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Extended Abstract
Introduction

Water deficit is a common stress in potato production that leads to a decrease in tuber quality and
yield. Potato plants are sensitive to water deficit stress, and sufficient water availability is essential to
increase the quality and quantity of potato tubers, so the aim of this study was to achieve superior cultivars
in terms of agronomic traits, marketability, adaptation to regional climatic conditions, and water deficit
stress tolerance, and to determine water use efficiency in potato cultivars under low irrigation conditions in
Ardabil region.
Methodology

In order to evaluate a number of superior potato cultivars, an experiment was conducted in 2024 and
2025 at the National Potato Research Station farm located in Ardabil. A total of 16 high-yielding genotypes
and cultivars with different uses (Chips, French fries, Starch and Fresh consumption) were investigated in
this experiment. The experiment was split-block based on a randomized complete block design with three
replications. The horizontal plot included three irrigation levels (100, 80, and 60 percent of crop water
requirement) and the vertical plot included 16 potato genotypes and cultivars. The tubers were planted in
rows with 75 cm spacing and 25 ¢cm plant spacing, and a planting depth of 10 cm. The irrigation method
was drip (tape) and according to the schedule based on the desired treatments. The amount of water
entering each experimental plot was measured with a water meter. The water deficit stress tolerance index
(STi) was calculated in potato cultivars .

Results

The results of the analysis of variance of the studied traits showed that there were significant
differences between the levels of water deficit stress, genotypes, the interaction of genotypes and year.
Also, the interaction of water deficit stress and genotypes, and the three-way interaction of water deficit
stress, genotypes and year in terms of the traits of tuber yield, tuber weight per plant, and water use
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efficiency, and between the levels of water deficit stress, genotypes were significant. The highest tuber
yield, tuber weight per plant, and water use efficiency under normal, mild stress, and severe stress
conditions were found in genotypes 1043, Eurostarch, and Javid. The decrease in tuber yield under mild
stress conditions was 12 percent and 28 percent under severe stress conditions.
Conclusion

Water deficit stress tolerant cultivars had fewer tubers but larger tuber sizes. Tuber dry matter
percentage and water use efficiency increased in water deficit tolerant cultivars under mild and severe
stress conditions. Based on the stress tolerance index (STi), G1043 genotype, Eurostar, and Javid cultivars
were selected as tolerant genotypes to mild and severe stress .
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Figure 1- Potato experimental farm with drip irrigation (tape)

o wd Sl b Gosere were
(o= /Yo
H(WP) &T (5530 34 a5 L

WP =Y / (Wirr + Pe) %)
Slade Wirr « (LS j0 p,56LS) civojoums 9,5es 1Y
Pe 5 (LS o caSoyie) ool Je! ilal of S
23 S yie) Wby 0593 Job )0 Sge oL ggerme
(LS
el oae o, Sles Slao Culilo gy 1 G g 0y 5,50 y0
g A ;0 0dE (y)9 g Slawd g o Lol Alu olawy iy
ol Jlade w0t i sole doyd waé ()9 dawgie
s 653l ST Gy LIS 5 b peae

Sype SAS 01 Ll e b by &y

s 35 LSD 9050 51 ooliil b Slio oSl .05
5 Jyazme p pl)) alxil i ol anslae doye O Jles]
Glide Bylas gly colio 5 oS LB5 4 Jasio

O sl 2 50 (Bran Ol oo (a6l
by drwg Gee b5l 000 oS Sl gl
2 Gilel e S Cugb; aoys g 0 ()l paiges
T Cagby olfiws leoliiul b (coe) s O 80
b )bl O s> 0l 6,5 ojluil PMS-714 L,
s 5 aubre (V) 5 (V) sladdoleo 5l oolaiul
20,5 Jlee! o ol
M
M

H= pb (6FC-6m )D
V=HxA
sl peate o> pb s b QT el :H
Casby OM we,ie Codils a5 Casb, OFC (S
dawg Gos D oylal ploy 5o 8 050 O e
u; Coluw (A 9 C;)S)b Lg)L:.J u] > Vv il
adolas 5ol 3900 a3ls 5 Fse i)k Ao ol
il oolazwl (F) doles 4 (V)
«(Allen et al., 1998) (Pe) Sgo y,b dcloe
\»)

Pe=Pxa



Jurd ) dilaio )3 o jumw Jgaswe p seaisij 9 p Byl 43 (oS 4 Jood byl 9 o (5590 o

lokeo GBS 59 9 (w2 )90 o SBGadgif =) Jo
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Table 3- Aplied water at different potato growth stages and irrigation treatments (m® per 11.25 square meter area)

60% 80% 100% Sl Jolye
Irrigation stages
60 80 100 planting c.ls
90 120 150 Cogi b ) gljodd g9y b cudls
Planting till beginning of tuberization
120 160 200 [FYRTS C,J:bﬁ L uil)'a,\r— &5)*:’

Beginning of tuberogenesis till the harvesting of the tuber
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Table 4- Effective rainfall (m® per 11.25 square meter area)

2025 2024 Month oL
0.67 0.58 May cuigs)
0.47 0.35 June s
0.32 0.20 July ,s
0.00 0.00 August sls,.
0.00 0.00 September g, 503

i qalie Olaypo (10l (L) el -0 Jgaa
Table 5- Expected mean square of variation sources

_ Bl o
- Expected mean square Slag po (b (o5b ) suol Source of
Variation
Var(Error) + Var(y*r*a*b) + 3 Var(y*a*b) + 3 Var(y*r*b) + 9 Var(y*b) + 16 Var(y*r*a) + 48
Var(y*a) + 48 Var(y*r) + 144 Var(y) y
Var(Error) + Var(y*r*a*b) + 3 Var(y*r*b) + 16 Var(y*r*a) + 48 Var(y*r) y*r
Var(Error) + Var(y*r*a*b) + 3 Var(y*a*b) + 16 Var(y*r*a) + 48 Var(y*a) + Q(a,a*b) a
Var(Error) + Var(y*r*a*b) + 3 Var(y*a*b) + 16 Var(y*r*a) + 48 Var(y*a) y*a
Var(Error) + Var(y*r*a*b) + 16 Var(y*r*a) y*r*a
Var(Error) + Var(y*r*a*b) + 3 Var(y*a*b) + 3 Var(y*r*b) + 9 Var(y*b) + Q(b,a*h) b
Var(Error) + Var(y*r*a*b) + 3 Var(y*a*b) + 3 Var(y*r*b) + 9 Var(y*h) y*b
Var(Error) + Var(y*r*a*h) + 3 Var(y*r*b) y*r*b
Var(Error) + Var(y*r*a*b) + 3 Var(y*a*b) + Q(a*b) a*b
Var(Error) + Var(y*r*a*b) + 3 Var(y*a*h) y*a*b
Var(Error) + Var(y*r*a*b) y*r*a*b

sl 005 485 Jla5 )3 ol it gty Jlo g Cub e liedr oS (AT gokaw 5 pB)
Cultivars and water deficit stress are considered as fixed variables and year as random variable

Cllojl Jlw 93 (b (eSS (S lond 53w jimmw @] anlllaa 3,50 Sl ilay o (ile —T Jga>
Table 6- Mean squares of studied traits of potato cultivars in water deficit stress treatments during two years of

experiment
a4 Meen Square Ol w5l
U 1 s Sg1 4300 o Wgs )d B Bl &g 813-4)
Source of Variation Degree os Tuber weight Number of Plant height
of Tuber yield er plant tubers per
Freedom perp plant
JuwYear (Y) 1 348.3 238116.15 0.011 245.68
Error 1 4 435.6 106783.68 0.056 1492.26
Water Deficit Stress (A) iS5
) 2 6422.1* 353726.93** 16.89** 2244 1%
s
Y x A 2 27.8 18119.21* 0.037 43.38
Error 2 8 16.8 3844.57 0.377 238.87
Cultivars (B) 0, 15 10179.1% 282070.49* 28.934* 1892.31**
Y xB 15 58.5* 24780.70* 0.020 0.498
Error 3 60 32.8 13577.14 0.149 3.317
AxB 30 20.5% 8064.14#* 21.44# 234/00%*
Y xAxB 30 15.5* 6018.63* 0.122 1.97
Error 4 120 9.6 3813.00 0.998 15.39
Coefficient of variation (%)
- 10.21 10.8 1041 6.57

(303) oy g 35

. *and **: significance at the five and one percent probability levels 1o, G 5 g Jlis! mdaws 3 (yl5 dme % o *

\A)
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Continued Table 6- Mean squares of studied traits of potato cultivars in water deficit stress treatments during two
years of experiment

5 gl Ay Meen Square (M.S.) &la po puSilue
Source of Variation (S.0.V.) ‘; i ; ( ) ©lasye S
L] ) Suid B ]
(DF) kol Bluslas  Gyae ) B3lowo)d b pasld
.F. ) - 2 Z
Degree gl <! Tub°er dr Sy
of Number of main ~ Water use matter y Leaf area

Freedom  stems per plant efficiency percentage index
JleYear (Y) 1 0.003 10.79 0.021 0.013
Error 1 4 0.055 14.64 0.072 4.187
Water Deficit St A)

/ater Deficit Stress (A) i 2 25.323% 11.11% 19.68+ 208.107°
IS
Y x A 2 0.022 0.22 0.021 0.165
Error 2 8 0.49 0.31 0.013 0.128
Cultivars (B) &, 15 3.987= 24.34% 17.07* 31.47%
Y xB 15 0.011 2.25% 0.017 0.294=
Error 3 60 0.077 1.15 0.022 0.115
AxB 30 1.899% -0.99#* 1.193# 3.525=
Y xAxB 30 0.012 0.23* 0.017 0.260*
Error 4 120 0.101 0.36 0.034 0.109
Coefficient of variation (%
(%) - 7.51 10.69 5.86 8.35

(M,b) Q‘mﬁjh"\.’{)ﬁé

. *and **: significance at the five and one percent probability levels
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Y Jgaz) wsylo 1) Jlade o s duo o £+ solaal LB
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g doys A oolaiwl BB Ol Jade s o gl
e )0 duglr g Logl g binly s ol V- FY gl

e oy gl dops £ eslail BB T e

oo s Bl 4 S s slowd 5 axllan 3590 Olo (pSSlo g lio Y Jgan
Table 7. Mean comparison of studied traits in water deficit stress treatments and potato cultivars

o Qg poab Dl o e ) b
g slay,) F P00y 80 . ..
Plar?iﬁeig;ht ’t\luubrgpse;l:’)grf Tuber "l"e'%ht per Tubemi Cultivars e, Irrfg)abfvi‘on
plant plan level
82.26 ab  10.46 ghi 953.00 a 48.62 Ab 1043 ). ¥y
71.35 ef 8610 kimn  750.30 cd 37.29 Efg Savalan Y5l
60.21 Im 7990 mnop 637.00 fghijk 31.02 ijklmno Rona by,
84.60 a 11.07 bcdefgh 708.60 de 34.60 Fgh Agria L 31
80.02 bc  12.20 ab 977.40 a 47.90 A Eurostarchg s, s
65.80 ghi  12.47 a 656.70  efghij 32.00  hijklm Larisa Lus,¥Y Loy Voo
59.77 Im 7.790 nopq  788.40 c 38.59 E Takta bss B o
76.43 cd 12.07 abc 792.60 c 38.80 De At00sa Loyl oaliiu!
68.04 efg 10.42 ghi 656.40 efghij 37.20 hijkl Prince .o, 100% of
5398 opg 1181 abcde 88020 b 4389  Bc Javid ol (e DIANLS
61.20 jkl 10.60 fgh 875.80 b 43.74 Bc Roza 1;, water
50.25 grs 7.190 opgr  617.50 ghijkilm  30.77  jkimnop Jely J>
5449 opg 8190 Imno  633.90  ghijkl 31.28  hijklmn Serga 5,5
5470 nopg 8.610 kimn  561.50 mn 2790  nopgrs Arsenal bl
5125 pgrs 10.21 hij 588.80 jkim 29.05 mnop Babylon skl
5494 nop 11.35 abcdefg 564.90 Imn 28.02  nopgrs Rilana tM,
59.04 Imn  11.00 cdefgh 869.90 b 42.13 Cd 1043 \-¥Y
62.52  ijkl 7790 nopg  679.70  efg 24.05 ghij Savalan ;YlsL.
52.19 opgrs 12.00 abcd 665.40 efgh 33.04 hijkl Rona t,,
77.75 c 9.410 ijk 559.30 mn 27.64 opqrst Agria 51
72.12 de 1241 a 812.20 bc 40.49 Cde Eurostarchg kg, s
6040 klm 1181 abcde 594.00 ijkim 28.90  mnopq Larisa LY :
64.96 ghij 11.00 cdefgh 660.60  efghi 33.01 hijkl Takta Lss "’Lﬁp Aé
69.23 efy 11.00 cdefgh 705.20 def 34.43 fghi At00sa Lugl "530% “3}
68.56 efg  4.790 S 581.70 klm 28.25 nopgr Prince .o, the plant's
5412 opgq 7.790 nopg  752.70 cd 37.60 Ef Javid sl available
5595 Mno 9.000 kim  646.70 efghijk 3229  hijkim Roza 5, water
3891 Wx  11.01 cdefgh 436.80 qgrst 21.59 WXy Jely >
61.14 JKl 11.22 bcdefgh 471.90 pars 23.53 UVWX Serga 5,5
5596 Mno 7.400 opgr  483.10 opgr 23.79 uvw Arsenal Jlu,l
53.58 Opgr 6.80 qr 500.40 nopqr 24.76 rstuvw Babylon skl
5449 Opg 6.99 par 487.70 opgr 24.28 tuvw Rilana b,

Yo
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Agy 43 b dluad Aige 43 0AE (4 . s
pf\;ﬁ”iﬁ?" Numg;tf of tubers per Tubzr)weigh‘t)ger -F:;;m Cultivars o, ‘__;,lg._gi
ght plant plant Irrigation
level
63.02  hijkl 10.80 efgh 686.90 defg 33.27 hijkl 1043 y.¥y
76.69 c 1041 ghi 584.00 Klm 28.96  mnopq Savalan ;,Ylsle
49.43 rst 11.24 bcdefgh  507.20 nopq 25.20 rstuv Rona Uy,
64.80 ghijk 7.690 nopqr 434.80 rst 21.85 VWXY Agria 31
67.02  fgh 10.49 ghi 674.00  efgh 33.60 hijk ~ Eurostarchz,kuls,s
53.64 opar 8.190 Imno 495.00  nopgr 24.70 stuvw Larisa Lw,Y i
50.67  pars 10.87 defgh 51080  nop 2547  qrstu Takta Lss olaep?
8395  ab 1173 abcdef 60420  hijkim  29.88  Imnop At00Sa Ll EL‘(‘)‘;;‘ LO}}‘E
54.11 opq 8.00 mnop 444.00 pars 21.37 WXy Prince o, the pfant's
4519  tuv 10.80 efgh 605.40  hijkim  30.30  klmnop Javid ayls available
4085 vwx  9.200 jk 54800 mno 2740  parst Roza I;, water
45,52 tu 7.400 opgr 369.80 tu 18.48 Yz Jely >
48.28 st 5.190 s 402.40 st 20.02 Xy Serga 5
36.85 X 8.800 kimn 321.70 uv 16.08 z Arsenal bl
41.48 uvw 6.590 r 366.70 tu 18.33 Yz Babylon ;yskols
53.41 opar 10.70 efgh 293.00 % 14.63 4 Rilana b3,
5.318 fgh 6.850 cdef 20.64 nopq 5.14 Bed 1043 y.¥y
3.878 no 5.456 jkim 22.13 fgh 5.34 Bc Savalan Y5l
5.645 ef 4.538 opqrst 22.95 c 5.34 Bc Rona s,
6.128 d 5.062 Imnopq 20.58 opgr 4.27 Hij Agria L 31
5.379 fg 7.008 cde 21.13 Im 4.54 Ghi Eurostarchz ks, ss
6.932 c 4.682 nopgrs 20.55 par 5.80 A Larisa Luw,Y Loy Voo
7.520 b 5.646 ijkl 18.81 v 4.74 Efg Takta s e
4.840 ij 5.676 ijkl 21.62 ijk 4.27 Hij At005sa Lug odlazul
3.780 no 4784 mnopgr ~ 20.23 rst 5.07 Bcde Prince iy 100% of
7.922 6.422 efgh 2064  nopq 4.61 Fgh Javid asls tg\faii’l'aagltes
7.924 a 6.400 efgh 20.97 Imn 4.80 Defg Roza 13, water
4911 i 4.502 pgrst 20.97 Imn 6.14 A Jely >
4.360 Im 4.577 opgrst 22.52 de 4.80 Defg Serga 5,5
2.705 q 4.082 stu 19.67 u 4.20 ] Arsenal bl
2.608 qr 4.251 rst 21.06 Im 3.80 Kim Babylon ;yslb
4.765 ijk 4.099 stu 20.11 st 4.54 Ghi Rilana tM,
4.506 jkl 7.706 ab 2131 ki 2.74 r 1043 y-¥y
3.647 op 6.228 fghi 22.78 cd 3.54 mno Savalan Y5l
4420  kim 6.043 ghij 23.82 b 3.54 mno Rona b,
5.810 de 5.055 Imnopq 20.45 qrs 4.27 hij Agria L 31
4.410 klm 7.406 bc 21.83 ghij 4.20 ij Eurostarchg llgs
5.840 de 5.286 Klmn 20.78  mnopq 5.00 cde Larisa LY .
5.002 ghi 6.038 ghij 20.90 mnop 5.00 cde Takta s <! f\‘”)’ A
4760 ik 6298 fghi 2214  fgh 400  jK Atoosa L ;8;;; ﬁ*fb
2.495 qr 5.168 Imnop 20.06 t 4.00 jki Prince ., the plant's
6.788 c 6.878 cdef 20.83  mnop 3.40 nop Javid als available
5820  de 5.907 hijk 21.00  Imn 3.80 kIm Roza I;, water
3.350 p 3.949 tu 21.02 Im 3.80 Kim Jely J>
3.510 op 4.304 rst 22.33 ef 4.00 jkI Serga 5 .5
1.240 vw 4.352 rst 20.23 rst 4.61 fgh Arsenal bl
1.908 st 4.529 opqrst 20.95 Imn 3.00 qr Babylon :yslols
3.540 op 4.442 qgrst 20.55 par 4.07 jk Rilana tM,

\td
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oo st 0,1 g a8 T Hlowd 45 dndllie 590 ko (Sl Ao -V Joua ol

. . . . . oY
e sl Qgs 4> 0aS daxs dgr yd 8L (439 oud S . i Wi
Pla?ft%eig)ht Numbersnll;mbers per Tubergl\/;%%ht per Tuber)ii':lcd ~B,l Cultivars Irr:i'ééeflion
1.981 st 7.056 a 21.89 ghi 3.30 opq V-¥v1043
2.261 rs 6.139 bcde 23.05 c 3.66 Imn oYlslSavalan
3.371 p 5.323 ghij 24.84 a 3.40 nop Ly,RoNa
2.610 qr 8.189 Klmn 21.50 jk 4.00 jkl L,S1Agria
2.261 rs 6.018 a 22.03 fgh 4.90 def @slwlg,sEUrostarch
3.670 op 6.206 ghij 20.93 mno 5.36 b Ly, YL arisa ;
1.895 st 7.281 fghi 21.00 Imn 5.00 cde S5 Takta <! e 7
4126 mn 5.207 bed 22.78 od 4.27 hij LogslAtoosa i B
1.750 tu 7.383 Imno 20.93 mno 4.10 jk i pPrince the plant's
2.590 ar 6.677 be 20.94 mno 4.80 defg yglaJavid available
4.0965  hi 4.504 defg 2105 Im 330  opq I;Roza water
1.860 tu 4.877 parst 21.78 hij 3.49 mno Selely
1.110 w 3.918 mnopqr 2217 efg 4.10 jk 5 ,5Serga
1.000 w 4.467 tu 2211 fgh 3.30 opq Jls JArsenal
1.490 uv 3.565 Qrst 21.05 Im 3.10 pq oskLBabylon
1.030 w 7.056 u 20.98 Imn 3.30 opq LM Rilana

o Laglps s Canms 3345 9 o2l 85 Lol 3 (i 18,1 )3 (STI) (S LG5 & Joos U —A Jga
Table 8- Water deficit stress tolerance index in potato cultivars under mild and severe stress conditions compared to
normal condition

) o) mdle 5 a5 oo M) oMo 5 Jbo s
@ Jood LR KV ' - L RV HE O a0y Yee) )
Stress A (o3iiun! S‘t:;s (0! (o3iiuo! o5
Tolerance . Cultivars
(STi) Sevelfe stress (80% ToIera_nce |\/|I|C-i stress (80% No!'mal (100%
available water) (STi) available water) available water)
0.505 33.27 0.639 42.13 46.82 1043 y+2Y
0.350 28.96 0.411 34.05 37.29 Savalan Y5l
0.253 25.20 0.332 31.02 33.04 Rona by,
0.245 21.85 0.310 27.64 34.60 Agria L, 31
0.522 33.60 0.629 40.49 47.90 Eurostarchg ,tuslg g2
0.256 24.70 0.300 28.90 32.00 Larisa LY
0.319 25.47 0.413 33.01 38.59 Takta bss
0.376 20.88 0.433 34.43 38.80 At00sa Lug]
0.226 21.37 0.299 28.25 32.70 Prince iy
0.431 30.30 0.535 37.60 43.89 Javid wgls
0.388 2740 0.458 32.29 43.74 Roza I;,
0.184 18.48 0.215 21.59 30.77 Jely >
0.203 20.02 0.239 23.53 31.28 Serga 5 s
0.145 16.08 0.215 23.79 27.90 Arsenal )l
0.173 18.33 0.233 24.76 29.05 Babylon sl
0.133 14.63 0.220 24.28 28.02 Rilana tM,,
AT Y. /¥ Y)Y 3)Skas (pSike
Loy YY/¥ 2o yd VO 3Slas 2ol aoy
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Saie Cd )8 xS 095 slo gt 4o (Vasiter, 2014)
SHsby 5 I L (G loons Sis osle
Mastalizadeh et ) .l San 5 ooljdeinse Wb oo i3l
oS o 0ad 0 Slas ol b wisls 5,155 (al., 2020
eSgp Hlaie g awlis sy (i oole duo ) (oS
b oo gl

4 Jozia Byl j0 DT Gpas SIS (Gdzs ol 5o
o3l oLt Gl wad 5 edle 25 dulyd 5o (leS
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35850 ol B pas 590 00 5 2L al8l 5 ]

G 1) ol Ghrm 5 daz glasy JSas ol (i
oeals cel amal 0 g WS 0 @i JelS 55l

Anithakumari, ) ses oo bosé ad e g o,Sles

by lg o alize glaoyaly Ko g 3l (2011
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S a5 (Al-Mahmud et al, 2014) o9 S| ol
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5 Jume ble jo 5lleS kit 5 wle o,
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wad s lls jo o Slee ialS ol (al., 2014
xS g wiles,S 18 wsye YO I, Jbys 4 cas
¥/ o ,Shae s Jloy dalyd o gl o8, wilazd 5
S o3 B0 eal) s 5 Ll s g LS 0 3
ol szl g o Shas ol cal )i o o5 YoIY (]
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s (Donnelly et al., 2003) .,Ken o Ll alo>
,o (Schittenhelma et al., 2006) |,Kon ¢ Lolgris
Schittenhelma et al., ) ,Ken ¢ Lalguzss iy glis)|
,> (Badarau et al., 2013) .l Ken 4 o)L 5 (2006
Shock and Feibert, ) &, 5 Sl g 10 0aé olaws
Schittenhelma et al., ) ,Ken o Lolgiois (2002
ooy (Y o#)  JBlegyse g «2006
Badarau et ) .,Ken 4 5,loL «(Hassanpanah, 2009)
Obidiegwu et al., ) ,Ken 5 Kol «@l., 2013

L,

Mohammadkhani and ) & ,% 5 glaeme (2015
«Drapal et al., 2019) |,Ke2  Ju!,o «Sharifi, 2016
Ol 5 4]l «Qin et al., 2019) |,Ken 5 (295
g odljdll,ai  «(Aliche 2020)
s sl «Nasrollahzadeh and Sedaghat, 2017)

cdlos et al,
5 i «Sobhani and Hamidi, 2013) (o>
5 olele s, «(Haghighati et al., 2016) .l Ko
oa¢ o,Sles o «(Faridi Myvan et al., 2018) l,Son
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