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potato plantlets based on osmotic stress

LOU Yan''?, BAI Jiang-ping''?, YANG Hong-yu'"*, GAO Hui-juan"?, ZHANG Jun-lian'-*, WANG Di'-
(1. Gansu Key Laboratory of Crop Improvement and Germplasm Enhancement/ Gansu Provincial Key Laboratory of
Aridland Crop Science, Lanzhou, Gansu 730070, China;

2. College of Agronomy, Gansu Agricultural University , Lanzhou, Gansu 730070, China;

3. College of Horticulture , Gansu Agricultural University , Lanzhou, Gansu 730070, China)

Abstract: To explore the physiological and biochemical mechanism of drought resistance and establish an efficient
droughtresistant evaluation system on potato plantlets, the effect of the PEG ( polyethylene glycol 6000) simulated
drought stress on the physiological and biochemical parameters for plantlets of potato varieties including CIP 397098.12,
CIP 391180.6, CIP 391724.1, CIP 392745.7, CIP 392759.1, CIP 393613.2, CIP 397035.26, CIP 302476.108,
CIP 304345.102, CIP 304405.47, CIP 391930.1, CIP 391931.1, lLongshu3 and Atlantic, and the drought — resistant
abilities of testing materials were comprehensively evaluated using the method of Subordinate Function Analysis. The re-
sults showed that increase of PEG concentration inhibited the growth of potato seedlings, especially the length of root sys-
tem that was seriously affected. When 9% PEG was applied, five growth indicators of the samples, such as plant height,
root length, etc., were significantly lower than those in the control samples. Therefore, 9% PEG6000 was the optimal
concentration to simulate water stress for potato seedlings. According to the value of the comprehensive evaluation,
drought resistance of these varieties from strong to weak could be ranked as follows: Longshu3 > CIP 391930.1 > CIP
397098.12 > CIP 391931.1 > CIP 304405.47 > CIP 392759.1 > CIP 397035.26 > CIP 393613.2 > CIP 302476.108 >
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CIP 304345.102 > CIP 391180.6 > Atlantic > CIP 391724.1 > CIP 392745.7.

Keywords: potato; water stress; physiological and biochemical indicators; subordinate function method
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Table 1  Codes of potato germplasms and pedigrees

AR e CIP RS BRI R AL

Species code CIP accession number Parent female Parent male
1 CIP 397098. 12 391533.1 = (LR93.060) 391207.2 = (LR93.050)
2 CIP 391180.6 385305.1= (XY.9) 378017.2= (LT -7)
3 CIP 391724.1 800959 = (GRANOLA) 386316.1= (XY.20)
4 CIP 392745.7 88078 386316.1 = (XY.20)
5 CIP 392759. 1 388676.1 = (Y84.027) PENTLAND CROWN
6 CIP 393613.2 391896. 15 = (DXY. 15) 391894.7 = (DXY.7)
7 CIP 397035.26 392823.4 = (LR93.120) 92.187
8 CIP 302476108 TITIA 392745.7 = (92.187)
9 CIP 304345.102 388615.22 = (€91.640) 676008 = (1-1039)
10 CIP 30440547 WA.018 676008 = (1 - 1039)
11 CIP 391930. 1 BWH - 87.338 SELF
12 CIP 391931.1 SR -17.50 SELF
13 P2 35 (13) 35-131 73-21-1
14 Atlantic (DXY) B5141—6 Wauseon
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Fig.1 Effects of PEG osmotic stress on SOD, POD, CAT and APX contents of potato plantlets
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Fig.2  Effects of PEG osmotic stress on soluble

protein contents of potato plantlets
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Fig.3 Effects of PEG osmotic stress on chlorophyll a, chlorophyll b and carotenoid contents of potato plantlets

x2 TEMEFHTEERIEIRHILLR

Table 2 Comparisons of various growth indexes under different stress conditions

PEG sk *ﬂxﬂﬁk%‘ ffﬂxﬁﬁt’: *ﬁxﬂﬁ%ﬁ%@ﬁ R *ﬂXﬂ‘iﬁ%M& A *ﬁﬁé‘ﬂ(ﬁ
e piE Indicators Rela}lve plant Relative root Relative root Relative root Relative water
height/ % length/ % surf area/ % volume/ % content/ %
3% I Mean 66.70 36.49 37.45 36.92 97.76
3% FrifEZE SD 18.85 19.14 17.63 18.50 1.42
3% TRFRCV 28.26 52.45 47.06 50.12 1.45
6% I{H Mean 49.01 16.78 19.24 20.82 95.73
6% FrifE2E SD 16.79 10.49 9.34 7.60 1.84
6% BRFH CV 34.26 62.50 48.56 36.52 1.92
9% I{H Mean 32.76 7.99 9.19 14.58 92.11
9% FrifE2E SD 8.91 6.56 4.82 5.50 3.17

9% RS R CV 27.21 82.13 52.46 37.73 3.4
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Table 3 Correlation matrix of potato drought resistance indicators under 9% PEG stress
fikay 4 W HURM AT -2k £k ES| e LS A& WA Sk
A (%7} s LA R 4R HH Ha #b LN Plt'ﬁjt Kz FIEM AR . ater
Variables  BAERE T Cyp PEE Soluble  Chlorophyll  Chlorophyll ES N f’“l Root Root Root "‘le’l
SOD APX protein a b Carotenoid cigh length surf area volume content
ALY 1
LR SOD
MY
B} POD 0.283 1
HEMA
B} CAT -0.339 -0.137 1
UL AR
SALYING APX 0.162 -0.232 -0.019 1
TR
Soluble protein -0.025 0.134 -0.153 -0.397 1
hEE .
IHARE a -0.068 0.458" -0.127 0.050 0.257 1
4R b * %
Chlorophyll b 0.045 0.313 -0.2499 -0.254 0.09 0.615 1
45%%‘ l\%; -0.184 0.209 -0.046 0.003 0.092 0.751* * 0.343 1
Carotenoid
H('% 0.207 -0.341 -0.482" 0.047 0.388 —-0.060 -0.210 -0.185 1
Plant height
MR KL 0.276 0.620" * 0.149 0.134 -0.104 0.093 -0.030 -0.153 -0.135 1
Root length
3 Al
RARIMH 0.374 0.630" * 0.076 0.022 -0.146 0.011 0.029 -0.261 -0.114 0.957** 1
Root surf area
(A F
AR 0.445 0.270 0.035 0.440 —-0.405 -0.136 0.038 -0.439 -0.187 0.482* 0.588" 1
Root volume
Pk 0.216 0.414 -0.240 -0.164 -0.285 -0.070 -0.112 0.059 -0.247 0.108 0.146 0.034 1
Water content ’ ’ ’ : ’ : : : : ’ : ’
T 7 % " RIFRIRTE 0.05.,0.01 ZKCFIY ARG
R4 BETo% PECHHMETORESNEZTERBNETE
Table 4 Total variance explained by potato drought variables under 9% PEG stress
BIHR AL FEBCE T FEA
Ay Initial Eigen values Extraction of sum of squares loaded
Component ait T 2289 % ZH % &it T 2289 % FH %
Total % of variance Cumulative Total % of variance Cumulative
1 3.305 25.424 25.424 3.305 25.424 25.424
2 2.656 20.429 45.853 2.656 20.429 45.853
3 1.852 14.246 60.099 1.852 14.246 60.099
4 1.452 11.172 71.270 1.452 11.172 71.270
5 1.366 10.509 81.780 1.366 10.509 81.780
6 0.916 7.043 88.823
7 0.542 4.169 92.991
8 0.405 3.112 96.103
9 0.229 1.765 97.868
10 0.157 1.211 99.078
11 0.097 0.745 99.823
12 0.019 0.144 99.967
13 0.004 0.033 100.000
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Table 5 Component matrixes of potato drought variables under 9% PEG stress

J8A% Component

AR-E

V;afles B L | EEE L) Lia R 3 Zia b 4 ZaRRR 5
I cR CB3 Cl CI5
A ARG SOD 0.523 -0.056 0.559 0.177 -0.197
i E LG POD 0.681 0.617 0.032 -0.239 -0.069
AL E S CAT 0.025 -0.226 -0.749 -0.222 0.415
BLIR Bz AL YT APX 0.195 -0.351 -0.068 0.819 0.072
A% PERE A Soluble protein -0.329 0.375 0.486 -0.373 0.437
42 a Chlorophyll a 0.007 0.869 -0.039 0.366 0.181
%% % b Chlorophyll b 0.051 0.709 0.012 0.214 0.047
A% MR Carotenoid -0.259 0.744 -0.248 0.303 -0.103
PR Plant height -0.287 -0.187 0.817 0.086 0.199
HRF K Root length 0.862 0.072 -0.010 -0.133 0.327
HEFIH A Root swrf area 0.913 0.034 0.070 -0.182 0.254
HEZREF Root volume 0.766 -0.300 0.001 0.326 0.071
7K Water content 0.327 0.121 -0.023 -0.263 -0.832

Ko FRABKEFMRAFREINGEER THRERBEREESITNE D

Table 6  Subordinate function value ( U;) and Comprehensive evaluation D of different potato germplasms under five composite indicators

A GRTE LN GAIRE2M GAIEIN GOREAN GARESH DG4

Germplasm SRR Uy AORPRRCH Uo  RRBEECI Uy RBBAL Uy RIBBE Uy PEOME
CIP 397098.12 0.494 0.420 0.785 0.911 0.168 0.542
CIP 391180.6 0.051 0.323 0.366 0.526 0.702 0.323
CIP 3917241 0.341 0.293 0.190 0.139 0.000 0.231
CIP 392745.7 0.166 0.232 0.099 0.186 0.217 0.180
CIP 392759.1 0.661 0.097 0.226 1.000 0.417 0.460
CIP 393613.2 0.430 0.355 0.581 0.083 0.055 0.342
CIP 397035.26 0.000 0.465 0.906 0.000 0.767 0.373
CIP 302476.108 0.363 0.452 0.194 0.281 0.332 0.341
CIP 304345.102 0.161 0.000 0.504 0.619 0.799 0.325
CIP 304405 .47 0.397 0.411 1.000 0.352 0.384 0.498
CIP 391930.1 1.000 0.372 0.737 0.226 0.217 0.591
CIP 391931.1 0.128 1.000 0.445 0.857 0.293 0.523
L3 0.960 0.667 0.054 0.201 1.000 0.631
DXY 0.096 0.503 0.000 0.379 0.231 0.237

&7 ET 9% PECHHMET BRENEBMIERGSIER (k NFEEFIEIRERNE

Table 7  Characteristic values, vectors and weight values of Comprehensive Index of potato drought resistance under 9% PEG stress

5h FEAE ] i Eigenvectors

B g . i \ [ —
Compre- 1" PiE= N U= SRS o < AN 71787 | AT B2 S S = S . MRE MR OBRR O AK %/ p
hensive Figen i’} (7] e RdR EA Fa b # N Pl " K R AR 3 Rate of ( ./)

index values I Ak i il i ALY Soluble  Chloro-  Chloro- % b ?nt Root Root Root Water  contribution Weight

(cn SOD POD CAT APX protein  phyll a  phyll b Carotenoid eight length  suwrf area  volume  content

cni 3.305 0.287 0.375 0.014 0.107 -0.181 0.004 0.028 -0.1492 -0.2 0.474 0.502 0.422 0.180 25.424 0.311
CI2 2.656 -0.034  0.379 -0.139 -0.215 0.230 0.533 0.435 0.456 -0.1 0.044 0.021 -0.184 0.074 20.429 0.250
C13 1.852  0.411 0.023 -0.550 -0.050 0.357 -0.028 0.009 -0.182 0.6 -0.007 0.051 0.001 -0.017 14.246 0.174
Cl4 1.452  0.341 0.019 -0.457 -0.041 0.296 -0.023 0.007 -0.151 0.5 -0.006 0.043 0.001 -0.014 11.172  0.137
CI5 1.366 -0.169 -0.059 0.355 0.061 0.373  0.155 0.040 -0.088 0.2 0.280 0.217 0.061 -0.712 10.509 0.129
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Appendix 1 Effects of PEG stress on growth index of in vitro plantlets of potato
R e Higrﬁ'ﬁ/c.m K /em R ZR A/ e WAER/em?® oy &
PEG Plant height Root length Root surfArea Root volume Water content
0% 6.00+0.71a 63.22+2.90a 6.82+0.73a 0.059 0.010a 0.91+0.01A
P 397098, 12 3% 4.25+0.35b 16.90 +0.18b 2.02+0.06b 0.020 % 0.001b 0.88 +0.04AB
6% 2.3020. l4c 2.62+0.02¢ 0.66+0.0lc 0.016 + 0.001hc 0.85+0.01AB
9% 2.05+0.07c 2.61+0.03¢ 0.43+0.0lc 0.012 0.002c 0.84+0.01C
0% 6.53+0.15a 62.39+5.70a 6.86+0.9%a 0.060+0.011a 0.89+0.01A
3% 3.80+0.42b 14.17+4.97b 1.57+0.74b 0.014 = 0.008b 0.88+0.01A
CIP 391180.6
6% 2.70+0.42¢ 10.27 +3.67he 1.16+0.27¢ 0.011 % 0.001b 0.86+0.02A
9% 2.30%0.0lc 4.26 +2.9c 0.44+0. l4c 0.004 = 0.001b 0.79+0.11A
0% 7.10+0.14a 53.02+1.3% 6.30%1.19a 0.060 = 0.007a 0.92+0.01A
3% 5.65+0.21b 10.29+0.41b 1.28+0.13b 0.013 +0.002b 0.91+0.03A
CIP 3917241
6% 4.10+0.66¢ 4.83+1.10b 0.66 +0.03b 0.009 = 0.001hc 0.91+0.01A
9% 2.15+0.49d 4.52+1.77b 0.56 +0.05b 0.006 = 0.001c 0.89+0.02A
0% 11.87+1.21a 88.43 £2.39a 1.13+0.15a 0.112+0.005a 0.90+0.01A
3% 4.75+0.35b 19.56 + 4.70b 2.64+0.59 0.029 = 0.006b 0.89+0.01A
CIP 392745.7
6% 4.25+0.35he 11.74 +2.74¢ 1.88+0. 16¢ 0.025+0.002b 0.87+0.01B
9% 3.45+0.49¢ 1.26+0.04d 0.48+0.01d 0.014 0.001c 0.86+0.01B
0% 5.65+0.64a 37.37+0.54a 5.52+0.02a 0.065+0.001a 0.90+0.01A
1P 392750, 1 3% 5.10+0.01b 14.89 +2.45b 2.14+0.35b 0.025 +0.003b 0.88+0.02A
6% 4.65+0.07¢ 13.84 +2.76b 2.06+0.43b 0.022+0.001b 0.86+0.01AB
9% 1.75+0.07d 5.06+0.0lc 0.63+0.02¢ 0.016+0.001c 0.83+0.01B
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MR 1 Continue appendix 1

o W PR /em R /em MR AR R/ en® AT em? ER &
m PEG Plant height Root length Root surfArea Root volume Water content
0% 7.00+£0.71a 62.56 +6.33a 8.41+1.19a 0.090+0.017a 0.89+0.01A
3% 3.45+0.35b 19.18 +4.56b 2.40+0.14b 0.024 £ 0.003b 0.87+0.02A
CIP 393613.2
6% 2.40+0.69¢ 11.70 +£2.59¢ 1.81 +0.33be 0.015+£0.001b 0.85+0.03A
9% 2.15+0.21¢c 4.07+2.14d 0.73+0.05¢ 0.012 £0.005b 0.84+0.01A
0% 5.40+0.26a 63.14+9.33a 8.88+1.6la 0.100 +0.022a 0.89+0.01A
3% 5.07+0.25a 8.90+1.21b 1.37+0.30b 0.017 + 0.006b 0.87+0.01B
CIP 397035.26
6% 3.35+0.21b 3.24+0.34b 0.67+0.01b 0.011 +£0.001b 0.85+0.01C
9% 2.60+0.28¢ 3.01+0.84b 0.55+0.01b 0.010+0.001b 0.80+0.01D
0% 7.80+0.72a 45.66 +3.73a 5.81+1.51a 0.052 +0.002a 0.92+0.01A
3% 5.60+0.57b 42.85+3.37a 5.11+0.49a 0.046 + 0.003b 0.91+0.02B
CIP 302476.108
6% 3.33+0.65¢ 7.04+0.15b 0.93+0.17b 0.015+0.004c 0.87+0.02AB
9% 1.40+0.14d 1.36 + 1.04c 0.44+£0.32b 0.010+0.001d 0.84+0.02B
0% 4.10+£0.14a 38.18+0.01a 5.72+0.01a 0.067 £0.001a 0.92+0.01A
3% 2.80+0.14b 15.78 £ 6.39b 2.16 £1.07b 0.024 £0.013b 0.86+0.01B
CIP 304345.102
6% 2.25+0.35¢ 1.62+0.13¢c 1.28+0.02¢ 0.014+0.001c 0.84+0.01C
9% 1.80+0.01d 1.17+0.01c 0.43+0.01d 0.012+0.001c 0.78+0.01D
0% 5.37+0.12a 93.55+0.72a 12.5+0.28a 0.133£0.005a 0.91+0.02A
3% 3.65+0.21b 31.42+2.75b 4.03+0.65b 0.041£0.011b 0.88+0.01A
CIP 304405 .47
6% 3.40+0.28¢c 22.19+0.01c 2.40+0.0lc 0.020+0.001c¢ 0.87+0.01A
9% 2.45+0.07d 10.44 £ 1.34d 1.41+0.05d 0.016 £0.001c 0.84+0.01A
0% 7.70£0.8% 36.04+5.22a 4.16+0.23a 0.038+£0.011a 0.92+0.01A
3% 6.30+0.42b 16.54 + 4.49h 2.14+0.32b 0.022 +£0.001b 0.90+0.02A
CIP 391930.1
6% 3.30+0.26¢ 10.27 £5.62bc 1.29+0.59¢ 0.013 £0.004b 0.89+0.02A
9% 2.75+0.07¢c 6.70 +0.40c 0.83+0.06¢ 0.009 +0.001c 0.89+0.01A
0% 5.25+0.92a 67.21 £6.29a 8.04+0.81a 0.077+0.011a 0.89+0.01A
3% 4.40+0.01b 30.23+8.47b 4.18+1.12b 0.046 £0.012b 0.88 +0.03A
CIP 391931.1
6% 4.00+0.01b 7.14 £2.09¢ 0.90+0.11¢ 0.010+0.001¢ 0.87+0.01A
9% 1.90£0.14¢ 1.97+0.0lc¢ 0.43+0.0lc 0.008 £0.001c¢ 0.82+0.02B
0% 14.35+0.21a 60.93 +£2.29a 7.79+0.85a 0.068 + 0.004a 0.92+0.01A
03 3% 7.45+0.49b 30.69+6.17b 3.41+0.11b 0.018 £0.008b 0.90£0.02A
6% 4.25+0.35¢ 21.78 +0.50b 2.87+0.07b 0.018 £0.008b 0.90+0.01A
9% 2.90+0.28d 14.98 +1.30b 1.54+0.25¢ 0.013 £0.003b 0.83+0.01B
0% 9.55+0.35a 64.24 +1.85a 7.33+2.64a 0.067 +0.028a 0.92+0.01A
XY 3% 2.50+0.28b 16.27 £1.17b 2.93+0.09b 0.022 +0.002b 0.89+0.01A
6% 2.35+0.21bc 8.18+0.98c 0.91+0.17b 0.008 +0.001b 0.85+0.01B
9% 1.95+0.35¢ 1.80+0.19¢ 0.35+0.11b 0.006 = 0.003b 0.84+0.03B

T 2R I BRI = R IR T+ AR o BRI HH IR RS T B3R [ — SR AN (R A BTE 190 /KSF- 1 T8 .3 22
Sto FRANIH PR/ NG TR Rl — b AR R AR BIAE 5% KF BB =R
Note: Data in table are shown as means + SE of three times. The same capital letters in the same items are no significant difference at 1% level. The same

capital letters in the same items are no significant difference at 5% level.
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Appendix 2 Growth situation of in vitro potato plantlets under PEG6000 gradient stress

CIP 397098.12 CIP391724.1

CIP 392745.7 CIP 392759.1 CIP393613.2

CIP 397035.26 CIP302476.108

CIP 304405.47 CIP391930.1 CIP391931.1

N

L3
T : & H0.3.6.9 40 B PEG6000 Wl 0% 3% 6% 9% o
Note: Number 0, 3, 6, 9 in figures represent the concentration of PEG6000 0% , 3% , 6% , 9% , respectively.



