O5 ha
-1

 394abc 34bc 428a-e 14.26a-f 

19 10t  FYM  ha
-1

 351.67b-f 34.33bc 386d-g 12.86c-g 

20 10t FYM  ha
-1

 + 46 kg P2O5  ha
-1

 330.33c-f 34.67bc 365e-g 12.16fgh 

21 10t  FYM  ha
-1

 + 92 kg P2O5  ha
-1

 385.33a-d 30.67bc 420a-f 13.86a-g 

22 10t  FYM  ha
-1

 + 55.5 kg N  ha
-1

 392a-d 50.67a 442.67ad 14.86a-d 

23 10tFYM  ha
-1

 + 55.5kgN ha
-1

+ 46 kgP2O5  ha
-1

 364.33a-e 35.67bc 400a-f 13.33a-g 

24 10tFYM  ha
-1

 + 55.5kgN ha
-1

+92kgP2O5  ha
-1

 412.67ab 27.33c 440a-d 14.66a-e 

25 10t  FYM  ha
-1

 +111 kg N  ha
-1

 413ab 43.67ab 456.67ab 15.66a 

26 10tFYM  ha
-1

 +111kgN ha
-1

+46kgP2O5  ha
-1

 417.33ab 40.67abc 458a 15.26ab 

27 10tFYM ha
-1

 + 111 kgN ha
-1

 + 92kgP2O5 ha
-1

 425.33a 36.67abc 462a 15.4a 

 

CV (%) 9.32 23.25 8.57 8.72 

 

SEM(±) 34.83 7.94 34.95 1.18 

Means with similar letter within a column are not significantly different at 0.05 probability level, DMRT test, 

RDF=Recommended dose of fertilizer, FYM=Farm yard manure, N=Nitrogen, P2O5= phosphorus 
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Table 13.Effect of integrated nutrient management on tuber yield and average tuber mass 

of potato. 

  

           Tuber Yield 

 

Average 

Tuber 

No. Treatments Mark Unmark Total    mass (g) 

1 Control 21.01i 1.81 22.83h 83.15d 

2 46 kg P2O5  ha
-1

 23.88ih 1.36 25.25hg 86.57cd 

3 92 kg P2O5  ha
-1

 25.21g-i 1.68 26.89f-h 93.24bcd 

4 55.5 kg  N ha
-1

 27.25f-h 1.5 28.75e-g 95.18bcd 

5 55.5 kg N ha
-1

+ 46 kg P2O5 ha
-1

 29.64d-g 1.83 31.47c-f 96.42bcd 

6 55.5 kg N  ha
-1

 +92 kg P2O5 ha
-1

 32.05b-f 2.06 34.11b-e 100.16bc 

7 111 kg N  ha
-1

 28.65e-h 1.68 30.33d-g 94.08bcd 

8 111 kg N  ha
-1

 1+ 46 kg P2O5 ha
-1

 33.64a-e 1.65 35.29a-d 102.84b 

9 111 kg N  ha
-1

 + 92 kg P2O5 ha
-1

 34.06a-e 1.66 35.73a-d 105.5b 

10 5ton  FYM  ha
-1

 31.85b-f 1.41 33.26b-e 98.08bc 

11 5ton FYM  ha
-1

 +46 kg P2O5 ha
-1

 33.56a-e 1.86 35.42a-d 103.35b 

12 5ton  FYM  ha
-1

 + 92 kg P2O5 ha
-1

 33.02a-e 1.86 34.89a-d 103.64b 

13 5ton FYM  ha
-1

 + 46 kg N  ha
-1

 34.27a-d 2.08 36.36abc 98.87bc 

14 5t FYM  ha
-1

 +55 .5 kgN  ha
-1

 + 46 kgP2O5 ha
-1

 35.78abc 2.2 37.98ab 95.83bcd 

15 5t FYM  ha
-1

 + 55.5 kg N  ha
-1

 + 92 kg P2O5 ha
-1

 35.99abc 1.91 37.91ab 94.69bcd 

16 5ton FYM  ha
-1

 + 111 kg N  ha
-1

 33.32a-e 1.55 34.87a-d 96.14bcd 

17 5tFYM  ha
-1

 + 111 kgN  ha
-1

 + 46 kgP2O5 ha
-1

 34.43a-d 2.25 36.68abc 98.55bc 

18 5tFYM  ha
-1

 + 111 kg N  ha
-1

 + 92kgP2O5 ha
-1

 36.03abc 1.55 37.59ab 103.05b 

19 10t  FYM  ha
-1

 30.79b-f 2.06 32.86b-e 95.54bcd 

20 10t FYM  ha
-1

 + 46 kg P2O5  ha
-1

 30.37c-g 2.44 32.81b-e 95.97bcd 

21 10t  FYM  ha
-1

 + 92 kg P2O5  ha
-1

 34.33a-d 1.73 36.06abc 97.66bc 

22 10t  FYM  ha
-1

 + 55.5 kg N  ha
-1

 34.57a-d 1.75 36.32abc 95bcd 

23 10tFYM  ha
-1

 + 55.5kgN ha
-1

+ 46 kgP2O5  ha
-1

 34.94a-d 1.9 36.84abc 96.09bcd 

24 10tFYM  ha
-1

 + 55.5kgN ha
-1

+92kgP2O5  ha
-1

 34.43a-d 2.15 36.58abc 95.27bcd 

25 10t  FYM  ha
-1

 +111 kg N  ha
-1

 32.39b-f 1.51 33.91b-e 96.07bcd 

26 10tFYM  ha
-1

 +111kgN ha
-1

+46kgP2O5  ha
-1

 36.24ab 2.25 38.49ab 103.4b 

27 10tFYM ha
-1

 + 111 kgN ha
-1

 + 92kgP2O5 ha
-1

 38.65a 1.48 40.13a 135.03a 

 

CV (%) 7.16 32.14 8.87 8.49 

 

SEM(±) 7.06 0.59 2.86 2.89 

Means with similar letter within a column are not significantly different at 0.05 probability level, DMRT test, 

RDF=Recommended dose of fertilizer, FYM=Farm yard manure, N=Nitrogen, P2O5= phosphorus 
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4.8.4. Marketable, Unmarketable and Total Tuber Number 

 

Inorganic fertilizer (N and P) significantly affected the main effect of both marketable and 

total tuber number; however, there was no significant difference for unmarketable tuber 

number. On the other hand, and there was significant difference for organic manure on 

marketable, total tuber number and unmarketable tuber number. The marketable tuber 

number and total tuber number were continued up to the highest level of the nutrient (10 t 

FYM ha
-1

) (Table 12). 

 

Interaction of organic and inorganic fertilizer significantly influence marketable, total tuber 

number and unmarketable (Table 13).The lowest total and marketable tuber number was 

found in the control treatment, suggesting that integrated use of organic and inorganic 

fertilizer resulted in 5 t FYM ha
-1

 +55.5 kg Nha
-1

+ 46 kgP2O5ha
-1 

showed higher number of 

total tubers than control. The finding revealed that in the treatments which had higher 

marketable tuber number have lower unmarketable tuber number compared with other 

treatments thus, the minimum marketable tuber number was found in the control. In this 

experiment, unmarketable tubers numbers refer to unpleasant and underdeveloped tubers 

(less than 25 g). Most of the tubers that were discarded as unmarketable tubers included the 

ones that were too small in size. The current experiments agree with the finding of Daniel 

(2007) who reported the lowest marketable tuber number was obtained in the control 

treatments. 

 

4.9. Economic Analysis for Potato 

 

Only the marketable yield was considered for sale and the cost of water was assumed to be 

zero. The most important cost that takes into account all costs associated with farmyard 

manure (purchasing, transportation, processing and application) and the cost that paid for 

labour and inorganic fertilizer as well as benzyl. Data regarding economic analysis of 

Potato yield revealed that highest net return of 102878.18 ETB ha
-1

 was recorded in the 

treatment that received10t FYM ha
-1

 +111 kg N ha
-1 

+ 92 kgP2O5ha
-1

 followed by 

5tFYMha
-1

 + 55.5 kg Nha
-1

 +  46 kgP2O5ha
-1

 (94798.18ETB ha
-1

) and 10 t FYM ha
-1

 + 

55.5 kg Nha
-1

 + 46 kg P2O5ha
-1 

(94638.18 ETB ha
-1

), respectively. However, the least net 

return was recorded in the case control treatment (Table 15).The same treatments which 

recorded the highest net return also recorded the highest benefit: cost ratio of 1.99 (10 t 
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FYM ha
-1

 + 111 kg N ha
-1

 + 92 kgP2O5ha
-1

) and 1.96 (5 t FYM ha
-1

 + 55.5 kg Nha
-1

 + 46 

kgP2O5ha
-1

) respectively. These observations are in agreement with those obtained in 

central Kenya by Makoha et al. (2000) and Bangladesh and Bhuiyan (2001). 

 

Highest net return from this 10 t FYM ha
-1 

+ 111 kg Nha
-1

 + 92 kgP2O5ha
-1

 treatments 

could be attributed to high yield whereas the low net return was attributed to low yield 

from control plot. From the economic point of view, from the above results that 10t FYM 

ha
-1

 + 111 kg N ha
-1

 + 92 kg P2O5 ha
-1

 was more profitable than the rest of treatment 

combinations. 
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Table 14. Benefit and cost ratio of potatoes as effect of integrated nutrient management 

practices in the potato field trial site 

       

  

MY(t/ha) Gross   Total Input 

Net 

return  B:C 

No. Treatments 

 

return 

(B/ha) cost(B/ha)  (B/ha) 

 1 Control 21.01 84040 44921.82 39118.18 0.87 

2 46 kg P2O5  ha
-1

 23.88 95520 46321.82 49198.18 1.06 

3 92 kg P2O5  ha
-1

 25.21 100840 47721.82 53118.18 1.11 

4 55.5 kg  N ha
-1

 27.25 109000 46171.82 62828.18 1.36 

5 55.5 kg N ha-1+ 46 kg P2O5 ha-1 29.64 118560 47571.82 70988.18 1.49 

6 55.5 kg N  ha
-1

 +92 kg P2O5 ha-1 32.05 128200 48971.82 79228.18 1.61 

7 111 kg N  ha
-1

 28.65 114600 47421.82 67178.18 1.41 

8 111 kg N  ha
-1

 + 46 kg P2O5 ha-1 33.64 134560 48821.82 85738.18 1.75 

9 111 kg N  ha
-1

 + 92 kg P2O5 ha-1 34.06 136240 50221.82 86018.18 1.71 

10 5ton  FYM  ha
-1

 31.85 127400 45671.82 81728.18 1.79 

11 5ton FYM  ha
-1

 +46 kg P2O5 ha-1 33.56 134240 47071.82 87168.18 1.85 

12 5ton  FYM  ha
-1

 + 92 kg P2O5 ha-1 33.02 132080 48471.82 83608.18 1.72 

13 5ton FYM  ha
-1

 + 46 kg N  ha
-1

 34.27 137080 46921.82 90158.18 1.92 

14 5t FYM  ha
-1

 +55 .5 kgN  ha
-1

 + 46 kgP2O5 ha-1 35.78 143120 48321.82 94798.18 1.96 

15 5t FYM  ha
-1

 + 55.5 kg N  ha
-1

 + 92 kg P2O5 ha-1 35.99 143960 49721.82 94238.18 1.89 

16 5ton FYM  ha
-1

 + 111 kg N  ha
-1

 33.32 133280 48171.82 85108.18 1.76 

17 5tFYM  ha
-1

 + 111 kgN ha
-1

 + 46 kgP2O5 ha-1 34.43 137720 49571.82 88148.18 1.77 

18 5tFYM  ha
-1

 + 111 kg N  ha
-1

 + 92kgP2O5 ha-1 36.03 144120 50971.82 93148.18 1.82 

19 10t  FYM  ha
-1

 30.79 123160 46421.82 76738.18 1.65 

20 10t FYM  ha
-1

 + 46 kg P2O5  ha
-1

 30.37 121480 47921.82 73558.18 1.53 

21 10t  FYM  ha
-1

 + 92 kg P2O5  ha
-1

 34.33 137320 49221.82 88098.18 1.78 

22 10t  FYM  ha
-1

 + 55.5 kg N  ha
-1

 34.57 138280 47671.82 90608.18 1.9 

23 10tFYM  ha
-1

 + 55.5kgN ha
-1

+ 46 kgP2O5  ha
-1

 34.94 139760 49071.82 90688.18 1.84 

24 10tFYM  ha
-1

 + 55.5kgN ha
-1

+92kgP2O5  ha
-1

 34.43 137720 50471.82 87248.18 1.72 

25 10t  FYM  ha
-1

 +111 kg N  ha
-1

 32.39 129560 48921.82 80638.18 1.64 

26 10tFYM  ha
-1

 +111kgN ha
-1

+46kgP2O5  ha
-1

 36.24 144960 50321.82 94638.18 1.88 

27 10tFYM ha
-1

 + 111 kgN ha
-1

 + 92kgP2O5 ha
-1

 38.65 154600 51721.82 102878.2 1.99 

MY=Marketable yield, B: C=cost ratio analysis   
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5. SUMMARY AND CONCLUSIONS 

 
 

Potato (Solanumtuberosum L.) is one of the most important vegetable crops. It is also 

used as food and cash crop worldwide particularly in Ethiopia. It is successfully produced 

under rain fed as well as irrigated conditions in different climatic regions of the country 

for tuber by farmers and commercial growers in Eastern Ethiopia. It is widely sold in the 

local and export markets as well as it is greatly contributing in securing food in these 

highly populated areas. However, the yield is very low. Low soil fertility is one of the 

bottle necks for this low yield and which production is declining continuously every year. 

 

A field experiment was conducted during off season crop, 2014 using irrigation on a 

farmer‟s field in Haramaya Watershed, eastern Ethiopia with the objectives of evaluate 

effects of integrated nutrient management on growth and yield of potato and selected 

physico-chemical properties of soils. 

 

The potato variety used for the experiment was Bubuu. The treatments consist of three 

recommended rates of Nitrogen (0, 55.5, 111 kg ha
-1

), three rate of Phosphorus (0, 46, 92 

kg P2O5ha
-1

) and three rate of FYM (0, 5, 10 ton ha
-1

) was applied. The experiment was 

laid out as randomize complete block design (RCBD) in factorial arrangements with three 

a replication. Urea and DAP (TSP) were used as nitrogen and phosphorus sources as 

inorganic fertilizer and goat dung was used as source of FYM. Full dose of phosphorous 

and half dose of nitrogen were applied as side application and the remaining half nitrogen 

was top dressed at mid flowering stage of potato as urea. FYM was mixed thoroughly, 

weighed for each plot, speared evenly, and mixed into the soil two weeks before planting 

accordingly to their rates. All necessary agronomic practices were followed for raising 

the potato. 

 

Soil samples were collected from 0-20 cm soil depth randomly from the Haramaya 

watershed of research field. To make one composite soil samples from the site before 

planting, collected from the entire area using zigzag sampling technique and bulked into 

one composite sample and make one composite samples from each treatment after 

harvesting the experiment for analysis chemical properties of soil. Auger was used for 

collecting a kilogram of disturbed soil samples, besides to this physical properties of soil, 
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soil samples was taken before planting and after harvesting. Soil samples were taken from 

the depth of 0-15cm depth to determine the bulk density and porosity. A core sampler 

was used to collect the samples 

 

Analysis of the composite soil sample before planting revealed that, the soil of the 

experimental field was Sand clay loam in texture and light brown (when dry) and dark 

brown (when wet) in color. The soil was also moderately alkaline, having low total P, 

medium available N, medium organic matter and medium cation exchange capacity and 

high exchangeable base (K, Na, Ca and Mg) micro nutrients (Mn, Fe, Zn and Cu) 

 

The physico- chemical property of soil after cropping revealed that interaction of organic 

manure and inorganic fertilizer slightly increased OM, CEC, available P and total N 

content of the over the control treatments. Soil micro nutrients (Fe, Zn, Mn), and 

exchangeable base (Na, K, Ca, Mg) increased due to application of organic manure. The 

soil analysis further revealed that integrated use of different rates of FYM and inorganic 

fertilizer are better than use of inorganic fertilizer alone. Bulk density and porosity are the 

major soil physical parameter used to evaluate the physical fertility status of soils as it 

indicates the degree of compaction. After application of FYM, soil bulk density was 

reduced and porosity is increase. In general, soil OM influences soil physical, chemical and 

biological properties related to soil quality. It also supplies a large number of 

micronutrients, which are normally not supplied by inorganic fertilizers so that well 

decomposed FYM could be used in combination with inorganic fertilizer to improve soil 

fertility and potato tuber yields. 

 

There were significant effects of different fertilizer treatments and their interactions with 

organic manures on potato growth, yield and yield component. Main effects of N and 

P2O5 fertilizer application significantly affected most of the agronomic parameters of 

potato. The comparison among the fertilizer levels revealed that increasing rates of N and 

P2O5 increased growth and yield attributes of potato and significantly than the lower rates. 

111 kgNha
-1 

of and 92 kg P2O5 ha
-1

of increased marketable tuber yield 34.16 ton/ha and 

33.75 ton/ha respectively and also significantly over lower rates of N and P2O5 

application, on another hand, it has showed that application of farmyard manure at 10 t 

ha
-1 

increased tuber yield of potato was recorded significantly higher values than the 

lower rates. 



59 

 

 

 

The results indicated that integrated use of organic and inorganic fertilizer had significant 

effect on the potato growth parameters, plant height, total leaf area, above ground 

biomass except stem number per hill. Tuber yield and its attributing characters like total 

tuber number per hill, average tuber mass, total tuber number, marketable tuber number, 

unmarketable tuber number, marketable tuber yield, total tuber yield and tuber dry matter 

were also significantly influenced. It was observed that integration of different rate of 

organic and inorganic fertilizer had no significant influence on unmarketable tuber yield. 

The present finding showed that significantly higher potato tuber yield was recorded with 

interaction use of 111 kg N ha
-1

of and 92 kg P2O5 ha
-1 

fertilizer with 10 ton ha
-1

of FYM 

and it was greater tuber yield than application of RDF alone. Treatments that received 10 

kg FYM ha
-1

 + 111 kgNha
-1

 + 92 kgP2O5ha
-1

and 10t FYMha
-1

+ 111 kg Nha
-1

, 46 kg 

P2O5ha
-1

and 5t FYM ha
-1

+55.5 kg N ha
-1

, 46 kg P2O5 ha
-1

resulted in higher yield and 

yield attributes, indicating that the higher yield obtained with integrated use of farmyard 

manure and inorganic fertilizers were attributed to increased nutrient availability and 

uptake, resulting in greater yield and number of tuber. 

 

The economic analysis revealed that integrated use of organic and inorganic fertilizers 

recorded considerably higher net returns and benefit: cost ratio than the control treatments.  

The economic analysis revealed that highest net return of Birr 102878.18/ha was recorded 

in the treatment that received 10 ton FYM ha
-1

+ 111 kg N ha
-1

+92 kg P2O5 ha
-1 

followed by 

5t FYM ha
-1

+ 55.5 kg N ha
-1

+ 92 kg P2O5 ha
-1

 (Birr 94798.18ha
-1

) and 10 t FYM ha
-1

 + 111 

kg N ha
-1

 + 46 kg P2O5 ha
-1

 (94638.18birrha
-1

), respectively. However, the minimum net 

return was recorded in the case control treatment. Generally, recommended N and P2O5 

fertilizer rates with FYM can further improve potato productivity as well as improved the 

fertility status of the soil. 

 

The study in general revealed that potato responded to nitrogen and phosphorous fertilizer 

application to most of the growth, yield and yield components. In same the way FYM its 

interaction with N and P2O5 fertilizer significantly affected growth, yield and yield 

components. Significant responses in growth, yield and yield components of potato were 

obtained with increasing levels of N, P2O5and FYM. Generally it is well known that the 

positive effect of FYM application on soil physical and chemical properties and on crop 

yield and agronomic parameters can be realized only some years after the application of 

FYM. 
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Based on the yield and economic analysis of this study, one could say application of 111 

kg N ha
-1

 + 92 kg P2O5 ha
-1

 + 10 ton FYM ha
-1 

recommended for smallholder potato 

producers of Haramaya Woreda of East Hararage Zone, however; the pH values of the 

study area was not ideal for potato growth and availability of most of plant nutrient is not 

good in this pH ranges but still need to add organic fertilizer in order to maintain at 

optimum use for crop production and  minimize toxic of Mn. Thus other areas of the 

country having similar agro ecology and socio-economic environment.  

 

But it would be difficult to make definite and widely applicable conclusion based on the 

research results of only one season and of one site. So that, further studies are needed to 

better understand for Mn toxicity. 
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Appendix Table 1. Selected physical and chemical properties of the soil of the 

experimental site of the study area 

 

 

      

TN=total nitrogen ,OM= organic matter,CEC=cation exchangeable 

capacity, pH=power of hydrogen      

      

      

Appendix Table 2. Description of laboratory analysis of applied FYM 

      

0rganic manure TN % Avail.P 

FYM 0.36 31.9 

TN= Total nitrogen, Available phosphors       

      

Parameter 

     

value 

Sand (%) 

     

59 

Silt (%) 

     

24 

Clay (%) 

     

17 

texture class 

     

SCL 

Exchangeable base 

      Na 

     

2.03 

K 

     

1.55 

Ca 

     

0.88 

Mg 

     

0.668 

Micronutrients 

      Zn 

     

26.67 

Mn 

     

226.7 

Fe 

     

172 

pH 

     

7.94 

OM 

     

3.04 

TN % 

     

0.108 

Avail. P 

     

10.4 

CEC 

     

21.6 
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Appendix Table 3. Mean squares from analysis of variance (ANOVA) for days to 

flowering and maturity, tuber dry matter of potato as influenced by organic and inorganic 

fertilizer. 

 

source of variation 

 

Mean square 

 

DF Days of flowering Days of maturity Tuber dry matter 

Replication 2 15.01* 8.49* 0.32NS 

N fertilizer 2 10.6* 26.01* 7.18* 

P2O5fertilizer 2 45.97* 10.71* 3.5* 

Farm yard manure 2 0.38NS 1.12NS 6.92* 

Nx P2O5xFYM 26 7.38* 5.13 1.71* 

Erorr 52 2.88 2.4 0.6 

* Significantly different at 5% probability level, DF=degree of freedom,N= nitrogen,  

P2O5= phosphorus .NS= non significantly different at 5% probability level 

 

Appendix Table 4. Mean squares from Analyses of variance for growth parameters of 

potato as influenced by organic and inorganic fertilizer 

 

source of 

variation DF Mean square 

  

Plant 

height 

Total leaf 

area Above ground biomass Number of main steem 

Replication 2 139.08* 5.98* 28073.45* 2.85* 

N fertilizer 2 333.98* 20.21* 20010.59* 0.48NS 

P2O5 fertilizer 2 88.61* 4.8* 2301.66* 0.35NS 

Farm yard manure 2 294.16* 15.33* 5977.82* 0.43NS 

Nx P2O5xFYM 26 102.84* 4.18* 4485.73* 0.14NS 

Ero     Error 52 29.15 1.09 2309.6 1.08 

* Significantly different at 5% probability level, DF=degree of freedom, N= nitrogen, 

P2O5= triply super phosphate .NS non significantly different at 5% probability level 
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Appendix Table 5. Mean squares from Analyses of variance for yield and yield attributed of potato as influenced by organic and inorganic 

fertilizer. 

 

source of variation 

DF 

Mean square 

 

               Tuber numbers 

Average 

tuber 

Average 

tuber          Tuber yield (t/ha) 

 

Mar.  Unmar. Total Number mass (g) Mar.  Unmar. Total 

Replication 2 587.56NS 599.37* 2373.71* 3.24* 30.21NS 2.78NS 3.19* 0.84NS 

N fertilizer 2 23426.82* 68.77* 25999.64* 36.28* 589.81* 109.1* 0.27NS 107.69* 

P2O5 fertilizer 2 8210.82* 56.33* 6919.49* 8.37* 496.75* 92.53* 0.49NS 95.26* 

Farm yard manure 2 13893.12* 258.92* 17637.56* 25.94* 241.3* 158.75* 0.36NS 172.76* 

Nx P2O5xFYM 26 4849.24* 70.41* 5371.51* 7.18* 232.86* 33.24* 0.44 35.07* 

Eror 52 1214.59 63.08 1202.69 1.39 49.86 9.4 0.52 9.09 

* Significantly different at 5% probability level, DF=degree of freedom, N= nitrogen, P2O5= phosphorus 

NS non significantly different at 5% probability level
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Appendix Table 6. Mean squares from Analyses of variance for bulk density and porosity as influenced by organic and inorganic fertilizer 

 

source of variation Mean square 

 

DF Bulk density Porosity 

Replication 2 0.00015NS 1.12NS 

N fertilizer 2 0.032* 45.41* 

P2O5 fertilizer 2 0.009* 13.41* 

Farm yard manure 2 0.053* 75.79* 

Nx P2O5xFYM 26 0.018* 25.91* 

Error 52 0.00009 0.187 
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Appendix Table 7. Field layout of the experimental tretments at Haramaya watershed. 
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