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 Best potato growing condition available in Ethiopia compared to African countries. Poor  

resource and crop management was found one of the major production and productivity  

limiting   factors. This review was conducted to show the gap available in optimum nitrogen 

rate utilization, limitation of irrigation water utilization, nitrogen and water use efficiency  

consideration in agronomic work of the country. In Ethiopia the production of potato was 

showing increasing due to land used for production increased but the productivity showed 

slight increase. Optimizing resource use efficiency by better management of water and  

nutrients through temporal and spatial irrigation and fertilization strategies in crop produc-

tion is now getting concern in the world to enhance the profit of farm and minimize the cost of 

production. It is useful to consider some efficiency indices, in order to optimize the scheduling 

of water and nitrogen application. Determining nitrogen rates and irrigation water amount 

that improve the use of both water and nitrogen, and increasing knowledge of efficient use of 

resource could minimize the possible N losses thereby minimizing cost and increasing produc-

tion profit. In the process of optimization, crop type to be grown and variety have also a  

remarkable contribution. On the last the nitrogen rate, irrigation regime and use efficiency of 

nitrogen and water were interrelated to each other and should be considered to gather with 

the yield and yield component of the potato for sustainable production with sufficient benefit.  
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INTRODUCTION 

 

Potato (Solanum tuberosum L.) comes after wheat, rice and corn 

in production volume (Fabeiro et al., 2001). Potato production 

was about 327 million tons and 18.6 million hectares worldwide 

(FAO, 2006). It introduced to Ethiopia in 1858 (Pankhrust, 

1964; Horton, 1987). Since then, high land farmers began potato 

production and potato product   consumption when other crops 

failed. Estimated potato cultivated land was 160,000 hectares in 

2001 (CSA, 2001) while it was reached 296,557.5 ha in 2015

(CSA, 2015/16) with production volume of 572,000 ton to 3.66 

million ton, respectively. Potato is temperate crop (Onder et al., 

2005) and it also grows and yields well in cool and humid  

climates. It is a major food crop for many countries which satis-

factorily grows from the tropics to the sub-polar. Among African 

countries, Ethiopia has the most potential of potato production 

because of the highlands comprises 70% of the country and 

home to higher percent of the population. Exploiting these  

production potentials will make the potato crop to play a key 

role in ensuring national food security (FAO, 2008).  

http://crossmark.crossref.org/dialog/?doi=10.26832/24566632.2019.040201&domain=pdf
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The ideal growth necessities for potato are high and nearly  

constant soil matric potential, high soil oxygen diffusion rate, 

adequate incoming radiation and optimal soil nutrients (Yuan et 

al., 2003). Among other environmental conditions, temperature  

and  photoperiod are known  factors that affect a range of   

physiological  processes  of  the  potato  plant (Tsegaw, 2006).  

Optimum temperatures for foliage growth and net photosyn-

thesis are 15-25°C, and 20°C for tuberization. At temperature 

above 29oC tuberization  is  inhibited,  foliage  growth  is  pro-

moted  and  net  photosynthesis  and assimilate partitioning  to  

the  tubers  are  reduced  (Levy,  1992). In natural environment 

plants are subjected to numerous stresses that have a great 

influence on growth, development and yield of crops. These 

factors can be biotic and abiotic. Among these factors, drought 

and nutrients suboptimal use are major abiotic factors that limit 

crop production (Reddy et al., 2004).  

Water is one of the most important restrictive factors of potato 

production and it is possible to increase production levels by 

well-scheduled irrigation programs throughout the growing 

season (Chowdhury et al., 2001; Panigrahi et al., 2001).  

Researchers report indicated that water impact on potato yield 

due to its influence on aerial parts (Deblonde et al., 1999; Lahlou 

et al., 2003). In relation to improving water and nitrogen use 

efficiency, some Authors reported. importance of drip irrigation 

mainly for vegetables and fruits (Shirie-e-Janagrad et al., 2006). 

Under limited rain fall supplementing irrigation water to satisfy 

the crop needs at each growth stages improve water supply to 

attain the required yields.  

Potato production is sensitive to deficiencies and excesses of N 

(Biemond and Vos, 1992). According to Kleinkopf et al. (1981), 

excessive application of N at early stages delayed the linear  

tuber growth period from 7 to 10 days for indeterminate  

cultivars. In tuber bulking phase, potatoes needs a higher and 

continue supply of N. Mid-season N shortage causes reduces 

canopy growth and premature senescence (Stark et al., 2004; 

Westermann, 2005). Excess mid-season N supply decrease  

tuber bulking in favor of vegetative growth (Maynard et al., 

1979; Waddell et al., 1999). Deficiencies or fluctuations of  

soluble nutrients (especially N) increase pathogen and insect 

susceptibility, decrease tuber yields, and reduce tuber quality 

(Ojala et al., 1990). Potatoes’ high amounts of fertilizer require-

ment are because of high nutrient demand and a superficial 

rooting system (Munoz et al., 2005; Pack et al., 2006). In addition 

to shallow rooting, potato cultivars have relatively inefficient 

nutrient and water use efficiency (Sattelmacher et al., 1990; 

Love et al., 2003). The outcome of low efficiency and high water/

fertilizer rates in potato is the potential cause for significant N 

contamination to surface (Honisch et al., 2002) and groundwater 

(Madramootoo et al., 1992). Although not studied as extensively 

as N in potatoes, high soil P is a potential environmental prob-

lem as well (Davenport et al., 2005). Determining nitrogen rates 

and irrigation water amount that improve the use of both water 

and nitrogen, and increasing knowledge of efficient use of  

resource could minimize the possible N losses thereby minimiz-

ing cost and increasing production profit. 

Water use efficiency is the ratio of the tuber yield obtained to a 

unit of water consumed (Doorenbos and Pruitt, 1977).  

According to Hassan et al. (2002), a range of 69 to 233 kg ha-1 

mm-1 WUE of potato was indicated. Kiziloglu et al. (2006) report-

ed WUE between 63.4 to 44.1 kg ha-1 mm-1. WUE variability 

with different growing season was reported for potato crop 

(Nagaz et al., 2007). Nitrogen use efficiency (NUE) has two com-

ponents (Moll et al., 1982) absorption efficiency or uptake [total 

N in the plant at maturity (tuber + haulm) divided by nitrogen 

supply or rate of fertilizer N] and utilization efficiency [tuber 

weight divided by total N in the plant at maturity (tuber + 

haulm)]. Potatoes respond to farmyard manure and inorganic 

fertilizers application.  Tuber yield advantage of 32% was re-

ported by Bereke (1988), from application of 150 kg N and 66 kg 

P2O5/ha under rain-fed conditions compared to control. Ha-

ramaya clay soil optimum potato production require application 

of 87 kg N and 46 kg P2O5/ha (Getu, 1998). Recommended rate 

of 110 kg/haN and 90 kg P2O5/ha is applied for potato produc-

tion on the black soil of Holetta (IAR, 2000). Hence, fertilizer 

requirement varies across locations and varieties under  

cultivation. Efficient use of available resources is one of the most 

important objectives in the sustainable management of cropping 

systems. In Ethiopia, irrigation for potato production is not well 

known (Peter et al., 2009). Where  small irrigated systems start-

ed to be practiced,  there was excessive and shortage problem

(Geremew, 2008). On the other hand, less water irrigation facili-

tate low quality tuber yield due to reduced leaf area and/or re-

duced photosynthesis per unit leaf area (Van Loon, 1981). Opti-

mizing the water and nitrogen deliver is vital issue as it varies 

with a lot of outside and crop factors. There is inadequate infor-

mation about crop water and nitrogen use effectiveness in Ethi-

opia. The nitrogen rates of improved potato varieties are similar 

while application of 138 kg N and 20 kg P/ha are recommended 

for optimum productivity of Gorebiella variety on the vertisols 

of Debere Berhan under rain fed conditions (Zelalem et al., 

2009).  On the other hand, other varieties are cultivated by ap-

plying blanket recommendation. Achieving most advantageous 

nitrogen rate applications should be quantified as it varying with 

soil, crop and water available to the crop. In addition to this, the 

information about impact of N-fertilizer application and irriga-

tion regimes on water and nitrogen use efficiency is also inade-

quate. Therefore, the present review was conducted to show the 

gap available in optimum nitrogen rate utilization, limitation of 

irrigation water utilization, nitrogen and water use efficiency 

consideration in agronomic work of the country. 

 

WATER AND NITROGEN USE EFFICIENCY OF POTATO 

Irrigation regimes are important in determining plant uptake 

ability of nitrogen available in the soil since well watered crop is 

more capable to take benefit of applied fertilizers (Luisa et al., 

1997). This aspect helps especially, to estimate nitrogen use 

efficiency at different irrigation water regimes and consequently 

the environmental impact of nitrogen fertilizer. Optimizing  

resource use efficiency by better management of water and 

nutrients through temporal and spatial irrigation and fertiliza-
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tion strategies in crop production is now getting concern in the 

world. Nitrogen is one of the macro nutrients greatly affecting 

yield and yield components of potato. According to Zelalem et 

al. (2009) there was significant increase in aboveground and 

underground biomass of potato due to N and P application.  

These authors added that  increment of aboveground biomass 

by 224.5% and 32% tuber yield  due to application of 207 kg N/

ha and 60 kg P/ha compared to the control. Canopy dry matter 

yield increase response to N fertilization is reported by Millard 

and Marshall (1986).  They also indicated that the increment of 

marketable yield by 176% and total tuber yield by 119% as a 

result of increment of application of nitrogen rates from 0 to 

207 kg N/ha. Nutrient and water supply affected transpiration 

water use efficiency (Brück et al., 2008). According to Brück et 

al..(2008) potato varieties decreased shoot dry matter (DM), leaf 

area and specific leaf nitrogen under conditions of low water 

supply and high WUE was indicated.  In another experiment the 

authors grew plants with three different levels of nitrogen  

supply, shoot DM increased significantly from 16 to 37 g, along 

with leaf area and SLN (Specific Leaf Nitrogen) as the rate of 

nitrogen application increased. At a lowest level of nitrogen 

supply (N0), WUE was significantly lower. 

Rational use of natural resources, especially water and nutri-

ents, is one of the most important objectives in the sustainable 

management of cropping systems. To achieve these objectives it 

is useful to consider some efficiency indices in order to optimize 

the scheduling of water and nitrogen application. Battilani et al. 

(2004) the effects of three treatments (Rain-fed, ETC= 120%, 

ETC=100% followed by ETC= 70%, with a change of irrigation 

regime at an average tuber diameter of 35 mm) on four varieties 

(one determinate and three indeterminate), the WUE of the 

irrigated plots was 38% lower than under rain fed conditions, 

depending on rain distribution during the growth cycle and 

whether the WUE is calculated on fresh matter or on dry matter 

(DM) base. According to Darwish et al. (2006) there was ob-

served 69 to 233 kg ha-1 mm-1 ,  the lowest WUE from 60% of 

full irrigation regimes while 80, 100 and 120% irrigation provid-

ed maximum water use efficiency. Kirda (2002) successful defi-

cit irrigation of potato provided 1.06 relative water use efficien-

cy compared to full water supply in drip irrigation. Onder et al. 

(2005) reported decreased WUE due to increase in water sup-

ply. Related reports were mentioned by many Authors (Kashyap 

and Panda (2003) and Yuan et al. (2003). The highest WUE was 

obtained from application of irrigation when 30% of the availa-

ble water was consumed (Erdem et al., 2006).  Water use effi-

ciency is not varying much among water stresses (Kashyap and 

Panda, 2003). Kang et al. (2004) and Onder et al. (2005) also 

registered similar WUE values for potato. Biomass production 

was significantly reduced in drought-treated plants (Bergaten et 

al., 2003).  

 

Water use efficiency 

Water use efficiency (WUE) is a broad concept which has many 

definitions. In production, WUE is estimated considering har-

vested crop yield and water supplied.  It is calculated as a ratio 

of tuber yield, biomass dry or fresh weight to water consumed in 

potato production (Doorenbos and Pruitt, 1977). Improving 

WUE in crop production requires an increase in water produc-

tivity which in turn increases marketable crop yield while reduc-

ing water losses from the plant rooting zone. Water use efficien-

cies (WUE) vary with irrigation regimes and planting time (Steyn 

et al., 2007). Van Loon (1981) reported a water use efficiency of 

127 kg ha-1 mm-1 in unstressed treatment of autumn planting. 

Walker et al. (1991) pointed out that efficient water use is  

optimizing water usage and ensuring efficiency in its use. One 

mechanism of proper resource utilization is supplementing rain-

fall by irrigation water to satisfy the crop needs, in growth  

stages is necessary to attain the maximum yields, when there is 

shortage of rainfall in the growing season as it is a basic opera-

tion to avoid water shortage and over-irrigation which can  

reduce yields declining through reducing soil aeration that in 

turn reduce uptake (water and nutrient) and increasing nitrogen 

leaching (Shirie-e-Janagrad et al., 2006). The other basic issue is 

identifying management practices that promote the efficient 

use of both water and nitrogen, and developing wisdom of effi-

cient use of resource which minimize the potential losses and 

will create safe environment, thereby reducing production cost 

and increasing farm profit. 

 

Accounting for water use and productivity 

Water accounting is a process of quantifying the depletion and 

productivity of water in a water basin context (Gebreegziabher, 

2005). It is a supporting methodology used in assessing impact 

of field level intervention and performance of irrigation agricul-

ture. The water accounting methodology works depending on 

water balance approach which considers inflows and outflows 

from different streams and levels such as irrigation systems or 

fields (Molden, 1997). Water accountings in greenhouse include 

the water balance components of irrigation water and water 

depletion which encompass evaporation, deep percolation, 

transpiration and incorporation to product. It also holds precipi-

tation in actual field. 

 

Water use performance indicators 

The water use performance indicators of irrigation benefits 

evaluation include quantification of irrigated amount, drainage 

volumes, crop yields, water costs and enterprise returns 

(Skewes and Meissner, 1998). Some examples of water use  

efficiency indicators are provided in Table 1.    

 

Crop evapotranspiration and irrigation requirements 

Crop consumptive water use is the sum of water transpired by 

the plants, the water evaporated from the soil and the fraction 

of water held by the plant tissues. It may include amount of  

water evaporated from plant parts when overhead irrigation is 

used. Plants use 1% of water taken up for their metabolic activi-

ty. Consequently, in applied approach crop water consumption 

corresponds to crop Evapotranspiration (ETC). Potato ETC can 

be estimated using weather data and is the amount of water to 

be applied during the growing season in order to assure poten-
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tial tuber yields at a given site. Potato ETC is important to  

consider in irrigation as a well-developed strategy to improve 

the effectiveness of production. Local atmospheric conditions, 

surface soil wetness, crop type, stage of growth, and the amount 

of crop cover are the factors that govern the daily fluctuations 

of potato Evapotranspiration (Wright and Stark, 1990). Accord-

ing to Wright and Stark (1990) the ETC increased as the leaf 

area and transpiration increased and reached near-maximum 

levels just before effective full cover. The leaf area index (LAI) 

reached 3.5 by effective full cover coincident with the highest 

daily ETC of 8.5 mm. Potato ETC varies greatly from region to 

region and season to season. Seasonal potato ETC in the humid 

Wisconsin area for June through August ranged from 293 to 

405 mm during 3 years of study (Tanner, 1981). The maximum 

daily potato ETC measured by a weighing lysimeter in a  

sub-humid region in India is found to be 4.24 mm d-1 (Kashyap 

and Panda, 2001). Under a hot and dry climate in northeastern 

Portugal, peak ETC rates reached 12-13 mm d-1 on the days 

immediately following irrigation, but crop water use declined 

logarithmically with time to about 3 mm d-1 within 5 days 

(Ferreira and Carr, 2002). Growth-stage specific crop coeffi-

cients (Kc) and the water balance method provided a valuable 

tool in scheduling overhead irrigation of Russet Burbank pota-

toes in the Columbia Basin of Oregon (Hane and Pumphrey, 

1984). According to Simonne et al. (2002), Kc values ranged 

from 0.3 at emergence to 0.8 during maximum leaf area, and 

declined as the crop matured. ETC is usually calculated by the 

product of Kc and ETO (reference evapotranspiration), or as a 

function of a number of climatic elements to provide the atmos-

pheric potential demand. ETC is an essential agro meteorologi-

cal index, which can be used to determine both the amount of 

water to be applied and the irrigation frequency for a particular 

crop and site.  

Total ETC in mm also vary with climate, crop, soil and other  

factors. Onder et al. (2005) reported the highest evapotranspira-

tion of 473 - 391 mm at full irrigation of 2000 and 2002 years, 

respectively. Erdem et al. (2005) reported that in the non-stressed 

treatments, the amount of total irrigation water applied and  

seasonal ETC was 417 and 524 mm, respectively for drip  

irrigation. Early research reported that seasonal potato ETC 

ranged from 350 to 800 mm for different climatic and  

environmental conditions (Fabeiro et al., 2001; Onder et al., 2005).  

Source: Raine,1999; as cited in Gebreegziabher, 2005. 

Terms                                                                            Key Definitions 

 

 

 

 

 

 

 

 



123 

 

Egata Shunka Tolessa /Arch. Agr. Environ. Sci., 4(2): 119-132 (2019) 

Irrigation of crops  

Ideally, a soil should hold enough water to facilitate plant 

growth, and have good drainage system for excess water. Soils 

ability to store water varies depending on their texture (Table 

2). Most soil profiles are a mixture of the various textural  

classes, and the total water storage capacity depends on the 

cumulative storage capacities of the various layers within the 

profile. So water irrigators should consider the water holding 

capacity of the soil. 

Soil moisture status is expressed in percent total available soil 

water (TAW) content or soil water tension (SWT). Total availa-

ble soil water content is the amount of water that plants can 

extract from a given volume of soil in the crop effective rooting 

zone. Total available soil water is usually expressed as a percent 

between “field capacity” (100%) and “permanent wilting point. 

Soil water tension is the force roots exert to extract water from 

the soil. At “field capacity” (100% TAW), the SWT is often  

between 10 and 25 kPa depending on soil type and the method 

of determination. Soil water is not available at the “permanent 

wilting point”, generally assumed to be at a SWT of 1,500 kPa.   

Soil water tension can be measured directly using tensiometers 

or granular matrix sensors (Shock, 2003).  

 

Total available water (TAW) 

TAW is the amount of water that a crop can extract from its root 

zone and its magnitude depends on the type of soil and rooting 

depth (FAO, 1998). It is stated as: 

 

TAW = 1000(θfc- θwp) X Ze                                                                           (1) 

  

Where TAW = the total available soil water in the root zone 

(mm); θfc = moisture content at field capacity (m3m-3); θWP = 

moisture content at wilting point (m3 m-3); and Ze = rooting 

depth (m).  

 

Readily available soil water (RAW) 

 Initial soil moisture depletion or readily available water (RAW) 

is the fraction of TAW that a crop can extract from the root zone 

without suffering water shortage (FAO, 1998). It can be stated 

as: 

 

RAW=p*TAW                                                                                                          (2) 

 

Where TAW = the total available soil water in the root zone 

(mm); RAW = the readily available soil moisture in the root zone 

(mm) and p= average fraction of TAW that can be depleted from 

the root zone before moisture stress occurs. The factor p differs 

from one crop to another. It varies from 0.3 for shallow rooted 

plants to 0.7 for deep-rooted plants. Generally a value of 0.5 for 

p is commonly used for many crops (Gebreegziabher, 2005). It 

can also be 0.5-0.3 (Doorenbos and Kassam, 1979) to optimize 

yield and 0.35 (Curwen, 1993) as well as 0.45 (Kashyap and  

Panda, 2002) on sandy loam soil in a sub-humid sub-tropical 

region in order to attain maximum water use efficiency. It can 

also be 0.4 (Jim Bauder and Linzy, 2010). 0.25- 0.50% P was 

used to calculate readily available soil water from total available 

soil water (FAO AGL, 2002). The allowable depletion fraction (p) 

varies with soil type, crop stage and climate. 

Irrigation water amount also depends on effective rooting 

depth. According to Gebreegziabher (2005) 100 cm was used as 

effective root depth for potato and other vegetables in Tigiray, 

northern Ethiopia. As potato is shallow rooted crop (Tanner et 

al., 1982) about 90% of the root length of potato is found in the 

top 25.4 cm, while most other crops root deeper. According to 

Wang (2006) higher potato root length (0-60 cm) was reported.  

But it can grow for maximum length of 40-60 cm according to 

Ayers and Westcott (1985) and higher root density occur be-

tween15 and30 cm (Bishop and Grimes, 1971-74).  FAO AGL 

(2002) use 30 cm irrigation depth from 1-100 days after plant-

ing and 60 cm after 101days after planting for potato growing. 

 

Irrigation scheduling 

Nitrogen rates and irrigation regimes are among the basic  

factors considerably affecting the water and nitrogen use  

efficiencies of varieties. According to Brück et al. (2001) report 

decreased shoot dry matter (DM), leaf area, nitrogen up take 

efficiency and increased WUE was recorded under low water 

supply. On the other hand, they reported significantly lower 

Table 2. Soil water contents for agricultural soils. 

Texture class 

Soil water content on volumetric basis (%) 

Field capacity 
Permanent 

wilting point 
Available  water 

Water holding 
capacity (mm / m) 

Average Range Average Range Average Range Average Range 

Sand 12 7-17 4 2-7 8 5-11 0.96 0.60-1.32 

Loamy sand 14 11-19 6 3-10 8 6-12 0.96 0.72-1.44 

Sandy loam 23 18-28 10 6-16 13 11-15 1.56 1.32-1.80 

Loam 26 20-30 12 7-16 15 11-18 1.80 1.32-2.16 

Silt loam 30 22-36 15 9-21 15 11-19 1.80 1.32-2.28 

Silt 32 29-35 15 12-18 17 12-20 2.04 1.44-2.40 

Silty clay loam 34 30-37 19 17-24 15 12-18 1.80 1.44-2.16 

Silty clay 36 29-42 21 14-29 15 11-19 1.80 1.32-2.28 

Clay 36 32-39 21 19-24 15 10-20 1.80 1.20-2.40 

Source:  Jensen et al. (1990) 
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WUE under lowest level of nitrogen supply. In experiment of 

comparing control or zero nitrogen application with treatment 

applied nitrogen to the requirement of the crop, increase of 

WUE from dry matter and yield was indicated with increasing 

nitrogen supply (Caviglia and Sadras, 2001). Similar results was 

reported by Kelm et al. (1999-2000) in which the lowest WUE 

was indicated under none fertilized while highest was obtained 

from highest rates. They also narrated reason for lowest WUE 

under lowest application of nitrogen and it was due to very low 

total dry matter production and higher stomata opening under 

N stress, which was reflected in the observed higher transpira-

tion rate. Plants mostly suffer from nutrient deficiencies 

(especially N and P), which could be regulated by climate and 

environment changes, fundamentally increased water stress 

(Wu et al., 2009) due to the close relationships between water 

and nutrient availabilities. Nitrogen (N) fertilizer plays a crucial 

role in enhancing canola yield. Water management has a severe 

effect on N movement. But well watered crop is more capable to 

take benefit of applied fertilizers (Luisa et al., 1997). Even 

though leaching of nitrate due to heavy rainfall cannot be com-

pletely prevented, following the N management strate­gies can 

minimize the losses of nitrogen. Some of the nitrogen losses 

minimization management strategies considerations for irrigat-

ed potatoes are determination of nitrogen rate, timing of N  

applica­tion, and use of diagnostic procedures to determine N 

needs during the growing season, effective water management, 

sources of N, and establishment of a cover crop after harvest 

(BMPNU, 2008). However, over-irrigation even with optimum N 

rate and proper application time can cause substantial leaching 

losses. Therefore, effective water scheduling techniques based 

on soil moisture content and demand by the crop should be  

followed to prevent such losses (BMPNU, 2008).  

Irrigation of crops sensitive to water stress requires systematic 

scheduling of irrigation decisions. There are three methods for 

matching irrigation with crop water requirements (Pereira and 

Shock, 2006). These are measuring how much water the soil con-

tains, monitoring some attribute of the plant that is related to 

water deficits, calculating how much water the atmosphere can 

extract from a well-watered crop. These types of scheduling are 

also described by other authors as atmospherical based, plant-

based, or soil-based data matching or scheduling (Shae et al., 

1999). Plant data may include canopy temperature, xylem water 

potential, and visible wilting. Soil-based data include soil water 

content and soil water tension (SWT). In practice, plant, soil, and 

atmospheric data are often used concurrently, especially when 

changes in irrigation schedules are required to adjust for changes 

in crop water use. Soil-based irrigation scheduling methods range 

from the simple "feel" method to such technologically advanced 

methods as the neutron probe and time-domain reflectometry 

(Shock et al., 1998). Tensiometers and gypsum blocks provide 

technology and cost benefit between these extremes, but they 

have limitations for practical use by growers.  

 

Tensiometer 

Measures soil moisture (the soil moisture tension) directly 
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(Shock, 2003). The moisture level at which irrigation starts can 

be controlled by installing tensiometer in most irrigations and 

the best lower limit water potentials  based on potato yield and 

grade responses to irrigation ideally as irrigation criteria  

includes 50 kPa using furrow irrigation on loam soil in California 

(Timm and Flockner, 1966), 50 to 60 kPa using sprinklers on silt 

loam in Oregon (Eldredge et al., 1992, 1996), 25 kPa using sprin-

klers on silt loam in Maine (Epstein and Grant, 1973), 60 kPa 

and 30 kPa using furrow and drip irrigation, respectively, for silt 

loam in Oregon (Shock et al., 2002), and 20 kPa using sprinklers 

on sandy loam in Western Australia (Hegney and Hoffman, 

1997).  

 

Gravimetric soil moisture measurement 

It is the standard way soil water measuring methods which  

involves taking soil sample, weighing it before any water is lost, 

and drying it in an oven to weighing it again (Hignett and  Eventt, 

2008). The mass of water lost on drying is a direct measure of 

the soil water content (Equation 3). 

 

                                                                                                                                          (3) 

 

 

Where, θm= Gravimetric soil water content, W1 and W2 are 

weight of wet and dry soil, respectively. 

 

The above soil moisture value is on mass basis water content of 

a field soil which can be used for comparative purposes and is 

useful when soil volume changes, as with tillage. However, for 

most irrigation, crop water use, and irrigation and water use 

efficiency work, what is required is the volume of water in a  

certain volume of soil or the equivalent depth of water in a  

certain depth of soil (Hignett and Eventt, 2008). Both of these 

require knowledge of the volumetric water content.  

The equation for determining soil water content in volume is  

 

θV =W2/ρw)/Vs                                                                                                      (4) 

 

Where, ρw is water density=1 g/cm3, W2= weight of soil water 

and vs. is Soil sample Volume. 

 

Potato requires well drained soil and good aerated root envi-

ronment for healthy development of large size tubers. Optimum 

soil moisture depletion for potato production was 25% 

(Doorenbos and Pruitt, 1977). The same source also implies 

irrigation at frequency of 7-10 days and schedule based on this 

does not allow the crop to suffer from any water stress; when it 

corresponds to irrigation at available soil moisture depletion 

(ASMD) of 20-30 per cent or irrigation at soil moisture tension 

of 0.3 bars, measured at 15-20 cm depth. 

It is also possible to schedule irrigation applications using root 

zone water balance approaches (Evans et al., 1996), which apply 

the Checkbook or budgeting approach to account for all inputs 

and withdrawals of water from the soil (Jones, 2004).  Under 

favorable conditions, irrigators tend to over irrigate, believing 
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that applying more water will result in increased crop yields. 

But, over irrigation can reduce yields because the excess soil 

moisture often results in plant disease, nutrient leaching, and 

reduced pesticide effectiveness. In addition, water and energy 

are wasted. The amount of water irrigated can often be reduced 

without reducing yield. Studies have shown that irrigation 

scheduling using water balance methods can save 15 to 35% of 

the water irrigated without reducing yield (Evans et al., 1996). 

Maximum yield does not equate to maximum profit usually. The 

optimum economic yield is less than the maximum potential 

yield. Irrigation scheduling methods aimed at achieving maxi-

mum yield that maximizes profit and optimizes water and other 

resource use should be considered for good economic return 

from production. 

 

Soil water balance 

Evapotranspiration can also be determined by measuring the 

various components of the soil water balance. The method  

consists of assessing the incoming and outgoing water flux into 

the crop root zone over some time period (Samuel et al., 2009). 

Irrigation (I) and rainfall (P) add water to the root zone. Part of I 

and P might be lost by surface runoff (RO) and by deep percola-

tion (DP) that will eventually recharge the water table. Water 

might also be transported upward by capillary rise (CR) from a 

shallow water table towards the root zone or even transferred 

horizontally by subsurface flow in (SFin) or out  (SFout) of the root 

zone in actual field but in greenhouse especially when  the  

tubers are planted in pots, there is no vertical or horizontal  

water fraction movement from water table or soil moisture  

reservoir except leakages which can be managed well to  

become zero through decreasing irrigation interval and amount 

of water applied ones. There is no rain also as the experiment is 

conducted in greenhouse. According to Samuel et al. (2009) in 

many situations, except under conditions with large slopes, SFin 

and SFout are minor and can be ignored. Soil evaporation and 

crop transpiration are the main water depletion from the root 

zone. If all fluxes are known and only evapo-transpiration (ET) 

can be assessed, it can be deduced from the change in soil water 

content (∆S) over the time period (Equation 5): 

 

 ETC= I + P - RO - DP + CR ± ∆SF ± ∆S for Actual field                   (5)  

 

Where, ETC is Evapotranspiration, I is irrigation water, P is rain 

fall, RO= surface runoff, DP= Deep percolation, CR=water 

raised upward by capillary movement, ∆SF= Difference of water 

moved by surface flow in and out of the root zone and ∆S = 

Change in soil water content. Generally, the soil water balance 

equation used in greenhouse container grown crops is:  

 

ETC= I-DP±∆S                                                                                                        (6) 

          

Precipitation and other parameters are negligible or zero, but 

∆S (Change in soil water) is obtained either from soil sample or 

calibrated tensiometer soil moisture value. The limitation of this 

method is some parameters such as subsurface flow, deep  

percolation and capillary rise from a water table are difficult to 

assess in actual field and short time periods cannot be consid-

ered. The soil water balance method can usually give ET  

estimates over long time periods of the order of week-long or 

ten-day periods.  

 

Nitrogen use efficiency 

 

Nitrogen use efficiency (NUE) is a multifaceted fact that  

depends on many internal and external factors. It depends on 

soil nitrogen availability, its uptake and assimilation, photosyn-

thetic carbon and reluctant supply, carbon–nitrogen flux,  

nitrate signaling and regulation by light and hormones (Ravi et 

al., 2008). Nitrogen use efficiency can be computed as taken up 

nitrogen and/or utilized portion of nitrogen. According to Moll 

et al. (1982) NUE is also defined as the amount of N taken up by 

the crop per unit of N available to the crop, while N utilization 

efficiency is the tuber yield per unit of N uptake by the crop. 

NUE can also be expressed based on apparent nitrogen recov-

ery using physiological and agronomic parameters (Ravi et al., 

2008). Agronomic efficiency is an integrative index of total  

economic outputs relative to the available soil N (native and 

applied) and apparent nitrogen recovery is related to the  

efficiency of N uptake while Physiological NUE deals with N 

utilization to produce tubers or total plant dry matter and it is 

directly related to nitrogen utilization efficiency. The most  

suitable way to estimate NUE depends on the crop, its harvest 

product and the processes involved in it. According to Battilani 

et al. (2008) field experiments conducted to assess the nitrogen 

use efficiency (NUE) of two fertigation treatments (Static and 

Dynamic) in comparison with a Non-Irrigated/Non-Fertilized 

(NINF) and an Irrigated/Non-Fertilized (INF) control, expressed 

as marketable DM yield per kg available N, is 229.0, 188.2, 

166.2 and 173.5 kg kg-1 N for NINF, INF, Static and Dynamic 

treatments, respectively.  

 

Utilization efficiency 

All absorbed nitrogen is not involved in producing tuber yield.  

Some part portioned into formation of above ground biomass 

the other part below ground biomass. It is measured by the  

ratio of tuber weight to total plant nitrogen (Moll et al., 1982).  

According to Battilani et al. (2008) the nitrogen utilization  

efficiency of Dynamic, Static, NINF and INF in fertigation treat-

ments are 80.6, 77.2, 89.5 and 80.6 kg of total DM per kg of  

nitrogen uptake, respectively at potato senescence stage. There 

is variation between different cultivars of the same species, and 

even more, between crops of different species in nitrogen utili-

zation efficiency.  It is this type of response which determines 

the productivity of crops. There are varietal differences of tradi-

tional and improved rice varieties in nitrogen response and NE 

which are mainly due to the differences in their nitrogen uptake 

and leaf morphology (Taraka et al., 1964). There are higher NE 

of potato and sugar beet compared to other crops,  as result of 

their longer period of sink activity (Tanaka et al., 1984). Thus, 

the factors affecting NE are mostly genetic, although environ-
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ment and the interaction between the genetic character of the 

variety and the environment, are also important. The growth of 

the crop is closely affected by these factors, resulting in differ-

ent patterns of growth. As the pattern of nitrogen uptake during 

growth is the main factor which can be manipulated to affect the 

growth pattern, the timing of nitrogen applications improves the 

absorption efficiency by controlling uptake stage. The ability of 

absorbed nitrogen to produce grain or straw varies according to 

the growth stage at which the nitrogen is absorbed (Ishizuka, 

1980). The nitrogen absorbed at different stage of growth  

affects the harvest index of nitrogen and the nitrogen concen-

tration of the harvest organ (Tanaka et al., 1984).  But there is 

little information about time of application that resulted into 

optimum utilization of nitrogen. 

 

Nitrogen uptake efficiency 

Nitrogen up take is a yield determining parameter that indicates 

the amount of nitrogen absorbed by the plant root. It is a  

secondary data obtained from total plant analysis for nitrogen  

content in laboratory. This nitrogen up take is used for calculat-

ing nitrogen uptake efficiency which computed by dividing total 

plant nitrogen to the total nitrogen supplied or rate of nitrogen 

applied (Moll et al., 1982). According to Battilani et al. (2008) 

there were different values of nitrogen use efficiencies of  

potato at different fertigation treatments. The absorption/

uptake   efficiency is varying with crop type, soil conditions, the 

method and time of application (Lian, 1991). In relation with 

dependence of absorption efficiency to time of application 

(Dong et al., 2010) results indicated that highest rate of 15N 

absorption occurred during the first 2 days after application, 

then decreased to 0.03 g m–2 day–1 by Day 4 .On the other hand, 

they also suggested that at twenty days after foliar urea applica-

tion, 63.6% of absorbed 15N had been exported from leaves. 

Different crops or different varieties of crops absorption of  

nitrogen are different due to variation in rooting ability and 

physiological activity requirement of nitrogen. In many cases, 

ample amounts of fertilizer N, which are more than the crop 

requirement, are applied in the field which increases the cost of 

production. Different varieties of crops may also be cropped 

receiving the same amount of nitrogen fertilizer which is true in 

potato production in Ethiopia. In such cases, due to lack of 

knowledge of how efficient the variety can use, there may be 

shortage or excessiveness of the applied fertilizer that affect the 

yield. Understanding the up take efficiency, it is also possible to 

select most profitable variety as more efficient variety   can be 

produced with lesser cost of production related to nitrogen  

fertilizer (Powell et al., 2010). So it is better to calculate varietal 

nitrogen efficiency for more profitable production choosing 

more efficient variety in absorption as well as utilization. Key 

indicators of nitrogen use efficiency include the following: 
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NUE is calculated for identification of which variety is most  

efficient to estimate ability to give reasonable yield under  

marginal nitrogen content of soil. It helps also for declining cost 

of production to improve farm profit and to reduce environmen-

tal pollution (Powell et al., 2010). 

 

FACTORS AFFECTING TUBER YIELD AND BIOMASS 

 

Effect of nitrogen on yield and yield components of potato 

Nitrogen is one of the major plant nutrients affecting yield and 

yield components of potato. According to Zelalem et al. (2009) N 

and P application significantly increased aboveground and  

underground biomass yields of potato. They indicated that  

application of 207 kg N/ha increased aboveground biomass 

yield by 224.5% while application of 60 kg P/ha increased 32% 

yield compared to the control. A significant increase in canopy 

dry matter yield in response to N fertilization is reported by 

Millard and Marshall (1986).  They also mentioned marketable 

yield  increase by 176% and total tuber yield by 119% as a result 

of application of 0 to 207 kg N/ha. N fertilization increased  

potato plant height with differential response between varieties 

(Yibekal, 1998). N plays a significant role in production of stem 

and axillary branches (Moorby and Morris, 1967). Continuous 

supply of N to potato crop promote shoot and root growth while 

reducing tuberization (Gunasena and Harris, 1969). 

Nitrogen and P fertilization can improve both the marketable 

and total tuber yield of potato due to increased radiation inter-

ception during the first part of the season and lower rates of 

decline in photosynthetic efficiency of the canopy during the 

later part (Millard and Marshall, 1986). Kotsyuk (1995) also 

revealed leaf area and duration of tuber bulking increase  

because of fertization. N fertilizer affects yield by its effect on 

average tuber number, the average tuber weight and the estab-

lishment (Wilcox and Hoff, 1970). Timm and Flocker (1966)  

indicated optimum tuber yield at application of 204 kg/ha N 

fertilizer and yield reduction is noted when applied above this 

rate. Tuber number increase in response to N fertilization can 

be attributed to an increase in stolon number through nitrogen 

effect on Gibberellins biosynthesis in the potato plant 

(Zelalemet al., 2009). The involvement of gibberellins in regulat-

ing stolon number through stolon initiation is described by  

Kumar and Wareing (1972). N effect on tuber formation in  

potato is by influencing the activity and phytohormone balance 

in the plant, especially, on the levels of gibberellic and abscissic 

acids as well as cytokinins (Amzallag et al., 1992).  
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Climate of the area 

Air temperature, solar radiation and photoperiod:-Among the 

climatic condition temperature, solar radiation and photoperiod 

are the most important potato growth and development deter-

minants.  The review by Haverkort (1990) points out that potato 

is best adapted to cool climates such as tropical highlands with 

mean daily temperatures between 15 and 18°C as encountered 

in its center of origin. Higher temperatures favor foliar develop-

ment and retard tuberization. In addition, heat stress leads to a 

higher number of smaller tubers per plant; lower tuber specific 

gravity with reduced dry matter content, and usually to a paler 

skin color of the tubers. Temmerman et al. (2002) examined the 

effect of latitude, seasonal mean air temperature (ranging from 

13.8 to 19.9°C), global solar radiation (ranging from 12.0 to 21.3 

MJ m-2 d-1), air humidity, soil moisture, and atmospheric CO2 

concentrations on tuber yield in European experiments. Ignor-

ing CO2 enrichment, the yield of potato (cv. ‘Bintje’) increased 

from south to north Europe. Marketable tuber yields increased 

at higher latitudes. Climatic conditions, not only affected by the 

latitude but also by altitude, influence potato plant growth and 

development. Moreno (1985) found that plants grown at low 

(coastal) altitudes have low yield of tubers per plant as com-

pared with those grown in the Andean highlands. Gawronska 

and Dwelle (1989) studied the effect of high light levels (maxima 

between 500 and 1200 E m-2s-1) and shaded low light levels 

(approximately one-quarter of the high light) on potato plant 

growth, biomass accumulation and its distribution. They  

observed that plants under low light do not produce auxiliary 

shoots. Tubers of plants under low light were very small and 

irregular in shape. The most evident plant response to low light 

was greater stem elongation as well as a reduction in total  

biomass accumulation and in tuber weights. The reduction in 

total biomass under low light was 34 to 45%. Reduction in tuber 

dry weights under low light ranged from 39 to 57%, depending 

on the growth stage and harvest time. In addition, at all growth 

stages, the percentage of biomass partitioned to the tubers was 

higher under high light than under low light conditions. 

 

Soil temperature 

Soil temperature also affects the various activities of growing 

potato. The rate of development of sprouts from planted seed 

pieces depends on soil temperature. Very little sprout elonga-

tion occurs at 6°C. Elongation is slow at 9°C and is maximized at 

about 18°C. The time between planting and emergence depends 

on soil temperature. Phytotron and field experiments carried 

out by Sale (1979) showed that emergence was linearly related 

to mean soil temperature and relatively independent of diurnal 

fluctuations up to an optimum of 22-24°C. Up to this optimum 

emergence can be considered as a degree-day requirement  

calculated either from soil temperature at tuber depth or air 

temperature. At temperatures above the optimum, emergence 

was inhibited. Sattelmacher et al. (1990) studied the effect of 

20°C and 30°C root-zone temperatures on root growth and root  

morphology of six potato clones. Significant genotypic differ-

ences in the responses of potato roots to 30°C were observed, 

indicating the potential for selecting heat tolerant potato 

clones. In both heat tolerant and heat sensitive clones, the size 

of the root system was reduced by a 30°C root-zone tempera-

ture explained by a reduction in the cell division followed by 

cessation of root elongation. Tuberization stimulus favors both 

tuber initiation and tuber enlargement. Through artificially  

prolonged exposure to short days and cool temperatures, it is 

possible to attain such a high level of stimulus that induction is 

irreversible, even if potato plants are subsequently exposed to 

long days for weeks or months. The optimum soil temperature 

for initiating tubers ranges from 16 to 19°C (Western Potato 

Council, 2003). 

 

Atmospheric humidity and wind 

There are very few recent studies dealing with the direct effects 

of relative humidity (RH) on potato growth, tuber yield and 

grade. Most of the contributions related to the influence of RH 

on potato refer to potato storage where RH is an important  

factor in tuber weight loss and the occurrence and severity of 

diseases and pests. The same scarcity of research exists with 

regard to the wind regimes at a particular location as an agro 

meteorological factor affecting potato production systems. 

Wheeler et al. (1989) studied the effect of two RH levels, 50% 

and 85%, on the physiological responses of three cultivars of 

potato (Russet Burbank, Norland, and Denali) in controlled-

environment rooms under continuous light intensity at 20°C. 

No significant differences in total plant dry weight were meas-

ured between the atmospheric humidity treatments, but plants 

grown under 85% RH produced the higher tuber yields. Leaf 

areas were greater under 50% RH and leaves tended to be  

larger and darker green under drier than at more humid atmos-

pheric conditions. The elevated humidity appeared to shift the 

allocation pattern of photosynthesis to favor allocation to the 

tubers over leaves and stems. Gordon et al. (1999) estimated 

sap flow from solar radiation and vapor pressure deficit data for 

three field-grown potato cultivars (‘Atlantic’, ‘Monona’ and 

‘Norchip’) at Nova Scotia, Canada, under non-limiting soil water 

conditions. Sap flow rates for all cultivars were closely linked 

with solar radiation under conditions where soil water was not 

limiting. The vapor pressure deficit (VPD), a function of relative 

humidity and air temperature, had less effect on sap flow,  

although the magnitude of the VPD during the growing season 

was generally 2 kPa.  

All cultivars maintained actual daily transpiration near the  

potential energy limiting rate under well-watered conditions. 

When the soil was drier (percent available soil water 30%), 

Monona potato plants had a much more rapid decline in transpi-

ration than the other two cultivars. Another physiological  

parameter closely related to yield is water use efficiency.  

According to Bowen (2003) the cool humid conditions favored 

growth and promoted a more efficient use of irrigation water in 

coastal Peru condition when grown during winter time. During 

winter, less soil water evaporation caused by smaller VPD  

enhanced water use efficiency when compared with that  

observed during the summer. Sinclair et al. (1984) also showed 
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that generally more humid environments provide greater water 

use efficiency because of a lower VPD. Stomatal resistance  

governs photosynthesis and transpiration. Two major feedback 

loops are reported by Raschke (1979) as the direct controllers 

of stomatal resistance. The first involves photosynthesis where 

a reduction in intercellular carbon dioxide (Co2) occurs as the 

photosynthetically active radiation increases, the stomata open 

and stomatal resistance decreases. The second involves an in-

crease in stomatal resistance whenever leaf water potential 

reaches a critical threshold as a result of transpiration intensity 

(Raschke, 1979). Wind also affects transpiration rates and, 

therefore, photosynthetic activity and crop yield. At sites where 

winds are frequently strong throughout the year, increased sto-

matal resistance can cause reduction in potato yield (Sun and 

Dickinson, 1997; Pavlista, 2002).  

 

Effect of irrigation regimes and methods on tuber yield and 

yield components 

Irrigation water amount and quality is a factor to be considered 

for better yields. According to the finding of Faberio et al. (2001) 

597 mm irrigation water required to reach maximum tuber yield 

of 45.18 t /ha. Onder et al. (2005) suggested that surface and 

subsurface drip irrigation methods did not significantly affect 

tuber yield. Increased tuber yield with irrigation applications 

was noted in Shock et al. (1998) and Yuan et al. (2003) reported. 

Tuber dry matter yield increased with increasing water supply 

from 60- 100% full irrigation but it decline at 120% of full irriga-

tion (Darwish et al., 2006). Onder et al. (2005) mentioned that 

irrigation levels significantly affected all yield parameters in two 

consecutive years and yield for 66 and 100% irrigation regimes 

were significantly superior to 33% and non-irrigated treat-

ments. Also, Nagaz et al. (2007) indicated similar findings. Tuber 

fresh and dry weight from first- three harvests for full irrigation 

tend to be higher than partial root zone drying but at fourth 

harvest partial root zone drying have got highest amounts 

(Shahnazari et al., 2007).  

Erdem et al. (2006) narrated that effect of irrigation regimes in 

two consecutive years did not significantly affect tuber weight 

but tuber yield only in 2005 was significantly affected by irriga-

tion regimes. On the other hand, Darwish et al. (2006) stated 

lowering of deficit irrigation the tuber dry matter production 

and the average weight of the commercial tuber. In addition, 

Onder et al. (2005) reported the highest tuber means weight 

from irrigation treatment of 66 and 100% of full irrigation. 

Nagaz et al. (2007) explained reduction in tuber number and 

weight as a consequence of water supply shortage during tubers 

initiation and development. Significantly the highest plant yield 

for 66 and 100% full irrigation over 33% and non-irrigated 

treatments was indicated (Onder et al., 2005). Yuan et al. (2003) 

reported that significantly lower biomass for  use of 0.25 and 

0.50 Evapotranspiration compared to  0.75, 1.00 and 1.25 times 

of evapo-transpiration. Increased water stress decreased total 

dry matter yield (Kashyap and Panda, 2003). Darwish et al. 

(2006) found out that increased water supply increased the 

harvest index with the highest amount at 100% of irrigation. 

Similar result was reported by Shahnazari et al. (2007). At In 

sandy loam soil grown potato at temperature of 26°C irrigation 

regimes of 100, 80 and 60% produced a WUE of 0.0098, 

0.00754 and 0.00536 g wet tuber yield per one mm irrigation in 

one meter square, respectively (Steyn et al., 2007).  

 

Effect of irrigation and nitrogen interaction on potato yield 

Land and water is major constraints to the production of food 

required to meet the quantitative and qualitative world’s  

demand with greatly increasing population. Therefore, it is criti-

cal to optimize agricultural water use. This agricultural water 

use optimization requires both maximizing productivity per unit 

of land and maximizing productivity per unit of water consumed 

(Stefania et al., 2011). To maximize WUE, it is necessary to  

conserve water and promote maximal crop productivity which 

intern requires combined works involving minimization of water 

losses through seepage, runoff, evaporation, and evapotranspi-

ration by weeds; and planting well adapted high-yielding crops/

cultivars with optimum managements. Improving cropping envi-

ronment by proper management like harvesting time, tillage, 

fertilization, and pest control also contribute to enhancement of 

crop growth and productivity. The water use efficiency not only 

depends on the crop yield but also depends on water application 

level (Kumar et al., 2007).  When the water application level 

increased beyond the requirement of the crop, the water use 

efficiency decreases.  Studies found a poor correlation (R2 = 

0.24) between the WUE and water application level (Kireger 

and Blake, 1994; Speer et al., 2008). Irrigation regime and meth-

od significantly influenced water and nitrogen use efficiency 

(Lehrsch et al., 2000). 

Nitrogen rates cause change on water use efficiency by poten-

tially affecting biomass, evaporations, transpirations and HI 

through primarily influencing photosynthesis. There is close 

relationships between water and nutrient availabilities (Wu et 

al., 2009). Response of all major crop species to nitrogen supply 

in biomass per unit transpiration was indicated in Bruick (2008). 

Cooper et al. (1987) demonstrated the increment of WUE with 

nitrogen and phosphorous fertilization in low-fertile soils of 

west Asia and North Africa. On the other hand, significantly 

lower WUE under lowest level of nitrogen supply was indicated 

in Brücket al. (2001). According to Kelm et al. (1999-2000) ferti-

lized condition increased WUE compared to not fertilized condi-

tion. Hence, adequate nitrogen supply is therefore, critical for 

high yield per unit evapotranspiration or better improvement of 

water use efficiency.   

In same manner with these, nitrogen application rates affect 

nitrogen use efficiency. Increasing nitrogen application from 80 

kg/ha - 200kg/ha reduced nitrogen use efficiency (Shahzad et al., 

2010). This indicates that the increment of nitrogen fertilizer 

increase NUE up to the maximum yield potential (Hartemink et 

al., 2000).  In relation with this, Darwish et al. (2006) found that 

decreasing N application to 125 kg /ha, from 250, 375 or 500 kg 

N /ha, resulted in significantly higher N recovery or nitrogen up 

take efficiency. Similarly, according to Shahzad et al. (2010) 

highest nitrogen levels produced lowest physiological nitrogen 



129 

 

Egata Shunka Tolessa /Arch. Agr. Environ. Sci., 4(2): 119-132 (2019) 

use efficiency. Increasing water use efficiency indicated with 

increasing nitrogen supply to the optimum level (Caviglia and 

Sadras, 2001). So, it is considerable to find the common effect of 

irrigation and nitrogen rates on potato yield, water and nitrogen 

use efficiencies for better farm return. Nitrogen and irrigation 

have important interactive effects on N and water use efficien-

cy, potato yield and quality, as well as, N and water losses to the 

environment. Meyer and Marcum (1998) found out maximum 

tuber yields from 1.1 -1.2 ETC and 0 -56 kg ha-1 N in combina-

tion 1992, while 1.1-1.3 ETC and 168-224 kg ha-1 N maximized 

yield in 1993. Feibert et al. (1998) reexamined nitrogen fertilizer 

rates and timing for four potato cultivars in the Treasure Valley 

of Oregon throughout 3 consecutive years on silt loam soil. 

They concluded that with careful irrigation scheduling (initiated 

when the SWT at 0.2m depth reached 60 kPa and with amounts 

corresponding to accumulated ETC) less nitrogen fertilizer was 

required to optimize yield than usual recommendations.  

Optimal potato petiole N levels through the growing season 

were identified for Russet Burbank (Jones and Painter, 1974). 

 

Conclusion 

 

It is concluded that best potato growing condition available in 

Ethiopia was not exploited well compared to other countries. 

Poor resource and crop management was found the most  

important problems of production and productivity. There was 

big gap in optimum nitrogen rate utilization, limitation of irriga-

tion water utilization, nitrogen and water use efficiency consid-

eration in agronomic work of the country. In the process of  

resource use optimization, crop type to be grown and variety 

have also a remarkable contribution. On the last the nitrogen 

rate, irrigation regime and use efficiency of nitrogen and water 

were interrelated to each other and variety development  

program should consider these parameters to gather with the 

yield and yield component of the potato for sustainable produc-

tion with maintained  safe environment sufficient benefit.  
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