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ABSTRACT

Potato is one of the susceptible crops to drought. This research was carried out as a split factorial experiment in a
randomized complete block design with three replications in Karaj in 2014. Potato genotypes at 11 levels (Agria,
Caesar, Savalan, Sante, Marfona, Milva, Picasso, Hermes, Jelli, 397081-1, 397069-2), irrigation treatment in two
levels (stress and control) and samplings in two stages (after stress and recovery) were considered. Irrigation was
done as drip and conventional systems and in the stage of tuber production, watering for stress treatment was stopped
and control treatment was irrigated normally. After getting to ninety percent of the soil moisture deficit, irrigation
restarted until the soil moisture reached to the field capacity and normally continued up to the end of growing season.
The results showed that there were significant differences among genotypes, the irrigation levels and the stages of
measurement for large and small diameters of the tubers, number of tubers and healthy tubers, the tuber smaller than
35 and larger than 55 mm, dry and fresh weight of the healthy tubers per plant. However, number of tubers between
35-55 mm was, significantly different for the genotypes and irrigation levels. The most changes were observed in the
tuber number smaller than 35 mm, dry and fresh weight of the healthy tubers. In addition, in this research, genotypes
were categorized in 4 groupes according to the estimated drought tolerance and sensitivity indices.
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Table 1. Formulas of Tolerance and susceptibility indices to drought stress

Formula

Reference

RR =((Y, Y )/Y, )x100

ATl = [(YP _YS)/(?P _Y; )]X[MJ
TOL=Y, -Y,

MP = (Y, +Y, )/ 2

ST =(Y, xY )/Y,?

GMP =Y, xY,

(Choukan et al., 2006)
(Farshadfar et al., 2013)
(Rosielle & Hamblin, 1981)
(Rosielle & Hamblin, 1981)
(Fernandez, 1992)
(Fernandez, 1992)
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Ys, Yp,T(s,Vp: are yield under the stress and non-stress for each genotype, The average yield under the stress and Lack of stress for all genotypes,

respectively.
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Table 2.The result of variance analysis for measured characteristics per plant
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Sources of Variations df E g EE =32 2 £ g 8 T o T 3 o= ERE]
sE s E gz = 25 2 c 25 s >
5 ] S5 28 Ex Eg EL 2 £ £
= ) 2 Ee 3 €2 5 ol &5
Replication (R) 2 54.22 105.11 4.48 0.71 0.0035 0.75 0.03 42.19 554.066
Irrigation (1) 1 7223277 3860.58" 503.53" 1015.87"  3.31° 95.88™ 15.27  341980.81" 2623987.45"
The main plot error (Rx1) 2 2.12 2.55 6.18 0.03 0.70 0.99 0.03 82.27 278.98
Genotypes (G) 10 9591 26146  4544" 25217 12.43™ 6.86" 0.62™  20577.34™ 221517.62"
Sampling Phase (S) 1 1442047 2394637 9098 35797  49.29™ 1.76 0.43"  745448.92" 7598400.76"
?é:g;ypes xSamplingPhase 1o 3597 17125 73677 5178”2026 10077 053" 21874807 227256.80"
Irrigation (GxI) x Genotypes 10  54.76™ 66.42 55.74"  25.80" 12.96™ 6.49" 071"  21719.74™ 233496.592"
ﬁ?ggtl:gﬁ Phase (1xS) x 1 3260 11917 11496 406"  9347" 0.5 0.56™  215716.69” 210830655~
Genotypes x Irrigation x o o . x x o
Sampling Phase (GxIxS) 10 2887 7346 3139 35.23 8.84 2.98 0.28 23218.79"  240986.02
The Sub plot error (Rx1) 84  20.88 65.67 4.04 0.84 0.68 0.80 0.02 80.16 504.77
Coefficient of variation (C.V.) 12.61 15.21 18.48 15.33 18.09 21.90 10.23 10.03 8.50
Least significant difference (Lsd) 7.42 13.16 3.27 1.48 1.34 1.46 0.23 14.54 36.48

* *; Significant 5% and 1%,
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Table 3. Duncan test results for triple interaction (Genotype, Irrigation and Sampling Phase)
(Listed numbers is calculated for average of the corresponding trait per plant at 5% test)

o & H s = P
B 5o £ g 5E 52 5¢ 5& &5
s & EE  EE  S5g 28 33c 3%c Zze EE B2
s S g ST =2 E> EEE g%,f ESE T2 =B
= [} =2 q’ B = cs [SIR7 c o g c B > >
= o s 3 55 = o ] © » o » o 2 >= 55
5= s~ 2 (S F S F S = 0§ g
< - F E 5 E] 2 o2
Milva 40.08b-j 49.21f-m 12.50c-e 10.00e-f  2.50 k-m 7.00b 3.00e-f 32.21 56.551-n
Hermes 28.340-s 46.72i-n 18.67b 13.33b 10.33a 7.00b 1.33I-0 18.88 I-p 18.760-s
~ 397081-1 38.26d-1 63.48a-d 12.67c-e 8.00g-h 3.679-k 4.00 f-k 5.00b j-m28.68  42.52l-p
g Jelly 39.67d-k 51.47d-I 18.00b 10.50d-e 8.00 b 6.00b-c 4.00c-d 22.371-0 24.18m-s
‘g Agria 35.25g-0  62.98a-e 6.00i-1  6.00k-0  3.00j-I 1.00g  2.00g-k  16.78l-q  44.20l-0
< Caesar 33.19j-p 55.07d-k 11.00d-g  5.00 n-q 4.67e-h 3.67g-m 2.67fh n-q11.74  20.64n-s
2 Sante 45.27a-d 58.01b-i 11.67c-f 10.00 e 2.33k-m 4.67c-j 4.67b-c i-k 39.97 59.841-m
5 Savalan 40.93b-i 55.16d-k 11.00d-g 7.67 g-i 3.33h-I 5.00c-g 2.67e-g k-n23.71 41.621-q
- o 397069-2 38.00d-1 50.15e-m 9.00e-j 8.00 g-h 2.00l-m 4.33d-k 2.67e-g 32.86i-1 63.941
4] Picasso 38.31b-I 48.05g-m 18.33b 6.33i-n 6.67b-d 7.00b 4.67b-c e-g 13.56 16.540-s
& Marfona 36.62f-m 47.70h-n 13.50c-d 12.00bc 8.00 b 4.00f-k 1.50k-0  j-m29.72 39.861-r
= Milva 19.48t 37.74m-n 4.001 0.00w 2.00l-m  2.00n-g  0.00r-q 0.00q 0.00s
E: Hermes 24.41r-t 34.57n 10.67d-h  5.33m-p 4.67e-h 5.00c-g 1.000-p 10.11n-q  15.860-s
397081-1  32.43k-q  63.53a-d  8.00f-k  4.50p-q 3.00j-1 400f-k  1.000-p  5270-q  14.600-s
Jelly 34.25h-p 53.76d-I 6.66 h-1 2.00s-u 2.00l-m 4.33d-k 0.33r 4.00 p-q 14.780-s
o Agria 28.87n-s 54.57d-k 9.33e-j 3.00r-s 5.33d-f 2.33m-qg  1.67j-m n-q 6.98 19.680-s
£  Caesar 25.51g-t 37.91m-n 4.001 0.67u-w  2.33k-m 1.33p-q 0.33r 1.50 p-q 6.55p-s
» Sante 23.65s-t 37.28 m-n 4.33k-1 1.67s-v 2.33k-m 1.33p-q 0.67p-q 1.64 p-q 8.340-s
Savalan 28.370-s 38.22 m-n 5.50j-1 1.00u-w  2.50k-m 3.00k-0 0.00r-q 1.03q 3.93r-s
397069-2  35.89g-n  48.90f-m  867ej  167s-v  3.00j-1  3.33h-n  233Fi  3.25p-q  7.62p-s
Picasso 30.00 m-s 42.06k-n 10.67d-h 2.22s-u 2.33k-m 4.00f-k 1.33I-0 3.24 p-q 5.330-s
Marfona 27.75p-s 41.391-n 7.00g-I 1.50t-v 3.00j-1 3.50h-m  0.50r-q 3.01 p-q 7.59p-s
Erorre 20.88 65.67 4.04 0.84 0.68 0.80 0.02 80.16 504.77
(S oilul > 1o g (g )lulicuissy) alfan Jildie Sl gl oSSls (ygel zlis ¥ Jsas delol
(Sl 0o dulone 0o )0 O (el rhaw ;o digy 0 dbbgy e (Shg eiles (gl 00 (5510l slacl)
Continued Table 3. Duncan test results for triple interaction (Genotype, Irrigation and Sampling Phase)
(Listed numbers is calculated for average of the corresponding trait per plant at 5% test)
B P - Sg BSzg ©§ Sy Sz £2
5 g EE EE g%, 38 3EE 3E zBE 28 g2
g E 5y s o238 E> E28 538 5.8 325 :£5
E 3 33 28 g52 £ g5 g4 I2s I3° BE
=% B3 53 TE BER gis gEY p3s B &g
Milva 46.42a-b 69.45a-c 10.53d-h 7.43 g-j 3.34 h-l 5.63 b-e 1.55 j-n 27794 ¢ 734.15¢
Hermes 41.27b-h 68.84a-c 8.04 f-k 4.96 n-q 3.29j-1 249 1-p 2.38 f-h 190.62d 488.53f
~ 397081-1 43.49a-f 60.04 b-h 9.12 e-j 6.70h-m 3.08 -1 3.50 h-m 253 f-h 175.84de 550.20e
g Jelly 50.16a 75.72a 10.86 d-g 7.08 g-1 1.42m 4.86¢-h 4.58b-c 522.06b 903.19b
g Agria 42.46b-g 69.88a-b 12.48 c-e 6.55 h-m 4.85e-g 5.20 c-f 2.43 fg-h 182.71d 632.22d
< Caesar 42.29b-g 62.44b-e 30.33a 23.83a 11.00a 8.67a 10.67a 614.39a 2279.36a
2 Sante 39.66b-k 61.13 b-g 11.29 d-f 7.53 ¢ 4.53f-i 4.43d-k 2.33 f-i d 184.90 583.14e
S Savalan 45.72a-c 58.42 b-i 10.20 d-h 8.48 f-g 3.28 -1 3.98f-k 3.27-f 223.60c 725.54c
> o 397069-2 46.95a-b 61.49 b-f 10.27 d-h 9.17 e-f 3.86 g-j 4.01f-k 2.40 f-h 222.16¢ 710.46¢
% Picasso 44.20a-e 61.18 b-g 17.14b 5.76 I-op 7.79b 6.99b 2.36 f-h 105.45f 408.81g
3 Marfona 33.07 j-p 54.04d-1 9.80d-i 8.00 g-h 3.10 j-I 5.70b-d 1.00 0-p e 163.42 468.82f
x Milva 32.84j-q 44.33 j-n 5.52j-1 0.46 v-w 3.39 h-k 1.650-q 0.48 g-r 10.23 n-q 22.97n-s
E Hermes 37.03 e-m 55.02d-k 10.54d-h 5.721p 6.26 e-f 3.16k-n 1.13 m-0 102.09 f 328.03h
< 397081-1 37.69 e-l 49.85e-m 10.14d-h 4.67 0-q 597 c-e 2.441-q 1.72 -1 67.72h-g 276.29i
Jelly 38.63c-1 59.00 b-i 9.67 e-j 2.58 r-t 5.00 e-h 3.39i-n 1.28 I-0 48.42 i 162.49j-k
@ Agria 36.24 f-n 56.50 c-j 1212 c-e 2.08 s-u 6.95 b-c 3.08 k-0 2.08 g+ 40.65 i-j 130.22k
2 Caesar 33.55i-p 48.69 f-m 11.26 d-f 3.83q-r 6.67b-d 3.50 h-m 1.06 n-0 65.14 h 197.51j
» Sante 31.29 I-r 46.17 i-n 10.33 d-h 1.83s-v 6.69b-c 2.36 m-q 1.28 I-0 42.20i-j 67.401
Savalan 40.04 b-j 58.43 b-i 13.40 c-d 6.93 h-1 8.33b 3.87f-1 1.87 h-k g81.64 333.05h
397069-2 39.85 b-j 51.69 d-1 15.42 b-c 11.50 c-d 7.03b-c 4.97c-g 3.42d-e 277.55¢ 705.71c
Picasso 33.55i-p 48.81 f-m 11.83 c-f 1.17t-w 6.00c-e 4.83c-i 1.00 o-p 14.28 m-q 61.571

Marfona 3355i-p  44.25jn 8.73 &-j 6.13j-0  417fj  420ek  037qr 104.03f 316.99h

Erorre 20.88 65.67 4.04 0.84 0.68 0.80 0.02 80.16 504.77
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Table 4. The correlation between measured characteristics
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Small diameter tuber (mm) 1

Large diameter tuber (mm) 0.80615" 1

The total number of tubers 0.41455” 0.27772 1

The number of healthy tubers 0.51784™ 0.38198" 0.80086™ 1

Fresh weight of healthy tuber (gr) 0.54945™ 052529 0.57388™ 0.67221" 1

The number of tubers smaller than 35 mm  0.09143  0.03251

The number of tubers between 35-55 mm  0.42913” 0.25151"
The number of tubers larger than 55 mm  0.66883™ 0.55445™
Dry weight of healthy tuber (gr) 0.60962" 0.59528™

0.79383™ 0.51110™ 0.31094" 1

0.81753™ 0.70173™ 0.44686~ 0.45735" 1

0.74774™ 0.74204™ 0.59024™ 0.33534" 0.56497" 1
0.49106™ 0.618117 0.95038™ 0.18864 0.41360 059407 1
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Table 5. Percent reduction of the characteristics under the normal and stress conditions
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n - = o S = a
Milva 5090 2250  68.00 100 17.78 71.43 59.18 100.00 100.00
Hermes 1400 2451 4288 58.42 54.85 25.93 9.76 46.45 15.45
397081-1 1479  -5.66  36.75 43.68 16.67 0.00 55.28 81.61 65.66
. Jelly 1499 573 62.04 80.76 74.27 28.41 7155 82.14 38.87
£ Agria 1804 1276  -55.50 50.00 -77.78 -133.33 9.76 58.42 55.49
#  Caesar 2239 3210  63.01 87.78 50.00 60.00 64.09 87.17 68.27
= Sante 4723 3533  47.22 81.39 -44.44 64.68 62.77 95.88 86.06
£ Savalan 3085 3076 13.49 86.77 5.56 36.67 56.12 95.64 90.56
397069-2 455 1.64 0.63 78.90 -88.89 24.44 6.12 90.11 88.07
Picasso 2067 1000 4181 65.93 65.08 43.45 47.34 76.00 67.74
Marfona 2351 749 4810 87.67 62.10 12.50 40.52 89.83 79.32
Average 2381 1506  33.49 68.67 12.29 21.29 43.86 82.11 68.68
Milva 2926 3617 4757 93.80 -1.49 70.69 69.03 9551 96.87
Hermes 1027 2007  -31.09  -15.32 -90.27 -26.90 52.52 46.37 32.85
397081-1 1333 1697  -11.18 30.29 -93.83 30.28 32.01 61.40 49.78
> Jelly 2298 2208  10.95 63.56 -252.11 30.24 72.05 90.68 81.92
S Agria 1464 1915  -0.03 60.61 -43.29 40.76 14.40 77.69 79.35
g Caesar 2067 2202  62.87 83.93 39.36 59.63 90.06 89.40 91.33
T gante 2110 2447 008 75.69 -47.68 46.72 45.06 76.96 88.44
& savalan 1242 171 -31.37 18.28 -153.96 2.76 42.81 63.14 54.09
< 397069-2 1512 1543  -50.14  -2541 -82.12 -23.94 -42.50 -2.68 0.67
Picasso 2409 2022 30.98 79.68 22.97 30.90 57.62 86.43 84.94
Marfona 001 1811 1091 23.37 -34.51 26.31 63.00 36.31 32.38
Average 3343 1936 3.59 44.41 -66.99 28.52 45.09 65.57 62.96




oYy IS UL NSVIY- T YW IV Y P RSN L OV S POW)

B G5 gy 9 G dlyd 9o e 50 als o Slee
83y ey s (Farshadfar et al, 2001) ol

STI 5 GMP MP sloasls suif (clacasisss
L slgaiss e sl boadls s
S8 Gl G5 g 9 G55 Ll 99 58 3 Vb o Sles
3 eolawl (6,58 Beiss o (Mollasadeghi, 2010)
L aidjuie sl o STI 5 GMP MPI gle oL
oMMyéomeBYdea)ﬂos
e Sl e Sion e li pl pizren Col
.(Mohammadi et al., 2003) aisls -lid K055 L,
A>yo g0 Egomeyd (owyn 090 ooy
Ll on @S o A STy Ll g Sl
22,0 MO (53,5 B b (25 o 5 A5 Ll o
Jsl 09,5 el ganaib 055 Sz o Sl
FAV-AY-) (R yR ras..) 09; ‘BMK..: sl “5l~a
25,5 5,25 p)lez 09,5 L ST lr o Vlslo digh Lo
ALE ke i e iy 45 AV FASY pg
SIS 525 sy 5l payed paS 6, LS o
lacasy Jolds a5 alls o Sloe (5285 ,18050 L oy S
Sl lulys g (Sas s s g0 e 0
(Golabadi et al., 2006) ol jasin g Jglaie

Slom sladiged )0 (60 yadd G yo o iy
Sled g pllo lvons 59 Sis (y59 4 bgrye S
Slod 5o Z8lL 5l e sbrdiges ;o g Wl slaoas
5y S iy ek YO I 5 Se S slaons
(B J532) o alimMe plls slooai

S @ Joo g Copls gl as s
G Comles g oo gl G ul o
Jozs azls (Fgaz) sl a0yl (Sis
Oeped WD gae 55 e Lyl jo 0, Sles b
3, 8ee LGMP s MP  sla jasli o Sivon
OeiZmed g Colle S (e 9 (AS hulpd o
oo Slae 5l plaSms b Giolesl cpl o ATI a3l
b a4 axg Lo b oxe calol Luls o
Joot sloasli jl ssslowwsd s 5 suslcwsa
GMP (a3ls ) oo Hla 4y (S 4 Conles
L ceejomm QL Gl a3l G el
hie (K5 5 4 Jewie s Vo oSk
el pl Ol (Y Jgaz) ail o, Slee 5l
el 0uls 0l Ko WY game ;o ) sl )15 L
4 Jozie slapd, Sl 6l celie sl a3lo

bWl (Sion & wien laasls i

S G 4 Sl 5 oot Sl basgi bacisi) Comla e 35510 £ gor

Table 6. Estimation of susceptibility of the genotypes by tolerance and susceptibility indices to drought stress
GMP

Genotype Yp Ys STI MP Tol ATI
Milva 395.35 11.49 64.93 0.02 203.42 383.86 64.95
Hermes 253.65 171.94 208.73 0.76 212.79 81.70 208.98
397081-1 296.36 145.44 207.27 0.42 220.90 150.92 207.21
Jelly 463.69 88.64 200.71 0.39 276.16 375.05 200.61
Agria 338.21 74.95 158.11 0.32 206.58 263.26 158.09
Caesar 1149.99 102.03 341.26 0.20 626.01 1047.97 341.31
Sante 321.49 37.87 102.46 0.13 179.68 283.62 98.85
Savalan 383.58 168.49 251.80 0.28 276.03 215.09 253.19
397069-2 387.20 356.66 364.92 0.56 371.93 30.54 411.55
Picasso 212.70 33.45 83.98 0.24 123.07 179.25 83.99
Marfona 252.84 162.29 201.02 0.44 207.57 90.55 200.68

Table 7. The correlation between the tolerance and susceptibility indices to drought stress and yield under the stress
and non-stress conditions

Yp Ys GMP STI MP Tol ATI
Yp 1
Ys 0.45164™ 1
GMP  0.80564~ 0.88265 1
STI -0.10972  0.62172”  0.35037" 1
MP 0.96708" 0.66382" 0.92709”  0.08536™ 1
Tol 0.941277  0.12386 0.56198  -0.357337 0.82435" 1

ATI 0.14711 0.14261 0.18111

0.09290 0.16399  0.10965 1
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Figure 1. Dendrogram Cluster analysis based on Tolerance and susceptibility indices to drought stress
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Table8.The mean deviation of the genotypes of each group from the total average for all measured characteristics
(Listed attributes is calculated for average of the corresponding trait per plant)

€ ¢ T 9] G e T 5 5 g S o G5 =
c 9% T = T = — = o © - = E = O£ - © E o2 S >
SEE EE EE ETiogo B85 ZEEE 2gc ZFE Bz E£5
Cluster EsSg ST 5 =238 ES Eas@ ESyg ELB T2p5 3 5
=] =2 o 2 2EZ s 2¢c 209 25c ==~ S <o
2o g2 o3 =2 2g 282 288 288 ¢ g5 2
RS @ g F< F2T FZ2 F=T 0= o
First group X 34.71 50.18 8.14 4.47 2.81 4.07 1.10 170.51 203.42
A genotype i —x -1.53 -3.08 -2.75 1.49 -1.76 0.04 -0.27 34.61 60.60
L
Second group X; 35.24 52.06 10.90 5.61 4.89 4.09 1.28 182.52 200.96
Six genotype ¥ —x -0.99 -1.20 0.02 -0.36 -0.32 -0.02 -0.08 22.61 63.06
L
Third X; 38.11 55.82 11.55 6.88 4.52 4.15 1.55 247.68 373.75
Four genotype i —x 1.87 257 0.66 0.91 -0.04 0.04 0.19 42.56 109.74
L
X 36.24 53.26 10.88 5.97 4.57 411 1.37 205.12 264.01
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