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ABSTRACT

To study the effect of nitrogen fertilizer and zinc foliar application on potato, an experiment was conducted
as strip split plot management in randomized complete block design with three replications during 2017-
2018 in the Research Farm of Agriculture and Natural Resources Campus, University of Tehran.
Experimental treatments in vertical factor were three levels of nitrogen fertilizers (N;= 0, No=400 kg.ha™!
and N3=800 kg.ha!) and in horizontal factor were three levels of zinc foliar application (Control, once foliar
application, two times of foliar application) and two potato cultivars (Arinda and Milva). The results
showed that effect of nitrogen fertilizer and potato cultivar was significant for the most of studied traits.
Third level of nitrogen fertilizer significantly increased SPAD indicator, yield, and tuber dry matter
percentage and tuber numbers except tuber specific gravity. Zinc foliar application only affected the yield
significantly that increased by pre-flowering zinc foliar application compared to the control and pre-post
flowering zinc foliar application. SPAD indicator and yield in Arinda cultivar and tuber dry matter
percentage, tuber number and specific gravity in Milva cultivar were higher. Nitrogen fertilizer and zinc
foliar application significantly increased tuber nitrogen percentage and tuber protein percentage compared
to the control.

Keywords: Arinda, Milva, Tuber dry matter percentage, Tuber nitrogen percentage, Tuber specific gravity.
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Table 1. Amount and critical limits of the elements in test field soil

Parameters Test Soil Critical Limit Recommendation
Organic matter (%) 0.66 1 400 kg.ha'! (Urea)
Available P (mg.kg™) 3.5 7-10 150 kg.ha™! (Triple Super Phosphate)
Available K (mg.kg™") 90.5 250-300 200 kg.ha! (Sulphate Potassium)
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S.0.V df SPAD Yield Tuber Dry Tuber Tuber Specific Leaf Area
Matter Number Gravity (grem™)
Block 2 14.43™ 5449417.1 7 73.70™ 358.35™ 0.0023 * 40814.4"
N 2 54.79" 20899881.1 ™" 1415.16 ™ 7754.01 0.0009 1704591.9 ™
E(a) 4 7.05 237726.8 19.46 263.43 0.0004 361408.6
Zn 2 0.24" 9341754 " 21.21™ 5.35m 0.0008 " 32281.4™
E(b) 4 11.65 42479.6 46.16 347.51 0.0003 61889.3
NxZn 4 3.63™ 285997.6™ 13.31™ 82.35™ 0.0002" 197819.3™
E(c) 8 5.94 378241.4 7.43 117.10 0.0005 136446.1
Var 1 42.77" 17527504.1 1042.27 ™ 19342.29 ™ 0.0066 ** 341611.5°
NxVar 2 0.57™ 423751.3" 8.99™ 72.46™ 0.0003 " 10402.3"™
ZnxVar 2 47.33" 78851.3™ 22.65™ 300.35™ 0.0007 " 1253.8™
NxZnxVar 4 10.62" 205840.3™ 8.37" 405.01™ 0.0005" 518188.7 ™
Error 18 11.88 2574773 26.29 216.44 0.0005 88884.6
CV% - 8.35 7.53 15.79 14.35 2.00 20.01
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Table 3. Mean comparison of the effects of nitrogen fertilizer and cultivars on studied traits

Treatment SPAD Yield Tuber Dry Tuber Tuber Specific
(gr) Matter (%) Number Gravity (gr cm?)

N Ny 39.33° 5517.8°¢ 23.71°¢ 79.16 © -
(Nitrogen Fertilization) N, 41.68® 7110.6 ° 32.24° 109.33 ¢ -
Ns 42.76* 75714°* 41.43* 118.94* -
Zn Zn, - 6585.00 ° - - -
(Zn Foliar Application) Zn, - 6995.56 % - - -
Zns - 6619.17° - - -

Var Arinda 42.13* 7303.0* 28.06° 83.55° L1

(Variety) Milva 40.34° 6163.5° 36.85° 121.4* 1.14*
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Means with the same letters in the same column are not significantly different.
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Figure 1. Mean comparison of SPAD in cultivarxzinc foliar application interaction. Zn;: no foliar
application, Zn,: foliar application (flowering), Zns: foliar application (pre and post flowering), MI: Milva

cultivar, Ar: Arinda cultivar.
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Figure 2. Mean comparison of leaf area in nitrogen fertilizerxzinc foliar applicationxcultivar interaction

Zn;: no foliar application, Zn,: foliar application (flowering), Znj: foliar application (pre and post
flowering), N1: no N application, N2: 400 kg Urea ha'!, N3: 800 kg Urea ha"!, MI: Milva cultivar, Ar:

Arinda cultivar.

9y rare b S n (Bhdslre 5 (59 095 55U St ead uign 9 39 we s bl 455 adls Y Sy
Table 4. Summary of variance analysis of the effects of nitrogen fertilizer and zinc foliar application on
tuber nitrogen and tuber protein percentage

S.0.V df Tuber Nitrogen Content (%) Tuber Protein Content (%)
Block 2 0.0950" 37121
N 2 0.5677 " 22.1787°
E(a) 4 0.0381 1.4887
Zn 2 0.4658 * 18.1980
E(b) 4 0.1005 3.9290
N X Zn 4 0.1150" 4.4945"
Error 18 0.2049 8.0060
CV% - 18.21 18.21

SIS s BB 50y 5 3o j0 S oy iy Jldz | s 5o (g lo pire o Sy 1™ g%
* *% 1S Significantly different at 5 and 1% of probability levels and non-significant, respectively.
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Figure 3. Mean comparison of tuber nitrogen and tuber protein percent in the levels of nitrogen fertilizer
(A) and zinc foliar application (B). Zn;: no foliar application, Zn;,: foliar application (flowering), Zns:
foliar application (pre and post flowering), N1: no N application, N2: 400 kg Urea ha!, N3: 800 kg Urea

5 o, 8les o gme il 4 azgi b ol by cl
dog «Sgy raie b (S oAbdslxe pge gl
ol yoay LS )3 051 955 0,59l Av e 0 )5 (2l
aw clle b g9, yare b (S p (AL sle Cug S
Iokeo 03, 4 STl (2 AlS 5l g 4l 5 58 152 50
GAYL o Slee @y ey pol> gl Lalyd o
oo 50 YL Jdoas Lol caus o )1 03, 4 s
oag olawi g og (B> jog yiw g 0ud i oolo
) S ysn 4 dail 08 4 Cond o8, onl 50
199 Jsbo b 3blie ;5 3350 o, 51 S, lst Iokes

VPRI PRV

ha'l.

185 S JNosle oylime a5 pol> ipgh Lol b jo
365 p 8ol S Ave 55 () Jgaz) Cewl 004y 2oy
SESe 55 (Al B35 o S5S TPA Jolas) oy
oole wo s W Slee lie o pme Gli8l s
T Slade Sy Jdg)l5 Glime 5 ous S
0y9l 095 a5k ¥rov jlod g aald 4y S (s
aoye &S cwl (Jb oy pl il ad BSe
b soloisine Slds 095 mhaw (nl o 00d (39558
aslas (LS j0 05l 055 0 FlS Fev) Koo o



Yoy ITAQ 55l o 5,Les D) 890 lnl ely; LS asle

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Abd El-Baky, M. M. H., Ahmed, A. A., El-Nemr, M. A. & Zaki, M. F. (2010). Effect of potassium
fertilizer and foliar zinc application on yield and quality of sweet potato. Research Journal of
Agriculture and Biology Science, 6, 386-394.

Agricultural Statistics. (2018). Deputy Ministeration of Economic Affairs of the Ministry of Jihad-e-
Agriculture. Retrieved Feb 20, 2019, http://www.maj.ir/.

Ahmed, A., Abd El-Baky, M., Ghoname, A., Riad, G. & El-Abd, S. (2009). Potato tuber quality as
affected by nitrogen form and rate. Middle Eastern and Russian Journal of Plant Science and
Biotechnology, 3, 47-52.

Alloway, B. J. (2008). Zinc in Soils and Crop Nutrition. (2nd ed.). IZA and IFA Press.

Alloway, B. J. (2009). Soil factors associated with zinc deficiency in crops and humans. Environmental
Geochemistry and Health, 31, 537-548.

AOAC: Association on Official Analytical Chemists. (2000). Official methods of analysis. (14th ed.).
Washington DC, USA.

Atkinson, D., Geary, B., Stark, J., Love, S. & Windes, J. (2003). Potato varietal responses to nitrogen
rate and timing. Western Nutrient Management Conference, 5, 149-155.

Aydnalp, C. & Marinova, S. (2005). Distribution and firms of heavy metals in some agricultural soils.
Polish Journal of Environmental Studies, 12, 629-633.

Bagheri, H., Gharineh, M. H., Bakhshandeh, A., Taee, J., Mennatkesh, A. & Andarzian, B. (2014).
Effect of drought stress and nitrogen on yield and some qualitative and physiologic traits of potato in
Chaharmahalobakhtiari climate. Crop Physiology Journal, 6, 5-22.

Bahrampour, T. & Akhavan, K. (2015). The sampling of soil, water and plant and proper fertilizer
recommendations. Technical Manual, Number 51.

Bartova, V., Barta, J., Divis, J., Svajners, J. & Peterka, J. (2009). Crude protein content in tubers of
starch processing potato cultivars in dependence on different agro-ecological conditions. Central
European Agriculture Journal, 10, 57-66.

Belanger, G., Walsh, J. R., Richards, J. E. & Milburn, P. H. (2002). Nitrogen fertilization and irrigation
affects tuber characteristics of two potato cultivars. American Journal of Potato Research, 79, 269-
279.

Bindi, M., Hacour, A., Vandermeiren, K., Craigon, J., Ojanpera, K., Sellden, G., Hogy, P., Finnan, J.
& Fibbi, L. (2002). Chlorophyll concentration of potatoes grown under elevated carbon dioxide and
ozone concentrations. Agronomy Journal, 17,319-335.

Cakmak, I. & Hoffland, L. (2012). Zinc for the improvement of crop production and human health.
Plant and Soil, 361, 1-2.

Canadian Food Inspection Agency. (2019). Milva. Retrieved Feb 20, 2019, from
http://www.inspection.gc.ca/eng/1297964599443/1297965645317.

Darabi, A. (2007). Effect of planting date and plant density on yield and yield components of some
varieties of potatoes in Behbahan. Seed and Plant Journal, 23, 233-244. (In Persian).

Errebhi, M., Rosen, C. J., Gupta, S. C. & Birong, D. E. (1998). Potato yield response and nitrate
leaching as influenced by nitrogen management. Agronomy Journal, 90, 10-15.

Europlant Group. (2013). Milva; varieties, competence & service. Retrieved Feb 20, 2019,
from https://www.europlant.biz

Food and Agricultural Organization. (2019). FAOSTAT database for agriculture. Retrieved Feb 20,
2019, from http://faostat3.fao.org/faostatgateway/go/to/download/Q/QC.

Hassegawa, R. H., Fonseca, H., Fancelli, A. L., Da Silva, V. N., Schammass, E. A., Reis, T. A. &
Correa, B. (2008). Influence of macro and micro nutrient fertilization on fungal contamination and
fumonisin production in corn grains. Food Control, 19, 36-43.

Jahirrodin, M. & Cresser, M. S. (1993a). Study of the effect of rhizosphere on the availability of N, P,
Zn, Cu, Fe and Mn in soil. Journal of the Indian Society of soil Science, 41, 486-490.

Javanmardi, G. & Rasuli, F. (2017). Potato yield and tuber quality as affected by gibberellic acid and
zinc sulphate. fran Agricultural Research, 36, 7-12.

Khazaie, H. R. & Arshadi, M. J. (2008). Effect of nitrogen topdress fertilizer application on yield and
quality of potato (Agria cv.) in Mashhad climate conditions. Journal of Horticulture Science, 22, 49-
63. (In Persian).

Lang, N. S., Stevens, R. G., Pan, W. L. & Victory, S. (1999). Potato nutrient management for central
Washington. Washington State University Cooperative Extension, EB1871.



http://www.maj.ir/
https://link.springer.com/journal/10653
https://link.springer.com/journal/10653
https://www.europlant.biz/
http://faostat3.fao.org/faostatgateway/go/to/download/Q/QC

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.
35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

e Slogar S5 o,Slas sy paie b (S Bhslre 5 59y 355 S8 3l o) Ke 5 8l s Yot

Laurence, R. C. N., Armour, J. D., Shepherd, R. K., Loader, L. R. & Dwyer, M. J. (1985). Nitrogen
fertilizer requirements of irrigated potatoes on the Atherton Tableland. North Queensland. Australian
Journal of Experimental Agriculture, 25, 954-958.

Lin, S., Sattelmacher, B., Kutzmutz, E., Muhling, K. H. & Dittert, K. (2005). Influence of nitrogen
nutrition on tuber quality of potato with special reference to the pathway of nitrate transport into tubers.
Journal of Plant Nutrition, 27, 341-350.

Malakouti, M. J. & Lotfollahi, M. A. (2000). The role of zinc on the improvement of the quality and
yield of agricultural crops and the enhancement of people health. (1st ed.). Agricultural Education
Publisher. (In Persian).

Malakouti, M. J. (2004). Fertility of dry land soils: Problems and Solutions. (2 nd ed.). Tarbiat
Modarres University Press. (In Persian).

Malakouti, M. J. (2007). Zinc is a neglected element in the life cycle of plants. Middle Eastern and
Russian Journal of Plant Science and Biotechnology, 1, 1-12.

Mohamadyan, M. & Tahmaseb Poor, B. (2010). In: Proceedings of 5th National Congress on New
Concepts in Agriculture, 16-17 Feb., Khoorasgan Azad University, Khoorasgan, Iran, pp. 1-10. (In
Persian).

Motalebi fard, R. (2017). Zinc and phosphorus effect on yield, nutrient absorption and zinc crop
efficiency in potato. Journal of water and soil, 31, 886-899. (In Persian).

Movahedi Dehnavi, M. & Modares Sanavi, A. M. (2006). Effect of foliar application of Zn and Mn on
yield and yield components of safflower cultivars of winter drought in Isfahan. Journal of Agricultural
Sciences and Natural Resources, 13, 1-11. (In Persian).

Mousavi, S. R., Galavi, M. & Ahmadvand, G. (2007). Effect of zinc and manganese foliar application
on yield, quality and enrichment on potato (Solanum tuberosum L.). Asian Journal of Plant Science,
6, 1256-1260. (In Persian).

Mousavi, M. (2011). Weed management. Principles and methods. Marz-e- danesh Press. (In Persian).
Panahi-Kordlagharaki, K., Mortazavibak, A., Pashnam, R. & Salehi, M. (2010). Response of two
potato cultivar to zinc, manganese, manure and different irrigation regimes. In: Proceedings of 5t
National Congress on New Concepts in Agriculture, 16-17 Feb., Khoorasgan Azad University,
Khoorasgan, Iran, pp. 11-14. (In Persian).

Saeidi, M., Tobeh, A., Raei, Y., Roohi, A., Jamaati-e-Somarin, S. & Hassanzadeh, M. (2009).
Evaluation of tuber size and nitrogen fertilizer on nitrogen uptake and nitrate accumulation in potato
tuber. Research Journal of Environmental Science, 3,278-284.

Salo-vaananen, P. P. & Koivistoinen, P. E. (1996). Determination of protein in foods: comparison of
net protein and crude protein (Nx6.25) values. Food Chemistry, 57,27-31.

Sharma, U. C. & Arora, B. R. (1987). Effect of nitrogen, phosphorus and potassium application on
yield of potato tubers (Solatium tuberosum L.). The Journal of Agricultural Science, 108, 321-329.
Simmonds, N. W. (1977). Relations between specific gravity, dry matter content and starch content of
potatoes. Potato Research, 20,137-140.

Singh, M., Kumar, A., Tripathi, S. K., Kumar, S. & Singh, A. K. (2018). Effect of foliar application of
zinc and manganese on growth parameters and yield of potato (Solanum tuberosum L.). International
Journal of Current Microbiology and Applied Sciences, 7, 1390-1394.

Skandari, H. (2015). Evaluation of growth and tuber yield of potato (Solanum tuberosum L.) as affected
by manure and zinc foliar application. Research in Field Crops, 3, 70-82. (In Persian).

Sparrow, L. A. & Chapman, K. S. R. (2003). Effects of nitrogen fertiliser on potato (Solanum
tuberosum L., cv. Russet Burbank) in Tasmania. 1. Yield and quality. Australian Journal of
Experimental Agriculture, 43, 631 — 641.

Suge, H., Takahashi, H., Arita, S. & Takaki, H. (1986). Gibberellin relationships in zinc- deficient.
Plant and Cell Physiology, 27, 1005 -1012.

Tekalign, T. & Hammes, P. S. (2004). Response of potato growth under non-inductive condition to
paclobutrazol: shoot growth, cholorophyl content, net Photosynthesis, assimilate partitioning, tuber
yield, quality and dormancy. Plant growth Regulation, 43, 227-236.

Westermann, D. T. & Kleinkopf, G. E. (1985). Nitrogen requirements of potatoes. Agronomy Journaol,
77,616-621.

Westermann, D. T., Tindall, T. A., James, D. W. & Hurst R. L. (1994). Nitrogen and potassium
fertilization of potatoes: yield and specific gravity. American Potato Journal, 71, 417-431.

Zebarth, B. J., Leclerc, Y., Moreau, G. & Botha, E. 2004. Rate and timing of nitrogen fertilization of
Russet Burbank potato: Yield and processing quality. Canadian Journal of Plant Science, 84, 855-863.


mailto:Leigh.Sparrow@dpiwe.tas.gov.au

