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Introduction

Potato ranks the first with respect to the amount of energy production per unit area. It is
cultivated in about 19.5 million hectares throughout the world and its annual production is about 375
million tons. Iran ranks the third in Asia and 12th in the world in potato production and produces
around 4.5 million tons of potato annually. Potato is a sensitive crop to water deficiency and its water
requirement is higher compared to many other crops. Due to ever decreasing of water available for
agriculture sector and reduced precipitations in recent years deficit irrigation, which results to more
efficient use of available water, can be considered as a clever water management strategy in potato
production. In this study the effect of deficit irrigation on water use efficiency (WUE) and percent
tuber dry matter of 10 potato cultivars were investigated to identify the best performed cultivar (s)
under this condition.

Materials and Methods

A two years study was conducted in a split plot experiment based on complete block design with
three replications in Ardabil in 2013 and 2014. The main plot was three levels of irrigation (complete
irrigation and irrigation with 80% and 60% of required water) and the subplot consisted of 10 potato
cultivars including: Khavaran, Savalan, Luca, Satina, Santae, Marfona, Ceasar, Agria, Aula and
Draga. Each plot consisted of 6 rows of 45 m long (27 m?. Required water conveyed to the plots
through tape line equipped with a measurer gauge. At harvest 7.5 m? of each plot (excluding the
borders) was hand harvested and transferred to the laboratory, where marketable tubers (tubers with
at least 35 mm or more in size) were separated and weighted and data were transformed to ton.ha™.
To determine percent dry matter of tubers, a 300 g tuber sample was taken from each plot, chopped
to one cm pieces and oven dried at 75°C for 48 hours until a constant weight was obtained and then
the dry matter was measured.

Results and Discussion

The analysis of variance result of WUE revealed that there were significant differences between
years, irrigation treatments and cultivars. Also, the interactions of irrigation x year and irrigation x
cultivar were significant. Water use efficiency were higher in both mild and severe water deficit
conditions compared to complete irrigation and there were significant differences among potato
cultivars in all three irrigation regimes. Under severe water deficit condition the highest and the
lowest WUE were found in cultivars Satina and Marfona respectively (5.88 and 2.24 kg.m®) and the
lowest and the highest percent reduction of WUE were also observed in cultivars Satrina (+50%) and
Marfona (-29%), respectively. The effect of water treatment on percent tuber dry matter was not
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significant. However, significant differences were observed among the potato cultivars in this regard.
The highest and the lowest mean percent tuber dry matter were observed in cultivars Savalan
(23.6%) and Draga (18%), respectively.

Conclusion

Based on the results obtained in this study it can be concluded that deficit irrigation results in
increased WUE especially in cultivar Satina, but has no effect on percent tuber dry matter. Therefore,
in regions with severe water limitation cultivar Satina, that has the highest WUE, can be
recommended. In regions where enough water is available and higher dry matter is demanded
specially by processing industries cultivar Savalan is recommended based on its higher dry matter.
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Table 1- Weather data for potato growing season during two year (2013 and 2014)

olo s Slolls  Sab o g les
(Month) Evaporation (mm)  Sunshine hours  Rainfall (mm) Relative humidity Temperature (°C)
1392 1393 1392 1393 1392 1393 1392 1393 1392 1393
(May)  cusged) 150.3 173.0 2470 2519 481 354 66.0 60.5 11.2 15.3
(June) RINJeS 168.5 203.3 280.1 2835 573 245 67.0 61.0 16.1 17.8
(July) I 2145 238.1 3469 2874 070 122 63.7 67.0 175 194
(August) ol yo 182.6 302.8 2539 3358 160 0.40 71.0 51.0 17.3 19.8
(September) ,u 05 200.4 231.6 2750 2744 640 0.60 68.0 65.0 18.3 18.8
(Total) &> 9163 1148.8 14029 1433 1285 731 - - - -
(Average) ke - - - - - - 67.1 60.9 16.1 18.2
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Table 2- Sources of variation, degrees of freedom and mean of squares of marketable tuber yields, water use efficiency and
tuber dry matter of potato cultivars under water stress
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Table 3- Mean comparison of water use efficiency of 10 potato cultivars under water stress
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Table 4- Comparison of the means of percent tuber dry matter of potato cultivars

Gl Yl LST LRl Ugdyb

Wl By ¥l gl el

180h 21.0df 213cd 202f 19.0g 21.1cd 205fe 21.6bc 23.6a 221b* (Slke

)l syl ine OS]ty gty Jleis! grdans 3 (S5 (yg0il ol g sy yp p ailiie gy b (slapSile *
In each column the means with similar letters are not significantly different at the 5% level

3j9 (e pLB)] (39 Ggliie b g (ale sy inlej]
oladss plodl peil odiad lis § Ml o Cldiiss (pl 5o adllas
ol ol )3 Jpalr g 58

Jsaze oal (o9l Hlai jloRgds (ejum Suid B3le a0
Bale duoyd 03lsl b g 0yl (o0l Cenl (5)9l,8 mlis lawg
3 > g o 2 230 iy Jpea Sy St
Eyo9e (od 9 Mo Bpas & o) (SykeS Hle ez A g
Ay 9 39D e (s BAUS (£)9l)8 B IS dgw uljdl esly
J?—“"’“’ KU Vv TV BA;.SLS)9|)§ dLMJB)lf J,,b COaod
50 ) AR o i gyt led YU s oo ao oy b
Ay jl pier 5y gime yebas (Vg o8) Suid B3le dod yl>
DL 48’ (Blge )3 398 00 dpog nlply 29 () 390 pB)]
25 )l

L

9 wﬁ)ﬁ JAL‘? blE .),S.Lo& Ll )I L»Lu 9.9) ).«ol> 9».0.7!.5“ 5 2
gl 300 Byl 1 ey (6yluleS i bald > Ol Bpae L)
Jol 405y Lo ¥lglas o) 0k S o3l Juoy> ki 51 Jg i

03

References

03Lo 103 (55 S)lelnS U 5y e 3 & llllas 5
45 4005 podee 85 plonl (isjia (ol iy 038 S
5o e L okl Jloss 5 018 Sts o0lo dopd lne (i
Ghadami Firouzabadi and ) 340 Jeols 5l )90 0wy
Eskandari ) -, o (¢ u8! 500 &b I (Parvizi, 2010
28,3 o Wy plosl e jd &7 Slaidow jo (et al., 2011a
od & S odle do)d p (615 dme il BSan (g ileS &S
A po 00 Suis odle oy s 5l Jg @)l us i pB))
29 Cild 392 (6l e gl adlllas 3)90 (e jiu o,
|y ode SLits odle Aoy cpyiiies Lyoll o3y < JolS bl Lagl s
Ayas and Korukcu, ) 954,68 ¢ 5L1 , 505 By b 10,8 algs
3y50 o Ol b oae Sid oalo doyd oy &S M0l lis (2010
5 Loyld (g )l 32 ot 5 e (Stuar (5] 53 o3litu]
4Sa8 S Ao liwgdin > (Sharma et al., 2014) Ko
2l ol 13U o (daejiam 00é Suid o3lo doyd (g WileS
g NSl slaail b aiej oplyd pols Slidss I osel Cunday
ohLSen 5 oyl 4 (Eskandari et al., 201l1a) .|l e
9 ;L] olidss s b Jg o3¢ gumen (Sharma et al., 2014)
9 63Uljgp 0a 5 9 (Ayas and Korukcu, 2010) gSg,s8
» (Ghadami Firouzabadi and Parvizi, 2010) ;o5

il oSB Lposldl Lyl Ylois] (a8l o) L il e 28l

1. Akhavan, S., Mousavi, F., Mostsfazadehfard, M., and Ghadami Firouzabadi, A. 2007. Furrow and tape irrigation
effects on potato yield and water use efficiency. Agriculture and Natural Resources Sciences and Technologies 11



AR

w3 91 B a0 2 TH15 50 Slos 0ud it o0lo wo ) 1 (3l oS 5 )50 5 (5595

wn

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

(41): 16-26. (in Persian with English abstract).

Alizadeh, A. 2010. Relations between Water, Soil and Plant. Astane Ghodse Razavi Press. (in Persian).

Allen, E. J., and Scott, R. K. 1992. Principles of agronomy and their application in the potato industry. PP 816-
882. in: P. Harris ed. Potato Crop. Chapman and Hall Ltd, London. DOI: 10.1007/978-94-011-2340-2_17.

Allen, R., Pereira, L. A., Raes, D., and Smith, M. 1998. Crop evapotranspiration guidelines for computing crop
water requirements. FAOQ Irrigation and Drainage, Paper No. 56. FAO, Rome, Italy.

Alva, A. K., Moore, A. D and Collins, H. P. 2012. Impact of deficit irrigation on tuber yield and quality of potato
cultivars. Journal of Crop Improvement 26: 211-227. https://doi.org/10.1080/15427528.2011.626891.

Ati, A. S,, lyada, A. D., and Najim, S. M. 2012. Water use efficiency of potato (Solanum tuberosum L.) under
different irrigation methods and potassium fertilizer rates. Annals of Agricultural Science 57: 99-103.
https://doi.org/10.1016/j.a0as.2012.08.002.

Ayas, S., Korukcu, A., 2010. Water-yield relationships in deficit irrigated potato. Journal of Faculty of
Agriculture, Uludang University 24: 23-36.

Badr, M. A. EI-Tohamy, W. A. and Zaghloul, A. M. 2012. Yield and water use efficiency of potato grown under
different irrigation and nitrogen levels in an arid region. Agricultural water Management 110: 9-15.
https://doi.org/10.1016/j.agwat.2012.03.008.

Baghani, J. 2009. Effect of planting pattern and water quantity on potato cultivation with drip irrigation in
Mashhad. Journal of Water and Soil 23 (1): 153-159. (in Persian with English abstract).

Bahramloo, R., Nasseri, A., 2010. Effect of deficit irrigation on yield and water use efficiency of potato cultivar
Sante. Iranian Journal of Irrigation and Drainage 1 (4): 90-98. (in Persian with English abstract).

Beukema, H. P., and van der Zaag, D. E. 1990. Introduction to Potato Production. PUDOC. Wageningen, the
Netherlands.

Cabello, R., Monneveux, P., De Mendiburu, F., and Bonierbale, M. 2012. Comparison of yield based drought
tolerance indices in improved varieties, genetic stocks and landraces of potato (Solanum tuberosum L.). Euphytica
193: 147-156.https://doi.org/10.1007/s10681-013-0887-1.

Cantore, V., Wassar, F., Yamac, S. S., Sellami, M. H., Albrizio, R., Stellacci, A. M., and Todorovic, M. 2014.
Yield and water use efficiency of early potato grown under different irrigation regimes. International Journal of
Plant Production 8: 409-428.

De Wit, C. T. 1958. Transpiration and crop yields modeling. Institute voor Biologisch en Scheikundig, Onderzoek
van Landbou Wgewassen, Wageningen No.59.

Doorenbos, J., and Pruitt, W. O. 1977. Guidelines for predicting crop water requirement. FAO Irrigation and
Drainage Paper No. 24, FAO, Rome, Italy.

Erdem, T., Erdem, Y., Orta, H., and Okursoy, H. 2006. Water yield relationship of potato under different irrigation
methods and regimes. Scientific Agriculture 63: 226-231.

Eskandari, A., Khazaie, H. R., Nezami, A., and Kafi, M. 2011a. Study the effects of irrigation regimes on
physiological characteristics of three cultivars of potato (Solanum tuberosum L.). Journal of Water and Soil 25 (2):
240-247. (in Persian with English abstract).

Eskandari, A., Khazaie, H. R., Nezami, A., Kafi, M., and Majdabadi, A., 2011b. Study the effects of irrigation
regimes on physiological characteristics, yield and water use efficiency of potato (Solanum tuberosum L.) in
Mashhad climate. Journal of Horticulture Sciences 25 (2): 201-210. (in Persian with English abstract).

Fabeiro, C., Martin de Santa Olalla, F., and de Juan, J. A. 2001. Yield and size of deficit irrigated potatoes.
Agricultural water Management 46: 255-266. https://doi.org/10.1016/S0378-3774(00)00129-3.

Ferreira, T. C., and Goncalves, D. A. 2007. Crop-yield/water-use production functions of potato (Solanum
tuberosum L.) grown under differential nitrogen treatments in a hot, dry climate. Agricultural Water Management
90: 45-55. https://doi.org/10.1016/j.agwat.2007.02.012.

FAO Statistical Database. Agriculture statistics. 2015. Retrived on 14 November 2015 from: http://URL: faostat,
fao.org/faostat.

Foti, S., Mauromicale, G., and Irna, A. 1995. Influence of irrigation regimes on growth and yield of potato cultivar
Spunta. Potato Research 38: 307-318. https://doi.org/10.1007/BF02357733.

Fulai, L., Shahnazari, A., Anderson, M. N., Jacobsen, S. E. and Jensen, C. R. 2006. Effects of deficit irrigation and
partial root drying on gas exchange, biomass partitioning and water use efficiency in potato. Scientific Horticulture
109: 113-117. https://doi.org/10.1016/j.scienta.2006.04.004.

Ghadami Firouzabadi, A., Parvizi, Kh. 2010. The effect of deficit irrigation on yield and water use efficiency of
new clones of potato in drip tape irrigation. Journal of Water Research in Agriculture 24: 133-144. (in Persian with
English abstract).

Hassan, A. A., Sarkar, A. A., Ali, M. H., and Karim, N. N. 2002. Effect of deficit irrigation at different growth
stages on the yield of potato. Pakistan Journal of Biological Science 5: 128-134.

Hassanpanah, D. 2010. Evaluation of potato advanced cultivars against water deficit stress under in vitro and in
vivo conditions. Biotechnology 9: 164-169.


https://link.springer.com/chapter/10.1007/978-94-011-2340-2_17
https://doi.org/10.1080/15427528.2011.626891
https://doi.org/10.1016/j.aoas.2012.08.002
https://doi.org/10.1016/j.agwat.2012.03.008
http://link.springer.com/search?facet-author=%22P.+Monneveux%22
http://link.springer.com/journal/10681
https://doi.org/10.1007/s10681-013-0887-1
https://doi.org/10.1016/S0378-3774(00)00129-3
https://doi.org/10.1016/j.agwat.2007.02.012
https://doi.org/10.1007/BF02357733
https://doi.org/10.1016/j.scienta.2006.04.004

\i'\)l{gc\ b)wcr’ 41?‘0‘)";;")}«5%9)"‘:’% \Y

217.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45,

46.

47.

48.

49,

50.

51.

Hassanpanah, D., Nikshad, K., and Hassani, M. 2008. Potato tuber production. Jahade Keshavarzi Ardabil.
Extention Bulletin No. 34. (in Persian).

Haverkort, A. J., and Mackerron, D. K. L. 1995. Potato Ecology and Modeling of Crops Under Conditions
Limiting Growth. Kluwer Academic Publishers, Dordrecht.

Haverkort, A. J., van de Waart, M., and Bodaeader, K. B. A. 1990. The effect of early drought stress on numbers
of tubers and stolones of potato in controlled and field conditions. Potato Research 33: 89-96.
https://doi.org/10.1007/BF02358133.

Heydari Pour, R., Nassiri Mahallati, M., Koocheki, A., and Zare Feize Abadi, A. 2014. The effect of different
levels of irrigation and nitrogen fertilizer on productivity and efficiency in corn (Zea mays L.), sugar beet (Beta
vulgaris L.) and sesame (Sesamum indicum L.). Journal of Agroecology 2: 187-198. (in Persian with English
abstract).

Heydari, N. 2011. Determination and evaluation of water use efficiency of some major crops under farmers
management in Iran. Journal of Water and Irrigation Management 2: 43-57. (in Persian with English abstract).
Iwama, K., and Yamaguchi, J. 2006. Abiotic stresses. PP 231-278 in: S. M. Gopal and P. Khurana, eds, Handbook
of Potato Production, Improvement and Post-Harvest Management. Food Production, New York.

Kafi, M., Borzoee, A., Salehi, M., Kamandi, A., Masoumi, A., and Nabati, J. 2012 (2"%d.). Physiology of
Environmental Stresses in Plants. Jahad-e- Daneshgahi Press. Mashhad. (in Persian).

Kashyap, P. S., and Panda, R. K. 2001. Evaluation of evapotranspiration estimation methods and development of
crop-coefficient for potato crop in a sub-humid region. Agricultural Water Management 50: 9-25.
https://doi.org/10.1016/S0378-3774(01)00102-0.

Mackerron, D. K. L., and Jefferies, R. A. 1986. The influence of early soil moisture stress on tuber numbers in
potato. Potato Research 29: 299-312. https://doi.org/10.1007/BF02359959.

Mackerron, D. K. L., and Jefferies, R. A. 1994. Seasonal and ontogenetic changes in water use efficiency in potato
as indicated by isotope discrimination. Aspects of Applied Biology 38: 101-111.

Miller, D. E., and Martin, M. W. 1987. The effect of irrigation regime and subsoiling on yield and quality of three
potato cultivars. American Potato Journal 64: 17-26. https://doi.org/10.1007/BF02853226.

Minhas, J. S., and Bansal, K. C. 1991. Tuber yield in relation to water stress at different stages of growth in potato.
Journal of Indian Potato 18: 1-8.

Ministry of Agricultural Jahad, 2014. Crops and Livestock Statistics, 2013-2014. available at:
http://lwww.agrijahad.ir (in Persian).

Mortazavibak, A., Aminpour, R., and Mousavi, S. F. 2008. Effects of deficit irrigation at early growth stages on
yield of commercial potato cultivars. Iranian Journal of Horticulture Science and Technology 9 (1): 1-10. (in
Persian with English abstract).

Nagaz, K., Masmoudi, M. M., and Mechlia, N. B. 2007. Soil salinity and yield of drip—irrigated potato under
different irrigation regimes with saline water in arid conditions of Southern Tunisia. Journal of Agronomy 6 (2):
324-330.

Onder, S., Caliskan, M. E., Onder, D., and Caliskan, S. 2005. Different irrigation methods and water stress effects
on potato vyield and yield components.  Agricultural Water  Management 73:.  73-86.
https://doi.org/10.1016/j.agwat.2004.09.023.

Shahnazari, A., Ahmadia, S. H., Laerke, P. E., Liu, F., and Plauborg, F. 2008. Nitrogen dynamics in the soil-plant
system under deficit and partial root-zone drying irrigation strategies in potatoes. European Journal of Agronomy
28: 65-73. https://doi.org/10.1016/j.eja.2007.05.003.

Sharma, N., Rawal, S., Kadian, M. S., Arya, S., Bonierbale, M., and Singh, B. P. 2014. Evaluation of advanced
potato clones for drought tolerance in arid zone in Rajasthan, Indian Potato Journal 41: 189-195.

Shayan Nejad, M., and Moharrery, A. 2010. Effects of water stress on qualitative properties of wheat and potato in
Shahrekord. Iranian Journal of Water Research in Agriculture (Formerly Soil and Water Sciences) 24 (1): 65-71.
(in Persian with English abstract).

Shi, Sh., Fan, M., lwama, K., Li, F., Zhang, Z., and Jia, L. 2015. Physiological basis of drought tolerance in potato
grown under long-term water deficiency. International Journal of Plant Production 9: 305-320.

Sobhani, A. R., and Hamidi, H. 2013. Effects of water deficit stress and potassium on yield and water use
efficiency of potato by the source sprinkler irrigation. Environmental Stresses in Crop Sciences 6 (1):1-15 (in
Persian with English abstract). doi: 10.22077/escs.2013.133.

Ta, J., Kaushik, S. K., Minhas, J. S., and Bhardwaj, V. 2003. The Potato Breeding for Biotic and Abiotic Stress.
New Dehli, Mehta.

Unlu, M., Kanber, R., Senyigit, U., Onaran, H., and Diker, K. 2006. Trickle and sprinkler irrigation of potato
(Solanum tuberosum L.) in the Middle Anatolian Region in Turkey. Agricultural water Management 79: 43-71.
van Loon, C. D. 1981. The effect of water stress on potato growth, development and yield. American Potato
Journal 58: 51-69. https://doi.org/10.1007/BF02855380.

Wang, F., Kang, Y., Liu, S., and Hou, X. 2007. Effects of soil matric potential on potato growth under drip


https://doi.org/10.1007/BF02358133
https://doi.org/10.1016/S0378-3774(01)00102-0
https://doi.org/10.1007/BF02359959
https://doi.org/10.1007/BF02853226
https://doi.org/10.1016/j.agwat.2004.09.023
https://doi.org/10.1016/j.eja.2007.05.003
https://dx.doi.org/10.22077/escs.2013.133
https://doi.org/10.1007/BF02855380

VY

w3 91 B a0 2 TH15 50 Slos 0ud it o0lo wo ) 1 (3l oS 5 )50 5 (5595

52.

53.

54.

55.

irrigation  in the  North  China  Plain.  Agricultural ~ Water ~ Management  88:  34-42.
https://doi.org/10.1016/j.agwat.2006.08.006.

Wright, J. L., and Stark, J. C. 1990. Potato. PP 211-247 in: B. A. Stewart, and D. R. Neilsen eds. Irrigation of
Agricultural Crops. Agronomy Monograph No.30. Madison, Wisconsin, USA.

Yarnia, M., Khorshidi, M. B., Nasseri, A., and Hassanpanah, D. 2011. Drought stress effects in different growth
stages on potato cultivars. In Conference on Ecology, Microbiology and Biotechnology Problems, Baku,
Azerbaijan Republic 7: 384-392.

Yuan, B-Z., Nishiyama, S., and Kang, Y. 2003. Effect of different drip irrigation regimes on the growth and yield
of drip-irrigated potato. Agricultural Water Management 63: 153-167. https://doi.org/10.1016/S0378-
3774(03)00174-4.

Zhang, H., Wang, X., You, M., and Liu, C. 1999. Water yield relations and water use efficiency of winter wheat in
North China Plain. Irrigation Science 19: 37-45. https://doi.org/10.1007/s002710050069.


https://doi.org/10.1016/j.agwat.2006.08.006
https://doi.org/10.1016/S0378-3774(03)00174-4
https://doi.org/10.1016/S0378-3774(03)00174-4
https://doi.org/10.1007/s002710050069

