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Abstract

This study evaluated the responses of 18 potato cultivars to three levels of salinity stress
(electrical conductivity, EC: 1.0, 4.0, and 8.0 dS'm™). Stem, leaf, root, chlorophyll, tuber yield, and
proline content were investigated and statistically analyzed using analysis of variance (ANOVA)
and correlations. Stem number and stem diameter were not affected by salinity, but stem length
and aerial weight showed highly significant responses to salinity. Aerial weight decreased with
increasing salinity levels in most cultivars, while it increased in some the cultivars ‘Daejima’,
‘Goun’, ‘Haryeong’, and ‘LT-8’. Leaf number, leaf area index, and leaf weight were most
significantly affected by salinity and the cultivar x salinity interaction. Root length, root weight,
total chlorophyll and chlorophyll a were affected by salinity, but not by the cultivar x salinity
interaction. The opposite trend was shown in chlorophyll b. Although there was great variability
among cultivars, tuber yield decreased in all cultivars, and was most significantly influenced by
salinity and the cultivar x salinity interaction. ‘Superior’, ‘Kroda’, ‘Romana’, and ‘Duback’ gave
better tuber yields under salinity at EC 4.0 and 8.0 dS'm™ than the cultivars with better aerial
weights. Proline content was increased by salinity in all cultivars, and was more remarkable
in the cultivars with better aerial weights than in cultivars such as ‘Superior’ and ‘Kroda’ with
better tuber yields. Leaf number, leaf area index, leaf weight, and root length parameters were
considered to be useful criteria in the evaluation of salt tolerance because of their high positive
correlation with tuber yield; however, given its negative correlation with tuber yield under high
salinity, proline content was not.

Salinity tolerances varied greatly among potato cultivars. The low correlation between growth
and yields of aerial parts under high salinity suggests that, in commercial agriculture, it might be
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more practical to compare relative yields to controls. Additionally, ‘Superior’, ‘Kroda’, ‘Romana’, and ‘Duback’ might
be very useful cultivars to use in breeding programs to develop salinity-tolerant potatoes, as well as for sustainable
potato production in saline areas.

Additional key words: ANOVA, correlations, cultivar, EC, stress tolerance
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Eat-Eo] d gt G2 AEo] AL B8-S Asfiohs tiEA]] HEA AEH Aot E-2 EQFO AR W0
A& ] 0] 42545 Holfotal (Asish and Anath, 2005), A=A W 2 =1 o= Al 2Q] Nar, CI o] 2885t o 2K, Ca?*
o] 2 5] /S Wotiote] Al W o] 2B -2 -F U gHH(Hasegawa etal., 2000; Rodriguez etal., 2005). A|2E W o] 25+
2 TRoFet GAE0] DS Aot (Dreyer et al, 1999) Ul S} F/d2-8-2 AT B9t of|2HLarcher, 1980;
Fidalgo et al,, 2004) &-/gAt4-0] 2 Z715}1 L (Davenport et al,, 2005) 41} 7|2+ ¥5]{ahC 24 (Foyer and Noctor, 2003) 2
T AGE AR Z | AG AL - AEAE TARIZICE 22, 7| SR IS A AA Q1 et 7 Rg o) Alsh= 57329 s
FEre] ARRtE FXAZ1 L QlolA] o AEH| A= AR O & F2E2 QP AAES 18 0t= 5 8Qlo] =z gl
t}. 55, ZFAH Solamum tuberosum L )}:= A1} 7R A 55 524 0 2 7 A|A| 9] oF 1200 =7 Lol A A=z glo] & Z3-gell
tiet @ 77} A thFlowers and Yeo, 1995; Levy and Veilleux, 2007). 7HAH= Maas and Hoffman (1977)°]] 2J5}] & #aH4lo] oFgt 2
E=2 R e, Bl W2 A ZZAEC 1-2 dSm) oA & o]l £ A1 3RS HH=THvan Hoom et al, 1993).
gk @ 2Eg| Ao kEE A9, A 3, tip bum, leaf bum, £7]9HS}, 2|7 B3}, 173 7Y 5ol WAL LA ot
(Greenway and Munns, 1980; Feigin, 1988). HH, ZEARH= 2|1/ €F 200004E o)/do] 251 (Hanneman Jr., 1989), Hof| thet
T[] W3d = AP Bt 5404 Avdof whef g 919k 2fo )7t Qlrkar B v QITHKim etal, 1995; Jaarsma et
al, 2013). ;, 28A4|¢] ZAoPEE-S0] 48iA1 Q] Lt AufEE T F A7}/do] 73t Zdako|™ (Martinez et al.,, 1996; Arvin and
Donnelly, 2008), 4817 A4 A5 7ol G AE A 274004 ATt e dol] 2 2fol7} Qlaro] B ars| SlrHElkhatib
etal,, 2004; Homayoun et al., 2011). 21=-9] ¢ Z|3Hg L& olli= osmolyte 77} Fhofot= A0 =2 dejx] li=t], ohn]icAte] UdF
2l proline©| tHEEZ{o]CHNanjo et al.,, 1999; Hasegawa et al., 2000). Proline> & A~ E | 2~0f 2 gh A1 Eof| 4] gigo] Z71sk=d], Al
OO ARt of Wh-gSho] AEU] AFRQE 2ok, AlHkS H oot A g A-E QPYSIAIA Aol et A3 =
QItHDelauney and Verma, 1993; Nanjo et al., 1999; Hasegawa et al., 2000). 73A}0]|A]+= Martinez et al. (1996)°] T}2FSt Solanum
speciesE T/ 0 &2 ¢ AEAE A 2gt A}, proline | Ho] 552 species” ¢ 218/ 0] Z3Ttar g, Canoetal. (1996),
Feitosa etal. (2001) 5~ ©]@} 34 A7AE K 17510 proline $Fgar 2ke] & A91d 7+ 3tAl = oF4] ietolA] ok
AAolt}. feufeke] 49 A2 AN it 9 TE )5 AlLfetar= At 732l QlotA] F 2AI7F EA] (ot @A7A]
A7re] A Ad e A7t nin)_ Ao ok tigt, 2] wARE - AR Aol wheh A k] affe] &2 919t
A7 EESHA JYEAA, 5 VIR Dol A 7P Z Ak e 49l A AEd| Ao thgh =il e] 7ARte] ASHk-gat G 43
35 olalfsl= o] B asHA =itk

olof whef, 2 A== 9] 79 AR EF0 | AE|2of et S, 5] & proline R W& FHSH, THA =
HollA FE 7 A A vl wghe 24 o A AL EE S 2kt 712k m 2 Egotarat sfoir.
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H Ato]| FAH A AR = = e EEQ] ‘4] (‘Superior), ‘THA] (Atlantic’), ‘THA] (Daejima’), ‘11~ (‘Goun’), 5}
o’ (Haryeong'), 529 (‘Chuback’), T (‘Duback’ )44— =270 MY =AALAoA SHAFYR 0 2 B85 Q= ‘uhH
2]eF (Favorite)), LT-8’, ‘AFEF(Spunta’), ‘G E=2kATF (Redlasoda’), ‘Al W{BY = (Russet burbank’), ‘T2 CF (Kroda'), ‘&
U]-L} (Romana)), ‘HlEAZl (‘Redscarret), ‘H|Z|2]|' (Desiree’), P23 (Marfona), ‘T12Hsef (Granola)) 5 =+Uje] 74t

REE O Tt 2 519},

TUE AR A 2209 Mg E 9151l A kel IR MHAE YT 4 BRI oF e F3le] 2014
29454 AbgEolel e, 717 ekl o] 0.5em 2] 25
U W5 T g HR el 2AE YR A4S o] 8311 BB A S50 A el elelA 39 25U n
T4 BAEREllrh AP E I AAE 9 Ao Hol8 AEES0] 23, F-9H0| e, £, tielset el ke
97% oVl Fuit AL A-E A7 H71ee] EC 10(HHZ), 40,80 dSm™ 53550 2 ZABILE WA, HEE G
= g 850 JE(EC 042 dS'm™) SOL ?ﬂ?—l%ﬂ—% 7}7} 8¢, 45¢, 86g N9]2 H7lslo] T2 55t 5 ARSI} g
A Ao T 0 2 AL FR= S EE(EC 0,67 dSm™) 100 AL EL 217} 11 g, 130g, 265g U] Q)5 27} 5 2 AoiA]
8] 5o A e Aol ARSI, n% Hﬁ}c’% EetAE ZE(ZE 20cm, E0] 25em)e]] FYEES ATE 5
719, LEG 173 17142 10cm Zo| 2 mRE515] om, 7 42| o £ 18 AL E 57IR-S 3RS0 = 5fo] SRl ofufa o=
Agstolrt. vaigelE skl XE o 7k 18- EH|(N:PiK=10:8:9, 413} z} (B e e L B ) 15gmg 42k 7]

=1
DEREOEERE oiﬂﬁﬁddoﬂ e Qg e 2 A4S ARESlo] A8 27 - THEE 3007
) {12105 A5 ]SS 349 1210 AUl 5 ARA RS Ao sl
MR Y 22 AL

A 2ol w2 At B A2 Loty Qlote] mhES 7047 AVFR B 0 = A A4 A, AEA|, AV A
£, e B o g A Bejo] )R W TRE&Z, 7121l f B4 02 ¢, AHALAD, §5S XA ANOVA £4
aF93c}, T3t Z chlorophyll, chlorophyll a(Chl a), b(Chl b) 12 2 Chl a2} Chl bo] §12 H| & BAleloict S S nfEs
9097 2IF sglolo] W E A, WA TA, 275dS ZAHE ANOVA A5G0} B3t of A)bd Bl 7] 0 24 7]
AP B A0} 1744 tALO 2 AR e 42 thRTHEC 1.0 dS'm™)o]| thgh g2 Shitelo] B2 71 u)w BAslglct

Chlorophyll &4

Chlorophyu% B2 AOAC003)2] HfHol| Zato] AAEHTE 15 70974 2 Z 7] ARRR 2 BE 5-70}t] o
off 2ol A ARt GOl A= 1g91 85% acetone 10mLEﬂ7}°J%UM1 2! A422](10,000rpm, 101)0}%} 21

85% acetone 7} W QA BT E 435] HEE X519 0 ™, A5 10mLo]| ether 10mL, 575 SmLE 7ot & Zgs19ict
Ether Z0]| A%F9] sodium sulfate 5 71510 582 A A5t & 3mLE F[5ko] B335 A|(X—ma 2000, Human Corp., USA)
Z 660.0nme} 642 5nmoj A S4 S =451} ol o] 4]0 & A= chlorophyll 91 dataS ANOVA EA4Jof| AR&51T

820

Korean Joumnal of Horticultural Science & Technology



G AEY A0 HE URHEE (Solanum tuberosum L) H4=, 22 2 proline &2 0|

% chlorophyll(ug'mL™) =7.12 0.D.(660.0nm) + 16.80 O.D.(642.5nm)
Chl a(ug'mL™) =9.930 0.D.(660.0nm) — 0,777 O.D.(642.5nm)
Chlb(ug'mL™") = 17.60 0.D.(642.5nm) - 2.81 O.D.(660.0nm)

Proline &A

Proline €13 2412 §15to] 55 5 7097 21715t 42 A %5l0] B4t 5 Batesetal, (1979)0] wpilo] wkel 24j5}
gt 4 AZRAR 1gofl 10mL2] sulfosalicylic acid -EMB%, w/v)}S A7FgE & 24A17F =9t ARlo]| Hket T} filter
paper(Whatman No, 42)= o]1}5}3ct, of 7ol 1mLo]| glacial acetic acid ImL 2} ninhydrin reagent ImLE &7 1513t} AlH
T2 Bl B 2(100°C)ol A TAIEEREREGAIT & /4-221°C)0f| A 557t Hasteitt. o7]o] toluene 2mLE 7 s}
01202 FF WHE & 45 e Foto] Z3d e A (X—ma 2000, Human Corp., USA)= 58 = (520nm)E S50t A=
2J5}q proline(Sigma—Aldrich Co., USA)2 HEE2 2 ARE5IY 0 mM-g' DW= YERHRIC

>
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Table 1. Results of two-way ANOVA on the effects of cultivar, salinity level, and the interactions between them, in terms of stem, aerial weight,
leaf, root, and top-root ratio(TR ratio) of 18 potato cultivars.

. Stem Aerial Leaf Root .
Variables - . - - TR ratio
Number Diameter Length weight Number Area Weight Length Weight
Cultivar 9.64™ 98 20.89™ 31.08™ 2232 14.00™ 20427 753" 12.95™ 271
Salinity 2.54N 1.96™ 3937 1893 5397 80.34™ 16327 32737 1837" 049
Cultivar 0.08" 0.94" 12% 3317 276" 248 417" Lo 1.19* 1.65
xSalinity

Numbers represent F values at 5% level.
NS5 Nonesignificant or significant atp < 0.05, 0.01, or 0.001, respectively
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Fig. 1. Relative aerial weight (%) to control (electrical conductivity, EC: 1.0 dS'm™) of 18 potato cultivars affected by salinity stress
(EC4.0,and 8.0 dS'm™). Vertical bars represent the standard errors of means (n = 3).

=, 3 5ol At B2 229 S SHISHARE 12 A E AEA ] FA HAE e, ﬂlsﬂa o7
= A 450 25| uet o2 7 © 2 eFefA] QJtHKhan, 2001; Kim et al,, 2010; Amira and Abdul, 2011), T3t 5 ZHE0]
o Spelel 207 4200w lll et A2 A Liekiol, 2RI £ 2 Aolel e ofe] @7k o .

1% B} QJt}, Jaarsma et al, 2013)= 60mM NaCl-2- oFoll 2] 2|5t 71x1o] A uljof| A 25 7F YA Z-S v w3t A}, Russet
burbank’, ‘Bintje = tZ5-0mM NaCl)2} 2}e]7} 23] 0, ‘Mozart 2} ‘Monalisa = ) Z712] 60% $571A] ZAE] Tkl

SFITE. Kim et al. 2013):> 1)) 79 EC 4.8 dS'm'of|A] 21249 7o) thx7et 2fol7} YII| Wh, 'SP 2 EC 1.6
dSm oA Z2Afo] FAE| Gl oH, A EFo e T H o F7IsHIrtaL sho] 2 Al o] Avfet-FAfsigih

Aol mhe HOl ANOVA 4] A}, 4, G2, G5 T Gt of et F5X GO wozRgo] Al mh¢- =2
FroPd(p < 0.001)& LR =, 9] o] d AE | 2of wll - RIzteh 2 oF 4= Uik o] 2F eistod, Papp etal. (1983)
& sugar beet®] NaCl #|2{of|4] Cﬁ o5 ARAE A 7= AEEFol ofste] ke whon, Fofl mhe ke At
S, A 2R9-ohe O] AR Ca o] 2-0] Aelof| whet geka|s, ol mile- RIzsHA] ke etttal shoith Papp
etal. (1983)2] A-Avh= 2 Al o] G2 Hdt-FARIH O, Feell tisiAd= thax ZFo]7F QUS1H SHAITE cowpea(Raul
etal,, 2003), SRS (Jamil et al., 2005), F-(Gama et al,, 2007) 5 TFFst 22 o] 4 NaCl A 2] 2 915} 4= 7H47F H = v o)
|, ol= AU = S48 G2 A2z viEsl] 1t A= 0] A=2Q1 th-37 12t 5 s, AU ] At e 52 shgell
HAN & 1 FeEA717] izl 2.0 2 Bref 71 | QleHMunns, 2002). %-2] ANOVA 4] Aik= 21347 7A|19] 7
Sk At

SHH, Biel= A a7 |7l AA Bkl el ol 213 =5 7oA, | AEd|2of ofsf o] Al &7}
Zl5f5Eof| whel Ba] A oJeke | =ltkLarcher, 1980; Zidan et al,, 1990). ©]of wh} Bia] RS A2 0] o #|5H4] F
A 8 T |0 24 -8 57| T SHH(Bilski et al., 1988; Kim et al,, 1995; Im et al,, 2015). & A1 30| A &]2]of| whe
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fFeldo) 2] A| 2] ANOVA 4o e 7 5 R 58 B ol tisf -freldo] vl =31THp < 0.001). TR-E2 Hll
TRt frol g2 $ISle N, F5 X Ao woAkgol w2 7o1d(p < 0.05)0] QI =of, @ AEA ggol A A3 5L At
O ol FE AP aE TREE 4 ST o= M AV Al Hhieh 5 x A2 we g Aviet AR A

o A=)

Chlorophyll &2 &4

Az 2]of] k= chlorophyll $0] ANOVA 24 Ai}=Table 29} 23t} 2 chlorophyll SRS Z2£(F value =3.11, p <
0.001)2 &= A(F value =26.53, p < 0.001)°] HfelAE= 2L o] fro)da LiEfio] ol RIgtsA| Hheatalas & 5= A
.91, 9 9] T2 9130] S191EF Chla2}Chlbe)] o] ah e th 2017} 2131k Chilai= Z chlorophyl
o] ANOVA 34 20712} $ATolS1E] ¥l Chil biz  Thelaslol e e §o40] giRion, B x 9] Let4(
value =226, p < 0.001)9]] thoiAl= 115 0 f-o)3-S LeRRlet. Tk Chl a®} Chl bo] SFdH]&-2 Chl bo] ANOVA 73kt
AT 2, B 2l 0] ool Chl aBER= Chl boll 4 717 85 7180 Ao/ 718 & 4 1ol Qo2 g
thylakoid swelling®|L} grana stacking ] 7HAE A 0 # HEA| O] L5 219}A|7]| 1, chlorophyll ¥k AA| A A= 3t
A& Aafigitta deA4 ¢IcHBruns and Hechtbuchholz, 19905 Ghosh et al, 2001; Fidalgo et al, 2004), T3t EALE
(Khavarinejad and Mostofi, 1998), H 2] (Tort and Turkyilmaz, 2004), H}5=(Kim et al., 2010), F(Amira and Abdul, 2011) 5 of
HB 20| o AEH AR Q15E chlorophyllZ}Chl a, Chl be] §tef 7147} H 115 v} 9}, £5), Kim et al, 2010)2 Hj
S0 6 AEefA0] TR Chl a2} Chl bO] o] Z7}5 1 1sjo], 12 A1glo] A}e} 2] o ik Chl ag} Chl bo] ot
3ol Ao} LS AL

Q

A2l the AAFEE Tt 32l ANOVA 24 2K(Table 3), 973, Bt 377, 7853 27 F5 Foll tfs

’

Table 2. Results of two-way ANOVA on the effects of cultivar, salinity level, and the interactions between them, in terms of total chlorophyll,
chlorophyll a, chlorophyll b, and chlorophyll a/b of 18 potato cultivars.

. Chlorophyll
Variables
Total Chlorophyll a Chlorophyll b Chlorophyll a/b
Cultivar 31 325" 277" 513"
Salinity 2653 5206 201 047"
Cultivar x salinity 123" 122" 226" 346"

Numbers represent F values at 5% level.
NS5 Nonesignificant or significant atp < 0.05, 0.01, or 0.001, respectively.

Table 3. Results of two-way ANOVA on the effects of cultivar, salinity level, and the interactions between them, in terms of tuber number,
average tuber weight, tuber yield, and proline content of 18 potato cultivars.

Variables Tuber number Average tuber weight Tuber yield Proline
Cultivar 7.28™ 7.10™ 12.83™ 7.28™
Salinity 1349™ 460" 108.84™ 12678
Cultivar  salinity 1.7 113" 248" 6217

Numbers represent F values at 5% level.
NS5 Nonesignificant or significant atp < 0.05, 0.01, or 0.001, respectively.
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T 0] GOl S ekt B a Aol 25X 910] meakgo] il fo1o] gIglor HA4F value = 17, p <
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H ASo]|A] FGoll ZA 5 proline TS ZZ(F value =728, p < 0.001), A(F value = 12678, p < 0.001), 1811 ZZEX H 9]
WEAE(F value =621, p < 0.001) 25of| OJoA uf-¢- ¥1dshA] % %‘i‘:}‘ilt} =, A AEA 270N FE I 1A

o 27k Fha= & = ATk ofofl FAIEof whE F5- 7t proline @t Bl et AL Fig, 3049t o] Ao w5
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Ak= diz7 H]5H Thi 7o), R A4S0 tE B ERT IS ], ARy, BuR, T o= A e
2 X0 Asko]Qlth Martinez et al, (1996), Feitosa et al, (2001), Jaarsma et al, 2013) 5 -2 AJAEL A} A EA oA &
2EHIA APz Q1R proline®] o 5719t 5219] FF 7 2lolE Hargt vt Qirt. SRR proline o A1) & A4
Aol s = M &2 As7F it Martinez et al, (1996)= 5 2.910] 4 ©] AFPRS, Feitosa et al, (2001)-& 5] AFTHS-
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&

Fig. 2. Relative tuber yield (%) to control (electrical conductivity, EC: 1.0 dS'm™) of 18 potato cultivars affected by salinity stress
(EC4.0,and 8.0 dS'm™). Vertical bars represent the standard errors of means (n = 3).
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2451 915l Jaarsma et al. 2013)& A7HIe] WEkl s1o] 5 g2 7H AL o} mEtsp B2 o Algolct. &
AN G 2Ed2 270 proline®] T3 377} gk m%o Aod B st zwﬂ e s
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Fig. 3. Proline content of the leaf tissues of 18 potato cultivars affected by salinity stress (electrical conductivity, EC: 1.0, 4.0, and
8.0dS'm™). Vertical bars represent the standard errors of means (n = 3). DW stands for dry weight.
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Fig. 4. Regression relationship between relative aerial weight (%) to control (electrical conductivity, EC: 1.0 dS'm™") and relative
tuberyield (%) to control at EC 4.0 dS'm™ and EC 8.0 dS'm™, based on 18 potato cultivars.
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Fig. 5. Regression relationship between proline content and relative aerial weight (%) to control (electrical conductivity, EC: 1.0

dS'm™) and relative tuber yield (%) to control at EC 4.0 dS'm™ and EC 8.0 dS'm, based on 18 potato cultivars. DW stands for
dry weight.
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Table 4. Pearson’s correlation coefficients of yield factors, shoot, leaf, root, top-root ratio, chlorophyll, and proline content of 18 potato cultivars.

TY ™  ATW SL AW LN LAI LW RL RW TRr  TCC  Chla  Chlb  Chlab
1.000

0.550""  1.000

08477 0131 1.000

0191 0011 0287  1.000

0231 0065 0267 0685 1.000

0308  -0012% 0316 0637 08337 1000
05107 0.138% 0486 05947 07877 07547 1.000
0319' 0012 0327 0570™ 09167 0754 08837  1.000

0297° 0069 034" 05837 05957 06927 0685 05847 1.000

0063 -0245%  0.173% 05247 06037 07167 040" 04367 07207 1.000
0112 0230  0.036™ -0073% -0.185"° -0358" 0060 -0.059" 04207 -0662" 1.000

0188 0.182%  0.130™ 03697 0227 03657 04297 0204 0473 0321 -0230™  1.000

0262 0233 0219% 04777 03310 04537 05087 0286 05267 03997 0232 08937 1.000

0002 0.032% 0056 0059 0019 0087 0137 -0001" 0202 0074 0133 07497 03717 1.000

0040 0019 0131 0026° 0178 0.122% 0046 0.107° 0.126"  0.129% 0017 03957  -0058" 07317 1.000

04477 20270 03757 —0.158 0089 -0090" -0310" 0055 -0342"  -0098" 0011 -05377 05177 03477 0399"

o o

TY, tuber yield; TN, tuber number; ATW, average tuber weight; SL, stem length; AW, aerial weight; LN, leaf number; LAL leaf area index; LW, leaf weight; RL, root
length; RW, root weight; TR, top-root ratio; TCC, total chlorophyll content; Chl a, chlorophyll a content; Chl b, chlorophyll b content; PR, proline content.
NS " Non-significant or significant atp < 0.05, 0.01, or 0.001, respectively.
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