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ABSTRACT 
 
 To study the effect of different N fertilizer levels on N uptake and partitioning to different organs especially 
tuber, agronomical N use efficiency tuber protein contents and yield of different potato cultivars, an experiment 
was carried out in experimental field of Department of Agronomy, University of Mohaghegh Ardabili, Ardabil, 
Iran in spring 2010. The experiment was a factorial one based on a Randomized Complete Block Design with 
three replications. The main plots were different N fertilizer levels including 0, 100 and 200 kg N/ha and the sub 
plots were included potato cultivars viz Agria, Marfona, clone B5 and clone B6. The results showed that the 
effect of different N fertilizer levels and the interaction between fertilizer levels and cultivars was significant on 
shoot and tuber N content, shoot, tuber and whole plant absorbed N, agronomical N use efficiency, tuber protein 
content, tuber protein yield, shoot and tuber dry weight, harvest index and fresh tuber yield at 1% probability 
level. Also, the main effect of cultivar was significant on all traits (N uptake, partitioning to different organs 
especially tuber, agronomical N use efficiency tuber protein contents and yield) at 1% probability level except 
agronomical N use efficiency and tuber dry weight. Among fertilizer levels, application of 100 kg N/ha had the 
highest agronomical N use efficiency in all cultivars and application of 200 kg N/ha produced the lowest one. 
Cultivar Marfona at N level of 100 kg/ha produced the highest harvest index and fresh tuber yield. Clone B5 at 
N levels of 100 and 200 kg/ha had the highest shoot and tuber N content and shoot, tuber and whole plant 
absorbed N. 
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Introduction 
 
 As the main need, food supply has been 
contending with many problems during mankind 
history, so that even today many people in the world 
suffer from food deficiency. Plants satisfy a great 
part of people’s food demand, particularly in third 
world countries, among which potato is a tuber 
product that plays a vital role in feeding people, so 
that it is ranked four after wheat, rice and corn [12]. 
 Efficiency is defined as the produced yield per 
unit applied input [6]. Nitrogen fertilizer usually 
increases potato tuber yield; thus, farmers are 
increasingly interested to apply it in excess to field 
demand which decreases the quantity and quality of 
potato product. Therefore, selecting the cultivar with 
high uptake capacity and high use efficiency allows 
applying lower fertilizer and gaining higher tuber 
yield on one hand and avoiding the redundant costs 

related to fertilizer application in soil and 
underground water pollution on the other hand. 
 Nitrogen fertilizer application time and level 
affect potato tubers quality in addition to its 
quantitative yield. N application can improve tubers 
nutritional value by increasing their protein content 
and their conversion to protein; at the same time, its 
excessive application may lead to its accumulation as 
nitrate in tubers given that excessive nitrate is a 
health threatening factor in human [17]. 
 In a study on the effect of four N fertilizer levels 
(0, 80, 160 and 200 kg/ha) on tuber protein content 
and yield, Jamaati Soomarin et al. [8] reported that 
control (no N fertilizer application) produced the 
lowest tuber protein yield and the treatments of 80 
and 160 kg N/ha produced the highest one. But, as N 
level increased to 200 kg/ha, the protein yield 
significantly decreased. 
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 Saeedi et al. [13] reported that as N fertilizer 
level increased, tuber protein content significantly 
increased, so that the fertilizer level of 160 kg/ha 
produced the highest one (13.71%) and control (no-
fertilizer application) produced the lowest one. N 
fertilizer application affects tuber quality. The 
increase in N application improves nutritional value 
of tubers through increasing tubers N content and 
their conversion to protein [12]. 
 Saeedi et al. [13] reported that with the increase 
in N fertilizer level, total shoot and tuber N content 
significantly increased. Fertilizer level of 200 kg/ha 
produced the highest total shoot and tuber N content, 
and control produced the lowest ones; i.e. there was a 
significant direct relationship between absorbed 
nitrogen and applied fertilizer. 
 Raeesi and Khajehpour [11] reported that the 
decrease in fertilizer efficiency as N application 
increased. Abbasi [1] concluded that the highest N 
fertilizer application efficiency (96.98%) was under 
fertilizer level of 160 kg/ha and the lowest one was 
under the level of 200 kg/ha. 
 N fertilizer level and genotype are among the 
factors affecting harvest index. The effect of N on 
harvest index is significant, so that as N level 
increases, harvest index decreases [9]. Nitrogen is 
more effective on biologic yield increase than on 
economic yield increase; therefore, harvest index 
decreases [9]. In a study on application of four 
fertilizer levels, Abbasi [1] concluded that the 
fertilizer levels of 160 and 200 kg N/ha produced the 
highest harvest index. In total, harvest index 
increased as N level was increased. Also, Shahbazi 
(2004) concluded that the N levels of 80 and 240 
kg/ha produced the highest and lowest harvest index, 
respectively. 

 Payton [10] reported that N fertilizer increased 
plant dry weight and N concentration in plant tissues. 
He stated that tuber N uptake increased with the 
increase in N fertilizer. Given that N uptake per tuber 
per unit area increased with the increase in N 
fertilizer level, it had a positive effect on tuber yield 
and its components which may be why tuber yield 
increased. 
 The objective of the current study was to assess 
the effect of different N fertilizer levels on N uptake, 
partitioning, protein content and yield in different 
potato cultivars. 

 
Materials and Methods 
 
 To study the effect of different N levels on 
nitrogen uptake, partitioning and content in different 
potato cultivars, a factorial experiment was 
conducted based on a Randomized Complete Block 
Design 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 applied at two stages (at planting date and 
during cultivation) and the sun-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). N 
agronomical efficiency was defined as the 
economical production- per unit applied nutrient in 
terms of kg/kg was calculated by the following 
equation. 

 

 
 
 The quantity (concentration) of proteins was 
obtained by Bradford’s method using 
spectrophotometer. In Bradford’s method, 
Coomassie Brilliant blue G-250 compound was used 
that bind to protein in acid media and the maximum 
uptake is determined at 465 to 595 nm. The uptake 
level at 595 nm is directly related to protein 
concentration (Bradford, 1976). Eq. 2 was used for 
determining protein yield: 
[Eq. 2] Tuber protein yield = tuber dry weight × 
tuber protein content 
 
Eqs. 3, 4 and 5 were used for determining absorbed 
nitrogen by shoot, tuber and whole plant, 
respectively. 
[Eq. 3]  Shoot absorbed N = shoot N content × shoot 
dry weight 
[Eq. 4] Tuber absorbed N = tuber N content × tuber 
dry weight 

[Eq. 5] 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 and then, it was divided by 6.25; hence, 
shoot and tuber N content was calculated [14]. 
[Eq. 6] Different organ’s N content = protein content 
of organ/6.25 
 
 Harvest index is unitless. sometimes it is 
expressed in terms of per cent and is calculated by 
the following equation: 
[Eq. 7] Harvest index = (economical yield/biologic 
yield) × 100 
 
 As Beukema et al. [2] recommended that, due to 
errors in precise estimation of shoot dry weight (due 
to fallen leaves and roots weighing), shoot weight 
was determined and then, the weights of root, 
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stolons, roots and fallen leaves were considered as 
25% of total shoot weight and after that harvest index 
was calculated. The collected data were analyzed by 
software SAS and the means were compared by 
Duncan Multiple Range test (DMRT) at 1% and 5% 
probability level. 
 
Results and Discussion 

 
Shoot and tuber N content: 
 
 Analysis of variance (Table 2) showed that the 
main effect of cultivar N fertilizer level and their 
interactions was significant on shoot N content (α = 
0.1). Means comparison (Table 3) indicated that 
among different treatments, clone B5 produced the 
highest N content with the application of 100 and 
200 kg N/ha. The lowest shoot N contents were 
found in control treatments in all four cultivars. 
Saeedi et al. [13] reported that with the increase in N 
fertilizer level, total N uptake of shoot and tuber 
significantly increased; i.e. there was a direct 
significant relationship between N uptake and 
applied fertilizer level. 
 Analysis of variance (Table 2) showed that the 
main effect of cultivar and N fertilizer level and their 
interactions was significant on tuber N content (α = 
0.1). Means comparison (Table 3) indicated that 
among different treatments, clone B5 produced the 
highest tuber N content with the application of 100 
and 200 kg N/ha. The study showed that the direct 
relationship between shoot and tuber N content; that 
is, a cultivar with higher shoot N content naturally 
had higher tuber N content because it had higher 
ability to absorb nitrogen. 

 
Shoot, tuber and whole plant absorbed N: 
 
 Analysis of variance (Table 2) 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 (Table 3) 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 [10] 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. 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 et al. 
[16] 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. 
 
Agronomical N use efficiency (ANUE): 
 
 Analysis of variance (Table 2) showed that the 
effect of N fertilizer levels and their interaction with 
cultivars was significant (α = 1%) on this trait. But 
the main effect of cultivar was not significant on this 
trait. Also, means comparison showed that fertilizer 
level of 100 kg N/ha had higher ANUE than fertilizer 
level of 200 kg N/ha in all studied cultivars. Raeesi 
and Khajehpour [11] reported the decrease in 
fertilizer efficiency with the increase in N level. 
ANUE is expressed as (fresh tuber) yield (kg) per 
applied N (kg), i.e. ANUE or precisely saying, tuber 
yield per applied fertilizer was higher at fertilizer 
level of 100 kg N/ha in all four cultivars and the 
increase in fertilizer level was accompanied with a 
sharp decrease in yield. The highest efficiency 
depends on the uptake of the first unit of nutrients 
and the next units bring about slighter increase. That 
is, further increase in nutrient application brings 
about slighter increase in yield. Finally, it approaches 
to an asymptote which has been expressed as law of 
diminishing efficiency [4]. These results are in 
agreement with Shahbazi [15] and Abbasi [1] who 
concluded that excessive increase in N fertilizer 
application decreases ANUE. 

 
Tuber protein content and protein yield: 
 
 Analysis of variance (Table 2) showed that the 
main effect of cultivar, N fertilizer levels and their 
interactions was significant (α = 1%) on tuber protein 
content. Means comparison (Table 3) indicated that 
clone B5 produced the highest tuber protein content 
at fertilizer levels of 100 and 200 kg N/ha, and no-
fertilizer treatment produced the lowest one in all 
cultivars. In a study on three N fertilizer levels (120, 
160 and 200 kg/ha), Hassandokht and Kashi [7] 
found that fertilizer level of 160 kg N/ha produced 
the highest tuber N and protein content. N fertilizer 
application can improve nutritional value of tubers 
by increasing their N content and its conversion to 
protein [12]. 
 According to analysis of variance ANOVA 
(Table 2), the main effect of cultivar, N fertilizer 
level and their interaction was significant (α = 1%) 
on tuber protein yield. Also, means comparison 
(Table 3) showed that clone B5 produced the highest 
tuber protein content at fertilizer level of 100 kg N/ha 
and no-fertilizer treatment produced the lowest one 
in all cultivars. Given that tuber protein yield is the 
product of tuber protein content and its dry weight 
and since these two factors had the strongest effect at 
fertilizer level of 100 kg N/ha, then the highest 
protein yield was obtained at this fertilizer level. 
These findings are in agreement with Saeedi [13] and 
Hassandokht and Kashi [7]. 
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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 

 
Table 2: Analysis of variance of effect of N fertilizer level on N uptake and partitioning and protein content of potato cultivars. 

Sources of 
variation 

df Total 
shoot 

N 
content 

Total 
tuber 

N 
content 

Shoot 
absorbed 

N 

Tuber
absorbed 

N 

Whole 
plant 

absorbed 
N 

ANUE Tuber 
protein 
content 

(%) 

Tuber 
protein 
yield 

Shoot
dry weight 

Tuber 
dry weight 

Harvest 
index 

Fresh 
tuber 
yield 

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

2 
3 
2 
6 
22 

0.0004 
0.028** 
0.223** 
0.05** 
0.0011 

0.011 
0.173** 

1.5** 
0.33** 
0.007 

3.4 
271.9** 
553.7** 
192.2** 

3.9 

15.6 
170.1** 

2938.5** 
595.5** 

15.3 

27.5 
736.6** 

5750.3** 
1294.2** 

26.8 

130.82 
209.15nc 

26644.83** 
3924.57** 

289.92 

0.43 
6.7** 

58.7** 
13.1** 
0.30 

609.7 
6644.6** 

114788.6** 
23261.7** 

598.5 

123973 
18954259** 
562261** 
6296001** 

58219 

14101 
65881nc 

5546479** 
1040618** 

35416 

7.64 
579.51** 
210.17** 
198.82** 

2.97 

1.25 
20.11** 
251.1** 
52.13** 

2.81 

C.V. (%)  12.48 6.42 17.51 12.04 11.80 27.12 6.42 12.04 6.33 8.36 2.29 11.80

** Highly significant at 1 % level of probability  
* Significant at 5 % level of probability 
NS Non significant 

 
Table 3: Means comparison of interactions between N fertilizer levels and different potato cultivars on N uptake, partitioning and protein content. 

Sources of variation Total 
shoot 

N content 

Total 
tuber 

N content 

Shoot 
absorbed N 

Tuber
absorbed N 

Whole plant
absorbed N 

ANUE Tuber 
protein 

content (%) 

Tuber 
protein 
yield 

Shoot
dry 

weight 

Tuber 
dry 

weight 

Harvest 
index 

Fresh 
tuber 
yield 

Agria      × 0 
100 
200 

0.11 e 
0.31 cd 
0.40 b 

0.97 e 
1.54 c 
1.70 b 

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 

- 
105.7 a 
33.85 b 

6.06 e 
9.65 c 

10.63 b 

90.85 e 
298.13 ab 
263.05 bc 

2563.4 g 
3127.7 f 
3591.5 e 

1499.7 e 
3083.7 a 
2475 cd 

74.57 d 
83.50 b 
78.28 c 

9745 cd 
22020 ab 
15368 bc 

Marfona × 0 
100 
200 

0.07 e 
0.25 d 
0.29 dc 

0.88 e 
1.36 d 
1.41 cd 

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 

- 
97.97 a 
32.20 b 

5.50 e 
8.56 d 
8.83 cd 

78.98 e 
229.33 cd 
206.78 d 

1694.9 h 
2162.1 g 
2564.7 g 

1447.1 e 
2673.6 bc 
2335.7 cd 

82.73 b 
88.03 a 
83.69 b 

12854 cd 
25780 a 
21641 ab 

Clone B5 × 0 
100 
200 

0.13 e 
0.42 ab 
0.47  a 

1.00 e 
1.79 ab 
1.85 a 

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 

- 
85.10 a 
27.56 b 

6.28 e 
11.18 ab 
11.62 a 

101.65 e 
321.65 a 
274.46 b 

3769.3 e 
4853.2 c 
5424.7 b 

1616.5 e 
2867.3 ab 
2355.8 cd 

67.09 ef 
74.86 d 
69.00 e 

10173 cd 
21756 ab 
13650 cd 

Clone B6 × 0 
100 
200 

0.14 e 
0.30 cd 
0.32c 

1.02 e 
1.46 cd 
1.49 cd 

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 

- 
95.55 a 
24.20 b 

6.41 e 
9.14 cd 
9.36 cd 

97.37 e 
259.78 bc 
214.64 d 

4298.8 d 
5454.2 b 
6184.6 a 

1522 e 
2841.5 ab 
2295.3 d 

63.35 g 
73.50 d 
64.75 fg 

7501 d 
13375 cd 
10735 cd 

 
Fresh tuber yield: 
 
 Analysis of variance showed that the main effect 
of cultivar, N fertilizer and their interactions was 
significant on fresh tuber yield at 1% probability 
level. Among cultivars, Marfona ranked in the 
superior group with the highest fresh tuber yield 
followed by cultivars Agria, B5 and B6. Among 
fertilizer levels too, the fertilizer level of 100 kg N/ha 
had the strongest effect on fresh tuber yield and 
produced the highest yield. Among interactions, 
Marfona at fertilizer level of 100 kg N/ha ranked in 
the superior group and B6 at control treatment 
ranked in the inferior group [5]. With the increase in 
N level from 100 to 200 kg/ha, not only yield and 
other traits did not increase, but also the measured 
traits showed significant decrease. 
 
Harvest index: 
 
 Analysis of variance (Table 1) showed that the 
main effect of cultivar, N fertilizer and their 
interactions was significant on harvest index. Also, 
means comparison showed that among cultivars, 
Marfona had the highest harvest index and B6 had 
the lowest one. Among fertilizer levels of 100 kg/ha 
produced higher harvest index than two other levels. 
Among the interactions, Marfona at fertilizer level of 
100 kg/ha produced the highest harvest index (88.03) 
and clone B6 produced the lowest one at zero 

fertilizer level. These findings are in agreement with 
Abbasi [1] who found that harvest index increased as 
fertilizer level was increased from control to upper 
levels. 

 
References 
 
1. Abbasi, A., A. Tobeh, R. Asghari Zakaria, A. 

Hosseinzadeh and A. Aghazadeh, 2005. Study of 
N uptake and efficiency in potato tubers at 
different N fertilizer levels. Proceedings of 9th 
International Conference on Agriculture and 
Plant Breeding. University of Tehran, Iran, pp: 
143. 

2. Beukema, H.P., D.E. Van der Zaag, 1990. 
Introduction to potato production. Pudoc 
Wagningen. 

3. Bradford, M.M., 1976. A rapid and sensitive 
method for quantitation of microgram quantities 
of protein utilizing the principle of protein-dye 
binding. Anal. Biochem., 72: 248-254. 

4. Fathi, G., 1998. New look at nutrient use 
efficiency (with a focus on nitrogen). 
Proceedings to 4th Conference on Agriculture 
and Plant Breeding, 266-285. 

5. Halitligil, M.B., A. Akin and A. Ylbeyi, 2002. 
Nitrogen balance of nitrogen-15 applied as 
ammonium sulphate to irrigated potato in sandy 
textured soil. Biology and Fertility of Soils, 35: 
369-378. 



418 
Adv. Environ. Biol., C(): CC-CC, 2012 

 

 

6. Hashemi Dezfouli, A., A. Kouchaki and M. 
Banayan Aval, 1995. Crops yield enhancement. 
(written by N. K. Fajria). Mashad Jahade 
Daneshghahi Press, Mashad, Iran. 

7. Hassandokht, M. and A. Kashi, 1999. Study of 
effect of manure and N fertilizer on potato 
quantitative and qualitative traits. Iranian Journal 
of Seedling and Seeds, 15(4). 

8. Jamaati Soomarin, S., A. Tobeh, K. Hashemi 
Majd, A. Asghari, M. Hassanzadeh, R. Zabihi 
Mahmoudabad and M. Shiri Jonagerd, 2009. 
Effect of planting density and different N levels 
on protein content, yield and nitrate 
accumulation in potato tubers. E-Journal of 
Crops Production, 2(3): 151-164. 

9. Osaki, M., H. Ueda, T. Shinano, H. Matsui, T. 
Tadano, 1995. Accumulation of carbon and 
nitrogen compounds in sweet potato plants 
grown under deficiency of N, P, K nutrients. 
Soil Science and plant nutrition, 41(3): 557-566. 

10. Payton, F.V., 1990. The effect of nitrogen 
fertilizer on the growth and development of 
thepotato in warm tropics: Dissertat ion abstract 
international. B. Sci. Engineering, 50(9): 33-71. 

11. Raeesi, F. and M.R. Khajehpour, 1992. Effect of 
N, P and K fertilizer level on potato growth and 
yield, cv. Kozima. Iranian Journal of Agriculture 
Science, 23(3): 37-48. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

12. Rezaee, A. and A. Sultani, 1996. Potato 
cultivation. Mashad Jahade Daneshghahi Press, 
Mashad, Iran. 

13. Saeedi, M., 2007. Study of effect of tuber size 
and N fertilizer on growth indices, quantity and 
quality of potato tubers. M.Sc. Thesis. 
University of Mohagheghe Ardabili, Ardabil, 
Iran, pp: 119. 

14. Salo-vaananen, P.P. and P.E. Koivistoinen, 
1996. Determination of protein in foods: 
comparison of net protein and crude protein 
(N×6.25) values. Food Chemistry, 57(1): 27-31. 

15. Shahbazi, K., 2004. Effect of different N 
fertilizer levels on quantity and quality of 
different potato cultivars. M.Sc. Thesis. 
University of Mohagheghe Ardabili, Ardabil, 
Iran, pp: 162. 

16. Wetermann, D.T., G.E. Kleinkopf, L.K. Porter, 
1988. Nitrogen fertilizer efficiency on potatos. 
American Potato Journal, 65(7): 377-386. 

17. Yazdandoust Hamadani, M., 2003. Study of 
effect of N application on yield, yield 
components and nitrate accumulation in potato 
cultivars. Iranian Journal of Agriculture Science, 
34(4): 977-985.  


