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Extended Abstract

1. Introduction: Water deficit is one of the most important factors limiting plant production in arid and
semi-arid regions of Iran. Potatoes are highly sensitive to drought stress at all stages of development,
especially the tuber formation stage. Using genotypes that are adaptable and tolerant to water deficit is
one of the main methods of preventing the reduction of agricultural production in arid regions. This study
aimed to select drought-tolerant genotypes by examining water use efficiency, tuber yield, tuber weight
per plant, and some potato quality traits including dry matter, starch, and protein of 20 potato genotypes
in the Ardabil region.

2. Materials and Methods: In order to select drought tolerant genotypes, an experiment in the form of a
randomized complete block design with split strip blocks in three replications during the two cropping
years 2018 and 2019 in Ardabil region accomplished. Horizontal treatments included 20 potato genotypes
and vertical treatments included drought stress and no stress.In order to select droughttolerant genotypes,
an experiment in the form of a randomized complete block design with split strip blocks in three
replications during the two cropping years 2018 and 2019 in Ardabil region accomplished. Horizontal
treatments included 20 potato genotypes and vertical treatments included drought stress and no stress.
Genotypes were obtained from the Ardabil Agricultural and Natural Resources Research Station based
on ten-year selection in terms of yield and quality. Each plot consisted of four lines of four meters in
length with a distance between the lines and on the lines of 75 and 25 cm, respectively (64 plants in each
plot with an area of 12 square meters). To prevent lateral penetration of moisture, a distance of one and a
half meters was considered between adjacent plots, and at the time of harvesting, the effect of the margin
was minimized by removing the two side lines and the first and last plants in each row. In both years,
sowing was carried out on the sixth day of May.

3. Results and Discussion:The results showed that stress treatment caused a significant reduction in tuber
weight and tuber yield in all genotypes. The highest tuber weight per plant and tuber yield with the lowest
decrease compared to the control belonged to genotype 905675 and the lowest value of these traits
belonged to Marfona cultivar with the highest percentage decrease compared to the control. In addition,
starch content, dry matter percentage and protein content were inversely related to potato tuber yield and
increased. The results showed that among the studied genotypes under stress conditions, genotype 901375
had the highest percentage of dry matter and genotype 901375 had the highest percentage of starch. The
highest water use efficiency under stress conditions was related to genotype 905675 with a yield of 9.89
kg / m3. In terms of stress indices, genotypes 901375, 905676 and 901675 with the highest numerical
values in all four evaluated indices had a high potential for tolerance under stress conditions, respectively.
Potato yield is primarily directly related to the amount of water consumed and is strongly affected by
drought stress, and the stability of yield under stress conditions depends on the tolerance of genotypes.
For this purpose, a numerical ranking between one and 20 was performed to select the genotypes more
favorably. Accordingly, the highest and lowest tuber yield, the lowest and highest percentage of change
in stress and non-stress conditions were ranked one and 20, respectively. The lowest total rank belonged
to genotypes 905675, 901575, and 901375, respectively, which were tolerant genotypes, and the highest
total rank belonged to cultivars Milva, Marfona, and Jelli, respectively, which were identified as sensitive
cultivar. Under stress conditions, the highest productivity (9.89 kg/m?) was related to genotypes 905675

with a 50% increase, followed by 901375 (9.84 kg/m?®) with a 35% increase. The lowest productivity was
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related to the Marfona variety with 5.66 kg/m3, and the lowest increase under stress (17%) occurred in
the Mileva variety. The results showed that the 901375 genotype had high productivity in both non-
stressed and stressed conditions. In this experiment, it was found that water use efficiency increased
differently in the genotypes by applying stress. This confirms that the higher water use efficiency for
potato genotypes under drought stress conditions is an indicator that these varieties have a higher potential
for higher yield even under low moisture levels, thus making them suitable for drought conditions.

4. Conclusion: In general, considering the rate of changes in tuber yield, tuber weight per plant, as well as
increasing starch, dry matter, protein content and water productivity and stress indices, genotypes 905675,
901575 and 901375 in both stress and non-stress conditions, respectively were selected as tolerant and
high yield potential genotypes. Therefore, these genotypes can be introduced as a suitable alternative to
the well-known cultivar Agria in Ardabil region as well as Milva, Jeli and Marfona cultivars were
introduced as susceptible cultivars.
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Table 1- Meteorological statistics of Ardabil region the years 2017-18 and 2018-19

TRV L, 2018 -19

YT L. 2017-18

Jlo claoks

Lod (55kee

Months bwgte Temp means (°C) Ol b Temp means (°C) Olyee
ofthe o, SRk i S
YA Humidity oSbe e e Rainpal 90 oSl Sle e Rainfall
means(%) Means Max  Min (mm) Humidity  nfeans  Max Min (mm)
means(%)
22053 66 9.0 15.7 2.3 9.3 69 8.2 14.3 2.1 30.3
Mar-Apr
P l
=2 71 12.3 18.9 5.9 60.3 64 14.4 21.4 7.4 32.9
Apr-May
s
e 71 118 135 100 282 68 173 245 100 24
May-Jun
» 60 21.5 29.2 13.7 3.9 61 19.5 26.1 12.8 9.3
Jun-Jul
|
e 69 20.3 25.7 14.9 0.9 58 20.6 29.5 11.7 1.3
Jul-Aug
e 68 17.5 19.8 15.2 7.3 57 20.0 29.3 10.2 0.1
Aug-Sep

Jeeny) bl eslislgn S o sl s, o3l olK31 s
Source: Information base of Ardabil Meteorological Department.
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Table 2- genotypes used in this experiment

@9, 95 @, =) 9, 95 @, 95
Row Genotype Row  Genotype Row  Genotype Row Genotype
1 901675 6 901575 11 901475 16 Atuosa
2 902375 7 901027 12 902127 17 Anosha
3 901375 8 90575 13 901427 18 milva
4 901029 9 901124 14 Satina 19 Jelly
5 905675 10 901627 15 Agria 20 Marfona
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Table 3- Physical and chemical characteristics of soil and water at the Experiment site

Lyt S L yuicio ol
Parameters Soil Parameters Water
EC (ds/m) 1.25 EC (us/m) 1500
pH 7.64 pH 7.66
Saturation (%) 29 COs* (ppm) 0
Lime (%) 7.5 HCO5™ (ppm) 382
Texture Loamy-clay SO4* (ppm) 155
Organic carbon (%) 0.97 CI (ppm) 195
Total nitrogen 0.1 Na' (ppm) 123.98
Absorbable phophorus(ppm) 3.4 Ca** (ppm) 118
Absorbable potassium (ppm) 230 Mg?" (ppm) 44.2
Zn (ppm) 1.22 SAR 2.46
Fe (ppm) 3.22 TDS(mg/l) 750
Cu(ppm) 32 Total hardness 480
Clay (%) 34
Sand (%) 24 _ _
Silt (%) 42
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Table 4- The amount of water consumed by potatoes the years 2017-18 and 2018-19

Slaxy ) -
- - Brae 2l Hlade . . - R
Jlw skl ok 31 The amount of Foo ohhllade O @ o>
L Number Effective rainfall Applicable water
Year Irrigation levels water consumed 3 3
of (m? /ha) (m° /ha) volume (m°/ha)
irrigations
o e 14 7071.24 562 7632.24
1396 Non stress
LisStress 10 3535.62 562 4097.62
o e 12 6356.24 1017 7373.24
1397 Non stress
LsStress 9 3178.12 1017 4195/12

e bl laie + 3 as O Jlade =60 )5 O g #
* Applicable water volume = Amount of water consumed + Effective rainfall.
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Table 5- Stress tolerance indices used in this research

& akuly
Source

Relationships

K & Joi slopsLi

Drought tolerance index

(Rosielle and Hamblin, 1981)
(Fernandez, 1992)

(Fernandez, 1992)

(Kristin et al., 1997)

MP=(Y,+ Ys) /2
STI=(Y,*Ys)/Y,2

GMP =V Y Y,

HM=2 [Y, * Y]/ [Ys + Y]

90 e esleMean productivity
Ui e asLiStress Tolerance Index
9 0 (i (Sl
Geometric Mean Productivity
sbes . SileHarmonic Mean

S sl G pas g 25 50 0 Shes iSibe g gy o sl G pas 5 5 Ll p0 0 Shee i 4 Y o Vs Y Y WL Lly, o
locaiss

In the above relationships Ys, Yp, Ysand¥p yield under stress and non-stress conditions for each genotype and
mean yield under stress and non-stress conditions for all genotypes, respectively.
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Table 6- Interaction effects of genotype X irrigation treatment X year on tuber weight per plant, tuber yield and potato starch percentage

Qs w040 ous o Slos Ay )0 0L ()9
Starch % tuber yield (t/h) Tuber weight per plant (g/p)
L vl sl v e L yray Lo \ras L
i el
1A=V - VA VA-Y Y 1A=V YA YA-Y Y Y4-Y VA VA-Y Y
Genotypes . "
oS pae o S i o B pae o B pae o B pos o g pae
Stress Non Stress Non Stress Non stress  Stress Non Stress Non stress Stress Non stress
stress stress stress
901675 18.33 17.95 18.26 17.28b 36.80 61.27ab 36.57 38.81 694.3b 1174.8ab 690.0 751.1b
902375 16.86 16.08 16.83 15.89 25.96 36.00 40.95 45.71b 489.8 679.2 772.7ac 862.5ab
901375 17.88 16.05 17.92 15.97 42.27ab 62.27ab 40.29 45.05b 797.5ab 1174.8ab 760.1a 850.0ab
901029 16.00 15.86 16.03 15.69 24.40 40.53 29.71 36.19 460.4 764.8b 560.6 494.2
905675 18.55 16.98 18.50 16.33 49.73ab 56.00ab 33.24 39.05 938.4ab 1056.6ab 627.1 736.7b
901575 17.14 14.15 16.61 13.68 40.40b 45.87b 33.14 36.67 762.3ab 865.4b 625.3 691.8
901027 17.92 17.00 17.34 16.37 27.47 41.00 27.62 30.48 518.2 773.6b 521.1 575.0
90575 18.09 17.90 17.93 17.31b 30.53 45.07b 40.00 53.14abc 571.1 850.3b 745.7a 1002.7abc
901124 16.78 15.70 16.23 15.78 24.80 40.40 38.38 49.52ab 467.9 762.3b 724.2 934 .4abc
901627 16.90 16.74 16.73 16.26 36.13 56.15ab 31.14 36.67 681.8b 1054.9ab 587.6 503.1
901475 16.94 15.40 17.01 15.34 37.20 41.16 32.48 40.48b 701.9b 776.6b 612.8 736.7b
902127 16.99 15.50 16.74 15.73 25.33 41.20 32.48 34.76 478.0 777.4b 612.8 6559
901427 16.24 15.99 16.01 15.61 32.93 44.00b 29.90 43.43b 624.4 830.2b 564.2 819.4b
Satina 16.03 15.35 15.96 14.92 30.00 40.40 32.38 4581b 566.0 762.3b 611.0 864.3ab
Agria 16.66 16.83 16.84 15.36 27.07 32.67 24.00 29.52 510.7 616.4 641.5 557.1
Atuosa 17.35 16.35 17.26 16.52 31.07 3547 34.76 43.62b 586.2 669.2 655.9 823.0b
Anosha 17.77 16.55 17.75 16.10 20.13 3547 22.95 35.33 379.9b 669.2 433.1 666.7
milva 15.89 15.03 15.66 14.74 21.07 40.13 29.71 35.81 397.5 757.2b 560.6 675.7
Jelly 16.38 15.42 16.29 14.80 26.40 36.40 25.81 27.90 489.1 686.8 487.0 526.5
Marfona 15.78 15.42 15.40 14.08 19.87 35.67 27.62 27.62 374.8 673.0 521.1 521.1
Means .5l 16.90 16.83 16.86 15.69 31.24 42.64 32.66 37.83 589.5 804.5 616.2 713.7
LSD (0.05%) 1.61 0.28 1.19

(e Jb 50 caisih) 0PV gy 5 (aklaie ) L ST 08, (JS (nSilkoo & S o ime wif 0 C sb @
a, b and c are significant relative to the total mean, Agria variety (dominant in the region) and 905675 genotype (genotype being introduced)
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Table 6- Interaction effects of genotype X irrigation treatment x year on starch yield, dry matter percentage and dry matter yield of potato

Sl o0lo 3 ySKlos Sz 00ko wuoyo aiwlis o ySlos
dry matter yield (t/h) /. dry matter Starch yield (t/h)
[F YR PL) ywrav Jle wag yway Jle gl way Jl. rag
Genotypes Va-Y VA YA-Y VY YA-Y VA VA=Y VY Ya-Y - VA VA=Y VY
o O pae o O pae oS O pae oS ORS pas o GRS pae o O pae
Stress  Non stress  Stress ~ Non stress Stress Non stress  Stress  Non stress Stress Non stress Stress Non stress
901675 8.89ab 15.04ab 8.80 9.20bc 24.11ab 22.16ab 24.08ab 23.10abc 6.75a 10.99a 6.67 6.88
902375 5.89 8.17 8.28a 9.92abc 22.68 21.68 22.65 21.71b 4.38 6.07 6.89a 7.26a
901375 10.02ab 14.76ab 9.55ab 9.82abc 24.95ab 22.05ab 23.74ab 21.79ab 7.56a 9.99a 7.21a 7.20a
901029 5.32 8.85 6.50 5.62 22.16 21.82 21.85 21.51b 3.90 6.49 4.77 4.10
905675 12.13ab 13.65ab 8.09 8.65bc 24.76ab 22.38ab 24.33ab 22.15abc 9.23a 9.50a 6.15 6.37
901575 9.07ab 10.30b 7.43 7.13 24.46 20.46 2243 19.49 6.72a 7.63 5.51 4.99
901027 6.39 9.53b 6.40 7.76 23.25ab 22.25ab 23.16ab 22.19abc 4.79 7.15 4.79 4.99
90575 7.25 10.69b 9.50ab 12.29abc 23.90ab 23.72ab 23.75ab 23.13abc 5.47 8.07 7.17a 9.20ac
901124 5.49 8.98 8.46 10.69abc 22.45 21.15 22.05 21.59b 4.05 6.60 6.23 7.81ac
901627 8.15b 12.67ab 7.02 5.89 23.15 22.56 22.55 22.08ab 6.05 9.40a 5.21 4.33
901475 8.47b 9.37b 7.41 8.56 22.76 21.76 22.83 21.16 6.30 6.97 5.52 6.21
902127 5.78 8.78 7.32 7.49 22.82 21.32 22.56 21.54b 431 6.39 5.43 5.47
901427 7.19 9.59b 6.53 9.30bc 22.24 21.81 21.83 21.43 5.27 7.03 4.79 6.77
Satina 6.55 8.83 7.06 9.52bc 21.85 20.85 21.78 20.73 4.81 6.48 5.17 6.85
Agria 6.13 7.40 7.70 6.24 22.89 21.65 22.66 21.18¢c 4.56 5.50 5.72 4.52
Atuosa 7.20 8.22 8.02 9.75bc 23.68ab 22.18ab 23.08ab 22.34ab 5.39 6.15 6.00 7.21a
Anosha 8.37b 4.75 5.41 7.75 23.59ab 22.05ab 22.85ab 21.92ab 6.30 3.58 4.07 5.69
milva 4.52 8.62 6.38 7.36 21.78 21.00 21.47 20.55 3.30 6.29 4.66 5.27
Jelly 5.86 8.08 5.71 5.76 22.90 21.07 22.11 20.61 4.32 5.96 4.20 4.14
Marfona 422 7.58 5.86 5.49 21.24 21.24 21.23 19.89 3.06 5.50 4.25 3.88
Means .5l 7.15 7.69 7.42 8.16 22.72 22.65 22.69 21.51 5.33 7.21 5.52 5.96

LSD (0.05%) 1.61 0.28 1.19
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Table 7- Correlation coefficients between tuber yield, tuber weight per plant, water use efficiency and stress

indices

@l G pao 559 0y

Aigy 0 0us (39

oud & Sloc
- f\:’a‘ter usg TUbeli W(tﬂg];lt per Tuber yield (A)
N Cz) “ = efficiency(C) plant (B) lio
— s~} © .
~ » “ =y Traits
2 2o 22 ¢ 2o :z%@%%ﬁz‘a
st g8~ g¢L g8~ Bgtb 285,
172] “» k 7] %] % 177] : %
1.00 1
100 0795% 2 A
1.00 0.795™ 1.00™ 1 B
1.00 0.795™ 1.00™ 0.795™ 2
1.00 0.816™ 0.995™ 0.816™  0.995™ 1 C
1.00 0.816™ 1.00™ 0.795™ 1.00™ 0.795™ 2
1.00 0.937"  0.966™  0.937" 0.954™ 0.937" 0.945™ MP
1.00 0.995™  0.947 0.952™ 0.946™ 0.938"™  0.946™  0.938"™ STI
1.00 0.996™  0.999™  0.949™ 0.956 0.949™"  0.943™  0.949™  0.943™ GMP
1.00  0.999™ 0.996™  0.997""  0.959™ 0.946™ 0.959™ 0.932™ 0.959™ 0932 HARM

** significant at the level 1% respectively as,s < mhaw j5 s gine ™

s S0 a0 ialesT Lo g0 o 00 o Shae NS @
ol 5o simlesl Jle g0 o s (o dal
e L e D
30 (0o, YADB) 905675 59y 5 awlis aws o
U8 o &t S 5 el Sy g0 Jloo 25 L
Camnd g dao ) & (iiS pae byl 4y Gl o 0 A
slocaiss b g canly iolidl as o VY LST o8, 4
901675 «Jol Jlo a5 y0 (o0 YA/D+) 905675
oS (uoys YA 2) 90575 isiy 9 (o0 YAIYY)
log,S i b g 23,5 )18 (5 bl 09,5 Sy pgo Jlu
(00,0 VOIYA) Jlade oy 530S ols lis o e S
g Rl a0 95 L Lgd)le o3, 4 Blaie
U oo jmms 008 atwlis a5 ol oylias iolejl oyl
R NP RO %5 S LROFS PN IS e
ol atwlis ws o il Sl cow o Slee oS L
(Y-Y+) o,Ken g Mastalizadeh 5,155 L a5 Wb o
Jds ogas 0 (Y F) o, Sa g Carli .o o cisllas

sl bl Ol e 2als b atulias aws,s il

42 )0 )3 (e jire 9 Skes Ab asie @l (nl b
Dol a9 0l (Bpas Ol (liae b (cerdiune abl s
358hes 5l 5 9 o 3 (SiS 5 Sl c
400 ol Joodi pliee 4 (K 15 Lasl i 5
G dacaisy Joslhe (in3S @l jskie ol
O Se obel Gl 2 285 el Ve 5 SO s00e
RS o )d (S 9 (R SeS 0d 9 ,Sdas (0 56S g
90 A, Ghls cud S S pae g A5 Ll il o
A) a5 ggeme Fomb Jovxr nl Glus p 0 Ve
905675 lacaiss a Bl iy 4 (10 5 10
Sz slacuissy oylgrcas a5 59 901375 4901575
Blie i (FY 5 OV OY) a5 goemme iVl g
b o8l lyie 4 a5 09 (o 5 Lgd Lo dloleo o)1 4,
(A Jgoz) ios aseive
* J592) el anslie g 5l Jol> slaosls
ol sad anwlis awo o (i e cow ol ol
OS5 5 pas lyh oo 5o po cho cpl S el
axg b ol samlin o g OS] 55 o uigl



2 VBT ylio g juals ¥ 0yl 3% 0595 A Jlo b s o pole sole aoliladys

Conl oyl 30 St 6550 9 SYL cudS sasmsylis
Oy 10 (Daraei Garmakhanietal., 2010)

Lyl 50 o 40 a5 1901675 5 905675 slasisis

Sl o]y aulis ao o J e (T g S pas
Dged (SByme o mlo

Ol) 502 g y310 0

5 Canloage (o atwlis e cailS udal (el Lid
S aaS oo oy Rl atulis as s gusb, a5 o
2oy g awlis wo s G P (Swpe S Sk
Sz oole duoyo Gl L g o ks 8924 cud S oole
LS oo by Galdl o i s s (s Ll 5o
s S0 518 ChS o dltd e i 4z g

bulyd 99 (ol G i G50 g i pus (il Ll pb 50 00 8 Sos L 2 Gulean; —A Jgu
Table 8- Ranking based on tuber yield in stress, non-stress conditions and percentage change between these two

conditions
o udels o o 4, g2 a4, e 2 ) ey oz T s
Genotypes Non Rank Stress Rank percentage Rank S“n? of Genotype
Stress change rankings status
901675 51.04 2 36.69 4 28.12 16 22 -
902375 40.86 10 33.46 8 18.11 7 25 -
901375 53.66 1 41.28 2 23.07 12 15 Tolerated
901029 33.36 16 27.06 17 18.90 10 43 Sensitive
905675 47.52 4 41.49 1 12.71 4 9 Tolerated
901575 41.27 9 36.77 3 10.89 3 15 Tolerated
901027 35.74 15 27.54 16 22.93 11 42 Sensitive
90575 49.10 3 35.27 5 28.18 18 26 -
901124 44.96 5 31.59 10 29.74 19 34 -
901627 41.41 8 33.64 7 18.76 8 23 -
901475 40.82 11 34.84 6 14.65 5 22 -
902127 37.98 13 28.90 14 23.90 13 40 Sensitive
901427 43.71 6 31.42 11 28.13 17 34 -
Satina 43.10 7 31.19 12 27.64 15 34 -
Agria 31.10 19 30.53 13 1.81 1 33 -
Atuosa 39.54 12 3291 9 16.76 6 27 -
Anosha 29.21 20 27.73 15 5.05 2 37 -
milva 37.97 14 25.39 19 33.13 20 53 Sensitive
Jelly 32.15 17 26.10 18 18.81 9 44 Sensitive
Marfona 31.64 18 23.74 20 24.97 14 52 Sensitive
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Figure 1- Comparison of the average interaction effect of genotype in irrigation on the amount of protein
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Table 9- Determining of Sensitive and tolerant genotypes through water use efficiency and stress indices

ol B pan (590 ¢

Cardy .
ORAT - Water use efficiency Cardg
TP MP HM GMP STI w9} . -
Genotypes Genotype b u‘;’} O9R i gi
status Stress on Genotype
Stress status
901675 43.86 2134 4327 1.14  Tolerated 8.74 6.92 Tolerated
902375 37.16 18.39 3697 0.83 B 7.97 5.54 B
901375 4747 2323 47.06 1.35 Tolerated 9.84 7.28 Tolerated
901029 30.21 1493 30.04 0.55 Sensitive 6.45 4.52 Sensitive
905675 44.62 22.20 4451 1.21 Tolerated 9.89 6.58 Tolerated
901575 39.02 19.45 38.96 0.92 Tolerated 8.76 5.60 Tolerated
901027 31.65 15.56 31.38 0.60 B 6.57 4.85 Sensitive
90575 42.19 20.53 41.62 1.05 Tolerated 8.41 6.66 Tolerated
901124 38.28 18.55 37.69 0.86 B 7.53 6.10 B
901627 37.53 18.56 37.32 0.85 B 8.02 5.62 B
901475 37.83 18.80 37.71  0.87 B 8.30 5.54 B
902127 3344 1641 33.13 0.67 B 6.89 5.15 B
901427 37.57 1828 37.06 0.84 B 7.49 5.93 B
Satina 37.15 18.10 36.67 0.82 B 7.43 5.85 B
Agria 32.17 16.04 32.12 0.63 B 7.28 4.58 B
Atuosa 36.33 17.96 36.08 0.79 B 7.85 5.36 B
Anosha 29.22 14.61 29.22 0.52 Sensitive 6.96 3.96 Sensitive
milva 31.68 1522 31.05 0.59 Sensitive 6.05 5.15 Sensitive
Jelly 29.94 1472 29.69 0.54 Sensitive 6.22 4.58 Sensitive
Marfona 27.70 13.57 27.41 0.46 Sensitive 5.66 4.29 Sensitive
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Table 10- Calculation of percent change and ranking of investigated traits under stress and non-stress conditions

awlid wuo yo Al o Slos oo ol S o0lo wuoyo S oolo o ySlos
Protein content

Starch% Starch yield(t/ha) (mg/g) Dry matter% Dry matter yield(t/ha) £ 9050 Cardg
owisi =t = et e ke e St
Genotypes ::*;% 1 g ;5*% 1 g %% 1 g % 1 g %% 1 g Sum of Genotype

2= § A= 4 ~ 22 ¢ =~ s ¢ = 22 f = rankings status

() % % \‘f o UE % ;f, o % % f UE % f o UE % g
901675 -2.74 14 26.65 16 -17.41 2 -2.07 14 27.01 16 62 -
902375 -2.86 13 15.51 7 -20.11 1 -0.12 13 16.19 7 41 -
901375 -5.73 4 19.49 12 -9.46 8 -4.28 4 20.39 12 40 -
901029 -1.09 20 18.10 11 -13.94 5 -.80 20 18.32 10 66 -
905675 -6.22 3 8.27 3 -16.02 4 -4.68 3 9.36 4 17 Tolerated
901575 -9.46 | 3.16 2 -5.94 15 -7.00 1 5.27 2 21 Tolerated
901027 -2.88 12 21.07 13 -9.67 14 -2.15 12 21.55 13 64 -
90575 -1.76 16 26.79 17 -17.23 17 -1.32 16 27.14 17 83 Sensitive
901124 -1.42 18 28.66 19 -1.98 7 -1.04 18 28.94 19 81 Sensitive
901627 -1.44 17 18.04 10 -7.58 3 -1.07 17 18.23 9 56 -
901475 -5.18 5 10.32 4 -7.50 10 -3.82 5 11.45 5 29 Tolerated
902127 -8.04 2 17.84 9 -1.31 11 -5.87 2 19.47 11 35 -
901427 -1.26 19 27.09 18 -7.41 16 -0.93 19 27.36 18 90 Sensitive
Satina -3.37 10 25.11 15 -10.72 13 -2.46 10 25.79 15 63 -
Agria -4.60 8 2.56 1 -12.38 6 -3.29 8 1.41 1 24 Tolerated
Atuosa -2.17 15 14.75 6 -7.46 19 -1.62 15 15.26 6 61 -
Anosha -4.87 6 10.66 5 -10.61 18 -3.63 6 9.29 3 38 -
milva -3.02 11 31.18 20 -3.08 20 -2.19 11 31.71 20 82 Sensitive
Jelly -4.79 7 15.54 8 -5.47 9 -3.50 7 16.41 8 39 -

Marfona -4.46 9 24.05 14 -2.28 12 -3.21 9 22.86 14 58 -
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Table 11- Determining of Sensitive and tolerant genotypes by investigated factors

) $9 O Ol g’ a0y A Caxdy
TR oud 3 ySlos w5 el ws Ul - o . e
- P tuber yield o= SR > <ol & oo Olae el
Genotypes (t/ha) stress indices Water use Rank percentage  Genotype
efficiency change of traits status
901675 - Tolerated Tolerated - -
902375 - - - - -
901375 Tolerated Tolerated Tolerated - Tolerated
901029 Sensitive Sensitive Sensitive - Sensitive
905675 Tolerated Tolerated Tolerated Tolerated Tolerated
901575 Tolerated Tolerated Tolerated Tolerated Tolerated
901027 Sensitive - Sensitive - -
90575 - Tolerated Tolerated Sensitive -
901124 - - - Sensitive -
901627 - - - - -
901475 - - - Tolerated -
902127 Sensitive - - - -
901427 - - - Sensitive -
Satina - - - - -
Agria - - - Tolerated -
Atuosa - - - - -
Anosha - Sensitive Sensitive - -
milva Sensitive Sensitive Sensitive Sensitive Sensitive
Jelly Sensitive Sensitive Sensitive - Sensitive
Marfona Sensitive Sensitive Sensitive - Sensitive
References

Abu-Zinabad, I. & Mousa, W. (2015). Growth

and productivity of different potato varieties
under Gaza Strip conditions. International

Journal of Agriculture and Crop Sciences,
8(3), 433-450.

Aghighi Shahverdi, M., Maleki Farahani, S.

&Mamivand, B. (2017). Evaluation of
changes of protein percentage, lysine and
methionine amino acids in potato genotypes
and cultivars. Journal of Plant Ecophysiology,
9(29), 103-112. (In Persian).

S.H., Agharezace, M., Kamgar-
Haghighi, A. &Sepaskhah, A.R. (2014).
Effects of dynamic and static deficit and
partial root zone drying irrigation strategies on
yield, tuber sizes distribution and water
Productivity of two field grown potato
cultivars. Agricultural Water Management,
134, 126-136. https://doi.org/
10.1016/j.agwat.2013.11.015

Altamas

Anonymous.

Aliche, E.B., Theeuwen, T.P., Oortwijn, M.,

Visser,R.G.& van der Linden, C.G. (2020).
Carbonpartitioning mechanisms in POTATO
underdrought stress. Plant Physiology and
Biochemistry, 146, 211-21.
https://doi.org/10.1016/j.plaphy.2019.11.019
Arefin, M.d., Rashedur Rahman,
M.D.M., Atikur Rahman, A.N. &Mominul
Islam, A.K.M. (2018). Weed competitiveness
of winter rice (Oryza sativa L.) under
modified aerobic system. Archives of
Agriculture and Environmental Science, 3(1),
1-14.
https://doi.org/10.26832/24566632.2018.030
101

2020. Volume One, Crops.
Ministry of Jihad Agriculture, Information

and Communication Technology Center, pp
95.

Askari, N., Ghahramani, R., Reisi, A., Sadat-

Hosseini, M. & Parsa Motlagh, B. (2023). The
role of thermal stress on in vitro potato


https://econpapers.repec.org/scripts/redir.pf?u=https%3A%2F%2Fdoi.org%2F10.1016%252Fj.agwat.2013.11.015;h=repec:eee:agiwat:v:134:y:2014:i:c:p:126-136
https://doi.org/10.1016/j.plaphy.2019.11.019
https://doi.org/10.26832/24566632.2018.030101
https://doi.org/10.26832/24566632.2018.030101

Jo ! ddilie jo (SlS (s a3 (S jomw el GG 935 Jod (o 3 FA

micromicrotuber induction. Journal of
Vegetables Sciences, 6(2): 73-84.
https://doi.org/10.22034/iuvs.2022.562669.12

responses in (Solanumtuberosum L.) clones.
Phytochemistry, 135, 24-33.
https://doi.org/10.1016/j.phytochem.2016.12.

36

Ayas, S. (2013). The effects of different regimes
on potato (Solanum tuberosum L. Hermes)
yield and quality characteristics under
unheated greenhouse conditions. Bulgarian
Journal of Agricultural Science, 19(1), 87-95.

Beals, K. A. (2019). Potatoes, nutrition and
health. American Journal of Potato Research,
96, 102—-110. https://doi.org/10.1007/s12230-
018-09705-4

Carli, C., Yuldashev, F., Khalikov, D., Condori,
B., Mares, V. &Monneveux, P. (2014). Effect
of different irrigation regimes on yield, water
use efficiency and quality of potato (Solanum
tuberosum L.) in the lowlands of Tashkent,
Uzbekistan. A field and modeling perspective.
Field Crops  Research, 163, 90-99.
https://doi.org/10.1016/j.fcr.2014.03.021

Chang, D.C., Jin, Y.I., Nam, J.H., Cheon, C.G.,
Cho, JH., Kim, SJ. & Yu, H.S.
(2018).Earlydrought effect on canopy
development and tubergrowth of potato
cultivars with differentmaturities. Field Crops
Research, 215, 156-162.
https://doi.org/10.1016/].fcr.2017.10.008

Chehelgardi, A., Saffari, M. &Abdolshahi,
R.(2014). Effect of super absorbent polymer,
potassium sulphate and farmyard manure on
physiological characteristics of millet (Setaria
italica) optimum irrigation and drought stress
conditions. Journal of Crop Production, 7(2),
43-60. (In Persian).
https://doi.org/20.1001.1.2008739.1393.7.2.3
.8

Daraei  Garmakhani, A., Mirzaei, H.,
Maghsoudlo, Y. &Kashaninajad, M. (2010).
Investigation of the physicochemical
properties of three potatovarieties of Golestan
province and their effects on quality attribute
of French fries. Journal of Food Science and
Technology, 7(1), 1-9. (In
Persian). http://fsct.modares.ac.ir/article-7-
10041-en.html

Drapal, M., Farfan-Vignolo, E.R., Bonierbale,
M., Mihovilovich, E. & Gutierrez, O.R.
(2017).Fraser.P.D. Identification of
metabolites associatedwith water stress

003

Eskandari, A., khazaei, H. & nezami, A. V.
(2011). Study the Effects of Irrigation
Regimes on Yield and Some Qualitative
Characteristics of Three Cultivars of Potato
(Solanum tubersum L). Journal of Water and
Soil, 25(2), 240-247. (In Persian).

Fahad, S., Bajwa, A.A., Nazir, U., Anjum, S.A.,
Farooq, A., Zohaib, A., Sadia, S., Nasim, W.,
Adkins, S. & Saud, S. (2017). Crop production
under drought and heat stress: plant responses
and management options. Frontiers in Plant
Science, 8, 1-16.
https://doi.org/10.3389/fpls.2017.01147

FAO. (2019). FAOSTAT, food and agriculture
organization, Rome. Retrieved from
http://www.fao.org.

Fernandez, G.C.J. (1992). Effective selection
criteria for assessing plant stress tolerance.
Proceedings of the Int. Symp on Adaptation of
Vegetables and Other Food Crops in
Temperatureand Water Stress. Taiwan, 257-
270. https://doi.org/10.22001/wve.72511

Gervais, T., Creelman, A., Li, X-Q., Bizimungu,
B., De Koeyer, D., & Dahal, K. (2021). Potato
Response to Drought Stress: Physiological
and Growth Basis. Crop and Product
Physiolog, 12:698060.
https://doi.org/10.3389/fpls.2021.698060

Haghighati, B.,Bromand Nasab, S. & Naseri, A.
(2016). Effect of irrigation water amount bon
yield, some qualitative characteristics and
water productivity of two potato cultivars.
crop physiology journal, 7(28), 45-60. (In
Persian).
https://doi.org/20.1001.1.2008403.1394.7.28.
4.5

Hasanuzzaman, M., Nahar, K., Anee, T.I., Khan,
M.LR. & Fujita, M. (2018). Siliconmediated
regulation of antioxidant defense and
glyoxalase systems confers drought stress
tolerance in Brassica napus L. South African
Journal  of  Botany, 115, 50-57.
https://doi.org/10.1016/].sajb.2017.12.006

Hassanpanah, D. &Hassanabadi, H. (2011).
Evaluating Tolerance of Potato Cultivars and
Promising Clones to Water Deficit in Ardabil



https://doi.org/10.22034/iuvs.2022.562669.1236
https://doi.org/10.22034/iuvs.2022.562669.1236
https://www.researchgate.net/journal/American-Journal-of-Potato-Research-1874-9380
https://doi.org/10.1016/j.fcr.2014.03.021
https://doi.org/10.1016/j.fcr.2014.03.021
http://dx.doi.org/10.1016/j.fcr.2017.10.008
https://ejcp.gau.ac.ir/article_1744.html?lang=en
https://ejcp.gau.ac.ir/article_1744.html?lang=en
https://ejcp.gau.ac.ir/article_1744.html?lang=en
https://ejcp.gau.ac.ir/article_1744.html?lang=en
https://ejcp.gau.ac.ir/article_1744.html?lang=en
https://dor.isc.ac/dor/20.1001.1.2008739.1393.7.2.3.8
https://dor.isc.ac/dor/20.1001.1.2008739.1393.7.2.3.8
http://fsct.modares.ac.ir/article-7-10041-en.html
http://fsct.modares.ac.ir/article-7-10041-en.html
https://doi.org/10.1016/j.phytochem.2016.12.003
https://doi.org/10.1016/j.phytochem.2016.12.003
https://doi.org/10.3389/fpls.2017.01147
http://www.fao.org/
https://doi.org/10.22001/wvc.72511
https://doi.org/10.3389/fpls.2021.698060
http://cpj.iauahvaz.ac.ir/search.php?sid=1&slc_lang=en&auth=Haghighati
http://cpj.iauahvaz.ac.ir/search.php?sid=1&slc_lang=en&auth=Bromand+Nasab
http://cpj.iauahvaz.ac.ir/search.php?sid=1&slc_lang=en&auth=Naseri
http://cpj.iauahvaz.ac.ir/article-1-589-en.html
http://cpj.iauahvaz.ac.ir/article-1-589-en.html
http://cpj.iauahvaz.ac.ir/article-1-589-en.html
http://cpj.iauahvaz.ac.ir/en
http://dorl.net/dor/20.1001.1.2008403.1394.7.28.4.5
http://dorl.net/dor/20.1001.1.2008403.1394.7.28.4.5
https://doi.org/10.1016/j.sajb.2017.12.006

4 VBT ylio g juals ¥ 0yl 3% 0595 A Jlo b s o pole sole aoliladys

Region. Journal of Crop and Weed
Ecophysiology, 4(16), 1-18. (In Persian).

Hassanpnah, D., Kazemi, M., Musapour Gorji,
A. & Jalali A. H. (2018).Comprehensive guide
to modern potato farming. First Edition.
Agricultural Education Publications. Office of
Knowledge Network and Promotional Media,
pp 324. (In Persian).

Hosseinzadeh, A. A. (2014). Investigation of the
water stress effects on yield and yield
components of Medium late Omidbakhsh
three clones introduction of potato (397097- 2
, 397082-10 and 397081-1). Final report of
the research project of Ardabil province
Agricultural and Natural Resources Research
Center, pp33.

Khazaei, A. (2017). Evaluation of drought stress
tolerance in promising forage sorghum lines
(Sorghum bicolor L. Moench). [Iranian
Journal of Crop Sciences, 19(1), 73-85. (In
Persian).
https://doi.org/20.1001.1.15625540.1396.19.
1.6.2

Kiptoo, S., Kipkorir, E. & Kiptum, C. (2018).
Effects of deficit irrigation and mulch on yield
and quality of potato crop. African Journal of
Education, Science and Technology, 4(4), 65-
77.

Koech, O. K., Kinuthia, R.N., Karuku, G.N.,
Mureithi, S.M. &Wanjogu, R.(2015). Water
use efficiency of six rangeland grasses under
varied soil moisture content levels in the arid
Tana River County, Kenya. African Journal of
Environmental Science and Technology, 9(7),
632-640.
https://doi.org/10.5897/AJEST2015.1917

Kristin, A.S., Serna, R.R., Perez, F.I., Enriquez,
B.C., Gallegos, J.A.A., Vallejo, P.R.,
Wassimi, N. &Kelley, J.D. (1997). Improving
common bean performance under drought
stress. Crop Science, 37, 43-50.
https://doi.org/10.2135/cropscil997.0011183
X003700010007x

Liu, F., Shahnazri, A., Andersen, M. N.,
Jacobsen, S. E. & Jensen, C. R. (2006). Effects
of deficit irrigation (DI) and partial root drying
(PRD) on gas exchange, biomass partitioning
and water use efficiency in potato. Scientia

Ol) 502 g y310 0

Horticulturae, 109, 113-117.
https://doi.org/10.1016/j.scienta.2006.04.004

Mahgoub, H.A.M., Eisa, G.S.A. & Youssef,
M.A.H.(2015). Molecular, biochemical and
anatomical analysis of some potato (Solanum
tuberosum. L) cultivars growing in Egypt.
Journal of Genetic Engineering and
Biotechnology, 13(1), 39-
49 .https://doi.org/10.1016/.jgeb.2014.11.004

Mastalizadeh, B., khajoei-Nejad, Gh. & Moradi,
R. (2020). Assessing physico-chemical
properties of potato as affected by different
irrigation methods. Journal of Plant process
and function, 9(36), 33-48. (In Persian).

Mohammadkhani, N. & Sharifi, P. (2016). Anti-
oxidative response of different wheat
genotypes to drought during anthesis. /ranian
Journal of Plant Physiology, 6(4), 1845-1854.
https://doi.org/10.30495/ijpp.2016.532655

Mostofi, s. &najafi, f .(2005). Analytical
laboratory methods in horticultural sciences.
Publishers of Tehran University, ppl135. (In
Persian).

Obidiegwu, J.E., Bryan, G.J., Jones, H.G. &
Prashar, A. (2015). Coping with drought stress
and adaptive responses in potato, perspectives
for improvement. Frontiers in plant science,
6, 542.
https://doi.org/10.3389/fpls.2015.00542

Qin, J., Bian, C., Liu, J., Zhang, J. & Jin, L.
(2019). An efficient greenhouse method to
screen potato genotypes for drought tolerance.
Scientia Horticulturae- Scientia, 253, 61-69.
https://doi.org/10.1016/j.scienta.2019.04.017

Rosielle, A.A. & Hamblin, J. (1981). Theoretical
aspects of selection for yield in stress and non-
stress environments. Crop Science, 21, 943-
946.
https://doi.org/10.2135/cropscil981.0011183
X002100060033x

Servani. M., Mobasser, M.R., Sobhkhizi, A. &
Adiban, M. (2014). Effect of phosphorus
fertilizer on plant height, seed weight and
number of nodes in soybean. International
Journal of olant, animal and environmental
scienes, 4(2), 696-700.

Samaeei, M., Mohammad Modarres-Sanavy, S,
A., Mousapour Gorji, A. & Zand, E. (2017).
The study of potato genotypes (Solanum



http://dorl.net/dor/20.1001.1.15625540.1396.19.1.6.2
http://dorl.net/dor/20.1001.1.15625540.1396.19.1.6.2
https://doi.org/10.5897/AJEST2015.1917
https://doi.org/10.2135/cropsci1997.0011183X003700010007x
https://doi.org/10.2135/cropsci1997.0011183X003700010007x
https://doi.org/10.1016/j.scienta.2006.04.004
https://doi.org/10.1016/j.jgeb.2014.11.004
https://doi.org/10.30495/ijpp.2016.532655
https://doi.org/10.3389/fpls.2015.00542
https://www.sciencedirect.com/science/journal/03044238
http://dx.doi.org/10.1016/j.scienta.2019.04.017
https://doi.org/10.2135/cropsci1981.0011183X002100060033x
https://doi.org/10.2135/cropsci1981.0011183X002100060033x

eyl adlie 3o (SS (pio 4 (S Jomw il (GG 95 oS oy O

tubersumL.) tolerance to water deficit stress.
Iranian Journal of Field Crop Science, 74(7),
527-540. (In Persian).
https://doi.org/10.22059/ijfcs.2017.128238.6
53902

Shock, C.C., Shock, B.M. & Welch, T. (2013).
Strategies for Efficient Irrigation Water Use.
Oregon State  University.  Sustainable
Agriculture Techniques, pp 1-7.

Takeda, S. & Matsuoka, M. (2008). Genetic
approaches to crop improvement: responding
to environmental and population change.
Nature, 9(6), 444- 457.
https://doi.org/10.1038/nrg2342

Tolk, J.A., Evett, S.R., Xu, W. & Schwartz, R.C.

(2016). Constraints on water useefficiency of
drought tolerant maize grown in a semi-arid
environment. FieldCrops Research, 1(186),
66-77.
https://doi.org/10.1016/j.fcr.2015.11.012

Vesali, M.R., Baradaran, R., Hassanpanah, D.

&Soqa al-Islami, M. J. (2021). Determining
the Tolerance of Hybrids from Combination
of Potato Cultivars to Different Aridity
Conditions in Ardabil Province. Journal of
Crop Breeding, 13(37), 146-158. (In Persian).
https://doi.org/10.52547/jcb.13.37.146

Yarahmadi, S., Nematzade, Gh., Sabouri, H. &

Najafi zarini, H. (2020). Relationships
Between Drought Stress Tolerance Indices
and Their Use in Wheat Screening Programs.
Journal of Crop Breeding, 12(33), 29-41. (In

Persian).
https://doi.org/10.29252/jcb.12.33.29

Zebarjadi, A.R., Shadpey, T., Etminan, A.R. &
Mohammadi, R. (2013). Evaluation of
drought stress tolerance in durum wheat
genotypes using drought tolerance indices.
Seed and Plant Improvement Journal, 29(1),
1-12.

Zhang, Y.L., Wang, F.X., Shock, C.C., Yang,
K.J., Kang, Sh.Zh., Qin, J.T. & Li, S.E.
(2017). Influence of different plastic film
mulches and wetted soil percentages on potato
grown under drip irrigation. Agricultural
Water ~ Management, 180, 160-171.
https://doi.org/10.1016/j.agwat.2016.11.018

Ziachehreh, M., Tobeh, A., Hassanpanah, D. &
Farzaheh, S. (2024a). The responses of some
agronomic and qualitative traits of potato
genotypes to foliar spraying of anti-cold
compounds (freezbon and potassium) in two
different planting dates. Journal of Vegetables
Sciences, 8(1), 69-90.
https://doi.org/10.22034/IUVS.2023.1978110
1252

Ziachehreh, M., Tobeh, A., Hassanpanah, D.
&Farzaheh, S. (2024b). Influence of Planting
Date and Foliar Application of Antifreeze
Compounds on Some Morpho-physiological
Traits of Potato Cultivars in Ardabil Region.
Journal of Vegetables Sciences, 7(2), 136-
159.
https://doi.org/10.22034/IUVS.2022.1971753
1245



https://doi.org/10.22059/ijfcs.2017.128238.653902
https://doi.org/10.22059/ijfcs.2017.128238.653902
https://doi.org/10.1038/nrg2342
https://doi.org/10.1016/j.fcr.2015.11.012
http://dx.doi.org/10.52547/jcb.13.37.146
http://dx.doi.org/10.29252/jcb.12.33.29
http://dx.doi.org/10.1016/j.agwat.2016.11.018
https://doi.org/10.22034/iuvs.2023.1978110.1252
https://doi.org/10.22034/iuvs.2023.1978110.1252

