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Quality analysis and evaluation of potato varieties (lines) in dry farming

areas of Gansu province
ZHANG Zhiwei', FENG Kunrong', LIANG Hongjie?, LI Haijiao', XU Guoping', ZHANG Wu’

(1. Linxia Academy of Agricultural Sciences, Linxia 731100, Gansu, China; 2. Potato Research Institute, Gansu Academy of Agricultural
Sciences, Lanzhou 730070, Gansu, China)

Abstract: In order to screen out high-quality potato varieties (lines) suitable for planting in dry farming areas of Gansu
province, 19 indicators related to the tuber traits, basic nutritional indexes, and mineral element contents of 37 potato vari-
eties (lines) were measured, and comprehensive evaluations of potato quality were conducted using correlation analysis,
principal component analysis, and hierarchical cluster analysis. The results showed that the coefficient of variation of sele-
nium content, average single tuber mass, and magnesium content were higher, reaching 0.64, 0.47, and 0.45, respectively.
Correlation analysis indicated that there were significant correlations among the 19 indicators of the 37 potato varieties
(lines). By using principal component analysis, the quality of 37 potato varieties (lines) was comprehensively evaluated,
with LY1631-1 and Linshu No.18 ranking first and second, and their comprehensive scores being greater than 1. A model
was constructed using stepwise linear regression, and the verification results showed that the principal component analy-
sis model was accurate and reliable. Hierarchical cluster analysis showed that the materials could be divided into three ma-
jor categories at a threshold of about 1.5, with the first category (LY 1631-1, Linshu No. 18, etc., 26 materials) having a
high comprehensive evaluation, the second category (Lishu No. 6, etc., 9 materials) having a moderate comprehensive
evaluation, and the third category(L.1330-33, LY 1520-9) having a low evaluation. In conclusion, 26 varieties (lines) with
high comprehensive evaluation such as LY1631-1 and Linshu No.18 can be used as high-quality potato germplasm re-
sources in dry farming areas of Gansu province.
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Table 1 Source and type of tested varieties(lines)
s AR e eSd) F5 AR Al bl
Number Variety (line)  Source Type Number Variety(line) Source Type
Tl P 35 R =g P |[T20 0 201721-19 Nl Z M A} e M 24
Longshu No. 3 Gansu Academy of Mid late Linxia Academy of Agricultural Late
Agricultural Sciences  maturing Sciences maturing
T2 ME 75 LR AR T21  201508-75 5 B A R Bt M5 24
Longshu No. 7 Gansu Academy of Late Linxia Academy of Agricultural Late
Agricultural Sciences — maturing Sciences maturing
T3 B 10 % i aaol Ry PR || T22 % 18 %5 e B AL A2 Ml 24
Longshu No. 10 Gansu Academy of Mid late Linshu No. 18 Linxia Academy of Agricultural Late
Agricultural Sciences  maturing Sciences maturing
T4 B 12 %5 HRELLR 2B R T23 2017274 Wi =AM A} g MR 24
Longshu No. 12 Gansu Academy of Late Linxia Academy of Agricultural Late
Agricultural Sciences  maturing Sciences maturing
T5 P 14 = AR A T24  L1330-33 A AR 2 B M5 24
Longshu No. 14 Gansu Academy of Late Gansu Academy of Agricultural Late
Agricultural Sciences  maturing Sciences maturing
T6 e 155 HNBRLR R T25  201518-30 I B PH A M5 24
Longshu No. 15 Gansu Academy of Late Linxia Academy of Agricultural Late
Agricultural Sciences  maturing Sciences maturing
T7 e 16 5 H LR B T26 hE 285 AR B Gk
Longshu No. 16 Gansu Academy of Late Zhongshu No. 28 Chinese Academy of Agricultural Medium
Agricultural Sciences  maturing Sciences maturing
T8 Bess 17 5 HiaAaol R Bk T27 195 R AR B M 24
Longshu No. 17 Gansu Academy of Late Zhongshu No. 19 Chinese Academy of Agricultural Late
Agricultural Sciences  maturing Sciences maturing
TO 205 WNEREREE R T8 #H9S IR AL e
Longshu No. 20 Gansu Academy of Mid early Qingshu No. 9 Qinghai Academy of Agricultural Late
Agricultural Sciences  maturing and Forestry Sciences maturing
T10 B 22 5 iAW R B B T29 HE 10 T MR 2 B e 24
Longshu No. 22 Gansu Academy of Late Qingshu No. 10 Qinghai Academy of Agricultural Late
Agricultural Sciences  maturing and Forestry Sciences maturing
T WE25T WNEGLREE PR T30 HE®TE Ry L
Longshu No. 25 Gansu Academy of Medium GannongshuNo. 7 Gansu Agricultural University Mid late
Agricultural Sciences  maturing maturing
T12 LY1631-1 HMERLRERE T31 AN 6 %5 BT T A AL A5 7T B R A
Gansu Academy of Late Lishu No. 6 Lijiang Agricultural Science Mid late
Agricultural Sciences  maturing Research Institute maturing
T13 LY1624-2 HREALR 2B R T2 HEl6s L VH A Ak A2 e I A
Gansu Academy of Late Jinshu No. 16 Shanxi Academy of Mid late
Agricultural Sciences  maturing Agricultural Sciences maturing
T14 LY1520-9 HA AR R B R 3 RBE2Y BT\ — AR B o 2
Gansu Academy of Late Kenshu No. 2 Heilongjiang Bayi Mid late
Agricultural Sciences  maturing Agricultural University maturing
T15 L0109-4 AR W T34  HmFHKO6 T IR B SR IR R A IR A o
Gansu Academy of Late Xisen No. 6 Leling Xisheng Potato Industry Medium
Agricultural Sciences  maturing Group Co., Ltd. maturing
T16 L1330-18 Hl AR R AR T35 K M 5] B Sk
Gansu Academy of Late Atlantic Imports from the United States Medium
Agricultural Sciences  maturing maturing
T17 L16101-8 HirEAL R 2B R T36  HEKE 125 LA m A BT R A
Gansu Academy of Late Jizhangshu Hebei Province Cold Region Mid late
Agricultural Sciences  maturing No. 12 Crop Research Institute maturing
T18 L11133-2H iAW R b B T37 R¥E25 TR A BRI R AT A o R
Gansu Academy of Late Minshu No. 2 Qinghai Minhe Crop Virus-free Technology Late
Agricultural Sciences  maturing Development Center maturing
T19 L11146-2 HAE AR R R
Gansu Academy of Late
Agricultural Sciences  maturing
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Table 2 Meteorological data during the test period bR R G EAE s 4, R | DN {E S,
AR b A #3 Month TR i MRFRIIPRHEZE o
Meteorological indicator 4 5 6 7 8 9 10
S B 200 26 27 30 30 2217 2 R 55¥0
Average maximum temperature/°C
T AR 7 12 14 18 17 1413 21 DREMBEREREELE S
Aveage minimum temperature“C iR V6 U8 5 SR e 0 4 b A 75
R e TS MBI RS AL SR Se T
P 0w w g PVIEECR Mg R0 R R AR S
Rainy time/d 0.64.0.47 %D 045, IEE Eﬁ Eﬁ% % Se E EF‘ 2[3"] $ =
b 0 429 2w A MgAETKIEEMEPZIEIﬁf%ci%E-
peepumanonimn TR & K AR R A B 0 R R R
First frost date/Month-day &, 43l 7'31 0.03.0. 03 F10.04, Ui BIAS [F] 5 25 2
AR I 05-03 FCROBFMREE K SRMEARS & ZE 7
Last frost date/Month-day Z:j( .

#3119 MERIERR SR
Table 3 Statistical descriptions of the 19 trait indicators

s HfE NP RAME IS ONI] E3 5 R
Index Mean Standard deviation ~ Minimum value Maximum value Value range CV/%
BARR4E 4 Number of tubers per plant 5.27 1.07 3.09 7.23 414 20
T-H i i Average single potato mass/g 139.56 65.03 112.93 520.21 407.28 47
T i 2K Product potato rate/% 83.38 7.58 67.11 95.37 28.26 9
7 & Yield/(kg-hm™) 40 498.59 9109.06 20 632.50 57 1779.20 37 146.70 22
w(F#)J5i)Dry matter content/% 23.10 0.80 21.15 24.93 3.78 3
w(E ) Starch content/% 15.28 0.93 13.09 17.53 4.44 6
w( & 1) Protein content/% 1.99 0.08 1.86 2.26 0.40 4
wOE R HE) Reducing sugar content/% 0.74 0.22 0.09 1.17 1.08 30
w(4EA= 2 C)Vitamin C content/% 9.01 0.91 7.20 10.93 3.73 10
w(#£7 %) Anthocyanin content/(mg- 100 g") 443 1.14 2.72 7.48 476 26
wCHLEF4E) Crude fiber content/% 0.63 0.04 0.55 0.74 0.19 6
w(K)Potassium content/(mg- 100 g") 433.77 14.22 408.27 465.40 57.13 3
w(Mg)Magnesium content/(mg-100 g") 18.70 8.49 0.58 35.20 34.62 45
w(Mn) Manganese content/(mg-kg™) 1.32 0.07 1.15 1.42 0.27 5
w(Fe)Iron content/(mg-kg") 33.16 421 21.49 39.82 18.33 13
w(Cu) Copper content/(mg-kg") 1.46 0.05 1.33 1.54 0.21 4
w(Zn) Zinc content/(mg-kg™) 421 0.41 3.39 497 1.58 10
w(Se)Selenium content/ (pg-kg') 9.10 5.86 1.61 23.10 21.49 64
w(Ca)Calcium content/(mg-kg™) 50.87 11.22 28.01 72.12 44.11 22
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TN APWPPRYDDM SC PT RS VC AC CF K Mg Mn Fe Cu Zn Se Ca
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T *RORAE 0.05 /KT ZE 5 W35 o TN, BARRSS 4G APW. T2 B35 5 & PPR. M dh 3, YD. P & ; DM. T4 & & SC. JEh & &
PT. A BT & RS L JEHE & & VO 4B 3R C S AC fEF 35 & & CF ML 45 2 K M8 & Mg, 868 & Mn. 85 i Fe. 84 & Cu.
il B Zn, BEE s Se. i S Ca. 85 o

Note: * Indicates a significant difference at the 0.05 level. TN. Number of tubers per plant; APW. Average mass per tuber; PPR. Percentage of
marketable tubers; YD. Yield; DM. Dry matter content; SC. Starch content; PT. Protein content; RS. Reducing sugar content; VC. Vitamin C content;
AC. Anthocyanin content; CF. Crude fiber content; K. Potassium content; Mg. Magnesium content; Mn. Manganese content; Fe. Iron content;
Cu. Copper content; Zn. Zinc content; Se. Selenium content; Ca. Calcium content.

1 SRERAM(R)ZRIUEFREIRMEX ST

Fig. 1 Correlation analysis of each individual index of potato variety

EERFEEMAX, 0 1945825 IER
FAFAE W35 Ao, R R i e — > %Ki
PRI FEIE 286 FR AR, il 1 & 50048 bR o ik 2 0
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2.3.1 KMO #: 35 4= Barteltt 5 & 42 % X I EAbR
AL E S 3047 KMO £ 55 A1 Barteltt 2R A0 . 25
Fan#k 4 Prox, KMO {A 4 0.608, Barteltt K /5 £ 56
73 H AR AR 0,001, /T 82 3 15 7K 0,05, [A]
A 4 Barteltt 35k & A 560 19 =R, I\ 928 & (8] A7

# 4 KMO $IEFN Barteltt TRE# IS
Table 4 The KMO test and the Barteltt sphericity test

KMO 5 KMO 14 0.608
Karser-meyer-olkin test KMO value ’
LR BR B AG 6 AR E 735.909
Barteltt’s test of sphericity Approx. Chi-Square
I HE df 171
BEM Sig. 0.001

TE 5235 M O, AT AR B2y 43T o

232 ERHSBEFE®‘F LT MRS
RERE R, — AN B U7 ZE TTERE KT 85% [ 3 Ak
S EAA—EAAEME. Bk, AR S aTLE N, AT 7
A FE RS Rt DTk R IE F 88.04%(>85%) , AT LAT%

®5 ERSTHFHEEMITEE
Table 5 Eigenvalues and contribution rates of
principal components

]
ES%an The sum of the load squares was extracted
Principal L JETRE Rt T
component Figenvalue Varla.nce . Cuml.llatlye
contribution rate/%  contribution rate/%
1 7.11 37.40 37.40
2 242 12.71 50.11
3 2.16 11.39 61.50
4 1.70 8.95 70.44
5 1.50 7.89 78.32
6 1.08 5.66 83.98
7 0.77 4.06 88.04
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BRERIA S, 719
Y1=0.028X,-0.090X,+0.033X,-0.185X,+0.286.X:+

0.496X~ 0.114X;~ 0.694X; + 0.480X,~ 0.949X, +

*6 37 I DREMRMFUBIRER D BATER

Table 6 Principal component loading matrix of quality indexes for 37 potato germplasms

£zt F %4> Principal component

Index 1 2 3 4 5 6 7
FLIR 45 40 Number of tubers per plant 0.028 -0.025 0.176 0.050 0.923 -0.233 0.037
“FH4 i Average single potato mass -0.090 0.067 0.030 -0.058 0.016 -0.049 0.978
T il % Marketable potato rate 0.033 0.017 -0.069 -0.176 0.190 -0.875 0.051
7 Yield -0.185 -0.067 -0.112 -0.111 0.930 0.005 -0.013
T & Dry matter content 0.286 -0.218 -0.150 0.866 -0.107 0.140 -0.079
JERY S & Starch content 0.496 0.347 -0.196 0.512 -0.030 0.370 0.092
A & & Protein content -0.114 -0.533 0.694 -0.054 0.107 -0.265 -0.129
& JE B 7 & Reducing sugar content -0.694 0.178 -0.241 -0.042 0.156 0.179 -0.046
4ELE 2 C & Ascorbic acid content 0.480 0.722 -0.046 -0.075 -0.069 -0.099 0.088
1675 % % & Anthocyanin content -0.949 -0.042 0.055 -0.048 0.077 0.016 0.130
HLLF 4 & Crude fiber content 0.413 0.005 -0.310 -0.808 -0.038 -0.093 0.047
K 5 & Potassium content 0.567 0.464 -0.034 0.220 -0.061 0.399 -0.296
Mg % £ Magnesium content -0.155 0.200 0.865 0.040 0.005 0.206 0.104
Mn % i Manganese content 0.955 0.112 -0.139 -0.042 -0.064 0.074 -0.096
Fe % Iron content 0.585 0.473 -0.501 -0.017 -0.019 0.343 -0.026
Cu % & Copper content 0.912 0.225 -0.232 0.024 -0.057 0.094 -0.092
Zn & Zinc content 0.091 -0.915 -0.071 0.104 0.025 -0.027 -0.024
Se ## Selenium content -0.824 0.034 0.335 0.102 -0.061 -0.046 -0.150
Ca ¥ Calcium content -0.741 -0.434 0.003 -0.372 -0.006 0.036 0.054

0.413X, + 0.567.X:,~ 0.155X:; + 0.955X1, + 0.585X)s +
0.912X,6+0.091.X,7-0.824.X15-0.741 X\ ;

Y;=-0.025X,+0.067X:+0.017X:-0.067X:-0.218 X+
0.347Xs= 0.533X; + 0.178X: + 0.722X:— 0.042X, +
0.005X,; + 0.464.X1, + 0.200X,; + 0.112X, + 0.473.X;5 +
0.225X5-0.915X,,+0.034X15-0.434.X o ;

Y=0.176X, + 0.030X, -0.069X; -0.112X,
0.150X— 0.196X; + 0.694X+~ 0.241X¢ 0.046X, +
0.055X,,-0.310X,,-0.034X,, +0.865X:; —0.139X1,
0.501X:s —0.232X,s —0.071.X:7+0.335X15+0.003 X} ;

¥:=0.050X,-0.058X,-0.176X5-0.111.X,+0.866.X;+
0.512Xs = 0.054X; — 0.042X; — 0.075X, — 0.048X,, -
0.808X,; + 0.220X:, + 0.040X,;— 0.042X,,— 0.017.X;s +
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0.024X,5+0.104X,,+0.102X,5-0.372 X105
Y5=0.923X+0.016X:+0.190X5+0.930.X; —0.107.X; -
0.030X, +0.107X; +0.156X; —0.069X, +0.077X, -
0.038X,, —0.061X,; +0.005X:; —0.064.X:, —0.019X;s —
00.057X16+0.025X,,-0.06 1.X,5-0.006.X s ;
Y=-0.233X:-0.049.X5-0.875X:+0.005.X+0.140.X5+
0.370Xs — 0.265X; + 0.179X; — 0.099X, + 0.016.X\,~
0.093X,; + 0.399X,, + 0.206X1; + 0.074.X,, + 0.343X,5 +
0.094X,6-0.027X,7-0.046.X,5+0.036.X 195
¥:=0.037X,+0.978X,+0.051.X;-0.013X,-0.079.X;+
0.092X- 0.129X:~ 0.046X; + 0.088X, + 0.130X,, +
0.047X,; —0.296X,, +0.104X,;; —0.096X., —0.026.X:5—
0.092X,,-0.024.X,;-0.150X,5+0.054.X 15«
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Table 7 Main factor scores and ranking

SZafnyY

R =R TE) F 4 Principal component Comprehensive
Number  Variety(line) Rank
1 2 3 4 5 6 7 score

Tl B2 3 5 Longshu No. 3 1355 0311 -0407 0333 0731 -0238 -0.143  0.555 20
T2 Fi% 7 5 Longshu No. 7 1318  -0.368 0364 0259 1415 -0487 -0.130  0.669 17
T3 FE% 10 5 Longshu No. 10 0321  -0.081 -0.612  -0303  1.005  0.195 0.002 0.117 29
T4 FE% 12 5 Longshu No. 12 -1390  -0.422 0.127 -0.136  1.143  0.039 -0.065 -0.547 35
T5 Fi% 14 5 Longshu No. 14 1.861 1.551 -0241 1011 0914 1311 -0321 1237 5
T6 % 15 5 Longshu No. 15 -0.438 0425 0.639  0.864 1331  0.608 -0.192  0.195 27
T7 Fi% 16 5 Longshu No. 16 0.129  0.765 0.083 0368 1770 -0.034 -0.043 0367 26
T8 e 17 5 Longshu No. 17 1.126 0324  -0494 0322  1.106  0.605 -0.163  0.624 18
T9 % 20 5 Longshu No. 20 1749 0.084  -0476 0447 -0.017 0319 -0.198  0.749 16
T10 B2 22 5 Longshu No. 22 0973 0098  -0369 0471  1.083 0427 -0.166 0.544 21
T11 B2 25 5 Longshu No. 25 3.191 1.607  -0.712 0354 0265  0.609 -0.177  1.586 3
T12 LY1631-1 3.682 1211 -0.875 1363  0.676  1.157 -0.440 1.879 1
T13 LY 1624-2 2459 0977  -1.028 0619 0327 0501 -0.294 1.163 9
T14 LY1520-9 -2.582  —0.417 0.721 -0.154  1.038 -0.051 0.037 -0.988 37
T15 L0109-4 -1.002  -0238  -0.144 -0.365 1334 -0.082 -0.018 -0.402 34
T16 L1330-18 1707 0476  -1.058  0.019 1235 0216 -0.113  0.778 14
T17 L16101-8 -0.545  -0.632 0291 -0.564 1737 -0.175 -0.052 -0.276 33
T18 L11133-2H -0.847  1.034 0.131  -0.107  0.620  0.048 0.012 -0.145 32
T19 L11146-2 0.634 0367  -0.158 0568 -0.055  0.783 -0.236  0.394 25
T20 201721-19 2.659 1.065 -1.127  -0361  1.037 -0.048 -0.054 1.188 8
T21 201508-75 -0.554  -0.282 0230 0.166 1938 -0316 -0.021 -0.077 30
T22 %% 18 %5 Linshu No. 18 3.420 1.333 -0.613  0.827 1399 0241 -0.240 1.780 2
T23 2017274 0.905 1.017  -0.639 -0.145  0.827  0.103 -0.150  0.508 22
T24 L1330-33 -1.756  —1.554 1306 -0.133 1410 -0.758 -0.013 -0.738 36
T25 201518-30 1.097 -0.512 0.152  —0.198  1.008 -0.148 -0.104  0.468 24
T26 % 28 5 Zhongshu No. 28 1.669 0952  -0.782  0.088 1409  0.019 0.002 0.882 12
T27 F3 19 5 Zhongshu No. 19 -0.377  -0.321 0306 -0.503  1.583 -0.584 -0.015 -0.114 31
T28 #% 9 5 Qingshu No. 9 2618 1329  -0.943 -0.893 1403 -0.028 -0.124 1210 7
T29 #H % 10 5 Qingshu No. 10 1939 0363 -0438 -0.118  1.598 -0.086 -0.176  0.937 11
T30 H4% 7 % Gannongshu No. 7 2.590 1.166 -0.713  0.168  0.582 -0.021 -0.161 1237 6
T31 A% 6 5 Lishu No. 6 -0.167  0.485 0.048 -0.224  1.082 -0.051 1.114  0.127 28
T32 L% 16 5 Jinshu No. 16 1401 0879  -0.773  0.162 1327  0.120 -0.072  0.762 15
T33 % 2 5 Kenshu No. 2 0.963  0.078 0.154 0150 0557  0.064 -0.199  0.500 23
T34 %% 6 5 Xisen No. 6 2492 1.689  -0.092 -0.324 0512 0725 -0.156  1.343 4
T35 KPGVE Atlantic 1.494  0.524 0.158  0.055  0.894 0321 -0208 0.827 13
T36 5K E 12 5 Jizhangshu No. 12 0.834  1.028 0249 -0230  0.897 -0.178 -0.060  0.578 19
T37 % 2 5 Minshu No. 2 2609 0598  -1.172 0300  0.181  0.882 -0.265 1.134 10
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