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Evaluation of Potato Plantlets in vitro for Drought Resistance Using
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Abstract: Six potato varieties (lines) were stressed by adding 5%, 10%, 15%, and 20% (W/V) of PEG-8000 to
Murashige- Skoog solid medium, respectively, with no PEG-8000 addition as control in order to establish the evaluation
system of potato plantlets in vitro for drought resistance. After cultured for 50 days, growth and physiological indices of potato
plantlets ir vitro were measured and analyzed. In the range of 0-20% PEG-8000, more stresses were observed for all the
plantlets of potatoes, with the increase of PEG-8000 concentration. The growth index was decreased, however, the contents
of dry matter, proline, soluble protein, soluble sugar and malondialdehyde (MDA) were increased. Different varieties (lines)
responded differently to drought stress. The varieties (lines) showed the biggest difference under 5% PEG-8000 stress. The
drought resistance of potato plants could not be evaluated accurately by individual physiological index. The coefficient of
variation of the growth index and MDA content at different polyethylene glycol concentrations were used as index of drought
resistance evaluation, and the six varieties (lines) were evaluated comprehensively by the method of subordinate function.
The drought resistance of six varieties (lines) from strong to weak was "Weishu 1', 'Qingshu 9', 'Chunshu 2', ' Dongnong 303,
'200902' and 'D613".
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Table 1 Characteristics of varieties (lines)

At () AT 2 ENERIN
Variety (line) Growth duration Tuber characteristic
155 15 Weishu 1 114 A
#:4¢ 303 Dongnong 303 80 H R
295 Qingshu 9 128 2L TEIA
200902 97 IR A
D613 103 oEani iean

525 Chunshu 2 87

Evdsls




AR AR S A R LA e —l o, BER, B M, & $ 67

S KPR R ZEH . 43 S0 PR B2 I R AR T 5 4 fif
o, HEFEE T80 CHLAE Nt T 72 h BIEE, K
i1 s
124 AR E

i R RO Nl 150 o SO N -
D7 R P ARAR B b 22 B ™, il 20 R 2 1
FHRE LK b BR v, w1 2 7 2 >R
5 i G-250 35, A HpE o 1 R
il -t PR v
1.3 #HEDH

B 811 FAE KR F Excel 2013 3647, 2
AT XB R 2 EE H AR 40 B >R SPSS 20,
K258 8 MBI T LR G B . B R BUE
NN

Ui = (Xi = Xiwin)/ X = Xiwin)

Kr: U i DRSS R EUE ;. XA
I FERR IR B 5 X X ARG EE i
FRPR B I RAA S e/ MA
2 RGN
21 AEKREPEGHEXN S EHEHZEKN
A

1E 0~20% , PBfiZF PEG ¥ B 09 Th i, 4% db il
(FR) 1 E 8 S5 20 355 v 25 R B 2 i AR U 1 e

=

3y

P ok R HE

P

[d

(F2), TEAT PEG M-I b D A 55 AR
KIAF, #ES%PEG T, £ Fh (R ) ZEKAH L
LK B EFRML(P<0.05), fE20%PEG K, T
BB AR KA A KAR 22, UL PEG ¥R
R, SRR T RNA . 7E 10%PEG W
T, CEHE1S . CREK303 . CHFHIS .
200002° . ‘D613° Fl‘ FHE 25 ZEKAIXT CK 435
WA T 442, 1171, 6.64, 6.15, 5.92 F16.50 cm.
W& PEG W EE T, 2R M REEaHgms:, Kb
‘“HE 9T I 15%PEG T 5 10%PEG FZEKEA
HABEZES, 4303, ‘200902° . ‘D613’
1 20%PEG T 5 15%PEGC FIIZE K E AN HA B #H
25, ERABS R RIIE ALK 3037, Tk
THEE 1S, DU AR 303 ZEKAZ PEG IR,
THE 15 KPR
2.2 AEIREPEG BT BE AR RHIRNT
TE 0~20% , Fifi % PEG ¥ JE B TF T, 4% i il
() B 48 B2 15 v AR A R B 320 i BRI 11 e 3
(£R3), TEAEPEG IR B EHIL AR
Wi, fE5%PEGT, BREE1S M EFHEIS’,
A A5 b Bl (R ) Y Eh 5 S 2 15 P R on BT
WBEEF(P<0.05), 1E20%PEG F, DA A RN
EeAdERAEA KR ZE . S RZEURK N D613, i
INREELS

&2 AEREPEG THHREFHEHZEK (cm)

Table 2 Stem length of potato plantlets ir vitro under different PEG concentrations

PEG ¥ HE S xR HE9S =Bz
PE(G} {f)izenlratiun @ih:} Doz;fj; §03 (;f«jz 200902 bot3 f}f;hj 2
0(CK) 928 +1.26a 14.45 +2.88 a 10.19+1.19a 9.62+1.76 a 8.80 +2.09 a 9.99 +0.87 a
5% 521+1.92b 6.57+3.93b 5.88+3.36b 429+1.81b 5.05+2.16b 545+1.62b
10% 4.86+1.47b 274 +0.95 ¢ 3.55+236¢ 347+ 1.12¢ 2.88+0.75¢ 349 +2.05¢
15% 343+ 144 ¢ 334+ 144¢ 3.92+2.05¢ 248 £0.95d 1.25+0.34d 1.67 = 0.69 d
20% 1.80 +0.53 d 227+0.80 ¢ 2.04+0.87d 2.64+0.98 d 1.50+0.52d 240+128¢
HIE Mean 4.92 5.87 5.11 4.501 3.89 4.60
FrdEZE SD 2.78 5.08 3.15 2.95 3.13 3.33
5 F2E(%) CV 56.63 86.48 61.55 65.60 80.38 72.46

TE: RPFIHEESR RN 2, FIIRR/NG SRR P E0E R 3 (P < 0.05) . T,

Note: Data after the average value is standard deviation, and means with different letters in each column mean significant difference (P < 0.05). The

same below.
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®3 AEREPEG TEHEAHEHRK (cm)
Table 3 Root length of potato plantlets in vifro under different PEG concentrations

PEG #¢J¥ HE1S 44303 HES 25
PEG {fiiemration gﬁiihui Dojljjgﬁng 303 (;ihlz 200902 D613 (ffshj 2
0 6.08+1.89a 751 +1.68a 1077+ 1.69 a 1281+ 1.86a 1098 +2.55a 1505+ 143 a
5% 551+1.79a 6.19+2.04 b 1030 +391a 5.08+1.62b 6.48 +3.05b 779 +1.16 b
10% 574 +2.55a 591+3.62b 570 £3.84 ¢ 523+2.63b 5.18+2.82¢ 593 +243¢
15% 586+1.71a 547+229b 7.50+3.22b 4.60+272b 175+ 1.424d 502+2.10¢
20% 349+ 1.70b 2.88+232¢ 6.58 + 3.86 be 193+ 1.54¢ 226+2.12d 2.13+1.56d
HIE Mean 5.34 5.59 8.17 5.93 5.33 7.18
FriE2E SD 1.05 1.70 2.26 4.07 3.73 4.85
5 FE(%) CV 19.66 30.34 27.61 68.65 69.91 67.54
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Table 4 Stem and leaf fresh weight of potato plantlets in vitro under different PEG concentrations

PEG ¥ y 15 KA 303 HHEOE 25
e ' {E% = R é% 5 200902 D613 HE2S
PEG concentration Weishu 1 Dongnong 303 Qingshu 9 Chunshu 2

0(CK) 130.15+ 6.81 a 204.62£19.56a  186.08 £25.55a  108.12+7232a 13743 +17.07a  160.71 £9.62a
5% 32.72+3.28 b 95.86 +40.50 b 77.06 +26.16 b 5752 +42.02ab  47.10+6.68 b 27.77 +0.96 ¢
10% 3829 +2.74b 66.78 £ 1328 bc  61.38 +19.72b 25.24+9.58b 31.89£1351be  53.18+7.73 b
15% 36.56 +4.88 b 50.87 +16.27 ¢ 4408 +1495bc  29.77+6.75b 17.64 +9.74 ¢ 30.30+3.22 ¢
20% 13.94 +4.81 ¢ 28.16+ 1592 ¢ 2290 +4.42 ¢ 14.36 +2.98 b 16.83 +0.97 ¢ 19.64 +4.57 ¢
HI{E Mean 50.33 89.26 78.30 47.00 50.18 58.32
FrifE2E SD 42.46 66.88 61.16 47.31 47.52 54.47
AR ZH(%) CV 84.36 74.93 78.11 100.66 94.70 93.40
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Table 5 Root fresh weight of potato plantlets in vitro under different PEG concentrations

PEG ¥k i NEESES % FHuoy TGRS
PEg /f)ientrati()n @ihi Dozﬁj: :3;03 Siijg 200902 bots C;iihj 2

0(CK) 5492+ 11.78 a 37.07 +£7.96 a 24.84 +7.67 a 68.38 + 1549 a 7635+ 561 a 34.17+222a

5% 29.94 +5.62 b 1277+1.25b 22.13+9.17 ab 33.74 +8.00 b 1431 £6.73 b 14.63 £ 0.69 b

10% 25.15+4.99b 9.50 +3.74 be 20.58 +5.15 ab 6.03+2.26 ¢ 7.77 +2.64 be 1044 +2.61 ¢

15% 17.59 + 3.69 be 7.69 + 1.87 be 10.18 +3.32 be 524+2.10¢ 243 +£1.99¢ 7.18 +1.66d

20% 5.94+201 ¢ 3.12+3.86¢ 734 +2.54 ¢ 1.17+0.77 ¢ 2.16 +£1.00 ¢ 1.67+0.36 ¢

I{E Mean 26.82 14.03 16.35 19.63 20.60 10.01

FiifEZESD 18.19 13.34 7.75 28.52 31.55 12.43

5 R (%) CV 68.10 95.10 45.55 124.49 153.13 91.25

®6 AEREPEG TERBHEBEHEMHTURAIE(%)
Table 6 Stem and leaf dry matter contents of potato plantlets in vitro under different PEG concentrations

PEG M HE 1S R4 303 HE9E EpRs
PEG ﬁiemration ?WHihuj?l Dor{l;fjng 303 ;iii 200902 bot3 (ffshj2
0(CK) 837+043¢ 7.21+0.49d 6.52+0.43 ¢ 6.94+2.26b 7.00£0.42 ¢ 8.01 £0.36 b
5% 741+0.73 ¢ 7.64 £ 1.15 cd 7.74 £ 0.81 be 7.78 £ 0.69 b 6.79 £ 0.59 ¢ 10.01 £1.02b
10% 10.32 + 0.36 be 10.34 £ 0.77 be 9.59+1.69b 9.84+1.29b 7.81£0.43 ¢ 9.02+1.05b
15% 11.79 + 1.68 b 10.84 +0.98 b 9.68 +2.03 b 13.86 £ 0.80 a 12.34 +0.84 b 11.88 £ 0.96 a
20% 1538+2.6a 1528 +3.19a 14.67 £ 0.90 a 1426 +2.56 a 1630+ 091 a 16.64 + 6.44 a
¥J{E Mean 10.88 10.26 9.64 10.54 10.21 11.11
PRifE2E SD 3.13 3.29 3.08 3.45 3.99 4.04
A5 R KR(%) CV 28.77 32.07 31.95 32.73 39.08 36.36
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®7 ATREREPEG THRBAZEHRTUREE (%)
Table 7 Root dry matter contents of potato plantlets in vitro under different PEG concentrations
PEG He ¥ e AR S HHS S VRS
PEE {fiilxcentration i)?ihi Diﬁj: 203 stiz 200902 bots ﬁihj 2
0(CK) 721 +1.61c¢ 544 +0.83d 7.12+1.94b 7.50 +1.03 b 1022 +2.25¢ 6.51 £0.16 b
5% 10.77 £ 0.31 be 7.10 + 1.55 be 7.55+0.17b 9.64 +1.08 b 11.14 + 2.48 be 8.14 +1.90 b
10% 13.35 + 4.07 abe 6.87 +1.60 cd 7.11 £0.66 b 9.75+2.22a 11.67 + 1.19 be 13.65 +3.08 b
15% 14.46 + 0.47 ab 12.72 +3.14b 12.17+2.39b 12.78 £2.62 a 1325+ 1.92b 15.19+0.89b
20% 19.16 £+3.99 a 22.79 +4.80 a 21.95+346a 30.19 +16.53 a 3390 +3.96 a 1526+ 1.04a
¥J{E Mean 13.02 11.71 11.77 13.97 16.45 12.33
FriEZESD 5.07 7.29 6.45 10.70 9.74 3.97
SERE(%) CV 38.93 62.21 54.74 76.59 59.22 3223
*8 AREREPEGIMEX D EAEHMEREENN (ne/g FW)
Table 8 Effect of different concentrations of PEG stress on proline contents of potato plantlets in vitro
e i g B % o2 B o
llzig (fiienlration {\;iéuﬁj Dozj;fij; 303 Qﬁiii; 200902 D13 (flfsi:;
0(CK) 11429 + 15.76 b 35.96 +0.75 ¢ 29.00 + 1.38 d 148.18 495 a 2418+ 11.99 ¢ 38.87 +0.44 b
5% 163.13 £35.28 b 36.36 +0.73 ¢ 36.96 +0.21d 172.16 £ 1520 a 64.08 + 40.04 be 39.48 +11.80b
10% 245.08 +29.55 a 183.31 +43.34 b 96.80 +6.22 ¢ 203.17 £ 116.04 a 79.02 + 12.39 b 48.79 + 8.63 b
15% 300.68 +42.73 a 198.24 +4.15b 182.73 +0.20 b 243.09 £ 63.33 a 102.78 £ 2.14 ab 104.22 +10.80 a
20% 265.46 £ 1.65a 35530721 a 291.68 £25.31 a 222.16 + 14.63 a 152.26 +6.90 a 133.42 £25.94 a
Y{E Mean 217.73 161.83 127.43 197.75 84.46 72.95
FriEZESD 75.55 126.29 104.55 57.29 47.11 42.17
BRFE(%) CV 34.70 78.04 82.04 28.97 55.78 57.80
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*9 AEKREPEGINEXN DR EHEAFAEERSEMNH M (mg/g FW)
Table 9 Effect of different concentrations of PEG stress on soluble protein contents of potato plantlets in vitro
PEG ¥ HEE SRS R EE TN 25
PE((} {firrienlration ;;ihui Dongﬁj: 203 (iri}guz 200902 bots ffshjZ
0(CK) 1.36 £0.52 ¢ 147 +£0.70 a 0.23 +£0.06 d 0.81 £0.15b 1.24+0.32¢ 1.03+0.18 ¢
5% 1.60 £ 0.48 ¢ 1.34+1.33 a 0.85+0.05¢ 1.38 £ 0.29 ab 1.24+0.30 ¢ 1.05+0.04 ¢
10% 2.37 +0.62 be 1.71 £ 1.08 a 1.32 +0.26 be 1.84£0.20 a 1.55 +0.41 be 1.18 £ 0.09 ¢
15% 3.11 £0.37 ab 1.80+£0.12 a 1.75+0.19b 1.62 +0.03 a 2.54 +0.29 ab 2.57+0.04 b
20% 352+0.52a 3.36 £ 0.66 a 2.65+0.41a 1.78 £ 0.36 a 2.95+0.80 a 320+0.14 a
H4{H Mean 2.45 1.94 1.36 1.49 1.96 1.93
FriEZESD 0.96 1.01 0.88 0.43 0.86 1.00
5 R E (%) CV 39.18 52.06 64.71 28.86 43.88 51.81

F10 AEIREPEGMEX DR EFHIZHERN _EES =M (pmol/g FW)
Table 10 Effect of different concentrations of PEG stress on malondialdehyde (MDA) contents of potato plantlets in vitro

PEG #J% HE 5 %4303 HHS 25
PEG ﬁientration ﬁihu; Do?gfing 303 (;rfshu; 200902 bots ﬁfshujz
0(CK) 11.87 +0.81 b 12,79 +0.32 b 9.14 + 1.14 ¢ 17.99 +3.07 b 49.28 + 0.64 be 14.96 +0.17 a
5% 16.92+5.89b 9.87+1.74b 17.63 £ 0.43 b 20.59 +4.59 b 48.36 = 0.55 be 18.05+245a
10% 18.69 +5.24 b 2022+ 11.94a 17.64 +0.74 b 25.51 +4.06 b 40.90 = 8.06 ¢ 1824 +4.59a
15% 18.94 +6.69 b 31.08 £4.87 a 23.85+5.09 a 28.86+2.19b 60.89 + 1.28 ab 21.03 +4.80 a
20% 3023 £6.76 a 4375+ 12864 22.53 +0.36 ab 46.62 +10.54 a 7423+ 1231 a 21.75+834a
HJ{H Mean 19.33 25.34 17.34 27.92 56.87 18.75
FrifE2E SD 7.79 14.69 6.08 11.50 13.80 4.47
R ZE(%) CV 40.30 57.97 35.06 41.19 24.27 23.84

R11 AEIREPEGHEX DR EAEHTREERENHN (mg/g FW)

Table 11 Effect of different concentrations of PEG stress on soluble sugar contents of potato plantlets ir vitro

PEG ¥k ¥ He1s 4 303 HE9g 3 BB
PEG {f)ienlration iihuﬁ D(jlijing 303 giih; 200902 bot3 (ﬁihz
0(CK) 2.99 + 1.56 ¢ 416 £0.71 ¢ 241+031b 6.48 +2.88 b 6.34+0.82d 6.57+0.79 b
5% 276 +0.82 ¢ 478 +2.28 he 3.51+0.18b 10.20 + 5.36 ab 4.66 +0.47 d 8.87 + 1.04 ab
10% 8.21+3.24b 7.18 + 1.28 abc 3.21+0.38b 14.35+0.22 ab 11.00 £ 1.03 ¢ 9.09 +0.50 ab
15% 10.41 +1.77 ab 8.09 +2.25 ab 6.55+1.78 a 1517+ 1.88 a 1492+1.10b 11.65+1.58a
20% 1243 £2.32a 10.60 +1.21 a 830+125a 1524 +321 a 16.86 +0.00 a 1270 £3.63 a
YJ{i Mean 7.36 7.35 4.96 11.63 10.62 9.48
FrifEZESD 441 2.73 2.55 4.66 4.85 2.74
AR ER(%) CV 59.92 37.14 51.41 40.07 45.67 28.90
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Table 12 Coefficient of variation of various indexes under different PEG concentrations

FEFR Tndex 0(CK) 5% 10% 15% 20%
25K Stem length 19.75 14.28 21.47 39.72 19.74
MK Root length 31.45 27.75 5.86 37.65 54.39
ZEMEE FE Stem and leaf fresh weight 23.48 46.64 36.40 33.63 28.45
ZEM T 7 Stem and leaf dry matter content 9.58 13.91 10.10 12.01 5.94
HRAEE T Root fresh weight 41.62 41.88 58.43 62.01 70.24
45 & H Root dry matter content 21.71 18.83 28.69 8.62 29.12
i Proline 80.83 75.71 54.98 41.16 35.81
A% 45 [ Soluble protein 44.45 21.20 25.44 27.14 18.26
% MDA 77.41 61.41 36.20 50.21 49.72
AL MM Soluble sugar 39.03 52.11 4229 31.55 24.30
Y& PR EUE Average subordinate function value 0.5367 0.556 8 0.427 6 0.462 6 03757
HEF Rank 2 1 4 3 5

212 SHEBAEHSEKIEREREKEPEG
B TR

HRAE AT TR T as S, AR EE R (R ) FEAR[H]
PEG IR EEHE F #5654 24 TR, T34
il () FEFRAEA R AR PEG [8] 725 5 224k s ek gk
fH(F213)., 1£0~20% 51 PEGUREERREE , &45FR4
BRRBAN, ERAR R ALR303 A, H
FH15 5, MKAESRB D613 mk, ‘THEL
SN RS R SR A5 Rl (R s
PR RBGHATER G T, 2R REUAK B/ MK

ND613” . A4 3037, ‘200902°, ‘HEHE2E
HEOR MNEE 1S PSRRI, 1
B Z i Rl (R ) 32 Wi s 300 A AR K AR BB
213 DHEARENEHESTMN

T A BGE B T, W . W]
WS RTBER, SERataZSa, 5
FEMTREAE, SRR APLE L EER,
HoAg 2 H AR 08> T X bR 9 153, dEdet
TR P18 T % A B 35 0 A 1 (L S A DA ZE R R AR 1
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Table 13 Subordinate function values of coefficient of variation of various indexes under different PEG concentrations

=X HE1S A4 303 HE9S LGRS
j:(j; isihui Doj—gﬁng 303 Qﬁiiz 200902 bot3 jfshj 2

25K Stem length 0 1 0.164 8 0.300 5 0.795 6 0.530 3
HHE Root length 0 0.2125 0.158 2 0.9749 1 0.952 8
ZEIMEEH Stem and leaf fresh weight 0.366 5 0 0.1236 1 0.768 4 0.717 8
ZE0- 45 Stem and leaf dry matter 0 03201 0.308 4 0.384 1 1 0.736 2
HUEETE Root fresh weight 0.209 6 0.460 6 0 0.733 8 1 0.424 8
HRFHI5T Root dry matter 0.1510 0.6758 0.507 4 1 0.608 4 0
Jifi% B Proline 0.108 0 0.924 6 1 0 0.505 2 0.5432
AL T Soluble protein 0.2879 0.647 1 1 0 0.4190 0.640 2
N T MDA 0.4823 1 0.3287 0.508 4 0.012 6 0
ALEAERE Soluble sugar 1 0.265 6 0.7257 0.360 1 0.540 6 0
SR JE PR EUE Average subordinate function value  0.260 5 0.550 6 04317 0.5262 0.665 0 0.454 5
HEJF Rank 6 2 5 3 1 4

F14 HRUEETNEXERNRERHE

Table 14 Subordinate function values of indexes related to comprehensive evaluation of drought resistance

S HE15 1< 303 HES 25
ij:dtjx ;?ihj Dnijjgfing 303 (;rihuz 200902 bots cﬁih:— 2

25K Stem length 1 0 0.8352 0.699 5 0.204 4 0.469 7
HK Root length 1 0.787 5 0.8418 0.025 1 0 0.0472
ZEIHiE T Stem and leaf fresh weight 0.633 5 1 0.876 4 0 0.2316 0.2822
ZEM- T 5 Stem and leaf dry matter content 1 0.679 9 0.691 6 0.6159 0 0.263 8
HREETE Root fresh weight 0.790 4 0.5394 1 0.266 2 0 0.5752
M9 7 i Root dry matter content 0.849 0 0.3242 0.492 6 0 0.391 6 1
% MDA 0.5177 0 0.6713 0.4916 0.987 4 1
SEH R PR EUE Average subordinate function value 0.8272 0.4759 0.7727 0.299 8 0.259 3 0.5197
HEFE Rank 1 4 2 5 6 3

M E W LES PR IR bR, MDA S TEXE  Sed8hr, RARIE R 0L L5 A 0 A i bt 2
PRIE B 05 AR F A B A . AR AT, Bt Mk, BTSSR SR R AE, HAE SR
PRI FP R . R AP EEE, REEE . JReRBUE, EER, ULRHPT R R
MY S TSR R A MR 4T LES, formmiiE EE1S,
BN, IEEIN, MDA &g/, i, PIZE 1&5@%‘%13’ Iﬁtﬁ PE M 5 B 554K kR
Ko MK, b eEE REE ., ETYRE EELS > HEIS > HFE2E > RK303 >
. TR AR MDA SRS RECNHA 2009027 > D613’, A rAE e REA
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