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Subordinate function and principal component analysis of salt tolerance of
seedlings germinated from microtubers of Jiangxi local yam

YIN Ming-hua, WANG Li, XU Yu-qin, YANG Xing-peng, WU Dan, JIANG Xia, HONG Sen-rong
College of Life Sciences, Shangrao Normal University, Shangrao 334001, China

Abstract: Objective The physiological regulation mechanism of seedlings germinated from Jiangxi local yam (Ruichang yam,
Nancheng yam, Yongfeng yam, and Guangfeng yam) microtubers under salt stress was studied and the salt tolerance of seedlings
germinated from microtubers of four kinds of local yams in Jiangxi was compared, which provided some references for salt tolerance
mechanism research and salt tolerance breeding of four local yams in Jiangxi. Methods Some physiological and biochemical index
detection of seedlings germinated from Jiangxi local yam microtubers under salt stress were studied by spectrophotometer method. The
subordinate function, principal component analysis (PCA), and clustering analysis of their salt tolerance were accomplished by fuzzy
mathematics subordinate function formula and SPSS 19.0 software, respectively. Results The total chlorophyll content and root
activity of seedlings germinated from Jiangxi local yam microtubers under 0—300 mmol/L salt stress decreased significantly. The
soluble protein content of seedlings germinated from Ruichang yam, Nancheng yam, and Guangfeng yam microtubers under 0—300
mmol/L salt stress increased firstly and then decreased, while the soluble protein content of seedlings germinated from Yongfeng yam
microtubers under 0—300 mmol/L salt stress decreased significantly. The total soluble sugar content, proline content, MDA content
and membrane permeability of seedlings germinated from Jiangxi local yam microtubers under 0—300 mmol/L salt stress significantly

increased. The POD, SOD, and CAT activities of seedlings germinated from Jiangxi local yam microtubers under 0—300 mmol/L salt
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stress firstly increased and then decreased. Based on the subordinate function and PCA of SPSS 19.0 software, three principal

components of 10 physiological and biochemical indexes of seedlings germinated from Jiangxi local yam microtubers under salt stress

were induced. The salt tolerance order of seedlings germinated from Jiangxi local yam microtubers was Guangfeng yam > Yongfeng

yam > Ruichang yam > Nancheng yam. Through the cluster analysis by SPSS 19.0 software, the salt resistance of four kinds of Jiangxi

local yam is divided into two types, the salt tolerance of Guangfeng yam and Yongfeng yam was strong, and of Ruichang yam and

Nancheng yam were sensitive to salt stress. Conclusion The regulation mechanism of salt tolerance of seedlings germinated from

four kinds of Jiangxi local yam microtubers is revealed and the objective evaluation of salt tolerance of four kinds of Jiangxi local yam

is made in the paper, which will provide a theoretical basis for sowing in the field of four kinds of Jiangxi local yam microtubers.

Key words: Jiangxi local yam; seedling germinated from microtuber; salt tolerance; subordinate function analysis; principal

component analysis
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Fig. 1 Effects of salt stress on physiological and biochemical indexes of seedlings germinated from Jiangxi yam microtubers
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Table 1 Subordinate function analysis of physiological and biochemical indexes of seedlings germinated from Jiangxi yam

microtubers under salt stress

L1 24 ity e AR A SRR EE
Chi RA  SP TSS Pro MDA PMP POD SOD
(2B 310 0.592 0.646 0.419 0252 0406 0236 0541 0293 0286 0.355 4.026 4
JTET4%  0.604 0.508 0573 0498 0.652 0530 0376 0421 0472 0471 5.105 1
Fit & 24 0.394 0752 0.363 0.489 0.198 0.152 0.514 0.554 0.546 0.206 4.168 3
KA 0.360 0.663 0.661 0.544 0328 0301 0314 0.196 0375 0.579 4321 2
R2 HMETIAMA LEMERER L EEEE LIETRME X REGER

Table 2 Correlation matrix of physiological and biochemical indexes of seedlings germinated from Jiangxi yam microtubers

under salt stress

EizLs Chl RA SP TSS Pro MDA PMP POD SOD CAT
Chl 1.000 —-0.725 —0.145 —0.607 0.789 0.541 0.292 0.048 —-0.320 —-0.018
RA —-0.725 1.000 —0.525 —0.024 —0.994 —0.965 0.439 0.201 0.158 —0.564
SP —0.145 —-0.525 1.000 0.543 0.433 0.634 —0.964 -0.674 -0.211 0.975
TSS —-0.607 —0.024 0.543 1.000 —-0.051 0.284 —-0.747 0.138 0.665 0.343
Pro 0.789 —0.994 0.433 —0.051 1.000 0.942 —0.344 —0.138 —0.153 0.480
MDA 0.541 —0.965 0.634 0.284 0.942 1.000 —0.608 —0.141 0.034 0.618
PMP 0.292 0.439 —0.964 —0.747 —0.344 —0.608 1.000 0.481 —0.051 —0.880
POD 0.048 0.201 -0.674 0.138 —0.138 —-0.141 0.481 1.000 0.831 —0.800
SOD —-0.320 0.158 -0.211 0.665 —0.153 0.034 —-0.051 0.831 1.000 -0.419
CAT —-0.018 —0.564 0.975 0.343 0.480 0.618 —0.880 —0.800 -0.419 1.000
3 BT I LAREIRER L HEEE LB
BYFFEEFISTIKER
Table 3 Eigenvalue and contribution rate of physiological
and biochemical indexes of seedlings germinated from o
Jiangxi yam microtubers under salt stress <§
N BURGATIERT B
FHLE TUERE/ % B otk E %
1 4.989 49.893 49.893
2 2.847 28.471 78.364
3 2.165116 21.636715 100.000 W1 P
4 3.249X10 3.249X10 100.000
5 1.598x107"° 1.598x 107" 100.000 2 BB TIIAM A LARERERELBHEEE LR
6 1.191x107'° 1.191x10°" 100.000 EEMS = ERETEE
7 7.180x107" 7.180x 107" 100.000 Fig. 2 Loading diagram in principal component space of
8  —7.526X1077  -7.526X107'° 100.000 physiological and biochemical indexes of seedlings
9 —1.765X107"° —1.765%x107" 100.000 germinated from Jiangxi yam microtubers under salt stress
10 -3.141X10"  -3.141x107" 100.000
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Table 4

yam microtubers under salt stress

Component matrix of physiological
biochemical indexes of seedlings germinated from Jiangxi

MBI AN A RBIRE i & B A 38 A LR HR

and

ek L
2 3

Chl 0.300 —-0.938 0.173
RA —-0.841 0.447 -0.305
SP 0.898 0.416 —0.145
TSS 0.298 0.829 0.473
Pro 0.781 -0.530 0.331
MDA -0.877 -0.217 0.429
PMP -0.813 —-0.581 -0.051
POD -0.579 —-0.087 0.810
SOD -0.284 0.410 0.867
CAT 0917 0.257 -0.304

R5 EPMETIANRALHMEREIHREEEE LIER
BB 15 5 REERE

Table S Component score coefficient of physiological and
biochemical indexes of seedlings germinated from Jiangxi
yam microtubers under salt stress

e B Wi

Ei=pan 1 > 3

Chl 0.060 -0.329 0.080
RA —0.169 0.157 —0.141
SP 0.180 0.146 —0.067
TSS 0.060 0.291 0.218
Pro 0.157 —-0.186 0.153
MDA 0.176 -0.076 0.198
PMP —-0.163 —-0.204 —-0.023
POD -0.116 —-0.031 0.375
SOD —-0.057 0.144 0.401
CAT 0.184 0.090 —0.140
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Table 6 Standard value of physiological and biochemical indexes of seedlings germinated from Jiangxi yam microtubers under

salt stress

1L 2 Chl RA SP TSS Pro MDA PMP POD SOD CAT

B IRAE L 0.814 —0.619 -1.475 0.052 0962 —0469 -1.180 -0.299  —0.424 0.037

ITET 4 0.907 0.503 0.398 1.340  —0.553 0.354 0.461 0.427 1390  —1.331

EA=TIIES] -0.728  —1.027 0329  -1.037 0.714 1.209 1.114 -1.230  —0.942 1.088

JKFEHEL —0.992 1.144 0.748  -0356 -1.122  -1.093  —0.395 1.102  —0.023 0.206
F7 HETIAMALARERZRLABEBEVIERNEERNS B REEED

Table 7 Principal component scores and comprehensive score of physiological and biochemical indexes of seedlings

germinated from Jiangxi yam microtubers under salt stress

Ly 24 i Fiar 1 HE7 F 2 HEr FRI) 3 Hey LA Her
Yl -0.313 3 -1.138 4 -0.926 4 -0.680 4 4
JTET&E 0.948 1 -0.467 3 1.064 1 0.570 3 1
Fit & 1 24 -1.267 4 0.488 2 0.638 2 -0.3549 3
JKFHE L 0.631 2 1.117 1 —0.777 3 0.465 4 2
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Fig. 3 Dendrogram of cluster analysis of Jiangxi local yam
based on physiological and biochemical indexes of seedlings

germinated from microtubers under salt stress
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