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ABSTRACT  
 
 In order to evaluate the agronomic efficiency, physiological, recovery physical and nitrogen consumption in 
different levels of fertilizer in varieties of potatoes, an experimental farm in 2011 in the research farm of the 
university Mohaghegh Ardebili of Iran. Experiment in Factorial randomized complete block design with three 
replications. Table of variances showed that the effect of cultivar was significant on physiological efficiency, 
apparent recovery and nitrogen using in (α=1%) of probability but it was not significant on agronomic nitrogen 
use efficiency. Fertility effect was significant on all traits. Results of means comparison showed that applying 
100 kg of pure nitrogen was more effective than using 200kg on all studied traits. Between cultivars Marfona in 
the trait of physiologic efficiency and Clone B6 for apparent recovery efficiency and nitrogen use efficiency, 
had the most values. The interaction of cultivar on nitrogen fertilizer showed that using 100 kg of nitrogen 
fertilizer increased agronomic nitrogen use efficiency four times in compared with applying 200 kg in all 
studied cultivars. 
 
Key words: Agronomic nitrogen efficiency, physiological efficiency, apparent recovery efficiency, nitrogen 

fertilizer, potato. 
 
Introduction 
 
 Efficiency is defined as the amount of product 
(output) per consumed input [7]. Usually, nitrogen 
fertilizer increased the yield of potato tubers; because 
of this today farmer’s willingness to use the excess 
fertilizers has been increased. So with select and 
determine cultivars with higher absorbent capacity 
and use efficiency, tuber yield increased with using 
less or adequate nitrogen, also it can prevent to 
excess consumption and wasted the cost associated 
with fertilizer, soil and underground water pollutions. 
Abbasi [1] concluded that, the highest agronomic 
nitrogen use efficiency (96.98) was in using 160 kg 
nitrogen per hectare and lowest on was occurred in 
applying 200 kg. Saeedi [11] reported that increasing 
nitrogen fertilizer levels, nitrogen percent of shoots 
and tubers increased significantly, in both traits using 
200 kg of fertilizer had the highest and control 
treatment had the lowest values. It means that there is 
direct and significant relation between absorbed 
nitrogen and amount of fertilizer that consumed. 
Payton [9] reported that nitrogen fertilizer increase 
plant dry weight and nitrogen concentration in plant 
tissues. He also showed that applying nitrogen 

fertilizer caused increase nitrogen absorbent in 
tubers. Considering that absorbing nitrogen per area 
increased with increasing nitrogen levels, this 
increase had positive effect on tuber yield and 
probably the best reason for this increase is tuber 
yield. Potato is required significant amount of 
nitrogen in early growth. Nitrogen is essential for the 
carbon absorbent. But it’s excess in early growth 
stage cause increase shoot instead of developing 
tubers. Because of high concentrations of amino 
acids or amides and not convert to proteins, nitrogen 
excess has negative effect of nitrogen yield and tuber 
quality [14]. Crop yields are affected by several 
factors (water, soil, air, intake of nutrients, especially 
nitrogen). If any of these factors were limited, the 
yield and as result nutrient use efficiency would be 
decreased. For the highest levels of nitrogen 
consumption by plants, it is necessary that during all 
factors act optimal in the growth season [7]. 
Providing the appropriate amount of nitrogen not 
only caused highest income received, but it 
prevented from nitrate accumulation and reduced 
agronomic nitrogen efficiency. In fact, high output 
cultivars can have high yield when soil nitrogen is 
adequate [8]. According to evaluation of Crawell and 
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Godwin [3], nitrogen yield increased with increasing 
fertilizer consumption. Nitrogen uptake began in 
seedling stage and reach to maximum in flowering 
and maximum growth stage. From fruit setting to 
seed stage, nitrogen transferred from vegetative parts 
to reproductive organs. Considering to economic and 
environmental parameters, can be maximized 
nitrogen productivity with minimum losses [3]. The 
purpose of this study is evaluating the efficiency of 
nitrogen fertilizer levels in potato cultivars in Ardebil 
province. 
 
Materials and Methods 
 
 In order to evaluate the effects of different levels 
of nitrogen on efficiency of agronomical, 
physiologic, aperient recovery and nitrogen usage in 
potato cultivars a factorial experiment was conducted 

based on a Randomized Complete Block Design 
(RCBD) with three replications in research field of 
Department of Agronomy, University of Mohaghegh 
Ardabili, Ardabil, Iran in spring 2010. The main plot 
was N fertilizer (as urea) including 0, 100 and 200 kg 
N.ha-1 applied at two stages (at planting date and 
during cultivation) and the sub-plot was potato 
cultivars including Agria, Marfona, clone B5 and 
clone B6. The plots were composed of six 5 m long 
rows with inter-plot space was kept 1.5 m (to avoid 
interference of fertilizer to the adjacent plots). 
 Graham [6] divide nutrition elements to three 
groups and named them crop efficiency, physiologic 
efficiency and aperient recycling efficiency. Crop 
efficiency is defined as economic product per unit of 
consumed nutrient. In some cases, refers it as 
economic performance, unit it as (kg/kg) and can be 
calculated from this equation:   

 
 [Eq-1]: 

 
 
Table 1: Soil characteristics based on its examination at the depth of 0-30 cm. 

Total saturated 
EC 

(mmhos/cm) 

pH Organic carbon 
content 

(%) 

Organic matter 
content 

(%) 

Saturation 
(%) 

Total lime 
content 

(%) 

Total N 
(%) 

Texture 

2.68 7.09 1.17 2.01 47.98 13.75 0.056 Sandy-loom 

 

 Physiological efficiency is defined as biological 
products per absorbed nutrition elements. In some 
cases know it as biological performance or 

performance ratio. United as (kg/kg) and calculated 
with this equation.   

 

[Eq-2]:  

 
[Eq-3]: Dry matter× element concentrations= absorbent of nutritional elements  

 
 Efficiency of aperient recovery is defined as 
amount of absorbed nutritional element per unit of 

consumed nutritional element, it state as percentage 
and can be calculated from below equation: 

 

[Eq-4]:  

 
 In field conditions the economic part of plant is 
the best measurement for calculating absorbed 
nutritional element efficiency. Goodroad and Jellum 
(1988) state that physiological efficiency and 

apparent recovery efficiency can be combined and 
achieve efficiency of nutritional consumption of 
elements

.  
[Eq-5]: nutritional consumption Efficiency= apparent recovery efficiency × Physiological efficiency 
 
 Eqs. 6, 7 and 8 were used for determining absorbed nitrogen by shoot, tuber and whole plant, respectively. 
 
[Eq. 6] Shoot absorbed N = shoot N content × shoot dry weight 
[Eq. 7] Tuber absorbed N = tuber N content × tuber dry weight 
[Eq. 8] Total plant absorbed N = shoot absorbed N + tuber absorbed N 
 
 To determine N content of different organs, their 
protein contents were measured by Bradford’s 
method (Bradford, 1976) and then, it was divided by 

6.25; hence, shoot and tuber N content was 
calculated (Salo-vaananen and Koivistoinen, 1996). 
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[Eq. 9]: Different organ’s N content = protein content of organ/6.25 
 
Below equation is used for calculated nitrogen harvest index:  
 

[Eq-10]:                                        

   
 Data were analyzed with SAS software and 
means were compared with Duncan's multi tail test in 
5% probability level. 
 
Results and Discussions 
 
Agronomical, physiology, apparent recovery and 
nitrogen use efficiency’s: 
 
 Results of analyses of variance (Tab.2) showed 
that there is no significant difference between 
different cultivars but physiological efficiency, 
apparent recovery performance and nitrogen use had 
significant differences between cultivars. Different 
fertilizer levels affect these traits significantly and an 
interaction of fertilizer levels and cultivars was also 
significant in all studied traits. Table of analyze of 
variance (Tab.2) showed that agronomic nitrogen use 
efficiency had highest value in using 100 kg fertilizer 
in all traits but applying 200 kg per hectare had the 
minimum performance. Mean compression table 
showed that interaction effect of Agria to other three 
cultivars in fertilizer level of 100 kg showed higher 
performance. In physiological performance trait 
Marfona had the highest value in 100 kg 
consumption and lowest on was in clone B5 in using 
100 or 200 kg. The apparent recovery efficiency of 
clone B5 had the highest value in 100 kg level of 
fertilizer and Marfona had the lowest value in using 
200kg nitrogen fertilizer. Because the highest 
performance and highest N uptake by the tuber is 

obtained in the level of 100 kg of fertilizer, we can 
state that nitrogen uptake per each unit of consumed 
fertilizer in level was much more than other levels, 
so the highest apparent recovery efficiency had been 
earn in this level. For nitrogen use efficiency traits 
clone B5 and B6 in using 100 kg fertilizer had 
highest value in all studied cultivars and using 200kg 
had loweset value in this trait. Results showed that 
between two examined fertilizer levels, all traits had 
the better performance in using 100 kg of fertility 
than using 200 kg. Raeesi and Khajehpour [10] 
reported the decrease in fertilizer efficiency with the 
increase in N level. 
 Agronomic nitrogen use efficiency is defined as 
kg of yield (fresh tuber) per kg consumed fertilizer. It 
means that in each four cultivar in using 100 kg of 
pure nitrogen, crop production efficiency or in better 
state yield production per consuming fertilizer is 
more than 200 kg, which decreased with increasing 
fertilizer level. In other hand first yield earn with 
uptake first unit of nutritional element and other units 
of nutritional element consumption increase less than 
it. It means that increasing nutritional element 
consumption, performance increase less and finally 
reaches to asymptote line that state as Micherlikh 
diminishing returns [4]. These results conformed 
Shahbazi [13] and Abbasi [1] findings that showed 
with too much nitrogen fertilizer, nitrogen use 
efficiency of crops decreased. 
 

 
Table 2: Analysis of variance of effect of N fertilizer level on Nitrogen use efficiency’s of potato cultivars. 

Sources of 
variation 

df Agronomic Nitrogen 
Efficiency 

Physiological 
Efficiency 

Apparent Recovery 
Efficiency 

Nutritional 
Consumption 

Efficiency 

Cultivar (V) 
Nitrogen (N) 
V × N 
Experimental error 

3 
2 
6 
22 

209.15nc 
26644.83** 
3924.57** 

289.92 

0.01** 
0.004* 
0.009* 
0.0004 

0.248** 
0.712** 
0.217* 
0.004 

0.005** 
0.067** 
0.003* 
0.0006 

C.V. (%)  27.12 7.95 10.55 15.69 

**:Highly significant at 1 % level of probability,     *:Significant at 5 % level of probability,    ns:Non significant 
 

Shoot, tuber and whole plant absorbed N: 
 
 Analysis of variance (Tab. 4) showed that the 
main effect of cultivar, N fertilizer and their 
interactions was significant on shoot, tuber and 
whole plant absorbed N at 1% probability level. 
Means comparison of interactions (Tab. 5) indicated 
that clone B5 had the highest shoot absorbed N 
(25.75 kg/ha) at N fertilizer level of 200 kg/ha. Also, 
clone B5 had higher tuber absorbed N at N fertilizer 
level of 100 kg/ha than that of N levels at 200 and 0 

kg/ha. With respect to whole plant absorbed N, again 
clone B5 had the highest one at fertilizer levels of 
100 and 200 kg/ha. The lowest whole plant absorbed 
N was in control treatment in all four cultivars. 
Payton reported that N fertilizer increased plant dry 
matter and N concentration in tissues and that N 
uptake in tubers increased with the increase in N 
application [9]. The absorbed N in potato plants is 
absorbed partly in shoot and partly in tubers. Some is 
converted to proteins and some is accumulated as 
harmful nitrate. In an experiment, Watermann  and et 
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al. observed that when N fertilizer was applied at 
tubers growth period, it was accumulated firstly in 

leaves and stems, but over 80% of absorbed N was 
concentrated in tubers during tubers maturity [15]. 

 
Table 3: Means comparison of interactions between N fertilizer levels and different potato cultivars on Nitrogen use efficiency’s. 

Sources of variation Agronomic Nitrogen 
Efficiency 
(Kg/Kg) 

 

Physiological 
Efficiency 
(Kg/Kg) 

Apparent Recovery 
Efficiency 

(%) 

Nutritional 
Consumption 

Efficiency 
(Kg/Kg) 

Agria      × 0 
100 
200 

- 
105.74 a 
33.85 b  

- 
0.29 b 
0.22 c 

- 
0.70 bc 
0.41 d 

- 
0.20 ab 
0.09 d 

Marfona × 0 
100 
200 

- 
97.97 a 
32.20 b 

- 
0.34 a 
0.32 ab 

- 
0.49 d 
0.27 e 

- 
0.17 bc 
0.08 d 

Clone B5 × 0 
100 
200 

- 
85.10 a 
27.56 b 

- 
0.21 c 
0.19 c 

- 
1.12 a 
0.62 c 

- 
0.23 a 
0.12 d 

Clone B6 × 0 
100 
200 

- 
95.55 a 
24.20 b 

- 
0.31 ab 
0.30 b 

- 
0.80 b 
0.45 d 

- 
0.25 a 
0.13 cd 

 
Table 4: Analysis of variance of effect of N fertilizer level on N absorbed of potato cultivars. 

Sources of 
variation 

df Shoot 
absorbed N 

Tuber 
absorbed N 

Whole plant 
absorbed N 

Nitrogen harvest 
index 

Fresh tuber 
yield 

Cultivar (V) 
Nitrogen (N) 
V × N 
Experimental error 

3 
2 
6 
22 

271.9** 
553.7** 
192.2** 

3.9 

170.1** 
2938.5** 
595.5** 

15.3 

736.6** 
5750.3** 
1294.2** 

26.8 

612.43** 
334.53** 
7.17 ns 

8.17 

20.11** 
251.1** 
52.13** 

2.81 

C.V. (%) - 17.51 12.04 11.80 3.74 11.80 

**:Highly significant at 1 % level of probability,     *:Significant at 5 % level of probability,    ns:Non significant 
 
Table 5: Means comparison of interactions between N fertilizer levels and different potato cultivars on on N absorbed. 

Sources of variation Shoot 
absorbed N 
(Kg.ha-1) 

Tuber 
absorbed N 
(Kg.ha-1) 

Whole plant 
absorbed N 
(Kg.ha-1) 

Fresh tuber 
yield 

(Kg.ha-1) 

Agria      × 0 
100 
200 

3.01 fg 
9.89 d 
14.43 c 

14.53 e 
47.70 ab 
42.08 bc 

17.55 d 
57.59 b 
56.52 b 

9745 cd 
22020 ab 
15368 bc 

Marfona × 0 
100 
200 

1.38 e 
5.50 ef 
7.58 de 

12.63 e 
36.69 cd 
3.08 d 

14.02 d 
42.20 c 
40.67 c 

12854 cd 
25780 a 
21641 ab 

Clone B5 × 0 
100 
200 

4.99 ed 
20.77 b 
25.75 a 

16.26 e 
51.46 a 
43.91 b 

21.26 d 
72.23 a 
69.66 a 

10173 cd 
21756 ab 
13650 cd 

Clone B6 × 0 
100 
200 

6.04 ef 
16.54 c 
20.55 b 

15.58 e 
41.56 bc 
34.34 d 

21.62 d 
58.11 b 
54.89 b 

7501 d 
13375 cd 
10735 cd 
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