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Abstract 
In order to evaluate the responses of potato genotypes to different irrigation treatments, an experiment was carried 

out as split-plot based on randomized complete block design with three replications at the Research Center of 

Ardabil Agricultural and Natural Resources, Ardabil, Iran during 2013 and 2014. Irrigation treatments were assigned 

to main plots and three Potato genotypes were allocated to the sub plots. Three furrow irrigation regimes was as 

main plots (I1=full irrigation, I2= 0.8 I1 and I3= 0.6 I1), three Potato genotypes as subplots (B1= Clone 82-10, B2= 

Clone 97-2 and B3= Agria cultivar). The potato genotypes traits such as tuber yield, chlorophyll (a), chlorophyll (b), 

chlorophyll (a+b), carrotenoid, leaf area and leaf dry weight were assessed under both well-watered and deficit 

irrigation conditions. Results showed that irrigation treatments affected significantly all traits at 1% probability 

level. The highest tuber yield obtained in full irrigation and limited irrigation reduced significantly plant tuber yield 

to 10.7 and 46.3 percent in 0.8I1 and 0.6I1 respectively. Clone 97-2 gave the highest tuber yield, chlorophyll, 

carrotenoid content, leaf area and leaf dry weight. The highest tuber yield obtained by full irrigation with 97-2 clone. 
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1- Introduction 

 

Potato (Solanum tuberosum L.) is one of the most important vegetable crops in Iran and in 

the world. Potato is the world’s fourth largest food crop, after wheat, maize and rice and it is one 

of the main crops in Iran where its production is about 5.6 million tons, harvested from 186000 

ha. Total world potato production is estimated at 364 million tones. Iran is the 12th potato 

producer in the world and the third biggest producer in Asia, after China and India [8]. Potato 

has a relatively shallow root zone and a lower tolerance for water stress than most other crops. 

Therefore Potato is sensitive to water deficit in soil and precise irrigation management is 

necessary to obtain optimum yield and quality. Because of potato susceptibility to water deficit 

[1, 10] preparing sufficient water is very important for increasing potato quality and quantity and 

it is possible to increase production levels by well-scheduled irrigation programs throughout the 

growing season [2, 5, 7, 9, 14, 16]. Early studies have shown that water deficit is a very 

important limiting factor for potato production, which reduced tuber quality and yield. Potato 

needs frequent-irrigation for a good growth and yield. Optimum yield is obtained when the 

utilizable water in soil is not over 30-50%. If it drops below 50% the available utilizable 

moisture, yield may decrease. While the potato is considerably affected by water deficiency 

during germination, tuber formation and tuber bulking periods, it is less sensitive to water during 

ripening and early vegetative periods. There was a positive linear relationship between the 

amount of irrigation water and the tuber diameter, tuber weight, tuber size, number of tubers per 

plant, number of stems per plant, marketable tuber ratio, tuber peel ratio and plant height but a 
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negative linear relationship found between the amount of irrigation and tuber dry matter and 

tuber starch ratio [1]. Water deficit decreased number of leaves, leaf area, plant height, tuber 

number, growth and yield, canopy radiation interception, harvest index, root, leaf weight, root 

number, root dry weight and tuber yield [3, 10]. The extent of the damage to tuber yield and 

quality will depend upon the severity, timing, and duration of water stress during the growing 

season. Several studies have shown that water stress during the tuber set and early bulking 

growth stages causes the greatest reductions in tuber yield and quality relative to other growth 

stages. Potato varieties vary widely in maturity and in ability to withstand water stress. Planting 

an early maturing variety can help a grower avoid crop damage resulting from a late-season loss 

of water supply [18]. This study was conducted to evaluate the different potato genotypes 

responses to water deficit to introduce the cultivar for the regions with water deficit.  

 

 

2- Materials and Methods 

 

This research was conducted in Research Center of Ardabil Agricultural and Natural 

Resources where located in the north-west of Iran in two consecutive spring seasons, 2013 and 

2014 to determine the effects of three irrigation regimes and three potato cultivars on potato 

quality and yield under Ardabil conditions. Mean 30-year rainfall average is 275 mm and 14.6°C 

temperature. Fertilizer applications were based on soil test data, including 60 kg ha-1 N and 50 kg 

ha-1 P2O5 was utilized. Herbicides and insecticides were applied to each plot when necessary. 

The preceding crop was wheat last year. The experiment was carried out in a split plot 

arrangement based on complete block design, with three replications. Three furrow irrigation 

regimes was as main plots (I1=full irrigation, I2= 0.8 I1 and I3= 0.6 I1), three Potato genotypes as 

subplots (B1= Clone 82-10, B2= Clone 97-2 and B3= Agria cultivar). Agria cultivar is a common 

genotype in Ardabil region and other studied genotypes have not been identified as cultivar and 

research programs are continuing. Water requirement was supplied by a counter which set in the 

field. Traits such as tuber yield, leaf area, leaf dry weight, chlorophyll (a), chlorophyll (b), 

chlorophyll (a.b), and carrotenoid were measured. All data were subjected to analysis of variance 

(ANOVA) for each character using MSTAT-C [version 2.1-Michigan State University 1991]. 

The significance of irrigation treatments were compared by the least significant differences test 

was applied to compare means of each trait at the 0.05 and 0.01 probability levels. 

 

 

3- Results 

 

According to the results, irrigation treatments affected significantly all traits at 1% 

probability level. There were significant differences between two years in tuber yield, 

chlorophyll (a), chlorophyll (ab) and carrotenoid. Genotypes had significant effect on tuber yield, 

economic yield, stem dry weight, chlorophyll (a), chlorophyll (ab) and starch percent. Leaf area 

and chlorophyll (b) only affected by irrigation and no significant difference observed by 

genotypes or interactions. No significant differences observed among genotypes in L.A, L.D.W, 

chlorophyll (b), carrotenoid and agronomic yield.  
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4- Discussions 

 

Tuber yield per plant, economic yield, agronomic yield, leaf area, leaf dry weight, stem dry 

weight, chlorophyll (a), chlorophyll (b), chlorophyll (ab), carrotenoid and starch percent 

monitored during both years for each treatment and means listed in table 3. Tuber yield and 

economic yield (marketable tubers) reduced 21.6 and 14.4 percent in 2014 respectively. Due to 

lower rainfall (44 percent reduction) and higher temperature in 2014, tuber yield, economic 

yield, starch percent, chlorophyll (a), chlorophyll (ab), carrotenoid and stem dry weight 

decreased significantly compared with 2013 (table 1). Therefore climate changes must be 

consider as important factor in order to obtain stability of yield. Irrigation regimes had 

significant effect on tuber yield for both years. The highest tuber yield obtained in full irrigation 

and it reduced significantly 10.7 and 46.3 percent in 0.8 and 0.6 full irrigation respectively. 

Followed by tuber yield, economic and agronomic yield had same trend, also. Ayas and Korukcu 

(2010) found that deficit irrigation (0.5 full irrigation) reduced tuber yield from 33.64 to 11.51 

t/ha (195 percent) compared with full irrigation. They resulted that water stress is suitable at 

ripening stage without yield losses. While Erdem et al. (2006) reported that the highest tuber 

yield was obtained when 30% of the available water was consumed. Eskandari et al. (2011) 

reported that agria cultivar can tolerate water deficit (0.7 full irrigaion) without yield losses 

before tuber initiation. Losses in potato yield in response to limited irrigation were in agreement 

with Ayas and Korukcu (2010), Donnelly et al. (2003), Eldredge et al. (1992), Stark and 

McCann (1992), Hassanpanah (2009) and Maralian et al. (2014). Other researchers have also 

reported that tuber yield increase with irrigation applications (Kashyap and Panda, 2003; Yuan et 

al., 2003; Kang et al., 2004). Irrigation treatments had significant effect on leaf area and water 

stress reduced leaf area up to 38 percent and the highest leaf are was registered for the full 

irrigated treatment (I1). Moderate and severe water stress reduced leaf area 18 and 38 percent 

respectively.  

Although moderate stress (0.8I1) decreased significantly potato yield, moderate stress did 

not affect significantly chlorophyll and carrotenoid. There was same trend in response of 

chlorophyll (a), chlorophyll (b), chlorophyll (ab) and carrotenoid to irrigation regimes but severe 

stress decreased above traits 24, 43, 29 and 22 percent respectively. Moderate and severe stress 

decreased leaf dry weight 8 and 30 percent respectively. Clone 97-2 had the highest tuber yield 

and economic yield among genotypes. There was no significant difference between 97-2 and 82-

10 genotypes for tuber yield, starch percent and stem dry weight (table 1). Potato genotypes 

significantly differ in tolerance to water deficit and clone 97-2 had the highest tuber yield (table 

1). Jefferies (1993) reported that potato genotypes have different tolerance to water stress. 
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Table 1. Comparison of means affected by irrigation and genotype in two years (simple effect) 

   
LA 

(Cm2) 

Leaf 

dry 

weigh 

(gr) 

Stem 

dry 

weigh 

(gr) 

Chlrophyll(a) 

(mg/g.f.w) 

Chlrophyll(b) 

(mg/g.f.w) 

Chlrophyll(a+b) 

(mg/g.f.w) 

Carrotenoid 

(mg/g.f.w) 

Starch 

(%) 

Agro. 

Yield 

Eco. 

Yield 

Tuber 

Yield 

(g) 

Y
ear 

2013 4880 A 52.86 A 58.6 A 0.869 A 0.296 B 1.164 A 0.441 A 17.9 A 419.0 A 571.3 A 746.6 A 

2014 4815 A 53.08 A 53.1 B 0.837 B 0.299 A 1.136 B 0.415 B 16.9 B 403.7 A 489.5 B 613.9 B 

Irrig
atio

n
 

Full irrigation(I1) 5995 A 60.60 A 69.3 A 0.928 A 0.359 A 1.287 A 0.454 A 16.6  C 540.7 A 714.9 A 789.2 A 

0.8I1 4863 B 55.73 B 56.6 B 0.927 A 0.329 A 1.255 A 0.477 A 17.1 B 386.8 B 563.2 B 712.9 B 

0.6 I1 3685 C 42.57 C 41.6 C 0.704 B 0.203 B 0.908 B 0.352 B 18.5 A 306.5 C 313.1 C 538.6 C 

 
 

   
    

    

G
en

o
ty

p
e 

82-10 (B1) 4972 A 54.00 A 57.4 A 0.832 B 0.290 A 1.122 B 0.426 A 
17.7 A 411.5 A 533.5 

AB 
687.3 A 

97-2 (B2) 4756 A 53.34 A 57.2 A 0.870 A 0.297 A 1.167 A 0.431 A 
17.5 A 427.2 A 

558.9 A 717.8 A 

Agria (B3) 4815 A 51.57 A 52.9 B 0.856 AB 0.305 A 1.161 A 0.427 A 16.9 B 398.3 A 498.8 B 635.7 B 

Numbers in the columns followed by the same letters are not significantly different at P < 0.01 or 0.05. 

 

Table 2: Interaction effect of irrigation × genotypes on Chlorophyll (a) and potato yield. 
 A1B1 A1B2 A1B3 A2B1 A2B2 A2B3 A3B1 A3B2 A3B3 

Chlorophyll(a) 0.904 A 0.939 A 0.939 A 0.931 A 0.939 A 0.911 A 0.662 C 0.733 B 0.717 B 

Starch (%) 16.7 D 16.7 D 16.4 D 17.4 BC 17.0 BCD 16.8 CD 19.1 A 18.7 A 17.6 B 

Eco. Yield 722.4 B 769.3 A 653.0 C 547.1 D 587.4 D 555.1 D 330.9 E 319.9 E 288.4 E 

Tuber yield 799.4 AB 842.6 A 725.7 CD 695.5 D 757.8 BC 685.5 D 567.0 E 553.1 E 495.8 F 

Numbers in the rows followed by the same letters are not significantly different at P < 0.01 or 0.05



 

5 

 

References 

 
1. Ayas, S., and  Korukcu, A. (2010). Water-yield relationships in deficit irrigated Potato. Journal of Agricultural 

Faculty of Uludag University, 24(2), 23-36. 

2. Deblonde, P. M. K., and Ledent, J. F. (2001). Effects of moderate drought conditions on green leaf number, stem 

height, leaf length and tuber yield of potato cultivars. European Journal of Agronomy 14, 31-41. 

3. Donnelly, D. J., Coleman, W. K. and Coleman, S. E. (2003). Potato micro tuber production and performance: A 

review. Am. J. Potato Res., 80, 103-115. 

4. Eldredge, E. P., Shock, C. C., and Stieber, T. D. (1992). Plot sprinklers for irrigation research.  Agronomy 

Journal 84, 1081-1084. 

5. Erdem, T., Erdem, Y., Orta, H.,and Okursoy, H. (2006). Water-yield relationships of potato under different 

irrigation methods and regimens. Sci. Agric. 63 (3), 226-231. 

6. Eskandari, A.,  Khazaie, H. R., Nezami, A., and Kafi, M. (2011). Study the Effects of irrigation regimes on yield 

and some qualitative characteristics of three cultivars of potato (Solanum tuberosum L.). Journal of Water and 

Soil 25 (2), 240-247. 

7. Faberio, C., Olalla, F. M. S., and Juan, J. A. (2001). Yield size of deficit irrigated potatoes. Agriculture and 

Water Management 48, 255-266. 

8. FAO. (2014). FAOSTAT. 2008. Agricultural Data. Food and Agricultural Organization of the United Nations, 

Rome. Online at. http://faostat.fao.org/. 

9. Ferreira, T. C., and Carr, M. K. V. (2002). Response of potatoes (Solanum tuberosum L.) to irrigation and 

nitrogen in a hot, dry climate: I. Water use. Field Crops Research 78, 51-64. 

10. Hassanpanah, D. (2009). Effects of water deficit and potassium humate on tuber yield and yield component of 

potato cultivars in Ardabil Region, Iran. Res. J. Environ. Sci. 3, 351-356. 

11. Hassanpanah, D., Gurbanov, E., Gadimov, A., and Shahriari. R. (2008). Determination of yield stability in 

advanced potato cultivars as affected by water deficit and potassium humate in Ardabil region, Iran. Pak. J. Biol. 

Sci. 15, 1354-1359. 

12. Jefferies, R. A. (1993). Responses of potato genotypes to drought. I. Expansion of individual leaves and osmotic 

adjustment. Ann. Appl. Biol. 122, 93-104. 

13. Kang, Y., Wang, F. X., Liu, H. J., and Yuan, B. Z. (2004).Potato evapotranspiration and yield under different 

drip irrigation regimes. Irrigation Science, v.23, 133-143. 

14. Kashyap, P. S., and Panda, R. K. (2003). Effect of irrigation scheduling on potato crop parameters under water 

stressed conditions. Agriculture and Water Management 59, 49-66. 

15. Maralian, H., Nasrollahzadeh, S., Raiyi, Y. and Hassanpanah, D. (2014). Responses of Potato genotypes to 

limited irrigation. International Journal of Agronomy and Agricultural Research, Vol. 5, No. 5, p. 13-19. 

16. Onder, S., Caliskan, M. E., Onder, D., and Caliskan, S. (2005). Different irrigation methods and water stress 

effects on potato yield and yield components. Agriculture and Water Management 73, 73-86. 

17. Stark, J., King, B., and Love, S. (2006). Managing a potato crop with reduced water supplies. Presented at the 

Idaho Potato Conference on January 18. 

18. Stark, J., and Mc Cann, I. R. (1992). Optimal allocation of limited water supplies for Russet Burbank potatoes. 

American Potato Journal 69, 413-421. 

19. Yuan, B. Z., Nishiyama, S., and Kang, Y. (2003). Effects of different irrigation regimes on the growth and yield 

of drip-irrigated potato. Agriculture and Water Management, 63, 153-167. 

http://faostat.fao.org/

